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Ae pov apéoovv ta ooPapd Adywa. IToté de pov dpeoav. KataAafaivw mws wg vrtoyrdrot
dWdKToQeC oPeldovpe va akoAovOrjoovue KATIOLEG VOQUES KAL KAVOVES €VOC OQLOUEVOL
ovyyoaduwoL tAaoiov. ITpoomtdOnoa va to epaguoow 0To KLELWS KelHEVO TNG OLDAKTOQLKT|S
pHov datoPng. Av un Tt dAAo odeldel va etvat éva OAOKATIQWHEVO Kelevo AeTTOEQOVS
ATIOTUTIWONG TOL €QELVNTIKOV HAG €0yov. M egyaoia afloAoyeltal kvolwg ek twv
ATIOTEAEOUATWV NG, TG dOUNG TNG, TNG KALVOTOMIAG TNG KAl TNG ETMOTNHOVIKNG TNG
emdokelac. Ouwg 1 oAokArjowon g elvar piax avOowmivy ovvOnkn, mov  dEépet
ovvaloOnuata, okéPels, amoyonTeVoelS Kt HKQES Vikes. Xa va xTilelg éva omitt amo v
aQx1 éva mEdypa. OEAES va elval KATAOKEVAOTIKA AQTLO, VX [T OOV TEOEL OTO KeEPAAL
O€AeIC va XONOLHOTIOMTELS KALVOUQLEG TEXVOAOYLEG, KALVOUQLX VAKA, OHWS OTO TEAOG TEAOG
avto mov OéAelg etval va €xel éva OHOQPO KNTAKO e pa avOlouévn yadévia va oov
agwpatiCet TNV atpoodapd. I'a avtd otig evxaplotiec Oa NOeAa va aoAovOrow éva Atyo
dtapogetikd doopo. ITio duko pov. EedmAwvovtag otadakd éva Ta&ldl OTLyHwV Tov e
éptaoav oto onueoa. Eva taldl avapvioewv kat avOownwv mov Eektva tov Maptrn tov
2015.

Magtnc 2015. 'H pnnws va 1)tav Atyo o vwels; Emtionua mavtwg 1)tav otyovpa o petd.
Aev €xel OpwG Kat peydAn onuacia yx v wtogta pag. ' péva Ao tote Eexivovv. Xe éva
ta&idtIaplo-Madeitn. Tote tav n apxn). Qg emtionua mAéov PhD candidate ékava to mowto
pHov emayyeApatikd talidl TtV moayuatkotTnTa dev moTebw Mws elxa Kot MOAA& voa
TEOOPEQW O ekelvo To Ta&idL olyovpa OpwG elxa MOAAG va pabw. Eva BaAltodkt yepdto
KOUTTEG KAL TOOVQEKLA KAL £VO LLAAOLOAKL YEUATO amogieg tav 1 aexn). Kat tav o toomog
TOL KUQLOL ATJUNTOT) VO LOV TTELKAAT] XQXT]). ZUYY VWL ANUrTon Y TNV meooPpwvnor “koote”,
E€0w Mwg dev elval 1 ayarnpévn oov. Opwg E€0¢1g 0e P ooty LloToQk avadopr) de Oa
pumogovoa va to magadeipw. Omnodte kvote Anunten LaxkeAAagiov , vrtevOLVE, supervisor,
YuxavaAvm kot ¢pide mowta and 6Aovg OéAw va evxagoTow eoéva. OfAw va oe
EVXAQLOTIOW YIX OAQ KALYLX AKOUN TTEQLOTOTEQX. OEAW VOt 0€ EVXAQLOTIOW TTOL [he DEXTNKEC.
Aev elpat kat o o €0KoA0g AvVOEWTOS TOL KOOUOL AAAWOTE. AW Vo 0€ LXAQLOTNOW TIOV
TOTEPES WG UTTOQW VA T KATAPEQW. AKOUN Kol OAEG EKEIVES TIC OTLYHES TIOV €Y@ DEV TO
niloteva. @AW va og eLXAQLOTIOW Yir Ooa LoV ddaEec kat ovvexICels va HOov ODATKELS.
OéAw va 0g ELXAQLOTNOW YIX EKEVA TA TEKTOVIKA OKAQLPNUATA O XXQTOTIETOETEG KAl
toameCopdvTnAa. OéAw va o€ eLXAQLOTNOW Yia ekelveg TIC DB éoipeg pakég oe kAOe oty
KklomGC. OfAw va 0& eVXAQLOTNOW YLl EKELVES TIG ATLTtEG dlapwvieg pag. Aev E€ow av KATL
o0V APNOoAV, EHEVA OHWS AKOUTN K AUTEG e Ekavav KaAVTeQT. OEAw va o€ EVXAQLOTHOW YiX
™V evyévela oov. ‘Exetg évav Hovadikd teomo va e TAQOTQUVELS VA KAV TTAQOVTLATELS TIOV
EEQELG OO0 VTRETIOHAL KL TTOOO DVOKOAEVOUAL VA KAVW. BéAw va o€ eLXAQLOTIOW Yot OAx
exelva T ta&dax kat yia 0Aeg ekelveg T anavtoels oe kdOe edovg amopia. OéAw va oe
ELXAOLOTNOW YwXTL pov éuabdec mMwg 1 evaoxoAnomn pe v éoevva dev elval pa amAn
EQYAOLAKY) OX£0T) AAAG KATIOLOL €{O0VG XOUTIL KAl EUEIS YOVOTAQOVUE VA ellaioTe XOUTILOTEG.
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Ba pmogovoa va Yoahw MOAA& aoun, aAAd de xoetaletat 0aQQw. Le eVXAQLOTW YL TO €D
TIOL ElplaL oTLeQA.

‘Eva otk yix vae XTIoTel kat va avtéEet 0to xoovo, xoetkletat OepéAa. Av dev éxelg
HLx yeon PAOT) va 0€ KQATAEL TO OLKODOUN U oov Oa éoet. Mmopel va pn dpalvovta, pmoget
va elval kQuupéva, XwHEva Pabid otn AACT KL 0TO XWHA, UTToQEL va okovLtalovy, Umogel
V& TUAVOLV VYQAO e, AAAX XWOIG avTd TO OTIITAKL OOV Ot TTéoEL. AVTA TO KQATAVE Vi avTEEEL.
OEAw AoLTOV €dW Va LXAPLOTIOW éva ATIO TA IO ONUAVTIKA kepdAawax g Cwng pov. Tov
Zrépavo. Xwolg exetvov kat tn for)fewx tov, avt) 1) epyacia de Ba elye oAokAnowOel ToTé.
Lrépave o€ eLXAQLOTW Yt OAQ. Le eLXAQLOTW YIATL v deV 1jO0LV €0V YW de O NUOLV Y.
L& evXaoLoTw Y Tote oL 10eAa va eykataeipw TN yewAoyla katl va kdvw oX €010 KAt eo0
TO d€XTNKES aKOUT Kat av NEepes Mwe Oa MeVATOVHE. e EVXAQLOTW TOL Ue E0TRWEES va
KAV TO HETATITUXLAKO. L€ ELXAQLOTW Yl OAQ ekelva TTOL DeV €KAVES YIX VO KAVW EYW AVTA
TIOL KAV ONHEQA. L& ELXAQLOTW TOL OLOIATES TIC DIKEC OV evKALQLES Vit va Cw HE AVeDT)
EYW TIC DKEG POV, LE EVXAQLOTW YIX TO VNOL Hag 1oL eATCw va pnv E€Xxaoec. e eVXAQLOTW
Yix ekelvn TNV KaAvBa ov TEOoTTAONOES VA oL PTIAEELS. Ke eLXAQLOTW YL OAEG eKelVeES TIG
YKOL HEQEC TIOL OTEKETAL TTAGL HOV. L€ EVXAQLOTW TIOL HOL PWVALELS OTAV EYW TA TAQATAW.
L& evXaQLoTw Y TG aleg 0oL, Le EVXAQLOTA Yl TA dVO TAALUTIAVAKIA HAG. LE EVXAQLOTW
Yo OAx exelva tax «kAvte movxla, N papd d0VAeVe. Le eUXAQLOTW TIOL EEVULXTOS
dOVAEVOVTAGC TN VUXTA YIX V& HTOQW ME AVEDT) YW VA OOVAEVW TN HEQAL. LE EVXAQLOTW Yl
OAa ekelva Tat TOWIVA, LEOT|UEQLAVE, TOOTAKLA KXL TIUTOVAEG TIOL POV EPTIAEES. LE ELXAQLOTW
Y OAeg exelveg TIc PoEég mov 10eAa var Tar TAQATNOW Kol O€ e APNOEG. e eLXAQLOTW TOL
TUOTEVELS O€ HLEVA AKOUN KAL OTAV KAVEIS OeV TO KAVEL e EVXAQLOTW TIOV €l00L AKOLT) €0.

Yan ovvéxewn Ba 10eAa va evxaplotmow ta dVo ayoeadxix pov, Odvooéa katl Légyto. I
OAN exelvn Vv LTTIOHOVT] Ttov delxvouv ot Un GLoLAOY KT Hap& Tovs. ' OAeg exetveg TG
dooéc mov Ovolaoav To MALXVIdL TOVG KAL TNV AVEUEALX TOLG Yl VO UTIOQE0W &YW VA
oLYKkeVTEWOW. Tovg eLXAPLOTW Vi exelvn) TNV aTteQLOQLOTN aydTtn). Toug evXAQLOTW Yix TNV
AT OV VIO W KOLTALOVTAC TOUG, WS ALTOC O KOTHOG UTtoRel Kat va aAAdEet teAka. Touvg
EVXAQLOTW YL EKELVES TIC OPADIKES XYKAALEG KAL eKEVA Tar QOUPTXTA KO UEQVA g PLALA.
Opwe 0éAw va Toug (NTNow KAt oLYYVEOUTN YTl apnoa TN govTiva NG KabnueQLvotnTaC
HOL V& ETIOQAOEL OTIG EVXAQLOTES OTLYMES paG. [l OAa exelva tax 0L Tov €xovv akovoet '
TIc pépeg mov dev matape kat de YeAdoape 000 tovg ALle yatl eyw €mEeme va DOVAEYw.
IN'a T daxomég mov dev myape. ' exelveg TIC TOQOHAKTIKES PLVTEOKAT|OELS TIC POQES TTOL
NHOLV 07O TTAOIO KAL XAVOTAV TO o Kol VORLLAY Tiwg 1) L BovAlaEe. Ae BovAtdlovy étot
eUkoAa T MAola Boe Tevekédes. Katva E€pete, elpat oAV Tuxepn mov pe daAéEate yix papd
oag.

‘Eva peydAo evxaplotw odpeidw otovg yovelg pov Nota kat I[Tétgo. Eoeic pe udbate va
elpat avt) MOL ElHAL KAL VA PNV TA TIAQATAW 0T DVOKOAX. LE €LUXAQLOTW UTAUTA TTOV HE
éxaveg va ayarow Tt OdAacoa. Aev €eoa TOTE, O€ eKkelveg pHAg TIG POVTIEC Ue TIC HAOKES
Mwe éUmave évag omoog €tolnog va avBioel oAV apydtepa. Le evxaQotw YTl otav
nilotePa Mwg ameETLXA €0V MOV EUabEC MWGS UL OTUEQLVT] ATIOTUXT|UEVT] OTLY T UToQEL Vo
elval n agyr yix K&tL omovdalo avglo. Le evXAQL0TW A& IOV 0TeQNONKES TOV XQOVO OOV
VX VA HEYAAWVELS T OIKA HOL TAWX 000 YW dOLAEVW. L& €LXAQLOTW Yl EKEVAX Ta
kaOnueova tAepwvpata. Kat exetvoug toug kadEdeg OTav pe mAVoLV oL HOVAELEG HOU.
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Lag euxXaQLOTW KAL TOUG dLO ToL pe pdbate va maAebw KOVTOA 0TO QeVUX Yix va Yivel o
KOOMOG Hag kaAUTeog. Puotcd OEAw va evxaploTow Kat Tov adePo pov AyyeAo, Ty Mapia
KAl TOV pkQoVAT Opdéa yior 0AT ekelvr) TNV LTTOUOVT] TTOL delX VoLV KAONpEQVA.

Evxaootw mdoa moAv xat touvg yovelc touvg Xtépavov, INwta kar Tdxkn mov e
ovvTEOdELOAVY ATIO TNV AEX!) 0& TOUTO TO Ta&ldL. XUvtoode pov Takn oe evxAELOTW YL TO
EVOLAPEQOV TIOL DELXVEIS TTAVTA YIX AVTO TIOL KAVW. E£QELS, MOV elval dVoKoAa ta Aoy,
ouvNOwg pe keEdICOLV OL VTEOTEC HOU, OHwG Hall oov ViOw TS oL OWTES Hag
petadpodlovtal oe Aé€els. Mapa tov Ltépavov, I'ta, mooco dvokoAo pov etvat va AT ow
oToV eViko de Ppavtaleoal Le evXAQLOTW YL OAQ. Le eVXAQLOTW YL TV XYATIN TTOL DELXVELS
Yot TO TTADAKLOL OV, L ELXAQLOTW YIX OAEG eKeLVEGS TIG €BOOUAdES TTOL XPelAleTaL va éQXeoaL
OTUTL HAG Y V& T TIQOOEX ELG. LYY VWU oL de ViwBelg 1000 dveta ekel, eATilw vo aAA&Eet
avto. Kat xvolwg og euxaQlotw mov eloatl T000 omovdata papd kat pe kKavels va 0éAw va
yivopat kaAvTeQn).

OéAw PLOWKA Va LXARLOTOW Kal Ta Tadk Tov dovAevovpe pall. ZvvToodotl oTovg
WKEAVOYQAPIKOUG TTAOEC KAl OTA MOWIVA Tolyaea. Kikr) pov oe evxaolotw yio exetveg Tig
ateAelwteg oLINTAOELS PAG. Le ELXAQLOTW Y eKeLVT) TNV wWONOM TOL HOL DIVELS OTAV €YW
amoyontevopal I'a ekelva ta kokTéIA otov ZrvAlmn. TN tnv magéa oto peonueQavo, pa
KLOLWGS Y T PAla oov. Ioldwe, 0 eLXAPLOTW TIOL HOL PTLAXVELS T1) dLhOeon. Le eVXAQLOTW
YX TIC KOVTQEG HAG, O€ EVXAQOTW YIX T YVEAX HAC KAl PUOWKA O€ EVXAQLOTW TIOL
ATOPACIOES Vot KAVELS TO eUPOAL0. I'idvvn, mageaKt pPov ot TNYALVEAQR, 08 EVXAQLOTW TOV
ATIO TA TIEWTA OV BIIHATA OTO XWEO EVIWOA TG LTIAQXEL £vag avOQWTOG OV UTTOQW VA&
EUTUOTEVTW KAL VA UANOW. Le eUXAQLOTW Yix OAEG eKElVES TIG CLUPBOVAEC OV KAL Yx TV
UTTIOHOVT] OOV V& aKOUOELS TOUG TIQOPATUATIOHOUS HOL. XE eUXAQLOTW Y TIG «T)OUXEG»
dadpwVvieg Hag Kal PUOKA O& ELXAQLOT YIATL N eUTTELQLA TNG NAKIAG OOV e £kave COPOTEQT).
DPoatléoka 0 ELXAQLOTW YIXTL AV KAL T YVWOLULa Hag etva Teoodartr), €0eLEeC aTtd TNV QXN
Vv mEdBeon oov va pe Pondnoelc kat va ovlnToEG TOUG TEOPANUATIONOUS HOUL.
Magyapita pov oe evXaQLoTw Yix OAN T DT OOV eveEQyelx KAl Yix OAEG TIG XOT|OLUES
oLUPBOVAES Tov.

IToAU onuavtikod QOA0 oe avTr) LoV TV TTEOOTIAD e, aKOUN KAt av 1) (Ol dev To E€Qet, €xel
ntai&et 1) PIAN pov Avdia. Avdidkt pov, pumogel va unv €xeis déa Tt aroPas KAV, Ha TAVTA
Noovy edw. L& 0AEC eKELVES TIC ATIOYONTEVOELS KAL T AYXT) TTOL HTOQEL V& oLVOdELAV AVTO
0 Ta&ldL, o€ éviwBa Tavta kovta pov. ' exetva ta kploa tAedpwvrpata, ov HoeAa
ATAG Vo 00V Tt TS Ba T AT oW, EXEC TOV TOOTIO OOV HEoA AT TIG OLLNTATELS HAS VA
ue meiBelc va unv to kavw. Kat va un popapat. Kar ag unv to E€pelc.

Evxaoiotw emtiong tn GiAn pov BiPr). To adeodduct pov. ' 0Aeg exelves Tic katary deg mov
TS avTipeTwniCovpe magéa. I'a exetva tar tNAePwvripata mov de XwEoLV Héoa TOVG Kol
anéoTaor).

Duowd OéAw va evxaplotiow tov Kabnynt I'woeyo INanadeodweov, kadnyntr) pov oto
TIOOTITUXLAKO Kol HEAOG TNG TOLHUEAOVS CUHPBOVAEVTIKIIG €TUITEOTIG TOV dOAKTOQIKOU HOU.
Kvpte Tlamabeodwpov 0ag evXaQloTw mTOL He T HETADOTIKOTNTA 0AC [E KAVATE, TOAAX
X00via TV va eTAEEw TN OaAdooa YewAoyia Kot Yo OAEG TIg XONOes OLUPBOVAES oag 0To
TEQAOUA TWV XQOVWV.
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Oa 10eAa va evxaglotow Tov Jean Mascle, Tov arv kat e yvawlle TIOAD Alyo déxtnke pe
OAN TOL TN XaEA& va etvat péAog g ToeAoVS pov. Kuplwg Opws Tov evXaolotw YTl 1)
doVLAeLA TOL KAl TO OLYYQAPLKO TOL €QY0, AMOTEAEOE TN Y1 EUTVELOTC YIX TNV OAOKAT)0wON
QLTS NG eoyaoiag.

Evxaolotw emtiong 0Aa tax HEAT) TG eMTapeAoVg eEeTAOTIKT|G eTITQOTNG. AQX KA O 10eAa
va evxapLoTrow Tov kvpto I'onyden Povoakn mov av dev 1tav ekelvog pmogel va unv eixa
¢00eL moté oe emadn pe v opada tov EAKEGE. Le evxapotw yuw ekelvo t0 mE@To pov
wKeavoyeadkod taidL oto Iovio. AAAwote TOte dev Eekivnoay OAa; Le EvXAQLOTW €MONG Yix
1) 0THOLEN 0OV OAX AVTA Tt XEOVIA 0TO Yoadeio kot ota Ta&da pas. Euxaplotw emiong toug
IT. EvmoAd kat Z. KokkdAa, jtav oL mewtol mov we kabnynTtés Hov OTo TMOOTITUXLAKO, LLE
EVETVELOAV VX ACXOANOW LLE TNV TEKTOVIKT]. LA ELXAQLOTW ETUOTG YIX TIG OPOQPES OTIYUES
TIOL elXape MEQATEL TN YEWAOYIKT) xapToyoadnor otnv Kaovoro. Entiong kvote EvmoAwy, av
Kkat pavralopat de Oa to Buudote, Oa N0eAa vae 0aG LXAQLOTIOW YIATL O€ P TTHQOLO IO
¢ Emurgomnc Textovikng g EAAnvkrc TewAoywrc Etawpelag, pov e&nynoate, g
£0WTNOT) TOL elxa dexTel OTA Ay YAKA KL TNV omtola dev eixa kataAaBel, pe amotéAeoua va
YAITWOW TNV OLVALCONUATIKY] KATAQQELOT] UTIQOOTA O& TOOO kKOopo. Evxaoiotw v M.
Tepayd, Ot povo ylati ovppéTéxet otnv efetaoTiky) emtEomnt), aAA& kat yati Ovpdpal oe
pia e&étaon tote 0to pAONua "Blodelktes” av 10 Aéw KAAQ, TOL MJHOLV E£TOLWUN VA TX
TAQATNOW, UE MEOETEEYE var UNV 0 kdvw. TéAog, Ba N0eAa var evxaQLoToW TOV KLVELO A.
Xatlnméteo pe To 0Tolo av Kat de YVwOILOUAOTE TIOOOWTIKA, £XEL aTtoTeAETEL TTOAAEC POQEG
T Y1) EUTTVELOTG Kol CLUPBOVAELTIKNG kaxO0odT1) YOG Héoa aTtd TO ETUOTNHOVIKO TOL €QYO.
AvokoAgvopal va un datnonow éva Mo avoTnEo emimedo yoadNg OTIG eVXAQLOTIEG TTOV
adoovV TNV e€etaotikr] emtEom. Oa 10eAa OpwWS va ToViow, Twe TR, kKabwe okaAllw To
HLAAS HOL CLVELDNTOTIOWW, WS O KO Evag amo egdg, Atyo eQLoodteQo 1) Atyo AtyoteQo, dev
éxeLonuaoia, aPrjoate éva MEOOWTILKO OTLYHA KAL X OHOQPT] AVAVNOT) OTNV HEXOL TWOX
niopela pov. H yewAoyla, etvat pa mavEéHoedn emioTrpr), TANEWS VTTOTIUNUEVT] 0T XWX
pac. Qg daokalol éxete avalaPet to peyaAo Bapog va meloete TOLG VEOLS avOEWTIOUG, vV
unv v eykatadeipovv, maga v eQyaotakt) afefalotnta mov t cvvteodevel. Me epéva
o kKatapégate. Onote évyxoual kat eATiCw, va ovvexioete va pag kabodnyeltal kat vor pag
EUTTVEETE. LAG ELXAQLOTW TIOAD Vit OAa.

Evxaototw entiong tov I'dvvn TavayiwtomovAo yia tic apétontes oupBovA£g Tov Kat yix
TIC EVXAQLOTEG OTLYHEG TOL pag maéxel. Euxaplotw kat Ao to mAnpwpa tov AI'AIO mov
XwOLS ekelvoug Kavéva talldL dev Oa pmogovoe va etxe ovpPet. Kupiwg dpwe Tov kametdvio
tov Oodwor] kat tov I'dvvn K. Kametavie o evxaolotw yio 0AEg exelveg TIg OpoodPes LoToleg
TIOL CLVTEOPEVOLY Ta TAEW pag. T'idvvn oe eLXAPOTW YA TIC TTOAVTIUES CVUPBOVAEC OOV
KQL YL TIG VTTEQOXES QKEG TOV.

Etvat moAD dVOKOAO vat XwEEoELS 08 AEEELS TA EVXAQLOTW TIOL XQWOTAGS Vi éva Ta&idL tov
dMOKNOE TOLAAXLOTOV 6 XQOVIA. LAG EVXAQLOTW TIOAV OAOVG TTOL ot KATE TTAAL plov. LTOoLg
TeQleQYOVS KalpoUg mov COVUE, HakAQL Vo Hogéoovpte 0 kabévag pe tov dikd tov Wiaiteo
TQOTO, va ovvexloel va aywviletal, va eATCEL Vot OVeLQeVETAL Kl VA dLekdLkel éva KaAUTeQO
HEAAOV.
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Abstract

The PhD thesis explores the long-term deformation and active tectonic mechanisms that
contributed to the geological evolution and the formation of the complex relief of the South
Aegean Sea. Despite the geological surveys that have been conducted on the Aegean, the current
state of knowledge is still in its infancy. Although it is widely accepted that the geotectonic
evolution of the Aegean microplate is dominated by extension in a back-arc setting, recent
geological, seismological and geodetic studies have shown that overall extension may evolve in
combination with transpression or transtention. This dissertation summarizes the preexisting
literature and the main deformation models that have been proposed for the Aegean and through
the presentation of new bathymetric and seismic data aims to improve our understanding of the
tectonic processes and deformation prevailing on the South Aegean Sea. In order to develop a
geodynamic model that will explain the kinematic processes and deformation mechanisms that
took place in the area, the main axis of the dissertation is structured by three main research
papers, the results of which provide up-to-date information about the geodynamic evolution of

the South Aegean.
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Chapter description
The present thesis is developed in 6 main chapters. Chapter 1 is the introductory chapter. It

includes a brief description of the models and hypotheses that have been proposed until now for
the kinematic and geodynamic evolution of the Aegean. Subchapter 1.1 summarizes the results
obtained from previous studies for the South Aegean region. Chapter 2 describes the main
objectives of the current study. Chapter 3 presents the methodology that has been followed for
the accomplishment of this dissertation. Chapter 4 presents the results that emerged in the context
of the completion of this dissertation. It is divided into three subchapters each of which is a fully
published work in scientific journals. Specifically, subchapter 4.1 presents the full published

study in the journal Marine Geology with the title “Seismic stratigraphy and geodynamic

evolution of Christiana Basin, South Aegean Arc” (https://doi.org/10.1016/j.margeo.2018.02.012).
This study analyzes the tectonic and volcano-sedimentary processes that have played a dominant
role in the geodynamic evolution of Christiana Basin which has been formed at the central part
of the Hellenic Volcanic Arc, between the volcanic groups of Milos to the west and Santorini to
the east. Subchapter 4.2 presents the work entitled as “The Santorini-Amorgos Shear Zone:
Evidence for Dextral Transtension in the South Aegean Back-Arc Region, Greece”, which has

been published in the journal Geosciences (https://doi.org/10.3390/geosciences11050216). This

study focuses on the offshore area between the islands of Santorini, Amorgos, Kinairos, Anafi
and Astypalea named as Santorini-Amorgos Shear Zone (SASZ). Through the presentation of the
morphotectonic characteristics which have been developed in the area, this work aims to
understand the prevailing geotectonic regime and its relation with the deformation pattern that
governs the Aegean domain. Subchapter 4.3 includes the study entitled as “Plio-Quaternary
extension and strike-slip tectonics in the Aegean” which has been published in book Transform

Plate Boundaries and Fracture Zones (https://doi.org/10.1016/B978-0-12-812064-4.00014-1). This

study provides an overview of the current state of knowledge on the geological structure, active
tectonics, and the seismological regime in the Aegean, in order to argue about the different
kinematic models proposed so far and to highlight the long-standing questions that remain
unanswered. Furthermore, through the re-interpretation of geological, seismological and

geodetic data and the presentation of recently acquired bathymetric and seismic data, aims to
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understand the configuration principles of the dominant geological regime which evolved on the
deformation of the Aegean during Plio-Quaternary. Chapter 5, which follows the presentation of
the results, presents the synthesis of the main conclusions that emerged from the 3 published
works. Finally, Chapter 6 proposes future research goals, which may provide useful information

for the geodynamic evolution of the southern Aegean.
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Chapter 1: Introduction
1.1 Aegean domain

The complex geotectonic history of the Aegean aroused the global interest of the scientific
community for decades. Its position on the southern edge of the overriding Eurasian plate, above
the northward subducting slab of the East Mediterranean crust and the African plate (Figure 1.1),
leads to the formation of a particular evolutionary tectonic framework which even today is not
fully understood. The great technological progress of the recent years allowed the improvement
of our knowledge on the kinematic regime and deformation pattern of the Aegean. The advance
of GPS technology, the systematic recording and analysis of seismic events in recent years, and
the ever-increasing acquisition of seismic and bathymetric data of the offshore Aegean have
greatly contributed to the understanding of the basic kinematic principles governing the Aegean.

The collision of the Arabian and African plate with Eurasia sets the tectonic framework of the
broader Aegean ((McKenzie, 1972, 1978; Jackson and McKenzie, 1988; Jackson, 1994; Papazachos
and Kiratzi, 1996, Papazachos et al., 1998; McClusky et al., 2000). The determinant for the
configuration of the evolution of the Aegean is the motion of two other smaller plates: the
Anatolian plate and the Aegean plate. Anatolian and Aegean plates were first described by
McKenzie (1972, 1978) and later by Jackson and McKenzie (1988), Papazachos et al. (1998),
Papazachos (1999), and McClusky et al. (2000). The idea that the extension occurred in the Aegean
domain is the result of the slab retreat and the westward displacement of Anatolia came already
on 70’s as suggested from the first plate kinematic models (McKenzie 1972, 1978; Le Pichon and
Angelier 1979, 1981).

Taymaz et al, 1991 examined the relationship between the westward motion of eastern Turkey
and the extension on the Aegean. They concluded that the extension on the Aegean Sea was
initiated due to the failure of the western seaboard of Greece and Albania to rotate rapidly enough
to accommodate the westward motion of Turkey which led to the change of deformation from
strike-slip in the east to normal faulting in the west. Armijo et al (1996) argued that the kinematic

model proposed by Taymaz et al (1991) fails to explain the difference in the slip rates between the
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Greek and Anatolian sides of the Aegean, particularly the fast slip rate in the Corinth Rift and
that doesn’t include the N-S observed extension. They proposed a geodynamic model for the evo-
-lution of the Aegean by taking into account their results arising from their study of the Corinth
Rift and as well as the constraints on the timing of major regional event: the geometry and
kinematics of the major fault systems such as the North Anatolian Fault, the known

palaesomagnetic rotations, and the current overall motion deduced from the geodesy (GPS and

Figure 1.1: Major geodynamic elements of the Aegean. The red circles indicate the volcanoes of the Volcanic Arc.
NAF: North Anatolian Fault, IT: Ionian Trench; KF: Kephallinia fault, PST: Pliny and Strabo Trenches (Sakellariou &
Tsampouraki-Kraounaki, 2019)
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SLR). This model foresees an onset of the regional extension at about 15 Ma or earlier and the
propagation of the North Anatolian Fault at about 5 Myr ago. At the same time, the rift zones
have opened and extension occurred mainly on the Central Aegean while decreases towards the
western and eastern margins producing respectively clockwise and counterclockwise rotation
and creating arc parallel extensional zones.

A few years later Gautier et al., (1999) argued that the extension on the Aegean domain is
active before the onset of Arabian indentation into Eurasia so the initiation of the extension cannot
be the result of the lateral extrusion of the Anatolia. They suggested that the extension has started
during the Lower Miocene at ~21 Ma (in some parts of the Aegean such as the Cyclades it could
have started earlier), as a result of the gravity spreading of the thickened continental lithosphere
on its southern boundary. Then and not earlier than 16 Ma the Arabic indentation has started and
the Anatolia escapes westwards along the North Anatolian Fault. As summarized by Brun and
Sokoutis (2007), SW-NE extension started in Mid- Eocene times in the Southern Rhodope core
complex as well as in surrounding regions of the Rhodope (Burchfiel et al. 2003; Kounov et al.
2004; Bonev et al. 2006).

Jolivet & Brun (2010) presented a summary of the Cenozoic evolution of the Aegean domain
that started with the subduction of the northern margin of Tethys at the end of Cretaceous, below
the southern margin of Eurasia. Extension resulted from the closure of two oceanic domains of
Vardar and Pindos, leading to the stacking of three continental blocks that are from top to base:
Rhodopia, Pelagonia and Adria in Cretaceous-Eocene. Considering the Eocene extension of the
Rhodope as a part of the history of the Aegean Sea, the extension has started during the Middle
Eocene (Brun and Sokoutis, 2010) and accommodated approximately 700 km of trench retreat
(Jolivet and Brun, 2010; Jolivet et al., 2013). According to Ring et al. (2010) the earliest possible
date for extension is the base of the Miocene. The interaction between back-arc extension and
westward displacement of Anatolia explains the Neogene tectonic history of the Aegean. This
interaction between two strongly oblique components of boundary displacement started during
Middle Miocene (Dewey and Sengor 1979; Sengor et al., 2005; Philippon et al., 2014).

Philippon et al (2014) modelled the interaction between back-arc extension and Anatolia

escape and divide the Aegean extension into two main stages. On the first stage, from middle
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Eocene to middle Miocene, the extension was only driven by the southward retreat of the Hellenic
trench at a rate lower than 1 cm-y'. On the second stage, which lasts the last 13 Ma years, the
interaction of trench retreat with Anatolia escape resulted in the southwest direction of trench
retreat, with an accelerating rate of up to 3 cm-y~'. This discontinuity of the extension in space and
time is also confirmed by Brun et al. (2015, 2016). The two-stage scenario is evidenced by a striking
difference in the distribution of Paleogene and Neogene sedimentary basins in the Aegean region
(Beniest et al, 2016 and references therein).

From the early ‘70s until today, several studies have tried to explain the geodynamic
framework of the Aegean domain (Mc Kenzie, 1978; Dewey and Sengor, 1979; Le Pichon and
Angelier, 1979, 1981), combining onshore and offshore data. Already from 1982, Angelier et al.,
realized that offshore research is necessary to understand the fault system that governs the
Aegean. Mascle and Martin (1990) were the first who provide a comprehensive map of the
offshore faulting for the entire Aegean. Until then very few systematic marine geological surveys
were conducted, thus the state of knowledge is still far from complete. In addition, the tectonic
models that have been proposed until then were based mainly on estimates of fault slip rates
made on geological time scales and historical seismicity spanning up to 2000 years (Kahle et al.,
2000 and references therein). Most of the data on the active continental deformation came mainly
from the earthquake seismology and satellite imagery (Billiris et al., 1991). The development of
new geodetic techniques made possible the measurement of the crustal motion rates and the
estimation of the continental deformation (Billiris et al., 1991; Kahle et al., 2000).

One of the first attempts to compare geodetic and seismic data in Greece was made by Billiris
et al.,, (1991). They re-occupied data from a first-order triangulation network of 1890-1900 to
determine the relative displacements within an interval of ninety years and to correlate them with
the seismological estimates. Early satellite laser ranging (SLR) observations show that the
kinematic field in the eastern Mediterranean and Asia Minor is characterized by the westward
motion of Anatolia and the SW motion of the Aegean Sea, with rates ranging between 20 and 35
mm yr . (Kahle et al., 2000 and references therein). Reilinger et al. (1997) proposed that the
motion of the Anatolia-Aegean region may be best described in terms of a single plate that is

deforming internally (N-S extension) in the Aegean region. McClusky et al., (2000) argued for a
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two-plate model as has been proposed previously (McKenzie, 1972) on the basis of seismic and
neotectonics evidence. They also recognized SSW movement of the southwestern Aegean (south
of latitude 39°) and Peloponnesus at 30+2 mm/yr with low internal deformation(<2mm/yr) and
counterclockwise rotation of the southeastern Aegean with increasing velocities towards the
trench. They assumed that the latter represents a response to particularly rapid sinking of the
downgoing plate below this section of the arc, possibly associated with complex
bending/breaking of the subducted plate at the Hellenic-Cyprus arc junction.

Reilinger et al. (2006), mention that the comparison between fault slip rates estimates and
geodetic rates, show uncertainties as the geodetic determination likely integrates deformation
over a substantially wider area than the single geologic fault estimate. The GPS slip rates are
mostly comparable to geologic estimates, and geologically active faults account for present-day
block motions and regional deformation. In 2010, Reilinger et al. dissected the reason for the
inconsistencies between the geodetic observations of the southern Aegean and Peloponnesus
showing SW motion with little internal deformation (McClusky et al., 2000; Kahle et al., 2000;
Reilinger et al., 2006), with the geophysical and geological evidence for widespread post-Pliocene
extension throughout this area. They concluded that during the last ~1-4 Ma, the deformation of
the main structures in the NW Turkey, the N Aegean, and central Greece (including the Marmara
Sea pull-apart basin, the Gulfs of Corinth and Evia rift structures, and the right-lateral Kephalinia
Fault) as has been developed sequentially from west to east is consistent with the GPS motion
estimates and basin structures and total fault offsets. They suggested that the sequantial
formation of these structures resulted from the propagation of the NAF on the North Aegean and
that this change in tectonic configuration resulted in the concentration of extensional deformation
associated with Africa slab retreat in the N Aegean allowing the S Aegean and Peloponnisos to
translate SW with little internal deformation. Shortly after, Perouse et al., (2012) proposed a
contrasting view to previous studies ( e.g. Armijo et al., 1996; Goldsworthy et al., 2002; Reilinger
et al., 2010; Shaw and Jackson, 2010) according to which the propagation of the NAF throughout
continental Greece or Peloponnesus is not required, the NAF did not propagate westward of the

Thessaloniki peninsula as the relative motion between stable Eurasia and the south Aegean was
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gradually accommodated by widespread N-S extension from the Southern Balkans to the eastern
Gulf of Corinth.

During the last 40 years, several studies and marine and geophysical cruises have been
conducted for the improvement of our knowledge about the kinematic characteristics and the
tectonic framework that governs the Aegean domain. (Angelier et al., 1982; Le Pichon, 1982; Le
Pichon et al., 1982; McKenzie & Jackson, 1986; Jackson and McKenzie, 1988; Mascle and Martin,
1990; Billiris et al., 1991;Taymaz et al., 1991; Noomen et al., 1993; Straub & Kahle, 1994; Jackson,
1994; Kahle et al., 1995; Le Pichon et al., 1995; Armijo et al., 1996; Papazachos and Kiratzi, 1996;
Davies et al., 1997; Reilinger et al., 1997; Clarke et al., 1998; Papazachos et al., 1998; Armijo et al.,
1999; Cocard et al., 1999; Briole et al., 2000; Kahle et al., 2000; McClusky et al., 2000; Goldsworthy
et al., 2002; Kiratzi & Louvari, 2003; Kreemer & Chamot-Rooke, 2004; Nyst & Thatcher, 2004;
Kokkalas et al., 2006; Reilinger et al., 2006, 2010; Perouse et al., 2012; Chatzipetros et al., 2013).
Most of them try to evaluate the observed kinematic characteristics in order to propose a tectonic
model which could explain the present deformation pattern of the entire Aegean domain and the
extensional regime of the eastern Mediterranean. As the propagation of the NAF across the North
Aegean resulted decisively in the present-day displacement and on the deformation pattern,
much of the previous studies focus on the northern Aegean and/or on the areas where tectonic
changes resulted from the deformation associated with the NAF.

Even today there are still areas either not surveyed or poorly explored with the result what we
know to be less compared to those required to know for obtaining a clear picture for the
geodynamic processes that led to the present complex structure of the Aegean. The broader
southern Aegean is one such area. Although several studies were conducted, throughout recent
years on the offshore area between western Peloponnesus and eastern Anatolia, the surveys
focused mainly on the understanding of the prevailing geological regime of specific areas rather
than concerning the entire geological setting of South Aegean. The results arising from the marine
geophysical cruises concerning wider areas are based on low-quality analog data (e.g Bartole et
al., 1983, Mascle and Martin, 1990) and need to be further supported with high-quality data in
order to better understand the geological processes that led to the formation of the South Aegean.

A brief summary of the literature concerning the South Aegean Sea follows at the next chapter.
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1.2 South Aegean Sea

The first information about the offshore area of the South Aegean Sea is coming from the
interpretation of seismic data acquired in the 80s (Jongsma et al., 1977; Angelier et al., 1982;
Lyberis et al., 1981, 1982; Bartole et al., 1983; Rossi et al., 1986). It is characterized by Bartole et al.,
(1983) as a U-shaped region between the Aegean Volcanic Arc and the outer island arc
(Peloponnesus, Kithira, Antikythira, Crete, Karpathos, Kasos and Rhodes). A few years later,
Mascle and Martin (1990) referred to South Aegean as the Cretan Sea which is bounded to the
north by the Southern Cyclades Islands and to the south by Crete, Karpathos and Rhodes. The
geotectonic structure of the South Aegean represents the subduction zone due to the collision of
the northeastern part of the African Plate to the southeastern part of the European Plate. The zone
has a big sharp curve trajectory expressed most clearly near the region of Crete Island (Ranguelov,
2005). Many authors have shown the existence of a Benioff Zone dipping beneath the South
Aegean at an angle of about 35° from SSW to NNE (Papazachos and Comninakis, 1969, 1971;
Caputo et al., 1970; Kéarnik, 1972; Papadopoulos, 1982. For detailed literature see Papadopoulos
et al 1986 and references therein).

The Hellenic Volcanic Arc (Methana, Milos, Santorini, Kolumbo and Nisyros) is part of the
South Aegean Sea and resulting from the subduction of the African plate beneath the Aegean—
Anatolian plate. Today, the active volcanic activity in Greece is located on the Hellenic Volcanic
Arc of the South Aegean which crosses the southern Aegean from the western Peloponnesus to
the eastern South Aegean. Its volcanic activity is represented by four main volcanic groups (Pe-
Piper and Piper, 2002): the Methana-Poros-Egina group in the Saronikos Gulf at the western edge
of the volcanic arc, the Milos and Santorini groups in the south Aegean and the Nisyros-Kos
group at the eastern edge of the volcanic arc. Magmatism is not limited to onshore outcrops of
volcanic rocks and volcanoes but also to submarine volcanic edifices (e.g., Kolumbo and
Paphsanias volcanoes). A thorough description of submarine volcanoes can be found in Nomikou
et al. (2013). The volcanic arc comprises many islands and islets, most of which lie in the central
part of the arc. The study of volcanic rocks in the entire Aegean region has shown that north of
the present-day volcanic arc volcanic rocks of similar chemical composition to the rocks

associated with current volcanic activity have been found, indicating southwards migration of
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the volcanism. From Late Eocene (35-30 Ma) to the present, the magmatic arc migrated toward
the south to reach its present-day position (Fytikas et al. 1984; Pe-Piper and Piper 2002, 2006,
2007). Kokkalas and Aydin (2013) related the linear arrangements of the volcanic centers along
the active South Aegean Volcanic Arc with the activity of NE-trending and secondarily of NW-
trending faults.

Angelier et al. (1982), based on offshore and onshore data in combination with studies of
orbital imagery and aerial photographs, examined the neotectonic deformation of the South
Aegean. They described two apparently normal fault systems that control the deformation in the
Cretan Sea: a roughly longitudinal relative to the axis of the arc system (almost NNW-SSE to the
west and NE-SW to the east) and an oblique system trending N-S, with distributed as en-echelon
faults (dextral west of Crete, in the Kythira-Antikythira strait, and sinistral east of Crete, in the
Kassos-Karpathos strait). They also relate the geometry of the faults and the extension to Late
Pliocene and Quaternary movements and they suggest an Early Pleistocene change on the stress
trajectories which led to a clock-wise rotation of extension in the southwestern segments of the
arc.

Mascle and Martin (1990) recognized three structural areas within the Cretan Sea with
deepening of the depressions from west to east. The western Cretan Sea, east of Peloponnesus
with SSE-NNW trending depressions referred to as the Argolide basin. The Central Cretan Sea,
with the E-W trending Cretan trough and the eastern Cretan Sea, between eastern Crete and
Rhodes Island where depressions have evolved in a N-S trending axis. Papadopoulos and
Pavlides (1992) who studied the offshore area of Amorgos Island through the prism of the
seismotectonic activity suggest that the Amorgos region is characterized by extensional NW-SE
to NNW-SSE stress pattern with significant NE-SW right-lateral strike-slip components and
proposed that the complex structure of the South Aegean domain deviates from the pure
extension regime in back-arc conditions. Perissoratis, (1995) through the processing and
interpretation of seismic profiles acquired from Santorini and the surrounding area recognized
NE-SW trending normal faults superimposed on previous E-W normal faults. The change in the
fault trending may be related to the initiation of the Santorini volcanic activity during the Early

Pleistocene. In 2003, Piper and Perissoratis have also recognized older E-W trending faults and
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younger active faults, trending NNW to the western part of the arc and ENE to the eastern with
observed sinistral strike-slip motion parallel to the convergence direction of the Aegean-
Anatolian and African plates. The transition from the E-W faults to the NNW and ENE trending
faults occurred during the Quaternary.

Le Pichon and Angelier (1979) have proposed that the formation of the Hellenic Trough and
the subduction of the Mediterranean lithosphere happened around 13 My BP (Late Serravalian).
Angelier et al. (1982) agreed with this assumption, but by understanding that there can be a large
estimation error, they recognize that further research is required to obtain reliable conclusions.
Bartole et al. (1983) suggest that the basins formation may be dated back to Tortonian or even
later to Late Serravalian times. Mascle and Martin (1990) proposed also that rifting processes
started during Late Miocene (probably Serravalian) and resulted to the formation of E-W
extensional features. They also set a chronological framework for the geodynamic evolution of
the South Aegean. They proposed that N-S extension characterizes Crete in the Late Miocene. A
brief compressional event has followed, and then the extension oriented at NE-SW and NW-SE
and became more active along the western and eastern borders (Peloponnesus and Dodekanisa).
During the Pleistocene a second general and short compressional event due to the southern
subduction reduces the extensional regime and the extension is concentrated on the southwestern
and south eastern borders of the South Aegean. Lykousis et al. (1995) also discussed a Late
Quaternary extension in the North Ikarian Basin which has followed an earlier compressive
deformation. The current structural pattern with prevailing NW-SE direction in the Peloponnesus
and NE-SW direction in Anatolia and in western and eastern Crete resulted from the interaction
of different oriented extensional features. Piper and Perissoratis (2003) suggested that a major
change in the tectonic style occurred in the Early Pliocene which chronologically coincides with

the propagation of the NAF into the Aegean according to Armijo et al. (1999).
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Chapter 2: Aim-Objectives

The key issues being addressed in this study relate to the understanding of the geodynamic
processes that contributed to the formation of the South Aegean. The main axis of the present
doctoral thesis consists of three papers. The papers are listed below and are referred to as Paper
I-III.
Paper I: “Seismic stratigraphy and geodynamic evolution of Christiana Basin, South Aegean
Arc.” (Tsampouraki-Kraounaki, K.; Sakellariou, D. Seismic stratigraphy and geodynamic
evolution of Christiana Basin, South Aegean Arc. Mar. Geol. 2018, 399, 135-147.
https://doi.org/10.1016/j.margeo.2018.02.012)

Paper II: “The Santorini-Amorgos Shear Zone: Evidence for Dextral Transtension in the South
Aegean Back-Arc Region, Greece.” (Tsampouraki-Kraounaki, K.; Sakellariou, D.; Rousakis, G.;
Morfis, I.; Panagiotopoulos, I.; Livanos, I.; Manta, K.; Paraschos, F.; Papatheodorou, G. The

Santorini-Amorgos Shear Zone: Evidence for Dextral Transtension in the South Aegean Back-Arc

Region, Greece.Geosciences 2021, 11, 216. https://doi.org/10.3390/geosciences11050216)
Paper III: “Plio-Quaternary extension and strike-slip tectonics in the Aegean.” (Sakellariou, D.;
Tsampouraki-Kraounaki, K. Plio-Quaternary Extension and Strike-Slip Tectonics in the Aegean.

In Transform Plate Boundaries and Fracture Zones; Elsevier: Amsterdam, The Netherlands, 2019;

pp. 339-374. https://doi.org/10.1016/B978-0-12-812064-4.00014-1)

Papers I and II analyse and discuss the development of two neighboring selected areas of the
South Aegean Sea (Christiana Basin and the offshore area south of Amorgos Island) which seem
to be subject to similar deformation mechanisms which are related to their position on the South
Aegean back arc area. Paper III aims to set the general framework of evolutionary deformation
that prevails in the wider Aegean domain and summarizes the preexisting literature and the main
deformation models that have been proposed for the Aegean.

The research leading to this dissertation attempts to extract results of geodynamic
development characteristics of specific South Aegean areas (Figure 2.1) and to integrate them into
the broader evolutionary pattern not only of the South Aegean but of the wider Aegean as whole.

The utilization of the results arising from older studies and the interpretation of older and
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recently acquired seismic profiles from the South Aegean Sea and from the Cretan Basin,
contributes to the understanding of the geological processes prevailing in back-arc areas and

identify open questions and challenges for future research.

Figure 2.1: Left: Morpological map showing the main tectonic elements bounding the Aegean domain. The black
squares indicate the study areas in the Central part of the South Aegean. (A): Bathymetric map of Christiana Basin, (B):
Bathymetric map of Santorini-Amorgos Shear Zone.
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Chapter 3: Methodology

The present thesis was based both, on the processing and interpretation of recently acquired
seismic and bathymetric data, and on the reprocessing of older analog seismic profiles and the
analysis of the results which have been emerged from previous studies. Initially, to understand
the geological and kinematic characteristics that formed the Southern Aegean, two adjacent areas
were selected (Figure 2.1): (1) Christiana basin and (2) the offshore area between Santorini,
Amorgos and Astypalea Islands (Santorini-Amorgos Shear Zone). The selection of these areas
was made due to the adequacy of the data for detailed research coverage and due to their special
geographical location in the central southern Aegean and the Hellenic volcanic arc. The results
of the surveys in these two areas as well as the methodology followed are described also in
subchapters 4.1 and 4.2. However, it is worth noting that for both areas seismic and swath
bathymetry data were processed and interpreted. Subsequently, as the southern Aegean is
affected by the geodynamic deformation that controls the entire Aegean, the general framework
of evolutionary deformation that prevails in the wider Aegean domain was defined. A more
detailed description of the methodology followed is presented in the following paragraphs.

The data used for Christiana Basin were acquired during several oceanographic cruises (years
1986-1992, 2006, and 2017) (Figure 3.1). A detailed description of the instruments used for the data
acquisition is given in Chapter 4.1.4. The seismic data collected during the years 1986-1992, with
the research vessels AEGAEO and SONNE, are old, analog seismic profiles, acquired on thermal
paper. For this reason, they first needed to be digitized. After being scanned, their exact location
was determined based on the geospatial data (latitude and longitude) recorded on the ship. Then,
for the analysis of the seismic stratigraphy, the design program CorelDRAW was used to map
the different seismic units within the sedimentary sequence, highlight the main acoustic reflectors
and identify the dominant fault network which deforms Christiana Basin. The seismic data
collected on the years 2006 and 2017, with the research vessel AEGAEOQ, are new digital seismic
profiles recorded by using Triton Imaging, Inc. acquisition software and hardware at 2 s shooting
rate and by CodaOctopus DA4G™ 2000 acquisition software and hardware at 3 s shooting rate
respectively. The 2016 SEG-Y data have been processed with Triton Imaging, Inc. software for

their improvement and the 2017 data have been improved, when needed, with CodaOctapus
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Survey Engine software. For the final processing and interpretation of the seismic data was used

the CorelDRAW program.

Figure 3.1: Bathymetric map showing the location of the seismic profiles described in the text

Swath bathymetry and seismic data have been used and interpreted for Santorini-Amorgos
Shear Zone. The bathymetric data provide information on the geomorphological features of the
area (basins, ridges). The seismic profiles led to new insights into the seismic stratigraphy and the
dominant fault network prevailing in the area. Swath bathymetry data were collected in the years
2001, 2006, 2007, 2008, 2016, and 2017 and seismic data were collected in the years 2006, 2016, and
2017. A detailed description of the instruments used for the data acquisition is given in Chapter
4.2.4. The bathymetric data have been processed using the MB-System, PDS 2000, and Global
Mapper software and reprocessed at 20 m resolution in Arc-GIS. These data have been used for
the creation of the bathymetric map as presented in Chapter 4 (Figures 4.2.2A, 4.2.3, 42.9). The

acquired seismic profiles have been processed with the CodaOctapus Survey Engine software
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and have been exported as jpeg images to make their geological processing and interpretation in
the CorelDRAW design program.

Finally, in order to understand the wider geodynamic framework of the Aegean, it was
necessary to gather the results of previous studies conducted for the Aegean and to review them
in the light of more recent data. The results of this effort are presented in subchapter 4.3. In an
attempt to present in the best possible way both the results that have emerged from the pre-
existing literature and the results that have emerged based on the latest data, the study was
divided into three main axes. Firstly, the Aegean Sea has been divided into three sub-regions: The
North Aegean Sea, the South Aegean Sea/Volcanic Arc and the Hellenic Arc and Trench. For each
of them, are summarized the main results concerning its morphological characteristics, the
dominant fault network as well as the results that have been obtained from geodetic and
seismological surveys. A detailed review of the results arising from the interpretation and re-
interpretation of old and recent multi- and single-channel profiles, through the presentation of
the most recent bathymetric map of the Aegean Sea, follows next. The last part of the study
concerns the presentation of the main conclusions that have been emerged by the analysis of the
new offshore morphology and the reprocessing and interpretation of old and recent seismic data
and highlights the necessity of further research to better understand the precise geological

mechanisms that have activated during the Aegean evolution.
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Chapter 4: Main study

4.1 Seismic stratigraphy and geodynamic evolution of Christiana Basin,

South Aegean Arc
https://doi.org/10.1016/j.margeo.2018.02.012

4.1.1. Abstract

The analysis and interpretation of vintage and recent seismic profiles across Christiana Basin
in the South Aegean arc provided information on the seismic stratigraphy and chrono-
stratigraphy of the basin, the occurrence of volcanic deposits within the sedimentary basin infill,
and its post-Miocene geodynamic evolution. Plio- Quaternary sediments overlie a Messinian
erosion surface on the basin's margins, while in the basin, they have been deposited above the
Messinian evaporites. The basin evolved in two stages. During the early stage, subsidence of the
three main depocenters in the NW, W and SE part of the basin has been controlled by E-W to
ESE- WNW trending faults. The end of the early stage is marked by the cessation of activity on
the southern marginal fault and the migration of the northern faults towards north where the
basin expanded significantly towards south and north. The seismic stratigraphy of the younger
stage deposits is characterized by the presence of three thick, pyroclastic flows. They occur only
in the eastern part of the basin and have therefore derived from Santorini volcanic center since
Middle Pleistocene. The youngest one is associated with the Minoan eruption while the next one
is slightly younger than 0.42 Ma and may be linked with activity in Peristeria volcano. The lower
pyroclastic flow has deposited shortly after 1.2 Ma and is the thickest (100 msec) and widest
distributed pyroclastic flow deposit in the basin. It is most probably the biggest pyroclastic flow
known in the South Aegean Sea. It may be associated with an eruption of the early volcanic
centers of Akrotiri. No evidence of volcanic or volcano-clastic deposits derived from west, i.e.
from Milos volcanic center has been found in Christiana Basin. By taking into consideration the
similar, two stage structural evolution of the Santorini-to-Amorgos area proposed in the
literature, it is suggested here that since Early to Middle Quaternary, the E-W trending Christiana
Basin may be considered as an area of extension developed on the right side of the southwestern

termination of the NE- SW trending, dextral Santorini-Amorgos fault zone.
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4.1.2. Introduction
The Aegean Sea is located on the northern margin of the East Mediterranean Sea, between the

Southern Balkan Peninsula (Greece) and Anatolia (Turkey). It is a geologically complex area with
very specific characteristics due to its position on the southern edge of the overriding Eurasian
plate, above the northward subducting slab of the East Mediterranean crust and the African plate.
As a result of the convergence between the two plates, a series of structural features has been
developed, named from the south to the north as: the accretionary prism of the East
Mediterranean Ridge, the backstop, the series of long troughs and deep depressions known as
Hellenic Trench, the Hellenic Island Arc, the South Aegean Back-Arc Basin and the Hellenic
Volcanic Arc (Figure 4.1.1).

Figure 4.1.1: Left: Morphological map of the Aegean Sea, showing the main structural features and tectonic elements
and the location of the survey area in the central part of the Hellenic Volcanic Arc. Red dots mark active volcanic
centers. NAF: North Anatolian Fault, KF: Kephallonia Fault, CA: Calabrian Arc. Bathymetry from EMODNET
Bathymetry 250m resolution, processed by HCMR. Right: Bathymetric map of the survey area with the main
morphological features mentioned in the text. Bathymetry: (a) EMODNET Bathymetry 250m resolution, processed by
HCMR; (b) swath bathymetry 50m resolution, HCMR courtesy.

The Hellenic Volcanic Arc, also known as South Aegean Arc, includes four main volcanic
groups (Pe-Piper and Piper, 2002): the Methana-Poros-Egina group in the Saronikos Gulf at the
western edge of the volcanic arc, the Milos and Santorini groups in the south Aegean and the
Nisyros-Kos group at the eastern edge of the volcanic arc. The most recent volcanic activity occurs
in Santorini with at least nine eruptions during the last 600 years (Papazachos, 1989; Fytikas et

al., 1990).
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This paper focuses on the results arising from the geological study of Christiana Basin (Figure
4.1.1.), also known as Milos (Bartole et al., 1983) or Christiani Basin (Piper and Perissoratis, 2003).
It has been named after Christiana islets, a group of three volcanic islets at the southeastern edge
of the basin, southwest of Santorini. Along with Santorini and Kolumbo volcanic centers,
Christiana islets are aligned on the “Kameni- Kolumbo Line”, a SW-NE trending strike-slip
fracture zone (Sakellariou et al., 2010). The Christiana Basin is an elongated basin, located on the
northern margin of the Cretan Basin. Due to the position of the basin, at the central sector of the
Hellenic Volcanic arc, between the volcanic groups of Milos to the west and Santorini to the east,
is expected that the volcanic activity of these two volcanic groups may have been recorded in its
sedimentary sequence. Therefore, a brief summary of the volcanic history of these two islands, as
has been discussed and has become widely known by previous authors appears necessary and is
given below.

According to Anastasakis and Piper (2005), Milos shows the longest record of volcanism in the
arc since Mid-Pliocene. Fytikas et al. (1986) gave a comprehensive overview of the volcanic
history of the island. The volcanic activity started with submarine eruptions in the western part
of the island. The oldest records for volcanism are from Late Pliocene about 3.4-3.0 Ma BP. At 2.0
Ma BP the volcanic activity at the western part of the island has ceased and the volcanism has
migrated eastwards. At 0.5 Ma BP, the volcanic activity was localized in the central part of the
island. Subsequently, a quiescent period has fol- lowed, which lasted until 0.4 Ma BP, with the
building up of the Trachilas cone and later on the one of the Fyriplaka complex. The latest
volcanism dates at about 0.1 Ma BP.

Santorini, Christiana and Kolumbo volcanic structures form the Santorini volcanic group
which has spatially developed along a NE-SW trending zone, marked by deep seismic activity
(Papazachos and Panagiotopoulos, 1993). The volcanic activity started about 2 million years ago
with the extrusion of dacitic lavas from vents in the area of the present-day Akrotiri peninsula
and continued to produce different kinds of lavas and pyroclasts (Friedrich, 2000). Druitt et al.
(1989) divided the volcanic evolution of Santorini into the following stages: i) Akrotiri volcanoes
(approx. 2 Ma—600 ka years ago); ii) Cinder cones of the Akrotiri peninsula (around 600-300 ka);

iii) Peristeria Volcano (530-300 ka); iv) Thera Pyroclastic Formation and v) Kameni shield (1613
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BCE—present). The cyclic construction of shield volcanoes interrupted by large explosive and
destructive events like the Minoan eruption is the most characteristic type of activity over the last
200.000 years. The oldest recognized volcanic unit related to one of Santorini's eruptive events
(Akrotiri), is of Early Pleistocene age and evolved submarine (Druitt et al., 1999). West of Santorini
there is no evidence for thick pyroclastic deposits derived from the major felsic eruptions of the
Thera Pyroclastic Formation over the past 250 ka. Thick marine pyroclastic deposits of the Thera
Pyroclastic Formation have been mapped to the south of Santorini (Sparks et al., 1983;
Anastasakis, 2007).

4.1.3. Geological setting

Despite the geographical position of Christiana Basin between the volcanic centers of Milos
and Santorini, extensive researches, describing the special geodynamics of the formation of the
basin, have not been presented yet, through the preexisting literature. However, the following
paragraphs describe the main results arising from extensive studies of the wider South Aegean
region including Christiana Basin.

According to Piper et al. (2007) the Christiana Basin, along with the Cretan Basin has been
developed as a result of Miocene extension, in contrast to the Myrtoon basin (NW of Milos Island),
which was already a deep basin in Late Miocene (Anastasakis and Piper, 2005). Although Piper
and Perissoratis (2003) have recognized a deactivation of faults north and south of Milos Island
at about 0.7 Ma, they also recognize subsidence in the northern margin of the Cretan Basin. A
major active normal fault clearly defines the northern margin of Christiana Basin. The general
fault pattern in the area shows E-W trending, including buried faults. (Piper et al., 2007). The Plio-
Quaternary sediments of the basin overlie the Messinian erosion surface near the basin margins
(Bartole et al., 1983; Martin, 1987). Anastasakis and Piper (2005), following the interpretation of
Piper and Perissoratis (2003), have defined three key reflectors A, B and C, of latest Pliocene to
Quaternary age. They assigned ages to these reflectors, based 1) on the sedimentation rates in the
South Aegean Sea, 2) on the identification of volcanic rocks and their correlation with well-known
dated volcanic events and 3) on the chronology of stacked coastal progradation sequences.
Reflector A seems to correspond to MIS 12 (0.45 Ma) while the age of the reflectors B and C have

been estimated at about 1.0 Ma and 2.0 Ma respectively.
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Piper et al. (2007), relying on limited penetration sparker seismic profiles, suggested that the
main volcanism of Akrotiri and Christiana was triggered by NE-SW trending strike-slip faults
initiated in Late Pliocene or Early Quaternary. The volcanic horizons of Santorini have been
correlated with the younger (0,65-0,55 Ma) and older Akrotiri (1.6 ka) eruption respectively
(Piper et al., 2007). According to Piper et al. (2007), the upper volcanic rocks of Christiana Island
have a similar age with the younger Akrotiri episode, while the age of the lower ones compared
to the age of the lower volcanic rocks of Santorini appears to be older and comparable to the age
of Reflector C, a fact that implies latest Pliocene age. Pyroclastic deposits related to the major
felsic eruptions of the Thera Pyroclastic Formation have not been found in the area west of
Santorini. The most prominent pyroclastic units predate the Thera Pyroclastic Formation (Piper
et al.,, 2007). This is a suggestion, that will be further examined in the current study. Thick marine
pyroclastic deposits of the Thera Pyroclastic Formation have been mapped to the south of
Santorini (Sparks et al., 1983; Anastasakis, 2007). NW of Santorini, submarine pyroclastic flows
related to younger Akrotiri and Peristeria volcano have been mapped (Piper et al., 2007).

Based on the interpretation of seismic reflection profiles, this paper intends to present a
detailed map of the prevailing fault network, suggest a chronological approach of the
stratigraphy and reveal the tectonic and volcano-sedimentary processes that played a dominant
role in the geodynamic evolution of Christiana Basin.

4.1.4. Materials and methods

Two data sets have been used in the present study. The first one includes analog, single-
channel seismic profiles acquired across the entire Christiana basin, while the second one includes
recently acquired, digital, seismic profiles from the eastern part of the basin (Figure 4.1.2). The
analog seismic data were acquired during several oceanographic cruises aboard the research
vessels AEGAEO and SONNE in the years 1986-1992. These profiles were acquired on thermal
paper, using a BOLT'S Air-Gun acoustic source of 40 ci and/or 10 ci and a SIG’S hydrophone
STREAMER with incorporated preamplifier. The new, digital profiles were acquired in 2006 and
2017 during two oceanographic cruises with the R/V AEGAEQ. The vintage data provide valuable
information on the structure of the basin and allow a fairly comprehensive interpretation of the

seismic stratigraphy. The new, digital seismic profiles acquired with a BOLT'S Air-Gun of 10 ci

35



Structure, tectonic processes and deformation of the South Aegean Sea

and 40 ci allow a detailed interpretation of the seismic stratigraphy of the basin. Re-interpretation
of the old profiles under the light of the information provided by the new seismic profiles, has
led to a significantly improved interpretation of the seismic stratigraphy and structure of

Christiana Basin.

Figure 4.1.2: Bathymetric map of Christiana Basin showing the location of the seismic profiles described in the text

During the interpretation of the seismic profiles, the main reflectors were identified and the
main acoustic units were determined based on their geometrical relationship with the overlying
and underlying layers and their acoustic character. The results were correlated with the seismic
stratigraphy and litho-stratigraphy of adjacent basins (i.e. Piper and Perissoratis, 2003;
Anastasakis and Piper, 2005) with the aim to take advantage of the available indirect
chronological constrains and provide approximate ages of the prominent seismic reflectors and

sequences of the basin and the temporal distribution of the fault activity.
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4.1.5. Results
The interpretation of the seismic profiles reveals new information on the seismic stratigraphy,

the structure and the volcano-sedimentary processes in Christiana Basin. The results have been
grouped into three main sections as presented in more detail below.
4.1.5.1. Seismic stratigraphy

Seven main, distinct seismic units have been recognized in Christiana Basin's infill, including
the basin's margins as shown in Table 4.1.1. The results of the seismic stratigraphy of Christiana
(Figures 4.1.3,4.1.4,4.1.5,4.1.6 and 4.1.7) are being compared with the seismic stratigraphy of the
Myrtoon basin as presented by Anastasakis and Piper (2005), in order to enable a chrono-
stratigraphic approach of the volcano-sedimentary processes in the basin. The chrono-
stratigraphically defined reflectors A, B and C of Anastasakis and Piper (2005) along with their
seismic stratigraphic criteria have been used here for the interpretation of the Christiana Basin's

infill.

Table 4.1.1: Description of the different seismic units recognized in Christiana Basin.

Unit Illustration = Seismic Character Description Thickness

1 Intense, parallel, high amplitude, closely spaced reflectors Highest unit, basinwide occurrence 40-60 msec

2 Parallel, closely spaced, medium amplitude reflectors, Basinwide unit, thinning out Max.300 msec
showing a more transparent character at the eastern part of ~ towards the margins in the center of
the basin the basin

3 Chaotic, undulating, high to low amplitude, discontinuous Wedge-shaped unit (II, II, III) 1= 40-50 msec
reflectors thinning out towards West. II = 20 msec

Correspond to pyroclastic flow IIT = 100 msec

from Santorini

4 Parallel, closely spaced, semi-continuous, medium amplitude A uniformly spread unit Max. 100 msec
reflectors become stronger towards the margins

5 Low amplitude, semi-transparent, sub-parallel, widely A great thickness unit at the lower Exceeds 200
spaced reflectors part of the sedimentary sequence msec

6 Incoherent, discontinuous, high amplitude, irregular Is correlated with the Messinian 30-50 msec
reflectors evaporites

7 High amplitude, irregular surface above a reflection free unit Acoustic basement -
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Figure 4.1.3: (A) Uninterpreted, analog, single channel seismic profile crossing Christiana Basin in W-E direction. (B)
Interpreted profile showing seismic stratigraphic interpretation. (C) Detail of the western part of the profile showing
the faulted, older margin. (D) Detail of the eastern part of the profile focusing on the pyroclastic flows. Numbers 1 to
7 correspond to seismic units described in the text. I, II, III show the pyroclastic flows. A, B and C correspond to
Anastasakis and Piper (2005) chronostratigraphic horizons.

Unit 1(Figure 4.1.3) is the uppermost stratigraphic unit, occupies the greatest part of the basin,
with an average thickness of approximately 50 msec in the center of the basin. It is characterized
by continuous, closely spaced, high amplitude reflectors, resting conformably on the underlying

sedimentary sequence in the basin but with an angular unconformity (onlap relationship) on the
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basin's margin (Figures 4.1.3, 4.1.4 and 4.1.5). Based on the similarities of the acoustic character
and stratigraphic position, we correlate Unit 1 with the uppermost unit observed by Piper and
Perissoratis (2003) in the Eastern Myrtoon Basin and the Folegandros Basins and by Anastasakis

and Piper (2005) in the Mirtoon Basin. According to Piper and Perissoratis (2003), the high-

Fig. 4.1.4:(A) Uninterpreted, analog, single channel seismic profile crossing the western part of Christiana Basin in S-
N direction. (B) Interpreted profile showing seismic stratigraphy interpretation. Explanation of symbols as in Fig. 4.1.3.

amplitude reflectors result from the deposition of volcanic tephra derived from the late rhyolitic
centres of Milos, dated from 0.49 Ma to 0.09 Ma. The reflector A marks the bottom of Unit 1. We
consider Reflector A as equivalent to the Reflector A of Anastasakis and Piper (2005) and to the
UF1 unconformity observed by Piper and Perissoratis (2003). Following Anastasakis and Piper

(2005), reflector A correlates laterally with MIS 12 progradational deposits and may therefore date
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to about 0.42 Ma. At least 2 chaotic layers (I, II) with undulating, high amplitude, dis- continuous
character, representative of seismic Unit 3 lie at the seabed and at the base of Unit 1, in the eastern
part of the basin, as illustrated on Figures 4.1.3 and 4.1.5. Their seismic character, the decrease of
their thickness away from Santorini and the irregular morphology of their boundaries with the
underlying and overlying strata suggest that they are volcanogenic deposits derived from
Santorini volcanic center and they will be discussed in detail below.

Unit 2 underlies Unit 1, its thickness reaches 300 msec in the center of the basin and it thins
out towards the margins. Although its general acoustic character is mainly characterized by
parallel, closely spaced, continuous, medium-amplitude reflectors, some differences are observed
between the eastern and western part of the basin. In the eastern part (Figures 4.1.3 and 4.1.4),
Unit 2 displays a more transparent character and thin chaotic layers alternate with the continuous,
closely spaced reflectors. Reflector B, as defined by Anastasakis and Piper (2005), can be traced in
the entire basin, at a mean depth of roughly 140 msec below the seafloor, while Reflector C can
be imaged at a mean depth of approximately 300 msec below the seafloor. Both of them fall within
Unit 2. While reflector B do not mark any particular event or change in the sedimentary sequence,
Reflector C displays locally an erosional character. Truncation of the underlying reflectors below
C is evident at the western part and possibly at the center of the profile on Figure 4.1.7. Between
the Reflectors B and C, a high amplitude basinwide reflector can be observed on the profiles on
Figures 4.1.5 and 4.1.7. Its acoustic character indicates coarse-grained deposits and probably
represents a sandy turbidite. Similar to Unit 1, in the eastern part of Christiana Basin (Figure
4.1.5), an up to 100 msec thick unit (III) representative of seismic Unit 3 (Table 4.1.1), with chaotic,
incoherent undulating, discontinuous, high amplitude reflectors can be outlined within Unit 2.
Due to its seismic character, it can be reasonably associated with volcanogenic deposits generated
from one of Santorini’s early volcanic events. The differences between the seismic stratigraphy of

the western and eastern parts of the basin are very well illustrated on Figure 4.1.3.
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In the basinal area (Figure 4.1.4) Unit 4 underlies Unit 2. It is characterized by closely spaced,
semi-continuous, medium amplitude reflectors and is a uniformly spread unit, with thickness
reaching 100 msec, that shows high amplitude character towards the south and western mar-
gins. Unit 5 underlies Unit 4 and displays a low amplitude seismic character, with semi-
transparent, sub-parallel, widely spaced, continuous to discontinuous reflectors. Its thickness
exceeds 200 msec in some parts of the basin. Unit 5 is the lowermost unit in the seismic
stratigraphy of Christiana Basin's infill. Due to the attenuation of the seismic signal, its bottom is
not imaged in the center of the basin. The disparities on the seismic character of unit 4 and 5, with
unit 4 displaying more enhanced reflectors, indicate that terrigenous sediment supply occurs
during the deposition of unit 4, in contrast to the less reflective character of unit 5 which suggests

hemipelagic deposition (Figure 4.1.7).

Figure 4.1.5: (A) Uninterpreted, analog, single channel seismic profile crossing the eastern part of Christiana Basin in
S-N direction (B) Interpreted profile showing stratigraphy interpretation. Explanation of figures as in Fig. 4.1.3.
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Figure 4.1.6: (A) Uninterpreted, single channel seismic profile crossing the center of Christiana Basin in S-N direction.
(B) Interpreted profile showing seismic stratigraphy interpretation. (C) Uninterpreted section of a seismic profile
passing from the DSDP Hole 378 in the Cretan Basin. (D) Section of a profile with the boundary between Messinian.

A well-imaged, high amplitude, irregular reflector separates Unit 5 above, from Unit 6 below.
The latter is characterized by incoherent, discontinuous, high amplitude, irregular reflectors.
Contrary to the well-developed and well stratified seismic character within the basin, this unit
displays a more disturbed seismic character close to the flanks, probably due to slope failures.
The seismic character and the irregular morphology of this interface along with the seismic
character of Unit 6, are good arguments to suggest that it represents the Messinian marker as
observed by Anastasakis and Piper (2005) below Milos Basin. Furthermore, this is in good
agreement with the results of the Deep Sea Drilling Project (DSDP), Hole 378, in the Cretan Basin
(Hsu et al., 1978). The Figure 4.1.6D illustrates a section of seismic profile passing from DSDP 378
site. The profile was acquired during the same cruise (2017) and with the same sound source
(Airgun 40 ci) and settings as the profile on Figure 4.1.6A. It is evident that the seismic character
of the top and the internal reflectors of unit 6 in Figure 4.1.6A is identical with the ones of the unit

which corresponds to the Messinian evaporite deposits in Figure 4.1.6D. In that case, the low-
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reflective Unit 5 which overlies the Unit 6, may correspond stratigraphically to the Zanclean -
Early Pliocene marls of the Trubi or Argille Azzure Formations (Roveri et al., 1998, 2008, 2014).
The presence of salt diapirs as mentioned by Bartole et al. (1983) in the center of Christiana
Basin, supports the assumption that the interface between unit 5 and unit 6 is the Messinian
marker separating the Pliocene sediments from the evaporites. The data presented here are in
favor of this interpretation: the profiles of Figures 4.1.6 and 4.1.7 show two dome-like structures
which emanate from unit 6. The seismic reflectors of unit 5 in Figure 4.1.7 are dragged upwards
at their contact with the dome, while the seismic reflectors of the basin's infill above the dome are

fractured. In Figure 4.1.6 the dome penetrates Units 5, 4 and the lower half of Unit 2 while the

Fig. 4.1.7: (A) Uninterpreted, single channel seismic profile crossing the central-eastern part of Christiana Basin in W-
E direction. (B) Interpreted profile showing seismic stratigraphy interpretation. The Roman numerals from I to III show
pyroclastic flows as described in detail in the text. IV to VIII indicate probable, older pyroclastic flows. Explanation of
the rest symbols as in Fig. 4.1.3.
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upper internal reflectors of these units have been dragged upwards at the contact with the dome.
The dome is characterized by transparent seismic character, without internal reflectors. The
weakening and thinning of the overlying strata in Figures 4.1.6 and 4.1.7 indicate the vertical
development of the domes that have intruded into the reflection geometry of the upper sediments
by forcing them upwards. The fact that the domes of Figures 4.1.6 and 4.1.7 are very close on the
map suggests that probably the seismic profiles have recorded the same structure from a different
spatial angle. The available data and the results described so far are in favor of an evaporitic
origin of the domes, in accordance with the interpretation of Bartole et al. (1983).

An incoherent, high amplitude, thick and morphologically irregular reflector marks the
interface between Unit 5 or Unit 6 and the underlying acoustic basement of the basin indicating
a hard substrate. This reflector occurs at shallow depths below the seafloor at the southern margin
of Christiana Basin and is exposed at the northern margin. The seismic character, as well as the
nature of the acoustic basement (Unit 7) underneath, coincides very well with the interface which
represents the eroded surface of the alpine basement, initially exposed, before the onset of the
basin's subsidence.

Finally, poorly preserved prograding deposits have been observed locally on the basin's
margins. A northward prograding clinoform occurs on the southern margin, with the inflection
point at roughly 650 msec (450-500 m) bpsl (Figure 4.1.6), indicating that Christiana Ridge was
exposed above sea level. Prodelta deposits have also been mapped on the northern margin. One
clinoform west of Folegandros displays topset to foreset transition at ~330 msec, while a second
one south of the edge of Sikinos shelf is poorly acquired.
4.1.5.2. Basin's structure

The processing and interpretation of seismic data provide information on the main processes
which have dominated the formation of Christiana Basin during Plio-Quaternary. Extensional
and strike-slip faulting control the development of the basin. The seismic stratigraphy portrait,
as described in the previous section, shows that a well stratified sedimentary sequence (Units 1
to 5) has been deposited on top of the Messinian evaporates in the basin and above the Alpine
acoustic basement at the basin's margins. Three main depocenters are distinguished in the NW,

W and SE part of the basin, wherein the sediments' thickness exceeds 600, 500 and 700 msec
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respectively (Figure 4.1.8). Since the basement below the depocenters has not been imaged, the
above values should be considered as minimum for the thickness of the depocenters.

The most striking feature arising from the structural interpretation of the seismic profiles is
that the post-Miocene evolution of the basin displays two main stages. The formation of the three
main depocenters is associated with the early stage of the basin. Subsidence in these three
depocenters has been controlled by E-W trending faults which are now buried below the upper
half of Unit 2. Activity on the old, marginal faults has ceased before the deposition of Reflector B,
i.e. before 1.2 Ma or even earlier (Figures 4.1.4, 4.1.5 and 4.1.6).

Fig. 4.1.8: Fault and sediment thickness map of Christiana Basin. Sediment thickness in milliseconds twtt.

During the early stage of the basin's evolution, the southern margin is controlled by one or
more, WNW-ESE trending, north-facing faults (Figures 4.1.3, 4.1.4 and 4.1.6), which separate the
lower part of the basin's infill (Units 5 and 4) to the north from the alpine basement of Christiana
Ridge. The latter separates Christiana Basin to the north from Christiana Valley and the Cretan
Basin to the south and extends from the South Milos High to the west to the volcanic dome of

Christiana Islets to the east (Figure 4.1.1). Activity on the south marginal faults terminates either
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at the end of the deposition of Unit 4 or shortly after. The greatest part of Unit 2 onlaps the
irregular top surface of the alpine basement of Christiana Ridge.

In contrast to the other margins of the basin, the southern margin highlights the transition
from the early, fault-controlled basin boundary to the present, not faulted margin which is
unconformably overlain by the younger strata. The uplifted acoustic basement of Christiana
Ridge forms a horst that separates Christiana Basin from the Cretan Basin. The ridge has
undergone southward tilting, which is evident from the southward slopping of the top of the
alpine basement and its sedimentary cover. Interestingly, the stratigraphic relationship of the
sedimentary cover of the ridge to the basin infill indicates that southward tilting has continued
for a long time after the termination of the activity on the south, basin-bounding faults.

The western and northern margins of the basin have migrated towards west and north
respectively (Figure 4.1.4). The older faults run roughly E-W and control the northern boundaries
of the depocenters. Similar to the southern marginal faults, they cease by the end of the deposition
of Unit 4 or during the early parts of Unit 2. The present margin is defined by new faults which
cut and downthrow the older margin. The seismic reflectors of Unit 2 onlap the alpine basement
of the former margin (Figures 4.1.4, 4.1.5 and 4.1.6).

Narrow zones of deformation have been mapped between undeformed, well-stratified
sediments. A group of near vertical (700-850) and deep-seated faults run through the basin in E-
W direction, crosscutting its sedimentary infill. There is a considerable change in sediments
reflectivity across these faults, with reflectors dragging downwards at both sides of the faults
with a similar sense of vertical movement. In addition, splay faults branching from a main one,
create local fault networks comparable to positive and/or negative flower structures. The
aforementioned characteristics indicate significant strike-slip component (Figures 4.1.5 and 4.1.6).
The intra-basinal faults remain active throughout the early stage of the basin's evolution and cease
before the deposition of Reflector B, i.e. before 1.2 Ma.

The transition from the first (early) to the second (present) stage of development comes with
arecognizable widening of the basinal area. The deposition of Unit 1 and of the upper half of Unit
2 takes place during the second stage. The main volcanogenic deposits (to be described in detail

in the following section) occur in this stage too and are younger than Reflector B. Towards East,
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Christiana Basin terminates at the large, composite volcanic mount of Santorini (Thera). It is the
one that separates Christiana Basin from Anydhros and Amorgos Basins. At the SE border of the
basin, east of Christiana islets, an apparently normal fault, trending NE-SW, follows the irregular
morphology of the southern shelf of Santorini. The northwestern slope of Christiana islets
coincides with an active, apparently normal fault trending NE-SW. It may probably be associated
with the formation of the Christiana volcanic dome. The position and the orientation of these two
faults are in line with the Kameni-Kolumbo fault zone, as described by Sakellariou et al. (2010).

The current picture of Christiana Basin suggests that it continues to be at the second phase of
development, while the first stage probably lasted until Lower or Middle Pleistocene. The tectonic
map (Figure 4.1.8) shows the main, basin-bounding and intra-basin faults and the sediment
thickness (in milli-seconds two-way travel-time) above the alpine basement or above the
Messinian.
4.1.5.3. Volcanic deposits in Christiana Basin sedimentary archive

The huge volume of volcanogenic material produced by the volcanic activity of Santorini
during the late Quaternary can be mapped in the Eastern Mediterranean (Anastasakis, 2007) and
particularly over a large area of the Aegean Sea, so unsurprisingly has also affected the deposition
processes in Christiana Basin. The description of the seismic character and the reasons suggesting
volcanic origin of the layers I, II and III has been given in Section 4.1.5.1. The soundest
observation worth of repeating here is that these deposits can be mapped only in the eastern part
of the basin. Their thickness decreases gradually with the distance from Santorini and
consequently, their origin should be associated with Santorini's eruptive events. Notwithstanding
the seismic character of I, II and III has been niched and described as Unit 3, there are some
differences between them which will be discussed further below. In addition to the three major
volcanogenic layers mentioned above, at least five layers, 20-30 msec thick, displaying chaotic
seismic character and representing probable pyroclastic flows have been recognized in the lower
half of Unit 2, below Reflector B, in the eastern part of the basin (Figure 4.1.7). If these layers do
represent pyroclastic flows derived from Santorini volcanic center, they may constitute evidence
of volcanic activity as early as Lower Pleistocene or Upper Pliocene. This paper focuses on the

three most highly distinguished volcanogenic layers of the uppermost sedimentary sequence
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above Reflector B, as they have been mapped on the seismic profiles acquired from the area. From

the younger to the older they are named with the Roman numerals I, IT and III.

Fig. 4.1.9: Spatial distribution of pyroclastic flows in Christiana Basin. Pyroclastic flow I, (B) Pyroclastic flow II, (C)
Pyroclastic flow III.

Layer I occurs on the seafloor, displays high relief and has a maximum thickness of 40-50 msec
close to Santorini island. The available and studied seismic profiles do not provide sufficiently
high-resolution information in order to identify sedimentary deposits covering the top of Layer
I. The stratigraphic position of the latter on the very top of the basin's infill indicates that it has
been emplaced during the last, large eruption of Santorini, the Minoan eruption. This is in
agreement with the observations of Sigurdsson et al. (2006) for massive and chaotic layers of
submarine pyroclastic flow deposits around Santorini. On the western slopes of Santorini, the
Minoan pyroclastic flow deposits display a peculiar morphology with block-rich deposits
forming a very irregular surface, an evidence of extensive instability. Slope failure processes
affecting the submarine Minoan pyroclastic flow are known from the eastern flank of Santorini

Island too (Bell et al., 2013). Towards west the top of the flow deposit becomes smoother and dis-
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continuous, indicating that the greatest volume of the pyroclastic material has been deposited
close to the islands. Figure 4.1.9A illustrates the spatial distribution of the Minoan pyroclastic
flow deposits in Christiana Basin. Note that the area covered by the Minoan pyroclastic deposit
is slightly larger than the one presented by Sigurdsson et al. (2006).

Layer II is considerably thinner than the previous one. It is observed at about 50 msec depth
below the seafloor and is limited to the NE part of the Christiana Basin (Figure 4.1.9B). The
Reflector A of Anastasakis and Piper (2005) coincides with the base of this layer, thus its age may
be comparable to or slightly younger than ~0.42 Ma. Following this observation, we can
reasonably assume that the volcanogenic layer II may be the result of an early eruption of
Santorini, possibly associated with the Peristeria volcano, which is located in the northern part of
the present caldera.

The Minoan eruption is one of the largest volcanic events known in historical time, comparable
in size to the enormous eruption of Tambora, Indonesia in 1815 (Sigurdsson and Carey, 1989;
Sigurdsson et al., 2006). Nevertheless, the related to the Minoan eruption layer I, compared to the
layer III, looks small. The latter is the most widespread volcanogenic deposit occurring in
Christiana Basin (Figure 4.1.9C). It is a major, thick flow, with thickness reaching 100 msec. The
great thickness of this deposit, along with its extensive areal distribution in the basin, suggest that
it has been generated by a very large eruptive event, possibly much larger than any other, known
eruption of Santorini volcanic province. As described in the section on the Seismic stratigraphy,
the pyroclastic flow III is embedded within unit 2. High amplitude, wavy and undulating
reflectors characterize the upper part of the flow, while the lower part shows a more chaotic
character. The internal structure of this layer displays hyperbolic echo prints indicating the
presence of large blocks within the deposit. A high amplitude continuous reflector can be
recognized at about 20 msec above the bottom, separating a lower and thinner part from an
upper, considerably thicker one. This is probably an indication that the layer III may comprise
multiple volcanic deposits. The stratigraphic position of III is between Reflectors A and B of
Anastasakis and Piper (2005), which is between 0,42 and 1,25 Ma. Actually, in several parts of the
basin Reflector B roughly coincides with the base of layer III, therefore, its emplacement may have

taken place 1,25 Ma ago or shortly after. Consequently, layer III may be associated with one of
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the early eruptions that took place in the Santorini volcanic field, probably with an eruption

related with the Akrotiri volcanoes.

4.1.6. Discussion

4.1.6.1. Basin's stratigraphy
The geodynamic evolution of Christiana basin, the seismic stratigraphy and chrono-

stratigraphy of its infill and the effect of multiple volcanic events on the sedimentary archive have
been revealed through the processing and interpretation of the acquired seismic profiles.

Seven seismic units (1 to 7), with different seismic character and spatial distribution, have been
mapped within Christiana Basin. The current study cautiously infers that Units 1, 2, 4 and 5
represent the Plio-Quaternary sediments overlying an erosional surface which corresponds to the
Messinian Margin Erosion Surface (Roveri et al., 2014) at the basin's margin, while in the basin
they have been deposited above the Messinian evaporites (Unit 6). The seismic characteristics of
the surface and of the internal reflectors of Unit 6, as mentioned in Section 4.1.5.1. coincides very
well with the results of DSDP Hole 378, in the Cretan Basin (Hsu et al., 1978). If this assumption
is correct, then Unit 6 constitutes the selenite facies similar to the onshore Primary Lower Gypsum
deposits (Lugli et al., 2010).

A dome in the central part of the basin has been interpreted as a probable salt dome formed
due to mobilization or diapirism of the evaporite deposits. Still, the poor network of seismic
reflection profiles adjacent to the dome and the attenuation of the seismic signal at the lowermost
parts of the sedimentary sequence do not allow a confident adoption of a definitive interpretation
and alternative interpretations for the origin of the dome cannot be excluded. Multiple working
hypotheses have been applied to the best approach to the origin of the dome. One of the
alternative interpretations is that compressional stress associated with strike-slip faulting cause
the formation of pop up like structures. Nevertheless, no faults have been mapped in the vicinity
of this structure which could explain the formation of the dome. Another alternative approach to
the origin of the domes can be inferred from the findings of Hooft et al. (2017). These authors
have mapped on the seafloor a shallow seamount, which they called Proteus Knoll. The
geographic location of Proteus Knoll coincides roughly with the location of the dome observed

in this paper (Figures 4.1.6 and 4.1.7). Hooft et al. (2017) assigned to the knoll a volcanic character
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because of its shape, high magnetization and the steep sides. Since the basin of Christiana is
located right on the volcanic arc, and even if the data presented here do not show evidence of
volcanic activity below the basin, the volcanic origin of the domes can't be explicitly ruled out.
However, any possible interpretation will still be a hypothesis if it cannot be confirmed by a dense
network of high-resolution seismic profiles and/or by deep drillings.

Low sea-level delta progradation sequences, displaying the characteristic sigmoidal pattern of
internal reflectors, have been observed along the northern and southern margin of the basin. At
the southern margin the inflection point of the clinoform has been observed at around 450-500m
bpsl. The prograding deposits on the northern margin occur at 240-250 m. Anastasakis and Piper
(2005) identified the MIS 12 at 230m below sea level NW of Folegandros Island and estimated a
mean subsidence rate of 0.23 m/ky. In the absence of any other chronological constrains it is
reasonable to assume that the prograding deposits on the northern margin of Christiana Basin
correspond to MIS 12 too. If the subsidence rate of the southern margin is comparable to the one
of the northern margin, the sigmoidal deposits observed at 450-500m bpsl on the southern margin
of the basin (northern flank of Christiana Ridge) should be significantly older than MIS 12.
Consequently, Christiana Ridge must have been exposed and subjected to subaerial erosion
during the formation of these clinoforms.

The seismic stratigraphy of the younger stage deposits is characterized by the presence of at
least three chaotic layers (I, II, III, representative of unit 3) with irregular tops (Figures 4.1.3, 4.1.5,
4.1.7). They occur in the eastern part of the basin and their thickness diminishes towards west
(Figure 4.1.9). They have been interpreted as volcanogenic deposits derived from Santorini
volcanic center since Middle Pleistocene. The seismic characteristics of layers I, II, I1I as arise from
the processing of the acquired profiles do not allow a clear interpretation and description of their
volcanic origin and of the deposition mechanisms. However, the information extracted from the
data are adequate to reach a potential interpretation. The seismic character and configuration of
these deposits results in two possible interpretations about their emplacement mechanisms either
as pyroclastic flows or as mass transport deposits related to volcanic activity, in particular as
debris avalanche deposits. No clear distinguishing criteria are available in the literature regarding

their different seismic characteristics that may allow their segregation. Systematic surveys from
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other volcanoes, including Stromboli and Montserrat, did not provide decisive criteria to
differentiate submarine pyroclastic flow from debris avalanche deposits (Sparks et al., 1980;
Hayashi and Self, 1992; Legros and Druitt, 2000; Chiocci et al., 2008; Romagnoli et al., 2009;
Crutchley et al., 2013; Karstens et al., 2013). Bell et al. (2013) have studied the hummocky seafloor
features on the eastern submarine flank of Santorini volcano and concluded that they belong to 6
km wide, 20 km long and up to 75m thick, multi-stage debris avalanche deposit which is
composed of pyroclastic flow deposits produced during the Minoan eruption. This composite
landslide was caused by one of the several large earthquakes or volcanic eruptions that have
occurred in or close to the Santorini volcano since the Minoan eruption. The Layer I has been
mapped and studied by Sigurdsson et al. (2006) all around Santorini and has been interpreted as
pyroclastic flow deposit related to the Minoan eruption. The Layers II and III display similar
seismic characteristics to Layer I. Distinct concave-down reflection within layer III and adjacent
to Santorini Island, indicate the existence of transported blocks. A similar to Layer III, chaotic
deposit occurs at similar stratigraphic level on seismic profiles acquired east of Santorini and has
been interpreted by Sakellariou et al. (2012) as pyroclastic flow deposit. Therefore, although the
debris avalanche as deposition mechanism can't be excluded, the widespread distribution of
layers I, II and III within Christiana Basin, their occurrence all around Santorini, the similarities
of the seismic character of layers II and III with layer I which is confirmed as pyroclastic flow,
and the absence of mapped scars associated with large volume landslides support their
interpretation as pyroclastic flows.
4.1.6.2. Implications for the geodynamic evolution of the South Aegean Arc

The major conclusion on the structure of Christiana Basin derived from this study is the two-
stage evolution with deactivation of the older basin-bounding faults, migration of the northern
margin towards north and enlargement of the basin after Early to Middle Pleistocene. Similar
observations have been reported from several other basins in the South Aegean Sea. Jongsma et
al. (1977) report two post-Messinian unconformities observed in several basins of the South
Aegean Sea, a first one in Middle Pliocene (around 3 Ma) and a second one in Late Pliocene
(roughly 1.5 Ma). Bartole et al. (1983) state that among the various seismic unconformities in the

South Aegean Sea, the most widespread one corresponds to the Lower-Middle Quaternary
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unconformity (Q) found at DSDP 378 site, which dates the last significant tectonic event of the
area. They have observed this unconformity in the basins of Heraklion, Akrotiri (north of Chania,
Crete), Kamilonissi, east of Antikythera, east of Maleas and in Christiana Basin. Mascle and
Martin (1990) have observed that in the South Aegean basins the Pliocene sediments are affected
by extensional faulting and are overlain unconformably by Quaternary deposits.

Piper and Perissoratis (2003) have recognized major unconformities in the basins of the
western South Aegean Sea at about 1 Ma, whereas they appear to become younger in the eastern
part of the arc. They state that in the central part of the volcanic arc a pronounced change in fault
pattern occurred at about 0.7 Ma, although E-W faults appear to have accommodated subsidence
on the northern margin of the Christiana basin. This later hypothesis is slightly different from the
results presented here, according to which the main, early, basin bounding faults ceased at or

before 1.2 Ma.

Fig. 4.1.10. Fault pattern in the central part of the Hellenic Volcanic Arc. Faults in Christiana Basin are from this
study. Faults in the others areas have been drawn and modified after Mascle and Martin (1990), Piper and
Perissoratis (2003), Piper et al. (2007), Sakellariou et al. (2010), Nomikou et al. (2016), Sakellariou and Tsampouraki-
Kraounaki (2016), Tsampouraki- Kraounaki and Sakellariou (2017).

53



Structure, tectonic processes and deformation of the South Aegean Sea

Ten Veen and Meijer (1998) state that the Pliocene-Messinian unconformity in Crete marks a
change in tectonic style, from Late Miocene extension to Pliocene sinistral shear on a N75E shear.
Similarly, Piper and Perissoratis (2003) have observed that in the eastern part of the South Aegean
Arc, from Santorini through Amorgos to Kos, a pronounced NE-SW trending set of faults has
been initiated in Middle Pleistocene while the general style of the faults, with narrow basement
ridges and abrupt basin inversions, strongly suggests a strike slip regime. Piper et al. (2007)
proposed a structural evolution of the area surrounding Santorini, according to which,
predominantly E-W Pliocene faulting in Christiana Basin and Santorini to Amorgos area has been
followed by NE-SW trending faults interpreted as dextral strike slip on the basis of seismicity
data (Bohnhoff et al., 2006). These faults should have been initiated in the Early to Middle
Quaternary (Piper and Perissoratis, 2003) as regional crustal-scale strike slip faults and thus
potentially provide pathways for the ascent of magma.

Mascle and Martin (1990) had already recognized in the eastern part of the South Aegean Arc
a deformation pattern consisting of NE-SW trending, elongated half grabens indicating active
intense tectonism in the form of shearing associated with transcurrent faults. In accordance to
that, Sakellariou et al. (2010) have proposed that the spatial distribution of the volcanic centers of
Santorini volcanic group (Santorini and Kolumbo submarine chain) coincides with the NE-SW
trending Anydros graben which constitutes a negative flower structure of a 40 km, possibly
dextral, strike-slip zone, the Kameni-Kolumbo strike- slip and can be prolonged SW-wards to
Christiana volcanic island. Recently, Tsampouraki-Kraounaki and Sakellariou (2017) mapped in
detail, by means of systematic swath bathymetry and seismic profiling, the fault network of the
NE-SW trending, morphologically complex area northeast of Thera till Amorgos, Astypalea and
Kalymnos Islands, including the Anydhros Basin and the six sub-basins of Amorgos Basin. They
concluded that this area undergoes dextral transtensional deformation accommodated by NE-
SW strike-slip to oblique faults and E- W normal, step-over faults. The dextral sense of movement
along the Santorini-Amorgos area inferred by geological criteria coincides with the seismological
observations of Bohnhoff et al. (2006) who analyzed over 2000 earthquakes between 2002 and
2004 and concluded that the highest activity was identified along the SW-NE striking Santorini

(Thera) - Amorgos zone which is present in the state of right-lateral transtension. Opposite to the
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strike-slip character of deformation east of Santorini suggested by the previous authors, Hiibscher
et al. (2015), Nomikou et al. (2016, 2018) and Hooft et al. (2017) infer that normal faulting is the
superior tectonic mechanism for the formation of Anydhros Basin and Santorini-Amorgos Ridge,
while strike slip faulting is of local character with insignificant effect.

The data presented here on the two-stage structural evolution of Christiana Basin are in line
with the observations from many other basins of the South Aegean Sea as described above. It is
worth noting that the direction of the main, basin-bounding faults remains E-W throughout its
evolution, during both the early and later stage. This is in contrast with the change of the fault
trend and kinematics in the Santorini to Amorgos area from E-W normal faulting in Pliocene to
NE- SW strike slip (or oblique) faulting since Early or Middle Quaternary (Piper et al., 2007;
Tsampouraki-Kraounaki and Sakellariou, 2017). This apparent discrepancy may be explained by
the change of the kinematic regime and the subsequent change of deformation style in the various
areas. Thus, the general, extensional deformation accommodated by E-W trending faults
prevailing throughout Pliocene over Christiana basin to Santorini, Amorgos, Astypalea and Kos
area (Piper and Perissoratis, 2003) has been replaced in Early to Middle Quaternary in the area
east of Santorini by NE-SW trending, dextral strike slip (or oblique slip with significant horizontal
component) fault zone. The latter can be considered as a composite, dextral strike slip zone, the
Santorini-Amorgos Fault zone (Figure 4.1.10) (Tsampouraki-Kraounaki and Sakellariou, 2017).
Consequently, the E-W trending Christiana Basin, during its later stage of evolution, should be
considered as an area of enhanced, localized extension developed on the right side of the
southwestern termination of the NE-SW trending, dextral Santorini- Amorgos fault zone, similar
to what would be expected in a “horsetail structure”.

4.1.7. Conclusions

The processing and interpretation of seismic profiles acquired from Christiana Basin provide
evidence that the basin has been evolved in two stages. During the early stage, subsidence has
been controlled by E- W to ESE-WNW trending faults with a significant horizontal component of
movement. The formation of three main depocenters in the NW, W and SE part of the basin, with
thickness of more than 600, 500 and 700 msec respectively, is associated with the early stage. The

seismic units 5, 4 and the lower half of unit 2 have been deposited during the early stage. In the
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eastern part of the basin, the lower half of unit 2, below reflector B, is characterized by the
intercalation of at least five, 20-30 msec thick, chaotic layers (unit 3) with irregular tops (IV to VIII
on Figure 4.1.7). They all thin out towards west, implying that they represent pyroclastic flow
deposits originated from Santorini volcanic center in Late Pliocene to Early Pleistocene. The early
stage of the evolution of the basin lasted until Early to Middle Pleistocene.

The end of the early stage is marked by the cessation of activity on the southern, basin
bounding fault and the migration of the northern faults towards north. The upper half of the
seismic unit 2 and the unit 1 have been deposited during the younger stage. The basin has
expanded significantly towards south and north. The new deposits covered the old, southern
tectonic margin of the basin and draped unconformably the Christiana Ridge. The originally
horizontally deposited strata on the ridge include prodelta sequences and are now tilted towards
south. The old northern margin has been covered too by the younger stage de- posits. The present
northern tectonic margin is located much closer to Folegandros and Sikinos Islands and trends
WSW-ENE.

On the basin's margins the Plio-Quaternary sedimentary formations overly the erosional
surface of the Messinian, while in the basin, they have been deposited on the Messinian
evaporites. A prominent dome observed in the central part of the basin has been interpreted as
probable salt dome intruding the lower part of the basin infill.

The seismic stratigraphy of the younger stage deposits is characterized by the presence of three
thick, chaotic layers (I, II, IIL, re- presentative of unit 3) with irregular tops (Figures 4.1.3, 4.1.5,
4.1.7). They occur in the eastern part of the basin and their thickness diminishes towards west
(Figure 4.1.9). Their seismic configuration and spatial distribution in the Christiana Basin strongly
suggest pyroclastic flow deposits derived from Santorini volcanic center since Middle
Pleistocene. The youngest deposit I occurs on the seafloor, displays maximum thickness of about
50 msec and extensive slope failure structures on the eastern flank of Santorini and is associated
with the Early Bronze Age (Minoan) eruption at 3.6 ka BP. The second deposit II, with a maximum
thickness of 50 msec close to Santorini, is underlain by the Reflector A of 0.42 Ma suggested age
(Anastasakis and Piper, 2005) and may be correlated with an eruption of the Peristeria volcano.

Finally, the pyroclastic flow deposit III has been deposited on the seafloor of the eastern part of
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Christiana Basin slightly after the Reflector B of 1.2 Ma suggested age (Anastasakis and Piper,
2005). It is the thickest (100 msec) and the widest distributed pyroclastic flow deposit in the basin
and most probably the biggest known in the South Aegean Sea. As its presumed age is slightly
younger than 1.2 Ma, it may be associated with an eruption of the early volcanic centers of
Akrotiri. Note that the ages of II and III suggested here are slightly different from the ones
observed by Piper et al. (2007).

All pyroclastic flow deposits observed and mapped on the seismic profiles of this study derive
from the east, from the volcanic center of Santorini. Their ages span from the recent, 3.6 ka old
Minoan flow (I) to the presumably Late Pliocene or Early Pleistocene flow deposits intercalated
in the lower part of seismic unit 2. The seismic profiles studied here, as well as any other seismic
profiles presented previously from Christiana Basin (Piper and Perissoratis, 2003; Anastasakis
and Piper, 2005; Anastasakis, 2007) did not provide any evidence of volcanic deposits derived
from west, i.e. from Milos volcanic center.
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4.2. The Santorini-Amorgos Shear Zone: Evidence for Dextral

Transtension in the South Aegean Back-Arc Region, Greece
https://doi.org/10.3390/geosciences11050216

4.2.1 Abstract
Bathymetric and seismic data provide insights into the geomorphological configuration,

seismic stratigraphy, structure, and evolution of the area between Santorini, Amorgos, Astypalea,
and Anafi islands. Santorini-Amorgos Shear Zone (SASZ) is a NE-SW striking feature that
includes seven basins, two shallow ridges, and hosts the volcanic centers of Santorini and
Kolumbo. The SASZ initiated in the Early Pliocene as a single, W-E oriented basin. A major
reorganization of the geodynamic regime led to (i) reorientation of the older faults and initiation
of NE-SW striking ones, (ii) disruption of the single basin and localized subsidence and uplift,
(iii) creation of four basins out of the former single one (Anafi, Amorgos South, Amorgos North,
and Kinairos basins), (iv) rifting of the northern and southern margins and creation of Anydros,
Astypalea North, and Astypalea South basins, and (v) uplift of the ridges. Dextral shearing and
oblique rifting are accommodated by NE-SW striking, dextral oblique to strike-slip faults and by
roughly W-E striking, normal, transfer faults. It is suggested here that enhanced shearing in NE-
SW direction and oblique rifting may be the dominant deformation mechanism in the South
Aegean since Early Quaternary associated with the interaction of North Anatolian Fault with the
slab roll-back.
4.2.2 Introduction

The Aegean back-arc domain displays a complicated, not yet fully understood, tectonic
structure and has been developed on the southern edge of the overriding Eurasian plate, above
the northward subducting slab of the East Mediterranean crust. The tectonic setting and the active
deformation render the Aegean as a key area for the understanding of back-arc deformation
processes. The post-Miocene history of the Aegean is characterized by back-arc extension already
initiated in the Eocene (Brun et al., 2016; Jolivet et al., 2013 and references therein) and by the
westward motion of Anatolia expressed through the dextral, strike-slip North Anatolian Fault
(NAF) (Armijo et al., 1996; Armijo et al., 1999; Reilinger et al., 2010 and references therein). Several

hypotheses have been proposed about the evolution of the complex deformation of the Aegean
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(McKenzie, 1972; McKenzie, 1978; Le Pichon and Angelier, 1979; Dewey and Sengor, 1979; Le
Pichon et al., 1981). Seismological and geological studies (Armijo et al., 1996; Armijo et al., 1999;
Angelier et al., 1982; Le Pichon et al., 1982; Le Pichon, 1983; McKenzie and Jackson, 1986; Jackson
and McKenzie, 2007; Taymaz et al., 1991; Jackson, 1994; Papazachos and Kiratzi, 1996; Papazachos
et al., 1998; Goltsworthy et al., 2002; Kiratzi, 2003; Kokkalas et al., 2006; Chatzipetros et al., 2013)
and GPS surveys (Billiris et al., 1991; Noomen et al., 1993; Straub and Kahle, 1994; Kahle et al.,
1995; Le Pichon et al., 1995; Davies et al., 1997; Reilinger et al., 1997; Clarke et al., 1998; Cocard et
al., 1999; Kahle et al., 2000; Briole et al., 2000; McClusky et al., 2000; Kreemer and Chamot-Rooke,
2004; Nyst and Thatcher, 2004; Reilinger et al., 2006; Reilinger et al., 2010; Perouse et al., 2012;
Kassaras et al., 2020; Briole et al., 2021) have tried to define and explain the kinematic setting in
the Aegean. However, comprehensive evidence on the geological evolution and the strain
localization in the Aegean has not yet been revealed because there are still many areas that have
either not been surveyed or have been with insufficient data (Sakellariou and Tsampouraki-
Kraounaki, 2019).

The Aegean domain is characterized by Mascle and Martin, (1990) as a deforming microplate
bounded to the north by the dextral North Anatolian Fault and to the south by the sinistral fault
zones of Strabo and Pliny Trenches (Figure 4.2.1). The deformation in the northern part is mainly
controlled by NE-SW trending strike-slip faulting (Sakellariou and Tsampouraki-Kraounaki,
2019). The active tectonic framework of the North Aegean, derived from geological and
geophysical data and earthquake focal mechanisms, indicates a typical right-lateral strike-slip
faulting regime (Taymaz et al., 1991; Kiratzi, 2003; Pavlides and Tranos, 1991) along the North
Anatolian Fault and its southern branches. GPS data confirm the strike-slip motion across the
NAF to about 23 mm/year (Kahle et al., 2000; McClusky et al., 2000; Kreemer and Chamot -Rooke,
2004; Nyst and Thatcher, 2004; Reilinger et al., 2006; Reilinger et al., 2010; Perouse et al., 2012;
Miiller et al., 2013). The central and western parts of the South Aegean Sea behave more or less
like a rigid body, according to the kinematic model proposed by Kreemer and Chamot-Rooke,
(2004). These authors suggest that the backstop of the Mediterranean Ridge (Figure 4.2.1) and the
southern Aegean block exhibit insignificant internal deformation and move with 33-34 mm/year

in the direction of S24° W + 1° towards stable Africa, while the southeastern Aegean moves
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moderately fast in an SSE direction, away from the rigid South Aegean (Kahle et al., 1999; Kiratzi,
2003; McClusky et al., 2000; Kreemer and Chamot -Rooke, 2004 references therein).

Figure 4.2.1: Major geodynamic elements of the broader Aegean Region, modified after Sakellariou and Tsampouraki-
Kraounaki (Dimitriadis et al. 2009). The white parallelogram delineates the study area. Red dots represent the
volcanoes on the Hellenic Volcanic Arc. NAF: North Anatolian Fault, KF: Kephallinia Fault, IT: Ionian Trench, PSF:
Pliny-Strabo Trenches CHRZ: Central Hellenic Relay Zone, SASZ: Santorini-Amorgos Shear Zone. Basins: Cr:
Christiana, He: Heraklion, Ka: Karpathos, Kn: Kamilonissi, Ma: Maleas, My: Myrtoon.
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Although it is widely accepted that the geotectonic evolution of the Aegean microplate is
dominated by extension in a back-arc setting, recent geological, seismological and geodetic
studies have shown that overall extension may evolve in combination with transpression or
transtention (Tur et al., 2015 and references therein). The uniqueness of this complex deformation
developed in an active plate boundary zone, between two almost parallel but with opposite sense
of movement strike-slip zones, demonstrates the distinctiveness of the area and explains the
existence of multiple different kinematic models proposed so far (Figure 4.2.1). The style of
deformation and kinematics changes from North to South across the Aegean. Dextral strike-slip
tectonics along NE-SW major fault zones dominates in the North Aegean and as far south as the
North Ikarian Basin (Kiratzi, 2003). Sakellariou and Tsampouraki-Kraounaki, (2019) propose that
dextral-strike slip faulting prevails further to the South, with the Santorini-Amorgos (SA) Fault
Zone being the last one towards the south, that displays a dextral sense of motion. This is in
agreement with the results of the micro-seismicity research of Bohnhoff et al., (2006), who suggest
right-lateral transtension along the SW-NE Santorini (Thera)-Amorgos zone with the direction of
extension being NW-SE. They also propose that Santorini-Amorgos Zone is a major structural
boundary of the Hellenic Volcanic Arc which is characterized by crustal weakness and divides
the seismically and volcanically more active eastern part from the quiet western part.

The same area seems to be a transition zone between the northern and southern Aegean, as
the change from dextral to sinistral sense of shear seems to occur south of the Santorini-Amorgos
Fault Zone. Pe-Piper et al. (2005) related the volcanism at Kos and Nisyros islands with sinistral
ENE-WSW trending strike-slip faults. Furthermore, recent studies of Ulug et al., (2005) and ig,can
et al., (2012) have shown that the Gulf of Gokova (GG), east of the island of Kos, undergoes
deformation related to strike-slip tectonics. Ocakoglu et al., (2018) also mapped a left-lateral NE-
SW strike-slip fault zone with segments crossing the Gokova Gulf from its northern part to south
of Kos. Tur et al., (2015) interpreted this area as part of a lazy-S shaped structure which includes
the Kamilonisi Basin (KaB), the South and North Karpathos Basins (SK and NK), and the Gulf of
Gokova. The aforementioned literature data verify the suggestion of Mascle and Martin, (1990)
according to which, NE-SW trending shear zones control the Plio-Quaternary evolution of the

Aegean. Further on, they support the observations of Sakellariou and Tsampouraki-Kraounaki,
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(2019) on the change of the sense of shear, from dextral to sinistral, across the Aegean. According
to Sakellariou and Tsampouraki-Kraounaki, (2019) the Santorini-Amorgos Fault coincides with
the southeastern boundary of the “rigid “Central Aegean Block with the deforming Southeast
Aegean Block as defined by Reilinger et al. (2010).

The present study focuses on the southeastern margin of the Central Aegean Sea (Figure 4.2.1),
particularly in the area between Santorini, Amorgos, and Astypalea islands, referred to as
Santorini-Amorgos Shear Zone (SASZ). The purpose of this study is divided into two main levels.
The detailed mapping of the morphotectonic tissue of the area, through the presentation of the
results concerning the seismic stratigraphy, the seabed morphology, and the dominant fault
network of the area constitute the first level. The interpretation and understanding thereof, lead
us to the second level and to the questions arising from its correlation with the deformation

prevailing in the entire Aegean domain.

4.2.3 Geological setting
4.2.3.1 Regional Geological Setting

The study area is bounded by the islands of Central and southeastern Aegean and, more
specifically, by Santorini Island to the west, Amorgos Island and Kinairos and Levitha Islets to
the north, and Anafi and Astypalea Islands to the south (Figure 4.2.2). Metamorphic, volcanic and
Neogene-Quaternary sediments constitute those islands (Bornovas and Rondoyanni, 1984). The
central and western part of that area is described by Nomikou et al. (2018) as the Santorini-
Amorgos Tectonic Zone (SATZ). Alpine formations, separated by the system of Miocene
extensional detachments, form the basement of the area. Metamorphic rocks of the Attico-
Cycladic complex constitute Santorini's basement (Kilias et al., 2013). The metamorphic
formations of the Atticocycladic massif (gneisses, schists, marbles, and limestones) covering the
greatest part of the island of Amorgos and the eastern part of Anafi (Melidonis, 1964) show a
different stratigraphy, related to the external shallow-water carbonate platform of the Hellenides
(Fytrolakis and Panikolaou, 1981; Papanikolaou, 2013). According to Papadopoulos and Pavlides
(1992), Amorgos Island is constituted by rocks of the Triassic, post-Triassic-Eocene, and middle
Eocene-Oligocene. Very few outcrops of Pleistocene and alluvial deposits can be found. The

morphology of the Amorgos Island is the result of brittle deformation (mainly normal to right-
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lateral oblique-slip faults) (Papadopoulos and Paviles, 1992 and references therein). Non- or low-
grade metamorphic rocks of Late Cretaceous age crop out on Anafi (Soukis and Papanikolaou,

2004).

Figure 4.2.2: (A): Terminology of the main geomorphological elements used and discussed in the current work. AdB:
Anydro Basin, AdR: Anydros Ridge, AnB: Anafi Basin, ANB: Amorgos North Basin, ASB: Amorgos South Basin, AsNB:
Astypale North Basin, AsSB: Astypalea South Basin, AsR: Astypalea Ridge, KB: Kinairos Basin. Bathymetry: 25 m
resolution swath bathymetry superimposed on 100 m resolution EMODNET Bathymetry. (B-E): Terminology used by
Perissoratis (1995) Nomikou et al. (2018), Hooft et al. (2017), and Nomikou et al. (2016), respectively.

4.2.3.2 Seismostratigraphy of the Area

Several studies focusing on the seismic stratigraphy of the area, provide useful information on
the sedimentary sequences deposited offshore. Perissoratis (1995) mapped the main
morphological features of the area between Santorini and the southwestern edge of Amorgos
(Figure 4.2.2) and named them as Anydros Basin, Santorini-Amorgos Ridge, Santorini-Anafi

Valley, and Santorini-Anafi Ridge. The same designations were also adopted by Nomikou et al.
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(2016). Afterwards, Hooft et al. (2017) renamed Santorini-Anafi Valley to Anafi Basin, and, one
year later, Nomikou et al. (2018) expanded their field of research to the east (south of Amorgos
Island) and recognized the existence of another basin, named as Amorgos Basin (Figure 4.2.2).
The same study renamed the Anafi Basin to Santorini-Anafi Basin. The presentation of the results
of the preexisting literature follows the naming of the morphological features as described in each
work from which the specific results are taken.

Plio-Quaternary sediments of 600-700 m thickness maximum, intercalated with volcanoclastic
material mainly in Anydros Basin, have been mapped in the offshore area (Perissoratis, 1995;
Nomikou et al., 2016; Sakellariou et al., 2017, Hiibscher et al., 2015). Three distinct seismo-
stratigraphic units referred to as A, B, and C (from top to bottom) are recognized and described
by Perissoratis (1995) within Anydros Basin and Santorini-Anafi Valley. Unit A is divided into
two subunits, unit Al and unit A2, by an erosional unconformity which is related to various sea-
level changes that occurred during the Quaternary. Unit A1l shows high amplitude strong
subparallel reflectors, while unit A2 displays a more regular and parallel seismic character. In
some areas, subunit Al lies conformably on A2, and it is not clearly distinguishable from A2
(Piper and Perissoratis, 2003). Syn-sedimentary faults mainly only affect subunit A2. Unit B is
overlain unconformably by unit A2 (UR2) on ridges and on some basins and conformably in some
basin areas (Piper and Perissoratis, 2003). Unit B is unconformably resting on unit C showing
strong and continuous reflectors, such as those in subunit A2, although its reflectors display
higher amplitude. The unconformity between Unit A and Unit B coincides with the
Pliocene/Quaternary boundary of the drilling results of Site 378 (Hsu et al., 1978), indicating that
Unit B is mainly of Pliocene age, while Unit A is assumed to be of Quaternary age (Perissoratis,
1995). According to Perissoratis (1995), the lowermost parts of unit B were deposited as a basin
filling facies during and after the formation of the basins. Unit C marks the acoustic basement in
the survey area and represents the alpine formations of the Atticocycladic Massif that crop out
on the surrounding islands (Perissoratis, 1995; Nomikou et al., 2016). On the Santorini-Anafi
Valley, Unit C can be mapped only in the shallow areas of the surrounding ridges. The Santorini-
Amorgos Ridge is mainly formed by unit C that is locally covered by thin layers of sediments.

Unit A is considered to be of Quaternary age, and unit B is mainly of Pliocene age (Perissoratis,
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1995). Piper and Perissoratis (2003), following the interpretation of the seismic stratigraphy of
Perissoratis (1995), named the unconformities within subunits A1-A2, and units B and C from
top to bottom as UR1, UR2, and UR3 for the offshore area between the Santorini, Anafi, and
Amorgos islands. UR1 is equivalent to the UK1 unconformity (west of Kalymnos) and the UN1
unconformity (between Kos and Nisyros). UN1 postdates the Kos Plateau Tuff that has a
radiometric age of 161 ka [68]. Based on a mean sedimentation rate of 0.1 m/kyear, the estimated
age of UR3 is 150-190 ka (Smith et al., 1996).

Within the sedimentary sequence of Anydros Basin, six basin-fill units have been mapped,
from AB-1 to AB-6, and are separated by unconformities ab-1 to ab-6 (Nomikou et al., 2016;
Nomikou et al., 2018). The same authors related units AB-6 and AB-5 with units A1 and A2
(volcanoclastics of Quaternary age) of Perissoratis (1995) and unit AB-4 with unit B (terrestrial or
shallow water sediments of Pliocene age). Hiibscher et al. (2015) related the five angular
unconformities to rift pulses and suggested that they are associated with the five eruptive phases
of the Kolumbo submarine volcano. Within the sedimentary sequence of Santorini-Anafi Basin
(SAB), six different seismic units have been mapped and named from bottom to top as Sab-1 to
Sab-6 [54], while Sab-0 corresponds to the acoustic basement. The interface between Sab-1 and
Sab-0 displays a strong amplitude character with chaotic reflections beneath it. Nomikou et al.
(2018), recognized seismic units Amb-6 to Amb-3 as equivalents of the four upper units of
Santorini-Anafi Basin and suggested that the Amorgos Basin is younger than SAB and AB.

An attempt to define a chronological framework about the geodynamic evolution of the area
was made by Nomikou et al. (2018), based on the work of Hinsbergen et al. (2007). They suggested
that the older parts of the sedimentary sequence (named as Units 1-3 on their study) are related
with the initiation of the Aegean strike-slip system around 5.3-3.8 Ma, and the upper observed
unconformities are related to the Rhodos tilting on 2.5-1.8 Ma and on 0.8 Ma.
4.2.3.3 Tectonic Setting

Due to the complexity of the deformation in back-arc areas, the precise mechanisms
dominating and affecting the formation of the main geomorphological features are not yet clear.
The contradiction of the different theories, that have been suggested about the geodynamic

processes that dominate the Aegean region and vary from the expected pure extension, that is
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customary to occur on back-arc zones, to more complex zones of transpresion and transtention
(Sakellariou and Tsampouraki-Kraounaki, 2019), seems to be imprinted in the Santorini Amorgos
Shear Zone, as well. Mascle and Martin (1990) and Piper and Perissoratis (2003) provided tectonic
maps of the offshore faulting in the South Aegean Sea. Mascle and Martin (1990) were the first to
recognize NE-SW trending strike-slip faulting in the area. Papadopoulos and Pavlides (1992)
characterized the master neotectonic fault of Amorgos as an oblique-normal fault with a
significant right-lateral strike-slip component and suggested that the tectonic picture of the area
is more complex than the pure extension expected in back-arc basins.

Perissoratis et al. (1993) suggested that the main faults controlling the deformation at the
offshore area eastwards of Santorini Island trend NE-SW and were activated after the previous
NW-SE trending faults. The predominant fault network that formed the Santorini-Anafi valley,
the Anydros Basin, and the Santorini-Amorgos Ridge (Figure 4.2.2) trends NE-SW and has
resulted from the offset of the preexisting E-W faults and, secondarily, from earlier N-S faults that
formed the Santorini-Anafi Ridge (Perissoratis, 1995). The E-W and N-S faults affected the older
parts of the sedimentary sequence (Unit C and the lower part of Unit B), while the NE-SW
trending faults affected the younger parts (the uppermost part of Unit B and Unit A) of the
sedimentary sequence (Perissoratis, 1995). From Kos through Amorgos to Santorini, the 650-
trending strike-slip faulting initiated around 0.6—-0.8 Ma near Amorgos, 0.4 Ma east of Astypalea,
and 0.2 Ma around Nisyros, while the basinal areas between Amorgos and Santorini which were
formed during the deposition of Unit B prior to 0.6 Ma, now form prominent ridges (Piper and
Perissoratis, 2003). The shift of the tectonic regime from E-W to NE-SW led to basin inversion
(Perissoratis et al., 1993; Piper and Perissoratis, 2003). The style of NE-SW faulting, the narrow
basement ridges, and the basin inversions strongly suggest a strike-slip regime (Piper and
Perissoratis, 2003; Piper et al., 2007).

Sakellariou et al. (2017) proposed that both Thera and Kolumbo volcanic centers occur within
the NE-SW-trending Anydros graben, which constitutes a negative flower structure related to a
40-km long, possibly dextral, strike-slip zone, the Kameni-Kolumbo strike-slip, which can be
extended SW-wards to the Christiana volcanic island. This is in agreement with the results of

Heath et al. (2019), who found that the volcanic centers of Christiana-Santorini and Kolumbo lie

70



Structure, tectonic processes and deformation of the South Aegean Sea

in a NE-SW trending basin-like structure, named as proto-Anydros Basin. They also confirm that
volcanism initiated after the transition to NW-SE extension in the Pleistocene, as has been
proposed also by previous models. Hiibscher et al. (2015), although they do not recognize strike-
slip indicators within Anydros Basin, do not exclude the possibility of their existence. Nomikou
et al. (2016) proposed normal, NE-SW trending faulting as the main deformation mechanism.
Secondary faults, showing remarkable steep dip angles, probably indicate a strike-slip
component, which could explain the presence of right lateral transtensional stresses, expected by
Bohnhoff et al. (2006) and Sakellariou et al. (2017). Tsampouraki-Kraounaki and Sakellariou
(2017) suggest that the NE-SW-trending and morphologically complex area northeast of Thera
until the Amorgos, Astypalea, and Kalymnos islands (which encompasses Anydhros Basin and
the six subbasins of Amorgos Basin) undergoes dextral transtensional deformation
accommodated by NE-SW strike-slip to oblique faults and E-W normal step-over faults. These
results coincide very well with the microseismicity data of Bohnhoff et al. (2006), who observed
the highest seismic activity along the SW-NE striking Santorini-Amorgos zone and proposed
that the Santorini—~Amorgos zone is presently in the state of right-lateral transtension, acting as a
major structural boundary of the volcanic arc between a seismically and volcanically quite
western and an active eastern part. The results of Dimitriadis et al. (2009, 2010) on the seismic
activity of the Santorini-Kolumbo zone and of Papadimitriou et al. (2015) on the caldera of
Santorini are in agreement with these observations.

On the other hand, the interpretation of the data of Nomikou et al. (2018) support normal
faulting as the main deformation mechanism that forms the geomorphological features of the
area.

The available GPS campaigns indicate that the central Aegean acts as a coherent block moving
SW with little internal deformation. Geological and geodetic data indicate that, south of the
Amorgos shear zone, the sense of shear changes from the dextral transtension of the Santorini to
Amorgos area and the dextral oblique rifting along the Amorgos shear zone (Bohnhoff et al., 2006;
Piper et al., 2007; Sakellariou et al.,, 2017; Tsampouraki-Kraounaki and Sakellariou, 2017;
Tsampouraki -Kraounaki and Sakellariou, 2018), to sinistral towards the southeast. Tzanis et al.

(2020) studied the kinematic regime of the Santorini area by using gravity, magnetotelluric, and
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DGPS data. According to their interpretation, kinematics in that area is characterized by NW-SE
dextral strike slip faults and NE-SW normal to sinistral faults generated by N-S oriented o1 and
E-W oriented 03. Very recently, Briole et al. (2021), based on a dense network of GPS stations,
analyzed the velocities of the period 2000-2020, and they quantified several characteristics of the
deformation of the Aegean. They built a kinematic model comprising ten crustal blocks
corresponding to areas where the velocities present homogeneous gradients. The major fault
zones and zones of localized deformation constitute boundaries between the blocks. Amorgos
basin fault zone is one of these boundaries where the authors recognize a dextral transtensional
movement of 4.5 mm year-1 between the Amorgos and Astypalea islands.
4.2.3.4 The 1956 Amorgos Earthquake

The exceptional magnitude 7.8 of the 9 July 1956, Amorgos earthquake, and the tsunami that
followed, have affected that area and caused several damages on the neighboring islands. A
second seismic event, with a magnitude of M =7.2, followed the first earthquake 13 min later in
the same region. The focal mechanism of the Amorgos 1956 earthquake and the precise location
of its epicenter are still debated. Papadopoulos and Pavlides (1992) noted that the 1956
mainshock, the epicenter of its largest aftershock, and the volcanic centers of Santorini,
Christiana, and Columbo strike along the same structural line, indicating a possible geodynamic
association between the seismotectonic and volcanotectonic processes in this part of the South
Aegean. Various studies have been conducted in order to understand the focal mechanism of the
Amorgos earthquake. The proposed focal mechanisms vary between dextral strike-slip and dip-
slip movement on a NE-SW-trending SE dipping fault (Okal et al., 2009 and references therein).
Okal et al. (2009) and Shirokova (1972) proposed a normal faulting geometry, while Papazachos
and Delibassis (1961) and Ritsema (1974) suggested strike-slip as the focal mechanism. Briistle et
al. (2014) proposed a dextral SE dipping normal fault plane solution as the focal mechanism for
the first event and a thrust fault mechanism for the second.
4.2.4 Materials and Methods

This study uses two data sets, swath bathymetry and seismic profiles, collected during various
cruises of HCMR’s research vessel AEGAEOQO. Swath bathymetry data were collected with the use

of a hull-mounted multibeam system ELAG SEABEAM 2120 (20 kHz) and 1180 (180kHz) as
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follows (Figure 4.2.3): (i) around Santorini Island in 2001 (Alexandri et al., 2003) and 2006 [THERA
project (Sigurdsson et al., 2006)]; (ii) east and southeast of Astypalea in 2007-2008 (Nomikou and
Papanikolaou, 2011); (iii) between Amorgos, Anafi, and Astypalea Islands in 2016 during the

Figure 4.2.3: Left: Swath bathymetry coverage and year of acquisition. Right: Swath bathymetry
map of the study area showing the location of the airgun 10 ci and 40 ci seismic lines acquired in the
study area. Dashed white and black lines show the seismic lines described in the text.
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Eurofleets2 LGT-AMORGQOS-56 cruise; (iv) east of Amorgos Island and south of Anaphi and
Astypalea Islands in 2017 (SOUTH AEGEAN cruise). All recent and older swath bathymetry data
were integrated into one data set, processed using the MB-System, PDS 2000, and Global Mapper
software and reprocessed at 20 m resolution in Arc-GIS.

Single channel seismic profiles were collected during the following three cruises (Figure 4.2.3):
airgun 10 in® profiles in 2006 around Santorini (THERA project) and airgun 40 in® in 2016
(Eurofleets2 LGT-AMORGOS-56 cruise) and in 2017 (SOUTH AEGEAN cruise). In all surveys,
the sound source was towed at 2-5-3 m water depth behind the stern of the vessel. The 2006
profiles have been recorded on a surface towed SIG seismic streamer (65 m active length, 48
hydrophones at 1 m spacing) Triton Imaging, Inc. acquisition software and hardware at 2 s
shooting rate. The 2016 and 2017 profiles have been recorded on CodaOctopus DA4G™ 2000
acquisition software and hardware at 3 s shooting rate. The CodaOctapus Survey Engine software
has been used for the processing of all profiles and the improvement of the signal-to-noise ratio
when needed. Processing included adjustment of time varied gain (TVG), signal rectification
(when necessary), across track smoothing, and pass-band frequency filtering between 100 Hz and

300 Hz.

4.2.5 Results

4.2.5.1 Bathymetry-Geomorphology

The Santorini Amorgos Shear Zone is a composite morphological feature that includes seven
NE-SW trending, spindle-shaped or elongated basins and two uplifted, shallow ridges. The
names of the basins, from the northwest to the southeast, are: Anydros (AdB), Anafi (AnB),
Amorgos South (ASB), Amorgos North (ANB), Kinairos (KB), Astypalea North (AsNB), and
Astypalea South Basins (AsSB). The ridges are named as Astypalea (AsR) and Anydros (AdR)
Ridges, while both display two splays (Figure 4.2.2). Two more, smaller ridges, Akrotiri (AkR)
and Anafi (AnR), occur in the southwestern part of the study area. Their main morphological
characteristics are presented in Table 4.2.1.

Astypalea Ridge (AsR) is located on the NE part of the study area and separates Kinairos and
Amorgos North basins from Astypalea North Basin. Its main body is located southeast of

Amorgos Island and displays elongated, flat-topped shape. The ridge is extended approximately
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19 km to the NE as a very narrow elevation of the seafloor which separates Kinairos Basin from
the eastern part of Astypalea North Basin. To the SW, it is divided into two branches. The W-E
trending northern branch (AsRa) splays out of the northwestern side of the main body and
separates Amorgos North from Amorgos South basins. A series of SW dipping faulted
escarpments separate it from the main body. Its prolongation towards the west is connected with
the Anydros Ridge. The southern branch (AsRb) initiates in the southwestern tip of AsR and
prolongs towards the SW. It separates the Amorgos South from the Astypalea North basin and
merges with the steep slope NE of Anafi Island.

The NE-SW trending, elongated Anydros Ridge (AdR) is located at the western part of the
study area. Its summit at the center of the ridge forms the Anydros islet. Towards the SW, the top
of the ridge deepens gradually and smoothly, to form a roughly 400 m deep morphological saddle
between Anydros Ridge and the steep eastern slopes of Santorini. Taking into consideration the
main morphological direction prevailing in the study area, the Anydros Ridge is in line with the
mountainous part (Profitis Elias Mt.) of southern Santorini and with the Akrotiri Ridge. The
northeastern part is divided into two branches by the prolongation of the Amorgos escarpment.
The northern branch (AdRa) connects with the steep, NE-SW trending slope off Amorgos, while
the southern branch (AdRb) connects with AsRa.

Akrotiri Ridge (AkR) constitutes the underwater prolongation of the southern part of Santorini
towards the SW. AkR extends roughly 20 km off the southwestern coast of Santorini and its top
displays rugged morphology. It separates Christiana Basin to the NW (Tsampouraki-Kraounaki
and Sakellariou, 2019) from the westernmost part of Anafi Basin to the SE.

Anafi Ridge (AnR) runs parallel to and south of Akrotiri Ridge. The island of Anafi marks the
northeastern termination of the AnR. It separates the 400 m western part of Anafi Basin from the
over 1000 m deep Cretan Basin to the south.

The narrow, elongated Anydros Basin is located NE of Santorini. It is bounded to the NW by
the faulted slopes of the islands of Ios and Koufonisia and to the SE by Anydros Ridge. The floor
of the SE part of the basin hosts more than 20 volcanic cones, including the submarine volcano

Kolumbo (Nomikou et al., 2012). The cones display conical or sub-conical shape, and their NE-
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SW linear distribution follows the direction of the long basin axis. Contrary to the SW part, the

seafloor on the NE part of the basin is flat and free of volcanic structures.

Table 4.2.1. Morphological characteristics of SASZ basins and ridges.

Geomorphological Length Width Orientation Margins / Slopes Other
feature (km) (km) Information
Astypalea Ridge 29 9 NE-SW Steep faulted SE-dipping Two branches
(AsR) slope (AsRa, AsRb)
Anydros Ridge 37 11 NE-SW Steep faulted SE-dipping Two branches
(AdR) slopes (AdRa, AdRD)
Akrotiri Ridge 17 <5 NE-SW Steep NW and SE slopes SW of
(AkR) Santorini
Island
Anafi Ridge (AnR) 30 <6 NE-SW Steep NW and SE slopes Ends on Anafi
Island
Anydros Basin >42 <10 NE-SW Steep faulted NE margin, It hosts the
(AdB) variably steep NW and SE Kolumbo
margins volcanic chain.
N-ward
asymmetry of
the NE part of
the basin
Anufi Basin (AnB) 40 <8 NE-SW Variably steep SE and NW S-ward
margins asymmetry
Amorgos South 43 11 NE-SW Steep faulted NW margin. N-ward
Basin (ASB) Gently sloping S and SE asymmetry
margins.
Amorgos North 34 9 NE-SW Steep faulted NW margin. N-ward
Basin (ANB) Gently sloping S and SE asymmetry
margins.
Kinairos Basin 32 11 ENE-WSW Steep northern margins N-ward
(KB) asymmetry
Astypalea North 63 6 NE-SW Steep, faulted northern N-ward
Basin (AsNB) margin asymmetry
Astypalea South 22 18 ENE-WSW

Basin (AsSb)

Amorgos North (ANB) and Amorgos South (ASB) basins display similar morphological

characteristics. Both basins display morphological asymmetry, with steep, faulted, northern
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margins. ASB is a spindle shaped basin, bounded to the North by the Anydros Ridge and the
northern branch of Astypalea Ridge (AsRa). The southern boundary is formed by the NE-SW
trending slope of Anafi and the southern branch of Astypalea Ridge (AsRb). ANB is a triangular
to lazy-S-shaped basin. The steep slopes of Amorgos Island form the northern margin of ANB,
while the northern branch of Astypalea Ridge constitutes the southern margin.

Kinairos Basin has been developed south of the islands of Kinairos and Levitha. It displays
northward asymmetry with a steep northern boundary and a smooth southern margin to the
northeastern prolongation of Astypalea Ridge.

A gentle elevation of the seafloor divides Astypalea Basin into two sub-basins. The northern
one (AsNB) is characterized by a very narrow and elongated shape, which shows a convex shape,
following the curvature of Astypalea Ridge. The southern one (AsSB), east of Astypalea Island,
displays more irregular and asymmetric shape. However, a thorough analysis and description of
AsSB does not fall within the goals of the present work.

Anafi Basin is bounded to the north by Akrotiri Ridge, Santorini Island, and Anydros Ridge
and to the South by Anafi Ridge, Anafi Island, and the shallow plateau between Anafi and
Astypalea. Anafi Basin displays elongated shape in NE-SW direction and, opposite to the
previously described basins, is characterized by southward asymmetry.
4.2.5.2 Seismic Stratigraphy: Basins

Seven basins (AdB, AnB, ASB, ANB, KB, AsSB, AsNB) separated by structurally uplifted
ridges have been identified in the study area. Similarities and differences, observed in the seismic
stratigraphy of the basins, provide insights into the Plio-Quaternary evolution of the Santorini-
Amorgos Shear Zone. Despite some variations and differences in the seismic stratigraphy of each
basin, a common designation was used to describe the seismic packages constituting their
sedimentary infill. Six successive seismic units have been mapped within the sedimentary infill
of the basins, named from top to bottom as Units 1, 2, 3, 4, 5, and 6.

Unit 1, the youngest one, is characterized by well stratified, closely spaced, high amplitude,
coherent and continuous reflectors running parallel to the seafloor. Unit 2 displays a more
complex seismic character and shows differences from basin to basin, which will be discussed in

more detail in the analysis of the seismic stratigraphy of each basin. It is mostly characterized by
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Figure 4.2.4: Air gun 40 ci seismic profile crossing the western part of Anydros Basin (AdB), Anydros Ridge (AdR),
and Anafi Basin (AnB). The numbers 1 to 6 represent the six seismic units described in the text. U1, U2, U3, and U4
correspond to the observed, major unconformities. AB: Acoustic Basement, AARNFZ: Anydros Ridge North Fault
Zone, AARSFZ: Anydros Ridge South Fault Zone, AnFZ: Anafi Fault Zone IFZ: Ios Fault Zone. V1 and V2: Submarine
volcanic domes of Kolumbo chain.

high amplitude, semi-continuous, undulating, and medium coherent reflectors, alternating with
low coherent energy and internal high amplitude, discontinuous and irregular reflectors. Unit 3
is defined by a rhythmic alternation of high amplitude, continuous and parallel reflections with
transparent and semi-continuous reflections and/or incoherent, low amplitude discontinuous
reflectors. Unit 4 is characterized mainly by high amplitude, continuous, parallel reflectors which,
in some cases, become more undulating and discontinuous with depth. Unit 5 shows a rhythmic
alternation of high amplitude, continuous and parallel reflectors with semi-continuous, medium
amplitude and wavy reflectors Finally, Unit 6 is characterized by an upper surface with high to
medium amplitude, undulating, incoherent, and transparent reflectors, while, at the base of Unit
6, in some areas, a highly irregular, rugged reflector, which marks the transition from Unit 6 to

the acoustic basement, has been observed.
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The interpretation of the seismic stratigraphy revealed at least 4 major unconformities in
nearly all basins suggesting that successive, major tectonic events have affected the entire area of
Santorini-Amorgos Shear Zone (SASZ) during its evolution. They are named from top to bottom
as U1, U2, U3, and U4. Ul is defined by a high amplitude and continuous reflector, and it is a
relatively shallow unconformity, at roughly 30-50 msec depth below the seafloor that separates
seismic Unit 1 above from seismic Unit 2 below. It has been mapped in the Amorgos South and
Amorgos North basins, within the Astypalea North and South basins, in Anafi Basin, and in the
western part of Anydros Basin (Figures 4.2.4, 4.2.5, 4.2.6, 4.2.7, 4.2.10).

Figure 4.2.5: Airgun 40 ci seismic profile across the eastern part of Anydros Basin (AdB). AdR: Anydros Ridge, ASRF:
Amorgos South Relay Fault. Terminology and symbols as in Figure 4.2.4.
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Unconformity U2 is imaged as a high amplitude, erosional, undulating reflector that separates
Unit 2 from Unit 3. It has been mapped in the Anydros, Anafi, Kinairos, Amorgos South, and
Amorgos North basins and in the southwestern part of Amorgos South Basin (Figures 4.2.4,4.2.5,
4.2.6,4.2.7, 4.2.10). The internal reflectors of Unit 3 are truncated upwards by the Unconformity
U2.

Figure 4.2.6: Airgun 40 ci seismic profile across the central part of Amorgos North Basin (ANB), the eastern part of
Amorgos South Basin (ASB) and the western part of Astypalea North Basin (AsNB). Terminology and symbols as in
Figure 4.2.4. AF: Amorgos Fault, AsRa: north splay of Astypalea Ridge and AsRb: south splay of Astypalea Ridge.

Unconformity U3 truncates the reflectors of the underlying Unit 4, while the reflectors of the
overlying Unit 3 display onlap relationship. It has been mapped on the seismic profiles of all
basins (Figures 4.2.4, 4.2.5, 4.2.6, 4.2.7, 42.10) and marks a major change in the evolution of the

entire area. All units (4, 5, 6) below U3 display a roughly constant thickness across the basins;
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they are tilted northwards, uplifted towards the south and occur on the uplifted ridges that
separate the basins. The units above U3 (3, 2, 1) are deposited only within the basins and their
thickness increases drastically towards the northern margins of the basins. Thus, Unconformity
U3 marks the onset of enhanced tectonic activity along the present, major, basin-bounding faults
that led to significant northward tilting of the lower parts of the sedimentary infill of the basins,
enhanced subsidence close to northern margins of the basins, uplift and formation of the ridges
along the southern margins. The tilting and uplifting of the basin’s sediments has begun after the

deposition of Unit 4 and has evolved simultaneously with the deposition of the sediments of

Figure 4.2.7: Airgun 40 ci seismic profile crossing the central part of Kinairos Basin (KB), the eastern part of Astypalea
North Basin (AsNB), and Astypalea South Basin (AsSB). Terminology and symbols as in Figure 4.2.4. AsRF:
Astypalea Ridge Fault, KF: Kinairos Fault.

Units 3, 2, and 1.

Unconformity U4 is a high amplitude and continuous reflector, which is mainly recognizable
within the Amorgos North and Amorgos South basins, in the eastern part of Anydros Basin, in
Anafi Basin and Kinairos Basin (Figures 4.2.4, 4.2.5, 4.2.6, 4.2.7, 4.2.10) and separates Unit 4 from
Unit 5 below.

Table 4.2.2 presents the results obtained from the comparison of the analysis of the seismic

stratigraphy of the current study with the results of previous studies.
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Table 4.2.2. Seismic stratigraphic features in the current study and in the literature.

Current study Piper & Perissoratis Nomikou et al. (2016 ~Nomikou et al. (2018)
(2003)
Unit 1 Al AB-6 Ambé6, Sab6, Ab6
Unconformity U1 UR3 (150-190 ka years) [66] ab-5
Unit 2 A2 AB-5 Ambb5, Sab5, Ab5
UR?2 and/or UA1
Unconformity U2 (Plio/Quaternary boundary)
[66]
. Upper part of Amb4,
Unit 3 B AB-4 and/or AB-3, AB-2 Sabd, Abd
UR2 and/or UA1
Unconformity U3 (Plio/Quaternary boundary)
[66]
Unit 4
Unconformity U4
Unit 5 AB-2 (?) Sab3, Ab3
Unit 6 AB-1(?) Sab2, Ab2

4.2.5.2.1 Anafi Basin (AnB)

The seismic stratigraphy of AnB is very well illustrated in Figure 4. Sediments of about 700
msec thickness lie uncomfortably on the acoustic basement (AB) between the SW and NE faulted
margins (Anafi and Anydros Ridge faults, respectively). The acoustic basement exhibits a high
amplitude, undulating, discontinuous surface, which is not well distinguishable throughout the
entire basin, with high amplitude, discontinuous internal reflectors. Units from 1 to 6 have been
recognized within the sedimentary sequence.

Unit 1 shows a slight variation in the thickness along the south and north margins of the basin,
of the order of magnitude of 20 msec. Unconformity U1, separates Unit 1 above from Unit 2
below. The upper part of Unit 2 is characterized by a chaotic layer of discontinuous, transparent,
undulating, and high amplitude reflectors. The chaotic seismic reflections are interpreted as mass
transport deposits, which are probably related to slope instability and gravitational sliding of
material from the southern steep slopes of Anydros Ridge. The reflectors of Unit 2 onlap

unconformity U2, that separates Unit 2 above from Unit 3 below. The latter shows a mean
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thickness of about 100 msec across the basin, lies horizontally in the northern part of the basin
and climbs up towards the southern margin. At least one layer with chaotic, undulating, and high
amplitude reflectors has been mapped within Unit 3 and has been interpreted as a mass transport
deposit, possibly related to enhanced tectonic activity along the northwestern margin of the basin.
Despite the fact that the reflectors of this unit lie conformably on the following unit (Figure 4),
unconformity U3 separates those two units, as stated below in the description of the seismic
stratigraphy of the other basins. Unit 4 underlies Unit 3 and shows a maximum thickness of 100
msec at the center of the basin. Its internal reflectors display a divergent character close to the
southeastern margin. The southeastern part of Unit 4, close to the SE faulted margin, lies
unconformably on the eroded acoustic basement (AB).

Unit 5 shows a maximum thickness of about 250 msec close to the southeastern margin,
indicating rapid subsidence of the basin during the deposition of this unit. Unconformity U4 that
separates Unit 4 from Unit 5 can be traced only at the northwestern part of the basin. The chaotic
character of Unit 5, which rests unconformably in the NW part, does not allow the separation of
the top of Unit 5 from the base of Unit 4. On the central and the SE part of Anafi Basin (Figure
4.2.4), Unit 5 follows the inclination and the geometry of Unit 4 and is characterized by very well
illustrated, high amplitude, continuous, closely spaced, and parallel reflectors.

Unit 6 can be mapped at a mean depth of 1400 msec. Due to the depth in which it is located
and its acoustic seismic character, the interface between it and the presumable acoustic basement
is not well discernible. Nevertheless, the undulating, discontinuous base of Unit 6 indicates that

this seismic unit lies unconformably on the eroded basement.

4.2.5.2.2 Anydros Basin (AdB)

Anydros Basin is separated from Anafi Basin by the Anydros Ridge (Figures 4.2.2 and 4.2.4).
The structure and seismic stratigraphy of the northeastern and southwestern parts of AdB are
remarkably different (Figures 4.2.4 and 4.2.5). A well stratified sedimentary sequence with
evident northward asymmetry characterizes the NE part of AdB (Figure 4.2.5). On the contrary,
the sedimentary infill in the SW part of AdB indicates uniform subsidence and is intruded by

multiple volcanic bodies that create cones and domes on the seafloor (Figure 4.2.4). The
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subsidence of AdB has evolved between the Ios (IF) and Akrotiri-Anydros (AdF) faultzones.
Interestingly, the volcanic activity in the Santorini-Amorgos area, which includes the volcanic
complex of Santorini (Thera) and the Kolumbo volcanic chain, occurs exclusively within Anydros
Basin, while the volcanic domes of Christiana Islets occur on the southwestern prolongation of
AdB.

Only the three upper units (Units 1 to 3) have been recognized within the sedimentary infill in
the SW part of AdB. Unit 1 (~20 msec thickness) rests unconformably on Unit 2 (Unconformity
Ul). The latter shows a maximum thickness of around 280 msec. Semichaotic facies of little
coherent energy showing locally high amplitude, discontinuous reflectors within this unit
suggests that they are mass transport deposits derived from the margins of the basin, or they are
volcano-clastic deposits (pyroclastic flows, perhaps), originating from any of the adjacent
volcanic centers. Figure 4.2.4 shows that Unit 2 thins out towards the northern faulted margin,
while, towards the southern one, its thickness remains constant, at roughly 100 msec. A high
amplitude, thick, and morphologically irregular reflector marks the erosional interface between
Unit 2 and the underlying acoustic basement (AB), in the southern part of Anydros Basin (Figure
4.2.4). In the northwestern part of AdB, unconformity U2 separates Unit 2 (above) from Unit 3
(below). Unit 3 shows internal changes in amplitude characteristics and the reflectors close to the
northern margin show a divergent character. Unit 3 lies unconformably (Unconformity U3) on
the underlying layer.

The flat seafloor and the horizontal stratigraphic layering of the SW part of AdB, shown on the
seismic profile of Figure 4.2.4, are interrupted by three vertical, elevated features. The two
southernmost ones (V1 and V2) display a strongly reflective seafloor, internal chaotic seismic
character, steep slopes, and sharp contacts with the surrounding sedimentary deposits. They
coincide with two of the submarine volcanic domes of the Kolumbo chain, already mapped earlier
(Nomikou et al., 2012, 2016). The third uplifted structure, north of the previous ones, has also
been described by Nomikou et al. (2016). This structure displays flattened, strongly reflective top
and internal layered seismic character, characterized by high amplitude, undulating, and semi-
continuous reflectors. It is bounded towards NW and SE and uplifted by two, steep, opposite

facing, high angle faults (~85° the northern one and ~70° the southern), pointing to a pop-up like,
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compressional structure developed between two strike-slip faults. The downward flexure of the
surrounding, subsiding sedimentary layers, close to both faults, supports the previous
interpretation.

As mentioned above the NE part of AdB displays significant variations in the geometry and
the seismic stratigraphy in respect to the SW part (Figure 4.2.5). A very well stratified sedimentary
sequence with maximum thickness exceeding 600 msec characterizes the NE part of AdB. Units
1 to 5 have been mapped within its sedimentary infill. Unit 1 shows a mean thickness of 50 msec,
while Unit 2 shows a maximum thickness of 230 msec close to the northern margin. At least five
chaotic layers, with low coherent energy and internal high amplitude, discontinuous and
irregular reflectors have been recognized within Unit 2. The highly disrupted seismic character,
the recognizable toe region at the upper and lower part (Figure 4.2.5), and their proximity to the
unstable faulted northern margin leads to the conclusion that they are MTDs related to slope
failures (Frey-Martinez, 2007).

Unconformity U2 separates Unit 2 from Unit 3. The latter shows a maximum thickness of about
200 msec close to the northern margin (Amorgos South Relay Fault), which, similarly to Unit 2,
thins out towards the southern margin. At least two, relatively small and thin MTDs have been
mapped within this Unit close to the northern margin. This Unit lies unconformably on Unit 4
towards the northern margin (Unconformity U3). Unlike Units 2 and 3, Unit 4 displays a constant
thickness of roughly 110 msec across the basin, indicating thus uniform subsidence during its
deposition. Its geometry follows the one of its interface with the overlying Unit 3. The base of
Unit 4 occurs at 1230 msec depth close to the northern margin. It ascents continuously towards
the southern margin, the Anydros Ridge, and reaches minimum depth of roughly 500 msec or
less below the top of the Ridge. Its seismic character becomes more undulating and discontinuous
with depth. The lowermost recognizable unit is Unit 5, the reflections of which follow the
geometry of Unit 4 and are tilted upwards on Anydros Ridge.

Hiibscher et al. (2015) and Nomikou et al. (2016) recognize moat channels and mounded
contourites on the NW part of the basin, in the lower part of the basin’s infill. Their stratigraphic
position corresponds to the lower half of unit 3 and the underling units, as defined in the current

study.
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4.2.5.2.3 Amorgos North (ANB) and Amorgos South (ASB) Basins

Amorgos North (ANB) and Amorgos South (ASB) Basins are described here in parallel
because, as shown hereafter, they display remarkable seismic stratigraphic and structural
similarities and can be considered as twin basins. They are separated from each other by the
Northern Splay of Astypalea Ridge (AsRa), from the Anydros Basin to the North by the Anydros
Ridge and from Astypalea Basin to the South by the Astypalea Ridge (AsR) and its Southern
Splay (AsRb). The similitudes between the two basins are obvious on the seismic profile of Figure
4.2.6. The latter crosscuts the central, widest part of ANB (roughly 10 km width) and the eastern
part of ASB with 5.5 km width.

Six different seismic units (Units from 1 to 6), that are significantly tilted towards the north,
can be identified within the Amorgos North and Amorgos South basins, while the development
of both basins is mainly controlled by the northern marginal faults. The sedimentary sequence
lies on top of the acoustic basement, which shows a rugged surface topography. An elevation of
the acoustic basement separates those basins and forms the North Splay of Astypalea Ridge
(AsRa). Unit 1 lies on the seafloor and gradually thickens towards the north. The maximum
thickness shown in the ANB is about 50-60 msec, and, in ASB, it is approximately 80-90 msec.
Unit 1 onlaps unconformity U1, which separates it from the underlying Unit 2. The latter shows
a maximum thickness exceeding 300 msec in the ASB and close to 300 msec in the ANB. Around
20-30 msec below the top of Unit 2, a chaotic layer with internal high amplitude, discontinuous
and irregular reflectors, has been mapped in both basins, the thickness of which remains constant
through the basins axis and is approximately 50 msec. This layer has been interpreted as MTD
and is probably related to a rapid subsidence of the northern parts of the basins. In ASB, similar
layers of smaller thickness have been mapped within the lowermost part of Unit 2.

Unconformity U2 separates Unit 2 above, from Unit 3 below, while, on the southern part of
the basins, the reflectors of Unit 2 onlap unconformably (unconformity U3) on Unit 4. Unit 3
shows a maximum thickness of 170 msec in ASB and of 260 msec in ANB. Internal, chaotic layers
at the lowermost part of Unit 3 have been interpreted as MTDs, associated with slope instabilities
along the margins. Unit 4 lies below Unit 3 and close to the northern faulted margins of ASB and

ANB shows its maximum thickness of 200 and 300 msec, respectively. Towards the southern
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margins, it thins and pinches out on the uplifted acoustic basement, which forms the north and
south splays of Astypalea Ridge (AsRa and AsRb). As aforementioned, the internal reflectors of
Unit 2 and Unit 3 onlap the top of Unit 4 towards the south, while the reflectors of the latter are
truncated by the angular unconformity U3.

Unconformity U4 separates Unit 4 from Unit 5. The distinction of Unit 5 from the Unit 6 is not
easy, and the interface that separates them cannot be mapped in detail. However, following the
geometry and morphology of the adjacent layers, the dashed line in Figure 4.2.6 attempts to
define this surface. A highly irregular, rugged reflector marks the transition from Unit 6 to the
acoustic basement. High amplitude and non-stratified internal reflectors occur on the upper part,
while the lower part is acoustically transparent. It is worth noting that, like in the NE part of
Anydros Basin, the lowermost parts of the sedimentary sequence in Amorgos North and in
Amorgos South basins have been tilted and uplifted upwards, covering the north and south

splays of Astypalea Ridge.

4.2.5.2.4 Astypalea North Basin (AsNB)

A SW-NE trending structural uplift of the acoustic basement and its sedimentary cover, which
consists of Units 4, 5, and 6, forms the south splay of Astypalea Ridge and separates the Amorgos
South Basin (ASB) from Astypalea North Basin (AsNB) (Figure 4.2.6). An elongated uplift of the
acoustic basement separates Astypalea Basin into two sub-basins: a northern one (AsNB) and a
southern one (AsSB). At least 4 seismic units have been mapped in the upper parts of the
sedimentary sequences of the two sub-basins (Figure 4.2.7). The lower parts of the basins” infill
have not been imaged properly due to rapid signal attenuation with depth. The westernmost part
of AsNB displays northward asymmetry, similar to the previously described basins. Seismic units
1-5 have been mapped within AsNB. They show smaller thickness compared to the other basins
which was to be expected, since the sedimentary infill of Astypalea Basin is slightly smaller.
Seismic units 4 and 5 of ASB that have been uplifted on Astypalea Ridge, have also been mapped
at the base of the sedimentary sequence of AsNB (Figure 4.2.6). Unit 5 has been deposited on the
acoustic basement of AsNB. Therefore, Unit 6 observed in ASB, may not have been deposited in

Astypalea Basin. Unit 1 is of constant thickness, while Units 2, 3, 4, and 5 show maximum
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thickness close to the northern faulted margin. At the base of Unit 3, an undulating surface that
truncates the underlying Unit 4 is related to unconformity U3.

The easternmost part of AsNB displays a more symmetric shape. Two faulted margins
northwards (AsRF) and southwards define the basin. The seismic profile of Figure 4.2.7 shows a
well stratified sedimentary infill in AsNB, whose thickness exceeds 600 msec at the center of the
basin and thins out towards the margins. The lowermost part of the sedimentary sequence is not

very well recorded, so only the upper seismic units (1 to 4) have been recognized.

4.2.5.2.5 Astypalea South Basin (AsSB)

Astypalea South Basin (AsSB) displays a more circular shape compared to the elongated shape
of the AsNB. Apparently, normal faults bound the northern and southern margin, while the
eastern slopes of Astypalea Island define the western margin of AsSB. Units from 1 to 4 have been
recognized within the sedimentary sequence (Figure 4.2.7). Unit 1 is a thin layer, about 30 msec
thick, of well stratified sediments. A thin layer with an irregular surface and high amplitude,
undulating reflectors has been mapped at the base of Unit 1 and has been interpreted as MTD.
Unit 2 underlies Unit 1 showing a mean thickness of 50 msec and Unit 3 below, showing a
maximum thickness of 120 msec. The thickness of the following Unit 4 exceeds the 100 msec close
to the southern margin and progressively decreases to the north. The base of Unit 4 shows a
rugged morphology. Numerous high angle faults, running E-W, parallel to the basin axis, cross
cut the sedimentary sequence of the AsSB. Units 3 and 4 display southward tilting due to the E-

W faulting, while the basin as a whole displays maximum subsidence close to its northern margin.

4.2.5.2.6 Kinairos Basin (KB)

The northeastern part of the survey area is occupied by the Kinairos Basin (KB). The eastern
prolongation of Astypalea Ridge separates Kinairos Basin to the North from AsNB to the South.
The northern part of Figure 4.2.7 illustrates the central part of Kinairos Basin. Seismic Units from
1 to 6 have been mapped within the sedimentary sequence of KB. With the exception of Unit 1,
all units show maximum thickness close to the northern faulted margin, indicating rapid
subsidence to the north. The thickness of Unit 1 reaches the 30-40 msec. Unconformity Ul

separates Unit 1 from the underlying seismic Unit 2. The maximum thickness of Unit 2 reaches
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200 msec. A chaotic layer with internal variable amplitude, discontinuous reflectors has been
mapped within Unit 2 and has been interpreted due to its geometric characteristics, as MTD. Unit
3 underlies Unit 2 and onlaps unconformity U3. Unit 4 displays seismic character similar to that
of Unit 3. However, close to the southern margin, the reflectors become fuzzier and
discontinuous. The interface that separates Unit 4 from Unit 5 is not very well illustrated. The
attenuation of the seismic signal with depth prevents a detailed description of the nature of unit
6. However, an upper surface with high amplitude, undulating, discontinuous internal reflectors
can be identified. Kinairos Basin displays a dual character. The lower half of the sedimentary
sequence (mainly Units 4, 5, and 6) have been tilted and uplifted on the southern margin of the
basin to form Astypalea Ridge. Tilting and uplift evolved in parallel with the deposition of the
upper half of the basin’s infill (Units 3, 2, and 1) and led to the shifting of the depocenter close to
the northern faulted margin indicating northward asymmetry of the basin.
4.2.5.3 Seismic Stratigraphy: Ridges

The Anydros and Astypalea ridges with their splays (AdRa, AdRb, AsRa, and AsRb) as
described above, separate the main basins that have been developed in the area. The following is
a brief overview of the main features recognized through the interpretation of the seismic

stratigraphy of each of them.

4.2.5.3.1 Anydros Ridge (AdRa, AdRb)

Anydros Ridge is characterized by the occurrence of the uplifted acoustic basement at the
seafloor or at a shallow depth below the seafloor. The islet of Anydros, located on the ridge, marks
the highest elevated part of the acoustic/alpine basement. The top of the basement displays
rugged morphology pointing to subaerial/underwater erosion and faulting (Figures 4.2.4 and
4.2.5). Indeed, numerous faults cross-cut the southern part of the ridge, close to the margin of
Anafi Basin and are responsible for the irregular seafloor. The northeastern part of the ridge is
split into two branches (AdRa, AdRb) due to the prolongation of Amorgos Fault (Figure 4.2.2).
The narrow-elongated valley in between the two branches is thinly sedimented. A narrow,
faulted, SW-NE oriented depression occurs at the western part of the ridge and is filled up with

sediments of roughly 250 msec thickness (Figure 4.2.4). A progadational sequence with
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characteristic clinoforms occurs in the upper part of the sedimentary infill of the depression,
indicating the development of a deltaic sequence, associated with a sea level roughly 400 msec
(300 m) below the present one, during one of the low sea level stages of Quaternary. The
sedimentary cover of the northeastern part of AdR mainly consists of sediments of the previously
described Units 4 and 5 (Figure 4.2.5). Unconformity U3 marks the onset of the uplift of the lower
units and the formation of the ridge. Active and apparently normal faults on this part of the ridge

create local elevation of the seafloor and deform the sedimentary sequence.

4.2.5.3.2 Astypalea Ridge (AsRa, AsRb)

The formation of the tectonically controlled Astypalea Ridge (AsR), separates the Amorgos
North from Amorgos South and Astypalea basins (Figure 4.2.6), the Amorgos South from
Astypalea Basin (Figure 4.2.6), and the Kinairos from Astypalea Basin (Figure 4.2.7). It is divided
to the west into two splays, the AsRa and the AsRb (Figure 4.2.2). The main body of the ridge is
composed of the uplifted, northward tilted sediments of Units 4, 5, and 6 of Amorgos North Basin.
Their thickness on the top of AsR exceeds 300 msec in the eastern part and decreases to less than
200 msec below the western part (AsRa, AsRb). As in the Anydros Ridge, Unconformity U3
indicates the onset of the uplift of the lower units of the basins and the formation of the ridge.

The uplift of the main ridge and its splays has evolved on the footwall of SE-dipping faults.

4.2.5.3.3 Akrotiri Ridge (AkR)

The seismic profiles crossing Akrotiri Ridge show that the latter is free of sedimentary or
volcano-sedimentary deposits (Figure 4.2.8). The acoustic basement occurs on the rugged seafloor
of the ridge and is bounded by steep, SW-NE trending faults. The Akrotiri Fault (Figure 4.2.8)
controls the northwestern flank of AkR and forms the tectonic boundary with the sedimentary
infill of Christiana Basin (Tsampouraki-Kraounaki and Sakellariou, 2018). Perissa Fault forms the
tectonic boundary of the ridge with Anafi Basin. Akrotiri Ridge is the physical prolongation of
the southern part of the island of Santorini, where the alpine basement builds Profitis Elias
Mountain and outcrops on the steep caldera walls at Athinios port. Therefore, a reasonable
hypothesis is that the alpine basement extends southwards and forms the acoustic basement of

Akrotiri Ridge.
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Figure 4.2.8: Airgun 40 ci seismic profile crossing the southwestern part of Anafi Basin, Akrotiri Ridge and the
southeastern margin of Christiana Basin. AnFZ: Anafi Fault Zone, AKF: Akrotiri Fault, PF: Perissa Fault.

4.2.5.3.4 Anafi Ridge (AnR)

Anafi Ridge (AnR) is a 30-km long narrow ridge extending from the Island of Anafi towards
the SW and forms the southern margin of Anafi Basin’s western part. The ridge is not sedimented
and the alpine basement that outcrops on the island occurs on the seafloor as acoustic basement.
4.2.5.4 Faulting

The processing and the interpretation of the seismic profiles, along with the swath bathymetry
data, provide sufficient information for the reconstruction of the fault network in the Santorini-
Amorgos Shear Zone in unprecedented detail, as well as for the understanding of their evolution
and their impact on the evolution of the basins through time. Further on, detailed mapping of the
tectonic network, along with the geological-geophysical data and interpretations, provide
adequate information which enables the understanding of the style of long-term deformation and
kinematics during the Plio-Quaternary.

The geometrical characteristics of each one of the major faults and fault zones are described in

detail below, along with their impact on the evolution and structure of the relevant basins. The
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complete fault network of the Santorini-Amorgos Shear Zone is shown on the tectonic map of
Figure 4.2.9A. The active fault system indicates that the steep margins of the basins are controlled
by mainly NE-SW trending, SE dipping faults and WNW- ESE to W-E trending, SSW- or S-
dipping, step-over faults. With the exception of western Anydros Basin and Astypalea South
Basin, all other basins display northward asymmetry. The maximum thickness of the basin infill,
above Unconformity U3, occurs close to the northern marginal faults, while the older seismic
units are tilted and uplifted to the South. The latter has resulted in the inversion of the basin’s
geometry and the formation of the Astypalea and Anydros ridges. Minor intra-basin faults
deform the interior of the basins, while pop-up structures, observed in the basins and on the
ridges, indicate significant deformation due to horizontal shearing. The proposed kinematics of
the individual faults and fault zones and of the entire Santorini-Amorgos Shear Zone is shown

on the map of Figure 4.2.9B.

4.2.5.4.1 Ios Fault Zone (IFZ) and Amorgos South Relay Fault (ASRF)

IFZ defines the northern margin of Anydros Basin. It consists of several, observed and possible
segments that strike NE-SW, parallel to the long axis of Anydros Basin. It is a 50°-65° SW-dipping
fault zone that marks the offshore slopes south of Sikinos and Ios islands to the west and to the
northeast terminates at the Amorgos South Relay Fault (ASRF). The southwestern and central
parts of Anydros Basin are bounded by the IFZ to the North and the AARNFZ to the South; they
display no tectonic asymmetry and host the volcanic activity of the Christiana-Santorini-Kolumbo
chain. The basin infill is cross-cut by SW-NE striking, high angle faults, which may or may not
control the occurrence of the volcanic features. Such faults are the ones that create the SW-NE
trending “graben” on the northeastern walls of the Santorini caldera and the nearly vertical faults
with horizontal striations observed in the area of Koloumbo Cape on Santorini.

Amorgos South Relay Fault (ASRF) is a 15-km long, roughly W-E striking, roughly 60° S-
dipping, apparently normal fault. The orientation of ASRF and its location between the
northeastern tip of IFZ and Amorgos Fault indicate that it accommodates the transfer of strain
between the SW-NE striking IFZ and AF. ARF marks the northern tectonic boundary of the

northeastern part of Anydros Basin. Opposite to the southwestern and central parts, the
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northeastern one displays northward tectonic asymmetry with ARF driving the enhanced

subsidence of the basin floor in its hanging wall. The morphological scarp between the top of
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South Amorgos Island on the footwall of ARF and the seafloor of the basin is roughly 1 km. The

cumulative vertical offset, including the thickness of the basin infill reaches 1.5 km.

4.2.5.4.2 Akrotiri Fault (AkdF) and Anydros Ridge North Fault Zone (AdRNFZ)

Figure 4.2.9: (A): Detailed map of the active fault network in Santorini-Amorgos Shear Zone. Teeth on the faults
indicate the downthrown side. Half arrows show the sense of lateral motion. (B): Tectonic and kinematic map of
Santorini-Amorgos Shear Zone. Dextral oblique rifting results from dextral strike-slip motion in NE-SW direction and
extension in NW-SE direction. Red arrows show the direction of motion in respect to stable Eurasia, modified after
Kreemer and Chamot-Rooke (2004). (C): Drawing explaining the kinematic of dextral oblique extension with the rift
axis running at 30° in respect to the rifting direction (modified after Withjack and Jamison, 1986).
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AKF and AdRNFZ constitute the southern tectonic margin of Anydros Basin to Anydros
Ridge. They also mark the southern/southeastern limit of the volcanic activity in the Christiana-
Santorini-Kolumbo volcanic chain.

Akrotiri Fault (AKF) is 13-km long, and its trace on the seafloor follows the foot of the
northwestern slope of Akrotiri Ridge to the Christiana Basin. It strikes SW-NE and dips with a
50°-55%ngle to the Northwest. Towards the SW, it terminates at the steep, south-facing margin
of the deep Cretan Basin. The NE-ward prolongation of AkF’s trace on the island of Santorini
coincides with the possible fault that marks the northern limit of the occurrence of the alpine
basement on the steep slopes of the caldera in the area of Athinios.

AdRNFZ follows further to the NE with the same SW-NE strike and NW dipping. The part of
the fault zone between the eastern slope of Santorini and the islet of Anydros consists of three,
en-echelon arranged, SW-NE striking segments. The total length of the three segments reaches 25
km. Further to the NE, the margin of Anydros Basin to Anydros Ridge is cross-cut by a series of
E-W striking, N- and S-facing, normal faults. They are en-echelon arranged, each one is less than
5-km long, and they probably represent the NE-ward prolongation of AARNFZ. The total length
of AKF and AdRNFZ is roughly 70 km.

4.2.5.4.3 Perissa Fault (PF) and Anydros Ridge South Fault Zone (AdRSFZ)

PF defines the northwestern boundary of Anafi Basin to Akrotiri Ridge. It is a >15-km
long, SW-NE striking fault that dips with a 50°-55%ang]le to the SE (Figure 4.2.8). The height of the
morphological scarp, between the seafloor of Anafi Basin and the flat top of Akrotiri Ridge,
exceeds 400 m. The cumulative vertical fault offset, including the thickness of the basin infill,
exceeds 1 km. Towards the SW, both the fault and Akrotiri Ridge die out at the margin of the
deeper Cretan Basin. Chaotic masses of unconsolidated sediments on its hanging wall indicate
that the faulted slope has collapsed several times in the past.

AdRSFZ consists of at least three, SE-facing, SW-NE striking segments which mark the
southeastern slope of Anydros Ridge and the tectonic and morphological boundary between the
latter and the Anafi (AnF) and Amorgos South (ASB) Basins. The total length of AdRSFZ is 45—

50 km and constitutes the northeastern prolongation of Perissa Fault. The two of them can be
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considered segments of the same fault zone with roughly 80 km total length. The segments of
AdRSFZ dip SE-wards with variable dip values. The southwestern segment dips with roughly
60°, marks the northern margin of Anafi Basin and controls its evolution. The central and
northeastern segments dip with 40°45° and 60°, respectively, and form the northern tectonic
boundary of Amorgos South Basin. They form a >500 m high morphological scarp between the
central part of the ridge and the basin, which decreases towards the NE. The cumulative vertical
fault offset, including the thickness of the basin infill, exceeds 1.2 km.

Maximum subsidence in the Amorgos South Basin occurs close to the AARSFZ northeastern
segments and is responsible for the tectonic asymmetry of the basin. The depocenter during the
sedimentation of the younger basin infill, above the unconformity U3 (units 3, 2, 1), is located
very close to the northern margin. The older units, 4, 5, and 6, below unconformity U3, display
constant thickness across the basin and are tilted and uplifted to the south.

The northeastern terminal segment of AARSFZ marks the boundary of the subsiding Amorgos
South Basin with the tilted, uplifted, and inverted southern edge of the Amorgos North Basin,
which resulted in the formation of the southern branch of Anydros Ridge. Total vertical offset of
600-700 m has been measured between the subsided lower units (4, 5, 6) of Amorgos South Basin
and the equivalent units of Amorgos North Basin, which are uplifted on the ridge (Figure 4.2.6).
The northern edge of AdRF terminates on a WNW-ESE trending normal fault, that controls the
uplift of the northern splay of Astypalea Ridge and forms the northeastern boundary of Amorgos
South Basin (Figure 4.2.9A).

4.2.5.4.4 Amorgos Fault (AF) and Amorgos North Relay Fault (ANRF)

AF is the most “famous” fault of the study area, as it is responsible for the impressive, steep,
rocky, up to 700mhigh southeastern slopes of the island of Amorgos, which continue underwater
for another 700 m before meeting the flat seafloor of Amorgos North Basin. It has been proposed
in the literature that AF may has moved during the 9 July 1956, Amorgos earthquake (Okal et al.,
2009 and references therein). The trace of AF runs along the foot of the subaerial-submarine
southeastern slope of Amorgos for roughly 40 km. AF dips with 50° to >65° towards the SE, and

its cumulative vertical offset, including the thickness of the infill of Amorgos North Basin (Figure
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4.2.6), exceeds 2.2 km. The southwestern part of AF prolongs into the Anydros Ridge and divides
it into the northern and southern branches. The northeastern part of AF constitutes the diachronic
northern tectonic margin of Amorgos North Basin and is responsible for the tectonic asymmetry
of the latter. The seismic Units 4, 5, and 6 of Amorgos North Basin display increasing thickness
towards AF and are tilted and uplifted on the southern margin. Units 3, 2, and 1, above the
Unconformity U3, are deposited unconformably on the previous basin infill; they are not tilted,
and their depocenter is close to AF. This observation indicates rapid subsidence close to the
northern margin throughout the evolution of ANB. Unconformity U3 marks a major event in the
evolution of the basin and may indicate a dramatic change in the activity and/or the kinematics
of AF.

Amorgos North Relay Fault (ANRF) starts from the northeastern tip of AF and prolongs for
15 km towards the ESE/SE. It dips with 45-50° SW-wards, defines the northeastern margin of
ANB, and separates it through its uplifted footwall from the Kinairos Basin. The cumulative
vertical offset of the faults reaches roughly 2.2 km.

Minor intra-basin faults have also been mapped within the basin, but their activity ceased
before the deposition of Unit 2. Minor, NW-dipping active faults are observed along the southern

margin of ANB to the north splay of Astypalea Ridge.

4.2.5.4.5 Kinairos Fault (KF)

The structural evolution of Kinairos Basin displays common characteristics with the ANB. The
northern marginal fault, referred to as Kinairos Fault (KF), controls the development of the basin.
KF is an almost W-E and south-dipping fault (40°-50°), with a length of about 25 km. Kinairos
and Levitha islets occur on the top of the steep slopes on the footwall of KF. The morphological
scarp, produced by the fault, exceeds 600 m, while its cumulative vertical offset of KF, including
the thickness of the infill of KB (Figure 4.2.7), exceeds 1.5 km. With the exception of Unit 1, the
seismic units that constitute the sedimentary infill of KB, display maximum thickness close to KF,
indicating rapid subsidence to the north. Units 4 and 5 have been tilted and uplifted to the south

on the prolongation of Astypalea Ridge, indicating basin inversion. High-angle faults (70°-90°)
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cross-cut the sedimentary infill up to the seafloor. A secondary, N-dipping fault controls the

southern margin of KB and contributes to the uplift of the easternmost part of Astypalea Ridge.

4.2.5.4.6 Anafi Fault Zone (AnFZ) and Astypalea Faulted Margin

AnFZ defines the southern margin of Anafi Basin and strikes NE-SW with 60_ NWdipping. It
ends up on the termination of Anafi Ridge to the southwest, while, to the north-east, it is replaced
by a series of minor faults that occur along and form the SWNE trending northern submarine
slope off Astypalea Island. The lowermost parts of the sedimentary sequence of Anafi Basin show
maximum thickness close to the AnFZ, indicating rapid subsidence during the deposition of Units
5 and 6. The depocenter of the Anafi Basin was gradually shifted to the North, and the maximum
thickness of units 3, 2, and 1 occurs close to the northern tectonic margin (PF and AdRSFZ) of the
basin (Figure 4.2.4).

Further to the northeast, the southern margin of ASB is controlled by synthetic to AnFZ, NW-
dipping faults. These faults, along with high-angle faults that have been mapped on the south
and southeastern parts of ASB, deform the oldest parts of the sedimentary sequence (Units 4, 5,
and 6). The morphologically smooth transition from Anafi Basin to Amorgos South Basin
becomes perceptible on the seismic profile of Figure 4.2.10. A small elevation of the acoustic
basement separates those two basins. This elevation occurs between two secondary faults that

appear inactive during the deposition of Unit 1.

4.2.5.4.7 Astypalea Ridge Fault Zone (AsRFZ)

AsRFZ is a 65-70-km long fault zone that originates from the Anafi-Astypalea margin, strikes
SW-NE and defines the northern margin of Astypalea North Basin (AsNB) against the Amorgos
South Basin in the SW, the Astypalea Ridge in the middle, and the Kinairos Basin (KB) in the NE.

The largest segment of AsRFZ controls the SE-facing, steep slope of Astypalea Ridge, is 28-km
long, dips with 55° SE-ward, and marks the major tectonic boundary of Astypalea North Basin.
As previously mentioned in Figure 4.2.6, the development of AsNB is mainly controlled by the
AsRFZ and displays north-ward tectonic asymmetry.

The northeastern segments of AsRFZ are responsible for the uplift and formation of the

eastern, narrow part of Astypalea Ridge, which separates AsNB from Kinairos Basin (Figure
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4.2.7). The southern margin of AsNB is delineated by a N-facing marginal fault that controls the
formation of a narrow structural up-lift of the basement and the seafloor that separates AsNB
from Astypalea South Basin. The sedimentary infill of AsNB shows maximum thickness at the

center of this part of the basin and thins out towards the northeastern and southeastern margin.

Figure 4.2.10: Airgun 40 ci seismic profile along Anafi Basin (AnB) and Amorgos South Basin (ASB) in SW-NE direction
(along strike). Terminology and symbols as in Figure 4.2.4.

A high angle fault (>82°) crosses the lower parts of the sedimentary sequence without affecting
Units 1 and 2. Secondarily, NE-dipping (35°) faults deform the sedimentary sequence close to the

SE margin.

4.2.5.4.8 Astypalea South Basin Faults

The fault network in AsSB displays interesting differences in respect to the tectonic network
of the other basins described so far. AsSB is cross cut by multiple, SW-NE to WSW-ENE striking,
high-angle (>50°) faults, which have deformed the sedimentary infill and led to S-ward tilting of
the individual tectonic blocks (Figure 4.2.7). Within each tectonic block, the thickness of the lower
Units 3 and 4 increases from North to South, while the upper Units 2 and 1 display constant more

or less thickness with small variations.
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This fact indicates rapid subsidence to the south during the deposition of Units 3 and 4, which
was followed by a symmetrical subsidence during the deposition of units 2 and 1.

4.2.6 Discussion and Synthesis

The results described above provide insights into the Plio-Quaternary evolution, deformation,
and kinematics of Santorini-Amorgos Shear Zone and, hitherto, into the evolution and structure
of the South Aegean back arc area. The seismological characteristics of the 1956 Amorgos
earthquake are discussed under the light of the present findings.
4.2.6.1 Basin evolution

Seven tectonically controlled basins have been mapped and described within Santorini-
Amorgos Shear Zone, thus refining and completing our knowledge on the structure of the area.
The new data presented here show that the Santorini-Anafi Valley of Perissoratis (1995), which
has been renamed by Hooft et al. (2017) as Anafi Basin and by Nomikou et al. (2018) as Santorini-
Anafi Basin, is not a single basin; it consists of two different basins, the Anafi Basin and Amorgos
South Basin, which display opposite tectonic asymmetry and are separated from each other by a
structural high.

Anydros Basin exhibits different geomorphological and geological features in its central-
southwestern and northeastern parts, mainly due to active volcanic activity in the southwest and
the northward tectonic asymmetry in the northeast. Amorgos North Basin and Amorgos South
Basin can be considered as twin basins as they are characterized by identical stratigraphy and
tectonic structure. Astypalea North Basin displays different characteristics between the western
and eastern parts, with the western part showing northward asymmetry and the northeastern
part showing a more symmetrical structure. The Astypalea South Basin on the other hand shows
southward asymmetry with rapid subsidence of the lowermost parts of the sedimentary sequence
close to the southern margin. Furthermore, the northeastern part of SASZ is occupied by the
newly described Kinairos Basin, the stratigraphic and tectonic characteristics of which are very
similar to the ones of ASB and ANB.

The new data presented here indicate a two-stage structural evolution of the area. The former,
single basin has been fractured in Late Pliocene —Early Quaternary by younger, normal to oblique

faults. Tectonic activity on the new faults has led to (i) enhanced subsidence on their hanging wall

100



Structure, tectonic processes and deformation of the South Aegean Sea

and formation of the present basins and (ii) asymmetric uplift and tilting on their footwall, and
creation of ridges that are topped by the uplifted older stratigraphic units of the previous basin.
The analysis of the seismic stratigraphy revealed remarkable similarities, as well as certain
differences in the sedimentary and tectonic evolution of the basins and ridges. Various minor and
major events in the Plio-Quaternary tectonic activity in the area have been imprinted on the
seismic stratigraphy as minor or major unconformities. Unconformity U3 is the most important
among them, since it marks a major change in the evolution of the area, the formation of the ridges
and the initiation of new basins.

Perissoratis et al. (1993) and Piper and Perissoratis (2003) proposed the occurrence of “basin
inversion” (uplift of former basinal areas) in the South Aegean. Piper and Perissoratis (2003)
suggest that “basin inversion” is the result of the change of the strike of the predominant faults
from E-W to NE-SW, during the transition from the Pliocene to Quaternary. They also proposed
that the deepest seismic units, eastwards of Santorini island, now form prominent ridges. The
Unconformity U3 of the present study seems to be related to the transition from the status of a
single basin to a complex regime of individual basins separated by uplifted shallow ridges.

The available data from SASZ do not allow a precise determination of the age of Unconformity
U3. Chronological constraints of the post-Messinian infill of sedimentary basins in the Aegean
Sea derives (i) either from the interpretation of low sea level prograding sequences and clinoforms
or (ii) by comparison with the results of the Deep-Sea Drilling Project (DSDP) hole 378 in the
Cretan Sea (Hsu et al., 1978). The latter penetrated 343.5 m below the seafloor and revealed two
major unconformities: the top of the Messinian evaporites at roughly 305-310 m bsf and a
younger one at roughly 130m bsf of an Early Quaternary approximate age (also see Tsampouraki-
Kraounaki and Sakellariou, 2018, Figure 6, for a short section of a recent seismic profile through
the 378 hole).

The seismic stratigraphy and structure of the sedimentary infill below and above the Early
Quaternary unconformity in the Cretan Basin displays remarkable similarities with the seismic
stratigraphy of the SASZ basins with the seismic units 6, 5, and 4 below the Unconformity U3 and
the seismic units 3, 2, and 1 above it. A similar unconformity has been observed in the

sedimentary infill of most of the basins in the South Aegean. It indicates a major change in the
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tectonic regime with rearrangement and faulting of the Pliocene basins, onset of local subsidence
and basin inversion (Bartole et al., 1983; Mascle and Martin, 1990; Piper and Perissoratis, 2003;
Anastasakis and Piper, 2005). By comparison with the aforementioned data, it is proposed here
that Unconformity U3 is equivalent to the Early Quaternary unconformity observed in DSDP hole
378.

The analysis and comparison of the seismic stratigraphy and structure of the seven basins of
SASZ indicate that subsidence in the area initiated in the early Pliocene with the formation of one,
single basin (Figure 4.2.11). The Pliocene basin included the Amorgos North, Amorgos South,
Kinairos, the northeastern part of Anydros and probably Anafi basins. The seismic units 6, 5, and
4 represent the Pliocene deposits of the lower part of the sedimentary sequences, below
Unconformity 3, in all these basins. The subsidence of the Pliocene basin was controlled
predominantly by the northern, E-W to WSW-ENE striking, S-facing, marginal faults. They are
the ancestors of the Perissa Fault, Amorgos Fault, and Kinairos Fault. The southern margin was
controlled by the early Anafi Fault zone and probably by minor faulting further east.

The initial, single basin evolved into a significantly more complicated morphological and
tectonic structure. Unconformity U3 marks the transition in Early Quaternary from the single
basin to the present configuration with the multiple basins and ridges.

The seismic units 6, 5 and partly 4 are absent from the sedimentary sequence of the central and
the south-western parts of Anydros Basin and of the Astypalea North and South basins. This
evidence strongly suggests that these basins are more recent compared to the other basins of
SASZ. Initiation of subsidence and formation of the Astypalea North, Astypalea South, and the
central and southwestern part of Anydros Basin took place in the Early Quaternary. They are
associated with the Unconformity U3 and are accompanied by tilting and uplift of the older basins
and the formation of the Anydros and Astypalea Ridges (Figure 4.2.11).

Rifting of the southwestern and central parts of Anydros Basin occurred on the northern
margin of the Pliocene basin and led to the formation of Anydros Ridge and its separation from
the latter. Ios Fault Zone (IFZ) controls the northern margin, while Akrotiri Fault (AkF) and

Anydros Ridge North Fault Zone (AdRNFZ) mark the southern boundary of the new basin. The
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simultaneous initiation of the Anydros Ridge South Fault Zone (AdRSFZ) at the northeastern

prolongation of the Perissa Fault (PF) accommodates the uplift of the Anydros Ridge.
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Rifting in the Astypalea North Basin occurred in the southeastern part of the Pliocene single
basin through the generation of the SE-facing Astypalea Ridge Fault Zone. Uplift of the footwall

of the latter resulted to the formation of Astypalea Ridge.

Figure 4.2.11: Schematic representation of the evolution of Santorini-Amorgos Shear Zone since Early Pliocene. See
text for description and discussion.
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The significant change of the geodynamic regime that led to the re-structuring of the Pliocene
single basin and the rifting of new basins in the Early Quaternary, evolved further during the
Quaternary and led to the present geological, geomorphological and tectonic configuration of the
Santorini-Amorgos Shear Zone. Propagation and re-orientation of the older faults and initiation
of new ones accommodated uplift and enlargement of the Anydros and Astypalea Ridges and
preferential, localized subsidence in the new basins.

Propagation of the Amorgos Faults (AF) towards the SW and of the Anydros Ridge North and
South Fault Zones (AdRNFZ, AdRSFZ) towards the NE resulted in the separation of Amorgos
North Basin (ANB) from Amorgos South Basin (ASB) and in the separation of the northeastern
part of Anydros Basin from the Amorgos North Basin. Initiation of the WNW-ESE striking
Amorgos South Relay Fault (ASRF) led to the asymmetric subsidence in the northeastern part of
Anydros Basin. Initiation of the WNW-ESE striking Amorgos North Relay Fault (ANRF), along
with the progressive uplift of Astypalea Ridge, led to the separation of Kinairos Basin from
Amorgos North Basin. Uplift and bi-directional propagation of the Astypalea Ridge, due to the
Astypalea Ridge Fault Zone (AsRFZ), formed the boundary between the Astypalea Basin (AsB)
and the Amorgos South Basin (ASB) and between AsB and Kinairos Basin (KB).

The basin evolution model presented above builds on older studies by Piper and Perissoratis
(see Hsu et al., 1978 and Piper et al. 2007) in the area extending to the East of Santorini. They have
observed a major change of the tectonic regime in the boundary between Pliocene and Quaternary
that led from E-W normal faulting to NE strike-slip faulting. Different evolution has been
proposed by Hiibscher et al. (2015) and Nomikou et al. (2016). They have recognized multiple rift
pulses in the area between Santorini and Amorgos islands with NE-SW striking normal faults
controlling the evolution since Early Pliocene.
4.2.6.2 Deformation and Kinematics

The detailed map of the active fault network of SASZ is shown in Figure 4.2.9A, while the
vertical and horizontal sense of movement along the individual faults, the tectonic asymmetry,
and vertical movements of the basins and ridges and the kinematic interpretation of the entire

structure is illustrated on the sketch-map of Figure 4.2.9B.
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The fault network is dominated by NE-SW striking, SE-dipping faults and fault zones (IFZ,
AF, KF, PF, AdRSFZ, AsRFZ) followed by NW-facing ones (AkF, AARNFZ, AnFZ). These are the
major faults which control the tectonic evolution, shape, subsidence and uplift of the multiple
basins and ridges. They are accompanied by roughlyW-E (WSW-ENE to WNW-ESE) striking, S-
facing normal faults (ASRF, ANRF), which seem to accommodate transfer of strain between the
NE-SW striking fault zones.

The NE-SW striking faults are aligned subparallel or at low angle (<20°) to the GPS vectors that
show the direction of extension with respect to stable Eurasia (Kreemer and Chamot-Rooke,
2004). The direction of extension corresponds to the direction of rifting across the SASZ. However,
the rifting direction displays angular relationship of roughly 30° with the orientation of the entire
SASZ and with the orientation of the long axes of the basins and ridges that form the latter. The
angular relationship between the orientation of SASZ and the rifting direction indicates
significant obliquity with horizontal and vertical sense of displacement along the marginal, basin
bounding faults and fault zones.

The mapped fault network of SASZ (Figure 4.2.9A) includes long, NE-SW striking, SE and
NW-dipping, steep faults and short, WNW-ESE striking, S-dipping, moderate steep faults. This
spatial configuration along with the obliquity between the orientation of SASZ and the rifting
direction strongly suggests dextral to dextral oblique sense of movement along the major, NE-
SW striking faults. The short WNW-ESE striking faults act as relay, normal faults that
accommodate extension and transfer of strain between the former ones. Thus, the deformation of
the basins and ridges in the SASZ since Early Quaternary evolved within a complex kinematic
regime of dextral obliquity with a NE-SW trending, strike-slip motion associated with local
subsidence (basins) and uplift (uplifted sediments, ridges) and extension in NW-SE direction (see
Figure 4.2.9B). This interpretation is supported by new observations of the GPS velocity field of
the Aegean by Briole et al. (2021), who recognized dextral transtensional movement of 4.5 mm yr°
! between the Amorgos and Astypalea islands.

The observed kinematic pattern coincides with the 30° oblique rifting model of Withjack and
Jamison (1986), where the basin axis runs at 30° with respect to the rifting direction (Figure 4.2.9C).

Their model foresees dextral, strike-slip faults running sub-parallel to the basin axis and normal
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faults trending about 30° clockwise with respect to the rift axis. The results obtained from the
current study blend in perfectly with this model. The NE-SW faults represent the strike-slip faults
running sub-parallel to the basin axis and the WNW-ESE striking faults coincide to the
extensional step over normal faults.

The interpretation of the style of deformation and the kinematic pattern in the Santorini-
Amorgos Shear Zone, as described here above, takes advantage of and builds on previous studies
that have contributed to the understanding of the structure and tectonics of this part of the
Aegean Sea.

Dextral strike-slip faulting in NE-SW direction has been firstly proposed in the 90s by Mascle,
Martin (1990) for the Santorini-Amorgos area and other areas in the Aegean. Papadopoulos and
Pavlidis (1992) have suggested normal faulting with a significant right lateral, strike-slip
component in the area. The conclusion of Stiros et al. (1994) was that Amorgos can be regarded
as the uplifted and back-tilted footwall of a major normal fault or that the island marks the
restraining (and uplifting) bend of the oblique-slip fault that controls its southeastern coast. Piper
and Perissoratis (2003) and Piper et al. (2007) proposed that the style of the NE-SW faulting
observed in the area east of Santorini Island, strongly suggest a strike-slip regime. The micro-
seismicity data presented by Bohnhoff et al. (2006) have shown that the SW-NE Santorini—
Amorgos zone is in the state of a right-lateral transtension. This observation has been reinforced
by Dimitriadis et al. (2009). Sakellariou et al. (2017) proposed that both Thera and Kolumbo
volcanic centers occur within the NE-SW-trending Anydros graben, which constitutes a negative
flower structure related to a 40 km, possibly dextral, strike-slip zone, the Kameni-Kolumbo strike-
slip, which can be extended SW-wards to the Christiana volcanic island. Analysis and relocation
of the 2011-2012 seismic crisis in Santorini Caldera by Papadimitriou et al. (2015) showed that the
seismicity was NE-SW oriented with focal mechanisms, indicating dextral strike-slip faulting.
Tsampouraki-Kraounaki and Sakellariou (2017) suggested that the NE-SW-trending,
morphologically complex area northeast of Thera until the islands of Amorgos, Astypalea and
Kalymnos, which encompasses Anydhros Basin and the six sub-basins of Amorgos Basin
undergoes dextral transtensional deformation accommodated by NE-SW strike slip to oblique

faults and E-W normal step-over faults. Sakellariou and Tsampouraki- Kraounaki (2019) have
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refined the offshore fault network and the kinematics of the Aegean Sea. They proposed that
deformation is dominated by dextral shear zones in the northern, central, and southwestern
Aegean and by sinistral shear zones in the southeastern Aegean. The Santorini-Amorgos Shear
Zone displays a dextral sense of movement and marks the boundary between the dextral and
sinistral shearing.

Opposite to the dextral sense of shearing described above, Hiibscher et al. (2015), Nomikou et
al. (2016,2018), and Hooft et al. (2017) have suggested that normal faulting is the main tectonic
mechanism controlling the formation and evolution of the Anydhros Basin and the Thera-
Amorgos area. Nomikou et al. (2016) stated that normal NE-SW striking, SE-dipping faulting is
the superior mechanism forming the present horst and graben structures in the Santorini-
Amorgos area, even though they have recognized an additional strike-slip component. A
different interpretation has been recently proposed by Tzanis et al. (2020). The authors studied
the kinematic regime of the Santorini area by using gravity, magnetotelluric, and DGPS data.
According to their interpretation, the kinematic regime in that area is characterized by NW-SE
dextral strike slip faults and NE-SW normal to sinistral faults generated by N-S oriented o1 and
E-W oriented 03. However, the marine geophysical data presented here, as well as the
seismological data available in previous studies, do not support sinistral sense of slip along the
NE-SW striking faults of the area. In addition, the dextral transtensional movement of 4.5 mm yr-
1 between the Amorgos and Astypalea islands, observed by Briole et al. (2021), strongly support
significant dextral sense of horizontal slip along the SASZ, as proposed in the current work.
4.2.6.3 The Amorgos 1956 Earthquake

The focal mechanism, epicenter, and magnitude of the 9 July 1956, “Amorgos Earthquake”,
the largest seismic event in the Aegean Sea in the 20th century, have been the subject of many
studies with contradicting results. The magnitude of the earthquake varies between M: 7.5
(Galanopoulos, 1957; Ambraseys, 1960; Papazachos and Delibasis, 1969; Papazachos et al., 1985;
Papadopoulos et al., 2014), M: 7.6 (Konstantinou, 2010), and M: 7.8 (Okal et al., 2009), while the
magnitude of the largest aftershock, that followed 12 min after the main shock, has been estimated
to M: 7.2 (Okal et al., 2009). The focal mechanisms proposed so far are different from each other.

Papazachos and Delibassis (1969) and Ritsema (1974) have suggested strike-slip movement along
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NE-SW striking, SE-dipping fault, while Shirokova (1972) proposed a normal faulting geometry.
Konstantinou (2010) and Okal et al. (2009) proposed normal faulting on a fault dipping gently to
the SSE (see Okal et al., 2009 for a thorough discussion). Briistle et al. (2014) proposed that the
focal mechanism of the first event indicates normal slip with minor dextral motion on a SW-NE
striking SE dipping fault plane (¢ = 36°, d = 62°/67°, A =-96°/-108°) at a depth of 25 + 5 km. They
also confirm that the focal mechanism is consistent with the location of the epicenter on the
northern flank of the Santorini—-Amorgos graben. It is commonly accepted (but not proved with
field data) that the Amorgos Fault is related with and moved during the 1956 earthquake.

The epicenters calculated by the various studies for the main shock fall within an area a few
tens of kilometers wide, west and southwest of the island of Amorgos. The epicenters of the main
shock and of the largest aftershock, with the coordinates calculated by Okal et al. (2009) are shown
on the map of Figure 4.2.9A. The epicenter of the main shock (Okal et al., 2009) falls within the
northeastern part of Anydros Basin, on the footwall of Amorgos Fault and roughly 8-9 km
northwest from its trace. If the location of the epicenter and the normal-slip focal mechanism are
correct, it is highly unlikely that the earthquake moved the SE-dipping Amorgos Fault, as in this
case it should be located on the hanging wall of the fault. In that case, the main shock may be
associated with one of the faults that define the northern margin of Anydhros Basin.
Alternatively, if the strike-slip focal mechanism on the NE-SW striking plane is the correct one
for the main shock, it may fit with dextral slip on Amorgos Fault.
4.2.6.4 Implications for the Plio-Quaternary Evolution of the South Aegean bak-arc

It has been previously shown that the change in the mode of deformation is related with the
Unconformity U3, which marks the transition from the extensional, Pliocene single basin to the
Quaternary multi-basin dextral shear zone, and that U3 can be correlated with the Early
Quaternary unconformity observed in DSDP hole 378 in the Cretan Sea (Hsu et al., 1978).

Several seismic profiling surveys conducted in the South Aegean Sea since the 80s (see Bartole
et al., 1983; Rossi et al., 1986; Mascle and Martin, 1990; Piper and Perissoratis, 2003; Anastasakis
and Piper, 2005; Tsampouraki-Kraounaki and Sakellariou, 2018 and others) have provided
significant information on the evolution and structure of the sedimentary basins (Myrtoon,

Maleas, Chania, Heraklion, Christiana, Kamilonissi, Karpathos Basins, Figure 4.2.1). A major
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unconformity M marks the top of Messinian occurrences throughout the South Aegean. It
represents the erosional surface of the exposed basement below the margins and the top of the
Messinian evaporites below the basins. A second, widespread unconformity has been observed
in the sedimentary infill of most of the basins in the South Aegean and has been correlated with
the Early Quaternary unconformity observed in the DSDP 378 drill hole in the Cretan Basin (Hsu
et al., 1978). It marks a major change in the tectonic regime, which led to rearrangement and
faulting of the Pliocene basins, tilting of the basins’ infill, local subsidence, and/or uplift and the
development of the present morphological structure (see Bartole et al., 1983; Rossi et al., 1986;
Mascle and Martin, 1990; Piper and Perissoratis, 2003; Anastasakis and Piper, 2005; Tsampouraki-
Kraounaki and Sakellariou, 2018 and others).

The similarities between the structural characteristics of the South Aegean basins with the
SASZ basins presented in this work are sound and point to a comparable structural evolution
during the Plio-Quaternary. The evolution of SASZ from a single, E-W oriented, extensional basin
in the Pliocene to the present, SW-NE striking, structurally complicated zone of dextral shearing
and oblique rifting, composed of multiple basins and ridges, follows the progressive stretching
of the South Aegean back-arc area towards SSW. The presumably Early Quaternary age of
Unconformity U3 provides chronological constrains for the transition from N-S directed
extension to NE-SW oriented dextral shearing.

A similar change in the style of deformation and basin evolution in the South Aegean Sea is
strongly indicated by the available literature data described previously. Consequently, it is
proposed here that the entire South Aegean back arc area has been affected in the Early
Quaternary by a major change of the geodynamic regime that led to the formation of the present
geomorphological configuration and structure. Large, mostly W-E oriented basins may have
dominated the area between the Cyclades Plateau to the North and the Hellenic Arc to the South
during the Pliocene. The Early Quaternary unconformity observed in most of the basins marks
the transition from N-S extension, accommodated by mostly W-E normal faulting, to a new
kinematic pattern composed mainly of NESW and NW-SE conjugate, strike-slip to oblique
faulting and secondary W-E faults (see Mascle and Martin, 1990; Sakellariou and Tsampouraki-

Kraounaki, 2019). Subsequent deformation and fracturing of the Pliocene large basins led to
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enhanced subsidence in smaller basins, uplift and inversion of the previous basin infill and
creation of new structural highs and ridges.

Back arc extension in the Aegean initiated in the Middle Eocene and is since then driven by
the roll-back of the subducting East Mediterranean slab and the advancement of the trench
towards the south (Royden, 1993; Jolivet and Faccena, 2000; Faccena et al., 2003; Brun and
Faccena, 2008; Jolivet and Brun, 2008; Brun and Sokoutis, 2010; Jolivet et al., 2013; Faccena et al.,
2014). The velocity of the trench retreat was less than 1 cm/y until the Middle Miocene and
accelerated progressively to reach 3.2 cm/y in the Plio-Quaternary (Brun et al., 2016), while,
according to Beniest et al. (2016), it accelerated by a factor of 5 after the Pliocene. Roll back and
trench retreat led to a progressive increase of the curvature of the Hellenic Arc, re-organization
of the crustal extension in the South Aegean back-arc area, re-orientation of older faults and
initiation of new ones that deformed the older basins and led to extensive new basin and ridge
formation.

The arrival and propagation of the North Anatolian Fault (NAF) in the North Aegean added
one more factor of complexity. It is not yet adequately understood if and how the NAF interacts
with the roll back and the trench retreat and how their interplay affects the evolution and
deformation of the Aegean back arc since the arrival of the former. Armijo et al. (1996, 1999) were
the first to propose that NAF propagated in the North Aegean in Late Miocene to Early Pliocene,
at roughly 5 Ma BP and triggered the initiation and development of the major grabens in the
Corinth, North Evia, and Thermaikos Gulfs. However, more recent studies propose that NAF
may have arrived in the Aegean in the Early Pleistocene, at 2 Ma BP (Le Pichon et al., 2016) or
Early to Middle Pleistocene (Beniest et al., 2016) or even earlier, at 430 ka BP (Ferentinos et al.,
2018). Beniest et al. (2016) suggested that the establishment of NAF in the North Aegean Sea in
the Lower to Middle Pleistocene may be responsible for the acceleration of the trench retreat and
increase of its curvature after the Pliocene.

The presumably Early Quaternary in age Unconformity U3 in the SASZ and its correlation
with the equivalent unconformity observed in the basins of the South Aegean indicate a drastic
change in the basin evolution and mode of deformation. Enhanced shearing and oblique rifting

along the SASZ and probably widely in the South Aegean are the results of the change in the

111



Structure, tectonic processes and deformation of the South Aegean Sea

angular relationship between the orientation of the rifted basins and the kinematic regime. It is
proposed here that the establishment of the Early Quaternary to present kinematic regime has
been triggered by the gradual propagation in the North Aegean and the onset of interaction
between the NAF and the trench retreat.

To confirm the above hypothesis and to gain reliable chronological constraints on the
evolution and style of the deformation in the South Aegean Sea back arc area, further systematic
swath bathymetry and seismic profiling surveys are needed. As already stated, most of the South
Aegean Sea is either not surveyed at all or covered by sparse and old data of limited use. The
significant lack of data leaves many open questions on the basin evolution, the style of
deformation, and the kinematic regime.

4.2.7 Conclusions

Processing, analysis, and interpretation of systematic swath bathymetry and seismic profiling
data obtained during several cruises on the R/V AEGAEO of the Hellenic Center for Marine
Research between 2001 and 2017 in the broader area between Santorini, Amorgos, Kalymnos,
Astypalea, and Anafi Islands in the South Aegean Sea, Greece, lead to the following major
conclusions.

Santorini-Amorgos Shear Zone (SASZ) is a NE-SW striking, dextral shear, and oblique rifting
zone. It includes seven, actively subsiding, elongated or spindle-shaped basins (Anydros, Anafi,
Amorgos South, Amorgos North, Kinairos, Astypalea North and Astypalea South Basins), two
actively uplifting, shallow ridges (Anydros and Astypalea Ridges), and several branches formed
in the prolongations of the ridges. Dextral shearing and oblique rifting are accommodated by NE-
SW oblique faults and fault zones, running at a low angle with respect to the NNE-SSW oriented
kinematic vectors, and by roughly W-E striking, normal, transfer faults. The active fault pattern
and kinematics is compatible with dextral oblique rifting across a rift zone oriented at roughly
30_ in respect to the rifting direction. The axis of SASZ strikes N50°-55° E, while the GPS derived
kinematic vectors that indicate the rifting direction are oriented at N25-30° E.

The SASZ initiated in the Early Pliocene as a single, W-E oriented, extensional basin developed
within a N-S directed extensional regime. The sediments deposited during Pliocene represent the

lower part of the sedimentary sequences of the Anafi, Amorgos South, Amorgos North, and
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Kinairos basins, which were united into a single basin. A major reorganization of the geodynamic
and kinematic regime took place sometime in the Early Quaternary and was imprinted in the
seismic stratigraphy of the above basins with the Unconformity U3. It led to reorientation of the
older faults and initiation of new ones striking NE-SW, disruption of the former single basin with
local subsidence creating four new depocenters (basins) and local uplift, and rifting of the
northern and southern Pliocene margins, formation of the Anydros, Astypalea North, and
Astypalea South basins and of the Anydros and Astypalea ridges.

The apparent discrepancy between the dip-slip normal focal mechanism modeled for the 9
July 1956, Amorgos earthquake and the dextral shearing kinematics attributed to the SASZ is
being discussed. It is proposed here that the normal faulting focal mechanism on a fault dipping
to the SSE, proposed by Okal et al. (2009), is compatible with the geometry and kinematic
characteristics of the W-E striking Amorgos South Relay Fault (ASRF) and can be explained
within the dextral strike-slip regime of the SASZ.

Comparison of the seismic stratigraphy, evolution and structure of SASZ and of the basins of
the South Aegean, indicates that the entire area has been affected by a major change of the
kinematic regime. Enhanced shearing and oblique rifting along the SASZ and probably in the
entire South Aegean back arc area is the result of the change of the angular relationship between
the orientation of the rifted basins and the kinematic regime. It is proposed here that the
establishment of the Early Quaternary to present kinematic regime has been triggered by the
gradual propagation of the North Anatolian Fault in the North Aegean and the onset of

interaction with the trench retreat since the Early Quaternary.
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4.3. Plio-Quaternary extension and strike-slip tectonics in the Aegean
https://doi.org/10.1016/B978-0-12-812064-4.00014-1

4.3.1 Abstract
Detailed review and integrated re-interpretation of geological, seismological and geodetic data

indicate a major change in the style of deformation of the Aegean microplate since the Early
Pliocene. Widespread, arc-perpendicular, back-arc extension in the Miocene has been replaced
by extensive shearing along strike-slip zones in the Plio-Quaternary. The Aegean crust "flows"
toward SSW, confined between its northern (North Anatolian and Kephallinia Faults) and
southern boundaries (East Hellenic Trench). It undergoes extension predominantly
accommodated by strike-slip tectonics. Dextral shearing along major NE-SW strike-slip zones
associated with conjugate NW-SE sinistral and WNW-ESE normal faults dominates over most of
the Aegean Region and creates a complex pattern of localized transtensional features and the
formation of new basins, along with local transpressional deformation and local uplift. Sinistral
NE-SW to ENE-WSW trending shearing prevails in the southeastern Aegean, parallel to the
sinistral shear zones of the Pliny and Strabo Trenches. The formation of the various Plio-
Quaternary basins, the kinematic characteristics of individual faults and the spatial distribution
of volcanoes of the Volcanic Arc can be adequately explained in the frame of the proposed
deformation and kinematic pattern.
4.3.2. Introduction

Post-Miocene extension in the Aegean is related to the subduction of the African lithosphere
beneath the Aegean, which initiated already in the Eocene (Jolivet et al., 2013; Brun et al., 2016
and references therein) and its interaction with the westward motion of Anatolia along the North
Anatolian Fault since Late (?) Miocene to Pliocene (Armijo et al., 1996, 1999; Reilinger et al., 2010
and references therein). Although the outline of this overarching geotectonic framework is in
general adequately described and understood, after decades of geological, geophysical,
seismological and geodetic research, discussion still goes on and many aspects of the observed
complex deformation pattern within the Aegean and along its boundaries are not yet
convincingly explained. Very early, in the 70s, Le Pichon & Angelier (1979, 1981) first proposed

that extension in the Aegean results from the retreat of the NNE-wards subducting East
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Mediterranean slab. The first plate kinematic models described the Neogene to Quaternary
tectonic evolution as the result of the interaction between slab retreat, back-arc extension and
westward displacement of Anatolia along the dextral strike-slip North Anatolian Fault (NAF)
(McKenzie, 1972, 1978; Dewey & Sengor, 1979; Le Pichon & Angelier, 1981). Before the 80s it was
already evident that the Aegean is a deforming microplate bounded by two major strike-slip
fault-zones with opposite sense of shear (Figure 4.3.1A): the westward prolongation of the dextral
NAF in the North Aegean Trough (NAT) (Dewey & Sengor, 1979) represents the northern,
transform-type boundary (Mercier et al., 1976; Brunn, 1976; Tapponnier, 1977); the Strabo and
Pliny Trenches on the Levantine (eastern) segment of the Hellenic Trench mark the southern
boundary of the deforming Aegean with sinistral sense of shear (Le Pichon & Angelier, 1979).

At that time, many of the key geodynamic features were not well recognized yet: The Hellenic
Trench was considered as the front of the subduction and the Mediterranean Ridge (MR) was not
yet interpreted as an accretionary prism. Compressional structures were already recognized in
the 70s (Finetti, 1976) but the first solid geological evidence on the nature and development of the
MR as an accretionary prism were only later presented by Chaumillon & Mascle (1995),
Chaumillon et al. (1996) and Chaumillon & Mascle (1997). Shortly after, Mascle et al. (1999)
provided new data supporting incipient continental collision with the Libyan promontory south
of Crete. The high obliquity of the plate velocities in respect to the Hellenic Arc led Le Pichon et
al. (1995) to propose that strain partitioning occurs, explaining thus the already observed
separation of the Hellenic Trench in two branches with different kinematic characteristics: the
western one (Matapan or Ionian Trench) characterized by frontal compression accompanied by
dextral lateral motion (Huchon et al., 1982; Lyberis et al., 1982) and the eastern branch (Pliny and
Strabo Trenches) displaying oblique compression with sinistral strike-slip component (Huchon
et al., 1982; Mascle et al., 1982; Mascle et al., 1986).

In the following years, numerous surveys were conducted with the aim of defining the major
tectonic elements and their kinematic setting in the Aegean Region. The majority of these surveys
focused on seismological and broad scale geological data (Angelier et al., 1982; Le Pichon, 1982;
Le Pichon et al., 1982; McKenzie & Jackson, 1986; Jackson and McKenzie, 1988; Taymaz et al.,
1991; Jackson, 1994; Armijo et al., 1996; Papazachos and Kiratzi, 1996; Papazachos et al., 1998;
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Armijo et al., 1999; Goldsworthy et al., 2002; Kiratzi & Louvari, 2003; Kokkalas et al., 2006;
Chatzipetros et al., 2013) and GPS campaigns (Billiris et al., 1991; Noomen et al., 1993; Straub &
Kahle, 1994; Kahle et al., 1995; Le Pichon et al.,, 1995; Davies et al., 1997; Reilinger et al., 1997;
Clarke et al., 1998; Cocard et al., 1999; Briole et al., 2000; Kahle et al., 2000; McClusky et al., 2000;
Kreemer & Chamot-Rooke, 2004; Nyst & Thatcher, 2004; Reilinger et al., 2006, 2010; Perouse et
al., 2012). They led to a tremendous improvement of our understanding on the kinematic regime
and deformation pattern of the Aegean.

During all these years, the progress in studying the seismological and kinematic pattern was
much faster than the systematic mapping and detailed study of the offshore geological structure.
Compared to the structural complexity of the Aegean, very few systematic marine geological
surveys were conducted, thus the state of knowledge is still far from complete (Figure 4.3.2.).
Consequently, the hypotheses and models proposed so far for the geodynamic evolution of the
Aegean were based mostly on seismological and kinematic data. The poorly mapped seafloor
morphology as well as the scattered data on the offshore geological and tectonic structure were
taken into consideration only subordinately. A second, equally important factor to be taken into
consideration is the huge difference between the short time interval (tens of years) covered by the
seismological observations and GPS data and the long time periods (hundreds of thousands to
millions of years) over which geological processes have evolved and led to the formation of the
present geological structure in the Aegean.

A thorough analysis and comparison of the proposed kinematic models with the observed and
mapped geological structures does reveal inconsistencies between them. Reilinger et al. (2010)
already discussed the discrepancy between the geophysical and geological evidence for
widespread Quaternary extension in the Peloponnese and South Aegean and the geodetic
observations, which indicate very little internal deformation throughout this region (Kahle et al.,
2000; McClusky et al., 2000; Reilinger et al., 2006; Perouse et al., 2012). This inconsistency may
deviate from the general agreement between GPS and geologic estimates of plate motions and

fault slip rates within the E. Mediterranean region (McClusky et al., 2000, 2003; Allen et al., 2004;
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Figure 4.3.1: (A): Major geodynamic elements of the Aegean Region. White circles represent volcanoes of the
Volcanic Arc (VA). Bathymetry and Topography extracted from Brossolo et al. (2012). A= Anatolia, B= Backstop,
CG= Corinth Gulf, CHSZ= Central Hellenic Shear Zone, CP= Cyclades Plateau, IT= Ionian Trench, KF= Kephallinia
Fault, MR= Mediterranean Ridge, MS= Marmara Sea, NA= North Aegean, NAF= North Anatolian Fault, P=
Peloponnese, PT= Pliny Trench, PtT= Ptolemy Trench, RB= Rhodes Basin, SA= South Aegean, ST= Strabo Trench.
(B): GPS velocities modified after Kreemer & Chamot-Rooke (2004). Note that velocities increase from 18-20 mm/yr
towards West in the Western Anatolia to 33-34 mm/yr towards 524°W in the South Aegean relative to Eurasia. (C):
Schematic illustration of present-day tectonics after Reilinger et al. (2010). The white shaded area shows the central
Aegean and Peloponnese translating towards SW as coherent block with little deformation. The dark shaded areas
show deformation zones in the SE Aegean and between the north and south branches of the NAF in the N. Aegean.
The sense of motion across major tectonic structures is shown by the thick and the half arrows. The long arrows
indicate the rates of motion relative to Eurasia. (D): Map of P (compression) and T (extension) axes and major
geotectonic elements as derived from earthquake focal mechanisms, modified after Kiratzi & Louvari (2003) and
Chatzipetros et al. (2013). NE-SW dextral strike-slip prevails over North Aegean (north of Cyclades Plateau), in the
Ionian Island (KF) and NW Peloponnese. E-W extension on Crete and S. Peloponnese is replaced by arc-
perpendicular extension in the South Aegean and by oblique compression and left-lateral strike slip along Pliny and
Strabo Trenches. 6
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Reilinger et al., 2006). We will show later on that it is not the only case within the Aegean where

geodetic and geologic motions are not directly compatible.

Figure 4.3.2: Geographic coverage of marine geophysical and structural surveys in the Aegean Region. The list of
surveys is not exhaustive.

The first systematic effort to create a comprehensive map of offshore faulting and to
understand the geologic structure of the entire Aegean Sea (Mascle & Martin, 1990) was based on
the interpretation of industrial, widely spaced, multi-channel, seismic reflection profiles. They
proposed that the Aegean Sea has been progressively affected by NE-SW trending strike-slip

zones after the Miocene. It can be considered as a stretching continental domain cut into several
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NE-SW trending, elongated crustal blocks, which move progressively towards the southwest.
Opposing that model, Armijo et al. (1996, 1999) proposed that fast extension is localized in the
NW Aegean (NAT) and Central Greece (Corinth Gulf) at the termination of NAF, while only slow
extension occurs across distinct, arc-parallel zones in the South Aegean and SW Anatolia. Both
regional scale analyses were predated by a number of local surveys in the North and South
Aegean Sea. Needham et al. (1973) and Brooks & Ferentinos (1980) provided the first data from
the North Aegean Trough (NAT) while the first comprehensive description of the offshore fault
network and structure of the entire NAT was provided by Lyberis (1984). Jongsma et al. (1977),
Huchon et al. (1982), Bartole et al. (1983) and Rossi et al. (1986) were the first who surveyed the
South Aegean Sea by means of seismic profiling and bathymetric data. Le Quellec et al. (1980)
and Lyberis et al. (1982) studied the western branch of the Hellenic Arc and Trench while Mascle
et al. (1982, 1986) surveyed the eastern part of the Hellenic Arc. Angelier et al. (1982) provided a
comprehensive synthesis of the South Aegean Sea and the Hellenic Arc, explained the subsidence
of the Sea of Crete in terms of uniform stretching of the lithosphere and discussed the implications
of the opening of the Sea of Crete on the tectonic evolution of the straits to the West and East of
Crete.

Since the 90s and until recently, dozens of marine geological and geophysical cruises and
surveys have been conducted by various national and international research teams and
contributed to a significant improvement of our knowledge on the present geological structure
and to our understanding of the geodynamic evolution of the Aegean in the recent geological
period. Despite the huge progress during the last decade, there are still many areas either not
surveyed or with insufficient data, which prevent a robust understanding of the geological and
geodynamic processes which evolved through the time and led to the formation of the present
complex structure in the Aegean Region.

The aim of this paper is to provide an overview of the current state of knowledge on the
geological structure, active tectonics and the seismological regime in the Aegean, to compare
them and finally to discuss the different kinematic models proposed so far. Recent progress in
swath bathymetry coverage and seismic profiling data is also presented. New evidence is

provided showing that, along with the northern and southern strike-slip boundaries, strike-slip
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faulting and transtensional/transpressional deformation within the deforming Aegean has
played a significant role in its geodynamic evolution during the Plio-Quaternary. Finally, this
paper aims to highlight the still existing gaps in the current knowledge and to identify open

questions and challenges for future research.

4.3.3. North Aegean Sea / North Aegean Trough (NAT) / North Anatolian Fault (NAF)

4.3.3.1. Seafloor Morphology - Sedimentary Basins - Fault Network
The North Aegean Sea (NAS), as described here, includes the marine area between Northern

Greece (Macedonia and Thrace) to the North, Anatolia to the West, Central Greece to the East and
the Cyclades Plateau to the South. It is characterized by two NE-SW to ENE-WSW trending
troughs, the North Aegean Trough and the North Skyros - Edremit Trough, as well as a series of
variably shaped basins and shallows between the latter, the Cyclades Plateau, the eastern coast
of Evia and the western coast of NW Anatolia (Figure 4.3.3).

The NAT has, from early research, been associated with the prolongation of the dextral
strike-slip NAF in the Aegean Sea (Dewey and Sengor, 1979) and marks the northern boundary
of the actively deforming “Aegean microplate” to the relatively not deforming, stable Eurasia
continent (McKenzie, 1970, 1972, 1978; Brunn, 1976, Dewey and Sengor, 1979; Sengor, 1979; Le
Pichon and Angelier, 1979, 1981; McKenzie and Jackson, 1986; Taymaz et al., 1991; Armijo et al.,
1999). The NAT is a 300-km-long morphological feature composed of two parts with distinct
morphological and structural characteristics. The western NAT (Sporadhes Basin in Lyberis
1984), between Pelion Peninsula and Lemnos Island, trends N40°E and consists of a series of
variably shaped basins, including the 1600-m-deep Sporadhes Basin, separated by structural
highs and shallower ridges. The eastern NAT (Saros Trough in Lyberis, 1984) trends N70°E and
extends between North of Lemnos Island and Saros Gulf. It displays elongate morphology and

consists of the 1500-m-Lemnos deep and the narrow, up to 1000-m-deep basin, between
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Samothraki and Gokceada Islands (Imbros Depression in Mascle and Martin, 1990), which
continues eastward into the Saros Gulf.
The westernmost segments of the NAF have been correlated with the N40°E trending, steep-

faulted escarpment which marks the southern margin of the western NAT already by Lyberis

Figure 4.3.3: Updated bathymetry of the North Aegean Sea, derived from GEBCO and swath bathymetry data
processed at 250m grid (Drakopoulou and Kyriakidou, 2016; Sakellariou and Tsampouraki-Kraounaki, 2016;
https://emodnet. eu/bathymetry). Inset map: swath bathymetry coverage in the North Aegean. An, Andros; At,
Athos; Ch, Chios; CD, Cavo Doro strait; CDB, Cavo Doro Basin; ChP, Chalkidiki Peninsula; CG, Corinth Gulf; EdG,
Edremit Gulf;, EdT, Edremit Trough; Ef, Agios Efstratios; E-NAT, Eastern NAT; G, Gokceada; GP, Gelibolu
Peninsula; Ik, Ikaria; K, Kassandra; KG, Kavala Gulf; L, Lemnos; LB, Lemnos Basin; Le, Lesvos; LeB, Lesvos Basin;
MS, Marmara Sea; NEG, North Evia Gulf; NIB, North Ikaria Basin; NMB, North Mykonos Basin; NSB, North Skyros
Basin; NSET, North Skyros-Edremit Trough; OL, Olympos; OrG, Orfanou Gulf; Pe, Pelion; Ps, Psarra; PsB, Psarra
Basin; S, Skopelos; SB, Skopelos Basin; Sa, Samothrace; SaG, Saronic Gulf; Sam, Samos; SG, Saros Gulf; Si, Sithonia;
SpA, Sporadhes Archi- pelago; Sk, Skyros; SSB, South Skyros Basin; Th, Thassos; The, Thessaloniki; ThG, Thermaikoso
Gulf; Ti, Tinos; W-NAT, Western NAT.
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(1984) and Mascle and Martin (1990). Their systematic marine geophysical survey of the NAT led
to comprehensive interpretations of its structure and fault network and along with Roussos and
Lyssimachou (1991), provided solid marine geophysical evidence on the strike-slip character of
this fault zone. The seismic stratigraphy of NAT’s infill indicates up to 6-km-thick middle or late
Miocene and Plio-Quaternary sediments including evaporite-bearing strata, with the thickest
deposits located below the Thermaikos-Sporadhes Basin, at the southwestern end of the NAT,
and below the Kavala-Orphanos Basin, East of Athos Peninsula (Needham et al., 1973; Lalechos
and Savoyat, 1979; Brooks and Ferentinos, 1980; Lyberis, 1984; Mascle and Martin, 1990; Beniest
et al., 2016; Brun et al., 2016). Brun and Sokoutis (2007), Kydonakis et al. (2015), and Brun et al.
(2016) suggested that the western NAT initiated as a sinistral transtensional basin under NE-SW
extension during the exhumation of the Southern Rhodope Core Complex in the Paleogene-
Oligocene, to laterally accommodate the dextral rotation of the Chalkidiki block. A shift in the
direction of extension from NE-SW to N-S may have occurred in the Pleistocene and has been
documented onshore as well (Mercier et al., 1987, 1989; Lyberis, 1984). According to Mascle and
Martin (1990), NW-SE extension prevailed in the middle or Late Miocene and shifted to NE-SW
extension or transtension in the Plio-Quaternary, when the NAF broke into the NAS (Armijo et
al., 1996, 1999; Papanikolaou et al., 2002, 2006). Two major fault groups seem to control the de-
velopment of the western NAT: NE-SW dextral strike-slip faults and NW-SE to NNW-SSE normal
faults, with the latter forming the western boundaries of the main depocenters.

Swath bathymetric data and shallow seismic profiles in the western NAT led Papanikolaou et
al. (2002, 2006) to associate the observed structures with oblique opening accommodated by NE-
SW marginal and E-W intrabasin strike-slip faults and NW-SE normal faults along the Pelion and
Athos margins. Strike-slip deformation dominates in the eastern part of the West- ern NAT, while
vertical movements increase toward its western end. The main N40°E trending, strike-slip fault
zone along its southern margin consists of over 12 fault segments with restraining and releasing
bends between them (Sakellariou et al., 2016). It has resulted in the creation of the structurally
composite southern margin with the main escarpment accompanied by pressure ridges and
transtensional small basins. The overall structure of the western NAT, with the numerous, curved

faults and fault splays initiating from the marginal fault zone, crosscut the basin toward the west
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and the northwest and divide it into uplifting and subsiding slices. It has been interpreted as the
horsetail structure developed at the western termination of the NAF (Sakellariou et al., 2016). The
N70°E oriented eastern part of the NAT consists of three main narrow basins. The 1500-m spindle-
shaped Lemnos Basin has developed at the junction between the western and the eastern NAT.
It contains thin Messinian evaporites and displays a complex structural pattern characterized by
main faulting running ENE-WSW accompanied by secondary NW-SE and minor NNE-SSW
faults (Mascle and Martin, 1990). Its location at the bending point between the N40°E marginal
faults of the west- ern NAT and the N70°E faults of the eastern NAT may indicate that it has been
formed as a transtensional or pull-apart basin. Further east, the narrow and elongate 1000-m-
deep basin between Samothrace and Gokceada Islands is bounded by ENE-WSW steep faulted
scarps (Lyberis, 1984) and is separated from the 600-m-deep Saros Trough by a shallow NNE-
SSW trending ridge. The Ganos fault, a main segment of the northern strand of the NAF, is the
major feature forming the Gulf of Saros and the homonymous Trough (Yaltirak et al., 1998; Kurt
etal., 2000; Yaltirak and Alpar, 2002). The fault network in the Gulf includes strike-slip faults with
normal components, which bound the Saros trough to the north and south, and normal faults
located within the trough. The Saros trough has been interpreted as a negative flower structure
developed along the major Ganos fault zone (Kurt et al., 2000).

The fault network of Lemnos Island reflects the deformation pattern of the NAT (Koukouvelas
and Aydin, 2002; Pavlides and Tranos, 1991; Pavlides et al., 1990; Roussos, 1993; Tranos, 2009).
The Lemnos Island, located on the southern shoulder of theNAT, is crosscut by NE-SW to ENE-
WSW dextral strike-slip faults with or without normal component (Chatzipetros et al., 2013).
Similarly to Lemnos, the Agios Efstratios Island is crosscut by an almost purely dextral N36°
trending strike-slip fault, which moved during the 1968 Ms.:7.1 earthquake (Pavlides et al., 1990;
Kiratzi et al., 1991). The fault pattern on the island, with the main NE-SW dextral strike-slip fault
and a conjugate, NW-SE sinistral fault along the northeastern coast, is in agreement with the
general transtensional regime (Chatzipetros et al., 2013).

The NSET is a 200-km-long composite morphological feature consisting of the North Skyros
Basin (NSB) in the west and the Edremit Trough (EdT) and Gulf (EdG) in the east (Figure 4.3.3).

The 1200-m-deep NSB is an equilateral triangle with its NW-SE trending base parallel to the
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eastern coastline of Skyros Island and its top at 70km toward ENE (Papanikolaou et al., 2015),
where it continues in the narrower and shallower ENE-WSW trending EdT. The NSB is an
asymmetric graben with several subbasins bounded by a major southern marginal fault and an
antithetic northern fault and crosscut by E-W trending strike-slip fault zones. Maximum depths
occur close to the faulted western margin of the NSB off the Skyros Island (Papanikolaou et al.,
2015). The EdT is described as an asymmetric graben by Mascle and Martin (1990) bounded by
major southern faults and displaying strike-slip deformation of the sedimentary infill. The eastern
part of EdT displays a structural complexity with clear strike-slip faulting. Isler et al. (2008) have
shown that a major ENE-WSW strike-slip runs along the northern margin. A second WNW-ESE
trending SSW-facing normal fault marks the releasing bend between the previous fault and the
one controlling the Edremit Gulf basin (Yaltirak et al., 2012). The latter is a lens-shaped pull-apart
basin bounded by two right-lateral strike-slip fault zones, the Edremit fault zone along the
southern coast of Biga Peninsula and the Balikesir-Havran fault zones along the southern side of
the Gulf (Gurer et al., 2016). Further west, but still on the southern margin of Edremit Gulf and
Trough, Lesvos island displays two main fault groups: a NNE-SSW trending one, represented by
the dextral strike- slip Agia Paraskevi fault zone that is associated with the 1867 earthquake and
a WNW- ESE group of normal or oblique faults, which control the south-western coast of the
island (Chatzipetros et al., 2013).

Very few marine geophysical data are available for the area extending between the Skyros-
Edremit Trough to the north and the Cyclades Archipelago to the south and our knowledge on
the offshore structure is only based on the regional work of Mascle and Martin (1990), who
describe this area as composed of alternatively uplifted basement blocks (islands and shallow
banks) and subsiding extensional depressions, subject to NE-SW directed extension. The Lesvos
Basin (LeB, Figure 4.3.3), up to 700m deep, is a thickly sedimented and complex Plio- Quaternary
basin southwest of Lesvos Island, bounded by NW-SE trending faults. The NNE-SSE trending
Psarra Ridge separates the LeB to the east from the Psarra Basin to the west. The latter is an
extensional structure affected by active strike-slip and normal faulting. Further south, the Cavo
Doro (CD) Basin (SE Evia Basin of Mascle and Martin, 1990), north of Andros Island, is a wide

depression bounded toward the NW by a NE-SW trending ridge, which separates it from the
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South Skyros Basin (SSB). To the east, the North Mykonos (NM) Basin is a thickly sedimented
depression divided into two subbasins by a NE-SW trending horst. The northern subbasin
displays half-graben structural configuration and deepens toward SE while the southern basin is
bordered by actively tilting basement blocks. Despite the lack of systematic seismic profiling data,
this structural configuration strongly suggests that the NM Basin has been affected by NE-SW
trending strike-slip faulting.

The North Ikaria Basin (NIB, Figure 4.3.3) consists of a Plio-Quaternary, wide, asymmetric
depression bounded to the south by major en echelon arranged faults, which imply a transcurrent
component (Mascle and Martin, 1990). A strike-slip character for these faults has also been
suggested by Lykousis et al. (1995). Strike-slip deformation is evident on the Samos Islands, on
the southern margin of the NIB. NNE-SSW-directed extension has resulted in the creation of E-
W faults and the reactivation of older NW-SE and NE-SW faults as strike-slip ones (Chatzipetros
et al.,, 2013). On the northern margin of the NIB, the Sigacik Gulf along with the Karaburun
Peninsula and the Izmir area undergo intense deformation along N-S and NE-SW strike-slip
faults (Ocakoglu et al., 2004, 2005). As no further data are available from the NIB, it is not known
how the southern marginal faults interact with the ones observed to the north.

Finally, a series of basins has developed between the eastern coast of Evia and the Sporadhes
Archipelago and Skyros Island. The SSB (Figure 4.3.3) results from the interaction of NW-SE and
NE-SW faults. Its southern margin is controlled by an important, apparently normal, active fault,
which is associated with very narrow and asymmetric trough-like features suggesting the
existence of transcurrent fractures. Sakellariou et al. (2013) interpret the SSB as the westernmost
segment of the North Skyros-Edremit fault zone, the final termination of the southern branch of
the NAF. The Skopelos Basin (SB, Figure 4.3.3), between Skopelos Island and the northeast coasts
of Evia, is a complex extensional structure controlled by WNW-ESE major faults and secondary
NNE-SSW trending ones.
4.3.3.2 Seismological and Geodetic Constraints

The NAS is one of the seismically most active areas in the region and is regarded as an area of
typical right lateral strike-slip faulting regime (e.g., Taymaz et al., 1991; Pavlides and Tranos,
1991; Kiratzi and Louvari, 2003) associated with the activity of the NAF (Figure 4.3.1D). The NAF
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has been recognized very early as the northern boundary of the deforming Aegean (Figure 4.3.1A)
with the NAT representing the morphological expression of this boundary (McKenzie, 1972, 1978;
Dewey and Sengor, 1979; Le Pichon and Angelier, 1981). GPS measurements (Figure 4.3.1B and
4.3.1C) have confirmed and quantified the strike-slip motion across the NAF to about 23mm/year
(Kahle et al., 2000; McClusky et al., 2000; Kreemer and Chamot- Rooke, 2004; Nyst and Thatcher,
2004; Reilinger et al., 2006, 2010; Perouse et al., 2012; Miiller et al., 2013).

Seismological data indicate that the NAF splits into a number of branches in the North Aegean.
They are distributed between the NAT to the north and the CP to the south; they extend up to the
coasts of Evia and stop abruptly against Central Greece (Kiratzi, 2002; Kiratzi and Louvari, 2003).
Fault plane solutions indicate dextral shearing, with the majority of the earthquakes occurring
along the NAT and secondarily along the NSET, while two more seismically less distinct zones
between Psara and Lesvos and north of Ikaria Island show off (Kiratzi and Louvari, 2003). Within
the dominant NE-SW dextral shear regime, the Mw=6.4 Skyros 2001 earthquake ruptured a
NNW-SSE trending sinistral strike-slip fault north of Skyros Island (Melis et al., 2001; Benetatos
et al.,, 2002; Karakostas et al., 2003; Ganas et al., 2005). This fault has been interpreted as a
conjugate fault in respect to the NE-SW dextral strike-slip faults and is compatible with the N-S
to NNE-SSW extension of the North Aegean (Ganas et al., 2005). Sinistral strike-slip faulting has
been also proposed by Kiratzi and Louvari (2003) for the eastern coasts of Evia and may
contribute to the transferring of the motion from the NAF into the Aegean mainland.

Recent GPS campaigns confirm that the prevailing deformation style in the NAS is dextral
shear and suggest that it is mostly localized in two well-confined regions, the NAT and the NSET
(Miiller et al., 2013). Dextral strike-slip motion along the NAT decreases from 21.2mm/year along
the Saros basin to 12.5mm/year south of the Chalkidiki peninsula and about 7mm/year at the
southwestern corner of the Sporadhes basin. Less than 5mmy/year is transferred from the
Sporadhes islands/Pelion toward Northern Evia. Strike-slip motion of about 10mm/year in total
is attributed to the Skyros-Edremit fault and the Agios Efstratios fault, while the Psara-Lesvos
fault with rates of 4mm/year is kinematically a less distinct structure (Miiller et al., 2013). The
strain analysis based on the above GPS data is in agreement with the seismological observations

along the Evia coasts and north of Skyros and suggests a sinistral strike-slip component on all
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NNW-SSE trending faults along the western shoreline of the NAS (Miiller et al., 2013). Moreover,
they are compatible with the NW-SE trending faults along the eastern margins of Pelion/Olympos
and Athos mapped by Lyberis (1984) and Mascle and Martin (1990), in the NAS south of the NAT
(Mascle and Martin, 1990) and on the NE Aegean islands (Chatzipetros et al., 2013). These faults
have been interpreted as sinistral strike-slip or normal faults.

The suggested localization of strain along the NAT and the NSET (Miiller et al., 2013) coincides
largely with the spatial distribution of the seismicity and with the fact that these two elements are
the most striking morphological and geotectonic structures in the NAS. Besides that,
geomorphological and geological-geophysical data indicate that a considerable amount of
deformation must have affected and may actively affect larger areas of the NAS.

The updated offshore morphology of Figure 4.3.3 shows a tectonically controlled relief with
many depressions, up to 1000-1200m deep and with various shapes, bounded by steep faulted
slopes and separated from each other by shallow elongate or variably shaped structural highs.
The 1200-m-deep NIB, for example, initiated in the Miocene (Beniest et al., 2016) and evolved in
the Plio-Quaternary while bounded to the South by a strike-slip fault zone (Mascle and Martin,
1990) with evident dextral movement (Kiratzi and Louvari, 2003). Active strike-slip faulting along
with extensional tectonics has been observed on its northern margin, in the Sigacik Gulf, the
Karaburun Peninsula, and the Izmir area (Ocakoglu et al., 2004, 2005; Benetatos et al., 2006; Uzel
et al., 2013; Yolsal-Cevikbilen et al., 2014; Cirmik et al., 2017). The 1000-m-deep SSB and SB, along
with the less deep but structurally similar basins off the Evia coasts, bear evidence of significant
Plio-Quaternary and ongoing deformation at the western termination of the southern branches
of the NAF. The structurally complex area southwest of Lesvos Island, including the LeB, which
has hosted the recent M=6.3 normal fault earthquake in June 2017 (Ganas et al., 2017), shows also
significant evidence of geologically recent and ongoing deformation.

In addition to the geomorphological constraints, the available sparse geophysical data (e.g.,
Mascle and Martin, 1990) indicate that dextral strike-slip faulting in NE-SW direction and sinistral
strike-slip to normal faulting in NW-SE direction has been active throughout the Plio-Quaternary

and is still active in the entire North Aegean area.
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In regard to the limited transfer of strain from the North Aegean toward the eastern part of
Central Greece proposed by Miiller et al. (2013), seismological observations indicate strike slip
motions crossing the central and southern part of the Evia Island reaching the tip of the southern
Evoikos Gulf (Kiratzi, 2002). In addition, NW-SE trending strike-slip faults have been mapped in
the North Evia Gulf and have played a role in the development of its spindle shaped 400-m-deep
basin (Sakellariou et al., 2007), while left-lateral slip along them has been confirmed with

seismological data (Ganas et al., 2016).

4.3.4. South Aegean Sea/Volcanic Arc

4.3.4.1 Seafloor Morphology — Sedimentary Basins —Fault Network
The South Aegean Sea, as described here, includes the CP to the north and extends between

the western coast of Anatolia to the east, the eastern coast of Peloponnese to the west, and the
Hellenic arc (Crete, Rhodes Islands) to the south (Figure 4.3.1A).

For decades, the shallow marine CP has been considered as a tectonically inactive area
extending from Central Greece to the west until the western coast of Anatolia to the east.
Therefore, very few data are available from this area and very little is known on its offshore
structure. However, a more thorough look at the updated bathymetry of the CP reveals some
interesting geomorphological observations (Figure 4.3.4). Its northern edge is marked by (i) a
NW-SE running ridge consisting of the South Evia, Andros (An), Tinos (Ti), and Mykonos (M)
Islands and (ii) a ENE-WSW running ridge delineated by the Ikaria (Ik) and Samos (Sam) Islands.
Both directions coincide with the major tectonic trends recognized in the NAS. The 500-m-deep
CD strait separates South Evia from the Andros Island and extends further SSW-ward as a
narrow, deep depression, between Kea (Ke) and the Kythnos (Ky) Islands. A similar, narrow and
deep, NE-SW running strait separates the Serifos and Sifnos Islands and terminates in the
Myrtoon Basin (MB). The 700m deep, NW-SE elongate, South Ikaria Basin (SIB) separates the
wide shelf of Anatolia from the central part of the CP. Interestingly, the main morphological
elements of the seafloor and of the nonvolcanic islands are aligned along the two main trends of
the major tectonic elements described so far: NW-SE and NE-SW. The southern margin of the CP

hosts the Hellenic volcanic arc (Figure 4.3.1A). Its outward (toward SW, S, and SE) outline
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displays a complex morphology and coincides with the tectonically controlled margins of
important basins (Myrtoon, Christiana, Heraklion, and Amorgos Basins).

The western sector of the South Aegean seafloor (Figure 4.3.4) is marked by the Argolic Gulf
(ArB) and Maleas (MaB) Basins, two NW-SE elongate 1000-1200-m-deep basins that developed

along the western flanks of the Peloponnese and Kithyra-Antikythera Ridge. A narrow ridge

Figure 4.3.4: Updated bathymetry of the South Aegean Sea, derived from GEBCO and swath bathymetry data
processed at 250m grid (Drakopoulou and Kyriakidou, 2016; Sakellariou and Tsampouraki-Kraounaki, 2016;
https://emodnet. eu/bathymetry). Inset map: swath bathymetry coverage in the South Aegean. AK, Antikythera; Am,
Amorgos; AmB, Amorgos Basin; An, Andros; AnB, Anydhros Basin; ArB, Argolic Basin; As, Astypalaea; CD, Cavo
Doro Strait; ChB, Christiana Basin; CP, Cyclades Plateau; GoG, Gulf of G€okova; HB, Heraklion Basin; Ik, Ikaria; K,
Karpathos; KaB, Kamilonissi Basin; Ke, Kea; Kr, Kythera; Ky, Kythnos;M, Mykonos;MaB, Maleas Basin;MB, Myrtoon
Basin; Mi, Milos; N, Nisyros; Na, Naxos; NIB, North Ikaria Basin; NK, North Karpathos Basin; NMB, North Mykonos
Basin; SaG, Saronic Gulf; Sam, Samos; Se, Serifos; Si, Sifnos; SiB, Sikinos Basin; SIB, South Ikaria Basin; SK, South
Karpathos Basin; Th, Thera; Ti, Tinos.

separates the ArG from the composite 1100-m-deep MB and the MaB from a morphologically
“chaotic” area extending southwest of Milos Island (Mi). The south and southeastern part of the
South Aegean displays an even more complex morphology. The entire area encompassing the

500-m-deep flat Christiana Basin (ChB) in the west and the 400-500-m-deep Anydhros (AnB) and
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the 700m deep, composite Amorgos (AmB) elongate Basins in the east, hosts the volcanic group
of Thera Island (Santorini) and displays two main trends: NE-SW in the AnB and AmB andWNW-
ESE to NW-SE in the ChB. The NE-SW trend matches the orientation of the steep slopes bounding
the AmB and the distribution of the volcanic centers in the AnB. Further south, the almost 2000-
m-deep Heraklion Basin (HB) displays a rhomboid to irregular shape. NE-SW to ENE-WSW
trending shallow ridges and narrow depressions separate the HB from the >2000-m-deep
rhomboid Kamilonissi Basin (KaB). The southeast corner of the South Aegean is marked by the
lazy-S shaped >2500-m-deep South and North Karpathos Basins (SK and NK), which constitute a
negative, mirror-image, of the Karpathos and Kassos Islands landscape.

Unlike the CP, a relatively large amount of data, most of it acquired in the 1980s and 1990s, is
available for the deeper, southern part of the South Aegean Sea. Jongsma et al. (1977), Angelier et
al. (1982), Lyberis et al. (1981, 1982), Bartole et al. (1983), and Rossi et al. (1986) were the first who
surveyed the Cretan Sea by means of seismic profiling. In addition, the DSDP Hole 378 (Hsii et
al., 1978) was drilled in the western edge of the Heraklion Basin (HK) and provided valuable
sedimentological and chronological constraints for the seismic stratigraphic interpretation of the
geophysical data. Jongsma et al. (1977) observed strong vertical tectonic movements on normal
faults as responsible for the formation of the “Cretan Trough,” with extensional tectonics
dominating this area since at least 10Ma. According to Lyberis et al. (1981), the observed pattern
of normal faulting is consistent with the expansion of the Sea of Crete as a result of the uniform
stretching of the underlying lithosphere. Bartole et al. (1983) suggest that the birth of all deep
basins located south of the CP dates back to the Tortonian or even the Serravalian (see also
Angelier et al., 1982) and that strong vertical differential tectonic movements in the Plio-
Quaternary are responsible for the present-day morphology. NE-SW and N-S trending faults with
a significant sinistral strike-slip component are, according to Rossi et al. (1986), the two main fault
groups responsible for the structural evolution of the Kamilonissi (KaB) and Karpathos Basins
(SK and NK) along with the broader area of the southeast Aegean and the adjacent part of the
Hellenic Trench.

Mascle and Martin (1990) have provided a comprehensive description and synthesis of the

structure and evolution of the South Aegean Sea. The Argolic Gulf and the Maleas Basins in the
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west display an asymmetric structure controlled by the NNW-SSE trending, E-facing faults. NW-
SE to N-S faulting in the Argolic Gulf, along with some distinct ENE-WSW faults have been
reported by Papanikolaou et al. (1988). The HB is described as a roughly E-W oriented, almost
flat, basin showing two dominant directions (Mascle and Martin, 1990): a NW-SE one prevailing
in the western side and a NE-SW one characterizing the eastern part of the basin. The rhomboid
Kamilonissi Basin (KaB) is surrounded by steep slopes, contains a 2s (roughly 2km) thick infill
and seems to result from NW-SE directed extension. It is separated from the “Astypalea platform”
by a strongly deformed area cut into several NE-SW trending elongate half grabens indicating
shearing associated with strike-slip fault zones. The SK and NK Basins are bounded by NW-SE
and NNE-SSW faults. In general, Mascle and Martin (1990) suggested that most of the South
Aegean has resulted from the interaction of faults trending ENE-WSW and NNW-SSE.

Perissoratis and Papadopoulos (1999) studied the Argolic Gulf, Christiana, and Amorgos
Basins mostly for their sedimentary infill and slope stability and provided important data on the
major faults of these areas, while Piper and Perissoratis (2003) provided a synthetic map of the
offshore faulting and structure in the South Aegean Sea. They propose that E-W faulting
dominated the central part of the South Aegean area in the Pliocene. It was followed by N-S and
NE-SW faults north and south of Milos and mainly NE-SW faults in Amorgos and Santorini
region. In the entire region, from Kos throughAmorgos to Santorini (Thera), the style of NE-SW
faulting, the narrow basement ridges and the basin inversions strongly suggest a strike-slip
regime (Piper and Perissoratis, 2003; Piper et al., 2007).

The spatial distribution of the volcanoes along the volcanic arc and its relationship with
tectonic elements have been discussed extensively. Papazachos and Panagiotopoulos (1993)
suggested that the epicenters of shallow and intermediate depth earthquakes in the Aegean
volcanic arc can be grouped into five, well defined, linear clusters trending about N60E; they are
associated with normal faulting and coincide with the five volcanic groups (Sousaki, Methana,
Milos, Santorini, and Nisyros).

According to Pe-Piper and Piper (2005) and Piper et al. (2007) faulting appears to be important
in localizing the distribution of volcanoes. Milos is located at the intersection of N-S and NE-SW-

trending fault systems (Piper and Perissoratis, 2003). In the area around and east of Thera
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volcanism appears to be localized along dextral NE-SW-trending faults, which show major
seafloor offsets near the Kolumbo volcanic chain. Sakellariou et al. (2010) proposed that both
Thera and Kolumbo volcanic centers occur within the NE-SW-trending Anydros graben, which
constitutes a negative flower structure related to a 40km, possibly dextral, strike-slip zone, the
Kameni-Kolumbo strike-slip, which can be extended SW-wards to the Christiana volcanic island.
Similarly, Tsampouraki-Kraounaki and Sakellariou (2017) suggest that the NE-SW-trending,
morphologically complex area northeast of Thera until Amorgos, Astypalea, and Kalymnos
Islands, which encompasses Anydhros Basin and the six subbasins of Amorgos Basin undergoes
dextral transtensional deformation accommodated by NE-SW strike-slip to oblique faults and E-
W normal step-over faults. Opposite to that, Hiibscher et al. (2015), Nomikou et al. (2016, 2018),
and Hooft et al. (2017) recognize normal faulting as the main tectonic mechanism controlling the
formation and evolution of the Anydhros Basin and the Thera-Amorgos area.

Further east, Pe-Piper et al. (2005) have shown that volcanism at Kos and Nisyros is strongly
influenced by sinistral ENE-WSW trending strike-slip faults causing extension on older N-S or
NE-SW trending faults while Tibaldi et al. (2008) and Nomikou and Papanikolaou (2011)
characterized the same fault system as normal faults. Iscan et al. (2013), Ulug et al. (2005), Tur et
al. (2015), and Ocakoglu et al. (2018) provided solid evidence for strike-slip tectonics prevailing
in the Gulf of G€okova (GG), east of Kos Island. Moreover, Tur et al. (2015) interpreted this area
as part of a lazy-S shaped structure, which encompasses the Kamilonissi Basin (KaB), the SK and
NK Basins, and the GG and has developed within the sinistral strike-slip regime of the
southeastern sector of the Hellenic arc.
4.3.4.2. Seismological and Geodetic Constrains

Instrumental seismicity indicates that the earthquake focal mechanisms south of the volcanic
arc are either pure normal faulting, or normal faulting combined with considerable strike-slip
motions (Kiratzi and Louvari, 2003). In fact, within the entire area from Peloponnese to the West
to Rhodes to the East, the direction of the T-axis is more or less stable and trends WNW-ESE,
irrespective of the orientation of the kinematic character of faulting (Kiratzi, 2013). This
corresponds with a mainly trench-parallel extension, as has been documented by Angelier et al.

(1982), Mercier et al. (1989), Armijo et al. (1992), Benetatos et al. (2004), Kreemer and Chamot-
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Rooke (2004), Lyon-Caen et al. (1988), and Shaw and Jackson (2010). Armijo et al. (1992) suggested
that the change from the older, N-S, arc-perpendicular extension to the E-W, arc-parallel
extension took place in the Pliocene (2-4 Ma) and implies that the Aegean started to collide with
the northern African margin. A slightly different perspective for the distribution of strain in the
South Aegean Sea has been provided by Kokkalas et al. (2006). According to these authors, ENE-
WSW extension accommodated by sinistral strike-slip, NE-SW faults and N-S to NNE-SSW
extensional faults prevails in the southeastern part. The central part is characterized by NNE-SSW
extension accommodated by NE-SW to ENE-WSW and NW-SE extensional faults and minor
NNE-SSW- trending dextral strike-slip faults. Finally, the western part of the South Aegean, along
with Peloponnese, is dominated by WSW-ENE extension accommodated by NNW-SE faults.
Until recently, it was believed that extension in the South Aegean is concentrated in the
western and eastern parts (Benetatos et al., 2004; Shaw and Jackson, 2010). The 2012 sequence
provided the first instrumental evidence for the operation of the previously mentioned young
active N-S faults in the central part of the south Aegean Sea, at the edge of the Cretan Basin,
accommodating extension within the overriding Aegean plate. In January 2012, a moderate size
earthquake sequence (Mwb5.0 and Mw5.3 were the two strongest events) occurred in the South
Aegean Sea, southwest of Thera, and close to the northern slope of the HB (Kiratzi, 2013). The
distribution of the epicenters shows that two structures were activated simultaneously: a dextral
N-S strike-slip fault and a second NE-SW trending one. Kiratzi (2013) states that this earthquake
is a significant evidence that WNW-ESE extension is active throughout the South Aegean area.
The 2012 earthquake sequence is not the only one in the South Aegean associated with dextral
strike-slip faulting. Bohnhoff et al. (2006) analyzed over 2000 earthquakes between 2002 and 2004
in the central part of the volcanic arc. They concluded that the highest activity was identified
along the SW-NE striking Santorini (Thera)-Amorgos zone that is in the state of right-lateral
transtension. Similar observations have been described by Dimitriadis et al. (2009, 2010) for the
seismic activity of the Santorini-Kolumbo zone. In addition, focal mechanisms of the 2011-12
seismicity in the caldera of Santorini indicate strike slip faulting along approximately NE-SW

faults (Papadimitriou et al., 2015).
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Despite the relatively low seismicity in this area, the largest earthquake (M:7.8) in the last
century in the entire Aegean Sea occurred in July 1956 southwest of Amorgos Island. The
proposed focal mechanisms vary between dextral strike-slip and dip-slip movement on a NE-
SW-trending SE dipping fault (Okal et al., 2009 and references therein). A NE-SW normal faulting
mechanism agrees with the observations of Nomikou et al. (2016, 2018) and Hooft et al. (2017),
while the data provided by Mascle and Martin (1990), Piper and Perissoratis (2003), Piper et al.
(2007), and Tsampouraki-Kraounaki and Sakellariou (2017) indicate dextral transtension in this
area. Further east, Yolsal-Cevikbilen et al. (2014) observed in the GG mostly N-S extension
accommodated by E-W faults with a relatively small amount of sinistral strike-slip component.

GPS data show that N-S-oriented extensional strain rates accompanied by normal faulting
dominate in the western Anatolia and central and southern Greece. Kahle et al. (1999) suggest
that N-S extension results from transtensional-type active processes in the Aegean, which are
possibly associated with back-arc spreading and rollback of the subducting slab. The kinematic
model proposed by Kreemer and Chamot-Rooke (2004) shows that the extension direction of the
overriding Aegean plate is oriented in a roughly NW-SE direction. These authors state that a large
part of the South Aegean and of the backstop of the MR form one single relatively rigid block,
which moves at 33-34mm/year in the direction of 524W+1 toward stable Nubia. They recognize
that the two main characteristics of the kinematics of the southern Aegean are the SSW-ward
motion of the rigid Aegea and the motion of up to 10mm/year of the southeastern Aegean away
from stable Aegea (McClusky et al., 2000). Reilinger et al. (2010) explain that the sequential
propagation of deformation associated with the NAF across the N. Aegean during the past 1-4Ma
resulted in the concentration of extensional deformation associated with the Africa slab retreat in
the N. Aegean and allowed the South Aegean and Peloponnese to translate SW-wards with little

deformation.

4.3.5. The Hellenic Arc and Trench
4.3.4.1. Seafloor Morphology —Fault Network

The southward convex Hellenic Arc encompasses from west to east the Ionian Islands, the
southwestern and southern part of the Peloponnese, Kythera and Antikythera Ridge, Gavdos,

Crete, Kassos, Karpathos, and Rhodes Islands (Figures 4.3.1A and 4.3.7). It displays variable
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morphology with high altitude mountainous blocks (e.g., on the Peloponnese and Crete)
alternating with low plains, deep gulfs (south Peloponnese) and deep and steep marine straits
[west and east Cretan straits, Karpathos-Rhodes].

The Hellenic Trench surrounds the outward side of the arc and displays three distinct sectors:
The northwestern sector marks the steep escarpment and the >3000 deep, NNE-SSW elongate,
asymmetric basin parallel to the western slope of Kephallinia Island. The western sector, known
as IT or Matapan Trench (Mascle and Le Quellec, 1980), trends NW-SE and extends from the
Ionian Islands to the south of Gavdos Island. It is a composite morphological feature
characterized by small, discontinuous, NW-SE elongate, or spindle-shaped basins with depths
exceeding 4000-5000m and separated by shallower ridges. The NW slopes of the Trench are steep
and irregular, with N-S trending ridges advancing toward south. The SW slopes of the Trench
toward the MR are less steep. The eastern sector is delineated by three striking features: the WSW-
ENE trending Ptolemy Trench south of central Crete, and the WSW-ENE to SW-NE trending
Pliny and Strabo Trenches. Complex seafloor topography with shallow ridges and NW-SE
trending linear deeps prevails in the areas between the Ptolemy and Pliny Trenches and between
the Pliny and Strabo Trenches. The Ptolemy Trench terminates eastward at the NNE-SSW
trending lerapetra graben while the Pliny and Strabo Trenches extend up to the 4000-m-deep
Rhodes Basin.

In the 1970s, Le Pichon et al. (1979) provided for the first time “multinarrow beam”
bathymetric data along the Hellenic Trench. They observed that the IT is divided into small basins
that are deformed by compressional stress acting roughly perpendicularly to the trench. The Pliny
and Strabo Trenches display narrow en echelon slots oriented obliquely to the trend of the main
trenches. Le Pichon et al. (1979) came to the conclusion that the Hellenic Trench represents a
subduction trench dominated by arc-perpendicular compression along the IT and sinistral
transform motion along the Pliny and Strabo trenches. Huchon et al. (1982) concluded that the
Hellenic Trench is the boundary between the Aegean continental extensional domain and the
Mediterranean compressional domain. The structure of the trench is controlled by the kinematics
of the subduction. Thus, fracturing along the IT occurs perpendicular to the main compressional

stress and at about 35° along the eastern segment of the trench.
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Lyberis et al. (1982) were led to a new interpretation of the active deformation between
southeastern Peloponnese and western Crete. According to them, the subsidence of the western
Cretan strait results from E-W extension accommodated by oblique, en echelon normal faults
indicating significant dextral strike-slip deformation. Thus, the Kythera-west Crete strait is an
example of complex dextral strike-slip and extensional deformation.

The southern Hellenic Arc, according to Angelier et al. (1982), undergoes radial extension and
motions along north-south strike-slip faults during mid-Pleistocene to recent. However, Lyon-
Caen et al. (1982) and Armijo et al. (1992) stated that at present the Peloponnesus and Crete are
dominated by approximately E-W extension and dip-slip movements along approximately N-S-
oriented faults.

On Crete Island, the basin of Heraklion initiated in the Late Messinian as an expression of arc
parallel extension (Fassoulas, 2001). Since the Middle Pliocene, fault development resumed in
two normal directions, NW-SE and NE-SW, as a result of a pure multidirectional extension, an
arc-normal extension induced by the slab rollback and an arc-parallel stretching due to the
westward Anatolian extrusion. Van Hinsbergen and Meulenkamp (2006) have shown that from
approximately 10Ma onward, the southward migration of the area that presently covers Crete
was accompanied by E-W extension, and the opening of the Sea of Crete to the north. During the
Pliocene, Crete emerged and tilted to the NNW, probably as a result of left-lateral transpression.

Ten Veen and Meier (1998), by quantifying and modeling geological observations on Crete,
suggested that ENE-WSW left lateral shearing along NO70E-NO75E trending faults associated
with NO20E oversteps and NW-SE normal faults prevails during the Plio-Quaternary. This is in
agreement with the observations of Ten Veen and Kleinspehn (2003) in the Messara Basin
(southern Central Crete) according to which the deformation of the basin since the Pliocene has
been dominated by NO70E sinistral faults developed in a transtensional regime.

Further east, Mascle et al. (1982) and Leite and Mascle (1982) observed that the Strabo Trench
displays a complex deformation pattern with areas of extension, areas of compression, and
probable strike-slip deformation. Mascle et al. (1986) proposed that the Strabo area reflects crustal
shortening together with complex strike-slip fault rearrangement, as suggested by Jackson and

McKenzie (1988) and Jackson (1994). They concluded that the en-echelon arrangement of both the
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Pliny and Strabo trenches indicates a recent readjustment in response to a general southwest
motion of the stretched Aegean domain, locked to the south and laterally ejected toward the
Ionian Basin. Ten Veen and Kleinspehn (2002) recognized in the island of Rhodes two neotectonic
deformation phases separated by a kinematic change in the Early Pliocene, after which the inner
forearc started to experience sinistral transtension. Ten Veen and Kleinspehn (2003) suggest that
both the onshore and offshore areas of the eastern Hellenic arc, from Crete to Rhodes, are
characterized by a series of c. NO70E wrench dominated zones and extensional, NO20E striking
zones, which act as secondary oversteps. This deformation pattern was initiated in the Early
Pliocene and led to the fast uplift of Crete and Karpathos as postulated by the widespread
occurrence of mass transport deposits (Zachariasse et al., 2008 and references therein). In
addition, Pliocene uplift in Crete was accompanied by enhanced subsidence and relative
deepening of offshore tectonic troughs south of Crete accommodated by WSW-ENE
transtentional fault sets (Alves et al., 2007).
4.3.4.2 Seismological and Geodetic Constraints

The Hellenic Trench is a major bathymetric and morphological feature of the Hellenic
subduction zone. However, the Hellenic Trench is not the expression of an oceanic trench in the
usual sense and does not constitute the surface expression of the main subduction interface.
Taymaz et al. (1990) and Meier et al. (2004) have shown that the earthquakes directly beneath the
trench represent low-angle thrusts at 20-40km depth and are associated with the interface
between the overriding Aegean and the subducting African plates. Arc-parallel extension
accommodated mostly by N-S normal faulting prevails in the overriding plate in the area of Crete
(Taymaz et al., 1990). According to Kiratzi and Louvari (2003), low-angle thrusting and reverse
faulting prevails along the Hellenic arc, from southwest of Zakynthos island up to the northeast
of Rhodes island and is attributed to the northward motion of Africa and the subduction below
the Hellenic arc.

Recent mapping of the downgoing slab below the IT and Peloponnese by using teleseismic
receiver function analysis on a dense two-dimensional (2D) seismic array revealed a
segmentation into dipping panels by along-dip faults (Sachpazi et al., 2016a, b). These faults

display a striking correlation with the occurrence of large earthquakes in the upper and lower
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plate and at the interplate boundary and imply that the slab rollback occurs in a differential
piecewise manner imposing its specific stress and deformation pattern onto the overriding
Aegean plate. It is worth noting that the segmentation of the downgoing slab is an idea suggested
much earlier. Flemming (1978) studied the Holocene eustatic changes and coastal tectonics in the
northeast Mediterranean and reached the conclusion that the quasilinear sections of the
subduction zone, the Ionian and Strabo branches, are interrupted by short tear faults and abrupt
changes of strike at intervals of 50-100km along their length.

Meier et al. (2004) have shown that the Hellenic Trench system is part of the Aegean
lithosphere and observed notable differences in the seismicity between the IT south of western
Crete and the Ptolemy Trench south of central Crete. The latter is characterized by high seismic
activity occurring within a vertical zone extending from the upper crust down to the plate
interface at about 30km depth. A strong correlation between seafloor morphology and
transtensional movements south of Crete has also been observed by Kokinou et al. (2012).

Toward the NW, the IT terminates at the steep NNE-SSW-trending bathymetric escarpment
along the NW edge of the Ionian Islands. This escarpment marks the surface expression of the
Kephallinia transform fault (KF) that is associated with NE-SW right-lateral strike-slip faulting
seismicity (Baker et al., 1997; Louvari et al., 1999; Sachpazi et al., 2000; Kiratzi and Louvari, 2003;
Kokinou et al., 2006). Louvari et al. (1999) suggested that the KF consists of two segments with
different strikes: a southern, 90-km-long segment that trends NE, and a northern, 40-km-long
segment striking NNE. The Kephallinia fault marks the change from oceanic subduction below
Peloponnese to the southeast to continent-continent collision to the northwest (Van Hinsbergen
et al., 2006; Brun and Sokoutis, 2010; Royden and Papanikolaou, 2011). Shaw and Jackson (2010)
have shown that NE-SW right-lateral shear at the western end of the subduction is not restricted
to the KF, but is distributed on several strike-slip faults in the area between the KF and NW
Peloponnese.

Two main types of faulting have been proposed for the eastern sector of the Hellenic Arc and
Trench by Shaw and Jackson (2010): (i) low-angle, northward dipping thrust earthquakes on the
main subduction interface with slip vectors parallel to the Africa-Aegean convergence but

oblique to the strike of the eastern arc and (ii) NE-SW left-lateral strike-slip faulting in the
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overriding plate. Ozbakir et al. (2013) have shown that the region of the Pliny and Strabo
“trenches” obeys the mechanics of a sinistral shear zone model (Tchalenko, 1970). These authors
interpret the seismic anomaly off the southeast coast of Rhodes as a tear between the Hellenic and
Cyprus subduction zones. The Pliny-Strabo shear zone represents the surface expression of this
tearing process in the form of the development of a shear zone between the Aegean lithosphere
in the NW and the African lithosphere in the SE. The Pliny and Strabo “trenches” themselves
most likely correspond to linked Riedel shears (Ozbakir et al., 2013).

Results of GPS campaigns show that the direction of shortening is almost constant along the
Hellenic Arc, from the Ionian Islands to the island of Rhodes (Kahle et al., 1999, 2000). Maximum
shortening trends N27°E, in fairly good agreement with the seismic results, while in the southern
Ionian Islands compression occurs in a N34°E direction. Maximum sinistral shear strain rates are
observed along the Strabo-Pliny trench system, which seems to act as a transform fault system
clearly defining the southeastern boundary of the Aegean microplate (Kahle et al., 1999, 2000).
Kreemer and Chamot-Rooke (2004) and Perouse et al. (2012) have highlighted the presence of
active shear partitioning within the MR that leads to 19-23mm/ year of dextral motion at the
wedge-backstop contact along the IT; whereas the Pliny and Strabo trenches in the eastern
Hellenic Trench accommodate 21-23mm/year of sinistral motion. According to these
observations, the backstop of the western MR is kinematically part of the southern Aegean. The
latter moves as a single block at 33-34mm/year toward S24° W, while a clear divergence between
the western and eastern Hellenic Arc is evident. The south- eastern Aegean moves at a rate of up
to 10mm/year away from the stable south Aegean (McClusky et al., 2000; Kreemer and Chamot-
Rooke, 2004; Reilinger et al., 2006; Perouse et al., 2012). Finally, the velocity field modeled by
Perouse et al. (2012) indicates that both ends of the Hellenic subduction zone coincide with two
crustal toroidal patterns, a clockwise one at the NW end and a counterclockwise one at the eastern
end. The authors suggest that both toroidal flows are related to slab tears detaching the Hellenic
slab from the Apulian platform to the west and the continental fragments off Anatolia to the east.
4.3.6. New Offshore Morphology and Fault Network

Figures 4.3.3 - 4.3.5 show the most up-to-date bathymetric relief of the Aegean Sea and Hellenic

Trench (Drakopoulou and Kyriakidou, 2016; Sakellariou and Tsampouraki-Kraounaki, 2016),
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produced in the framework of EMODNET Bathymetry project (https://emodnet. eu/bathymetry).
Literally all available, former and recent, swath bathymetry data, GEBCO bathymetry, and single
beam echo soundings have been reprocessed and gridded to 250m cell-size resolution to create a
digital elevation model of the seabed. The inset maps in Figures 4.3.3 and 4.3.4 show the swath
bathymetry coverage in the Northern and Southern Aegean, respectively. Further processing and
analysis of the bathymetric data have led to the precise map- ping of the flat-bottomed basins, the
shallow ridges, banks and plateaus and the steep slopes, which are potentially associated with
active faults.

Figure 4.3.5 shows the spatial distribution of morphological basins in the Aegean Sea and the
Hellenic Trench, categorized according to their depth. Most of the basins display a rhomboid,
elliptical, trapezoid, or spindle shape, their dimensions do not exceed a few tens of kilometers
and are aligned predominantly in NE-SW to ENE-WSW, and secondarily in NW-SE to WNW-
ESE, directions. The latter two directions prevail over the entire Aegean Sea and coincide with
the orientation of the steep, submarine slopes that bound the basins.

The majority of the morphological basins in the Aegean are shallower than 1000m.Numerous,
small, and larger basins occur in the NAS. The 1600-m-deep NAT is the deepest among them,
followed by the North Ikarian Basin and the small basins off the northeastern coast of Evia, which
are slightly deeper than 1000m. The southern margin of the CP displays a complex relief with
small and larger islands and shallow ridges alternating with NE-SW and NW-SE elongate, <1000-
m-deep basins. Maximum depths, between 2000 and 2500m, occur only at the southeastern edge
of the Aegean, west of the Karpathos Island, and north of eastern Crete. The rest of the South

Aegean is characterized by variable-shaped basins (elongate, rhomboid, and spindle shaped)
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with bottom depths ranging between 1000 and 2000m, and separated from each other by shallow

ridges.

Figure 4.3.5: Morphological basins in the Aegean Sea and the Hellenic Trench categorized according to their depth. The
Aegean Sea is characterized by variably shaped, isolated basins bounded by steep slopes, shallow banks, ridges, and
islands. The distribution of the basins is rather random and the maximum basin depth does not exceed 2500m. The
basins of the Hellenic Trench are aligned along the major Ptolemy, Pliny, Strabo trenches, and the IT and their depths
range between 2500 and 5000m.

The three sectors of the Hellenic Trench (the Kephallinia fault, IT, and Pliny-Strabo Trenches)
display distinct morphological characteristics. A narrow, NNE-SSW-trending, 3000-3500-m-deep

elongate trough occurs along the steep escarpment of the Kephallinia fault west of the Ionian
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Islands. The IT consists of a series of isolated troughs or irregularly shaped basins with depths
exceeding 4000-5000m, aligned in the NW-SE direction. Finally, the three main NE-SW-trending
morphological features of the eastern sector, the Ptolemy, Pliny, and Strabo Trenches, show up
as linear elements consisting of several smaller troughs and basins, separated from each other by
ridges and structural highs.

Old and recent, multi- and single-channel, analog and digital, seismic reflection profiles
available at the Hellenic Center for Marine Research (Inset map in Figure 4.3.6) have been or are
in the process of being reprocessed and reinterpreted. The old analog profiles have been digitized
and many of them have been transformed into SEG-Y format. Reinterpretation of these profiles
combined with the new high-resolution bathymetry led to significantly improved localization
and better tracing of the faults imaged within them. The aim of this effort is to produce an
updated map of the offshore fault network and geological structure and contribute to a better
understanding of the dominant deformation mechanism of the Aegean after the Messinian.

Along with the available seismic profiles, a significant amount of information on the offshore
faults of various areas of the Aegean is included in the existing literature. The major results of the
most relevant works have been presented and briefly discussed in the previous chapters while
the respective survey areas are visualized on the map of Figure 4.3.2. The offshore faults and other
structural data that are available in the literature have been taken into consideration during the
creation of the offshore faulting map. The traces of the published faults have been redrawn on
the updated bathymetric relief by taking into consideration the de- tailed morphology while
maintaining their geometrical and kinematic characteristics.

Almost three decades after the first map of offshore faults in the Aegean published in the
benchmark paper by Mascle and Martin (1990), the map presented here (Figure 4.3.6) visualizes
the most up-to-date information and the current state of knowledge on the offshore faults and
the Plio-Quaternary basins. This map and the elements shown on it have derived from the
interpretation of the available, old and recent seismic profiling data, the integration of structural
data extracted from the existing literature and from the structural analysis of the new bathymetric
relief. Faults shown on the map have been either imaged on seismic profiles or extracted from the

literature or inferred from the bathymetry. Faults inferred only from seismological observations,
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with no surface expression, are not included in this map. The accuracy of the mapped structural
elements is directly related to the density and resolution of the available bathymetric and seismic
profiling data. A rather small part of the Aegean has been systematically surveyed by means of
swath bathymetry and seismic profiling. For the rest, only low-resolution GEBCO bathymetry
and widely spaced, scattered seismic profiles are available. Therefore, this map serves as a
visualization of the current state of knowledge, which is still far from being complete. It will be
continuously updated as new data and information will become available in the future.

A first observation, which derives from the comparison of the morphological and structural
maps of Figures 4.3.5 and 4.3.6, is that the morphological basins coincide largely with the main
Plio-Quaternary basins. This leads to the rather obvious conclusion that the present
morphological configuration is the result of the geodynamic processes that have been active
during the last 5Ma. A second observation is that most of the volcanoes are aligned parallel to the
main fault directions and are thus spatially associated with major faults. This is in good
agreement with the previously suggested control of the active tectonic elements on the spatial
distribution and surface expression of volcanism along the arc (e.g., Papazachos and
Panagiotopoulos, 1993; Piper and Perissoratis, 2003; Pe-Piper and Piper, 2005; Piper et al., 2007;
Sakellariou et al., 2010).

A third observation is that the faults tend to group in two main directions: (i) NE-SW to ENE-
WSW and (ii) NW-SE to WNW-ESE. The NE-SW to ENE-WSW faults run either parallel to or at
low angle with respect to the kinematic vectors (Figure 4.3.1B) derived from the GPS data (Kahle
et al., 1999, 2000; Kreemer and Chamot-Rooke, 2004; Reilinger et al., 2010). The NW-SE to WNW-
ESE faults are oriented perpendicular to or at high angle with respect to the GPS vectors. As it
will be discussed below, the value of the angle between the GPS vectors and the fault direction
seems to be important for the kinematic character of the latter. Faults oriented parallel to the GPS
vectors are expected to display predominantly strike-slip character (dextral or sinistral), while
faults oriented at higher angles may display normal to oblique sense of motion.

Geological, seismological, and geodetic data discussed previously clearly indicate that dextral
strike-slip along the NE-SW to ENE-WSW trending faults and fault zones is the dominant

deformation mechanism in the NAS, between the NAT to the north and the CP to the south
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Figure 4.3.6: Active fault network and distribution of the main Plio-Quaternary basins in the Aegean. Inset map:
seismic profiles available in the Aegean Sea. Red dots show the main volcanoes of the Volcanic Arc. Yellow areas
indicate Plio- Quaternary basins with sediment thickness >500m. Black lines show active faults; dashed black lines
indicate possible/ inferred faults. Ticks on the faults mark the hanging wall. Halfarrows show the sense of strike-slip
motion. Basins: Am, Amorgos; Ar, Argolic; CD, Cavo Doro; Ch, Christiana; H, Heraklion; K, Karpathos; Ka,
Kamilonissi; L, Lakonikos; M, Myrtoon; Me, Messiniakos; NAT, North Aegean Trough; NI, North Ikarian; NM, North
Mykonos; NS, North Skyros; Si, Sikinos.

(Kiratzi and Louvari, 2003; Kahle et al., 2000; Kreemer and Chamot-Rooke, 2004; Reilinger et al.,
2006, 2010; Perouse et al., 2012; Chatzipetros et al., 2013; Miiller et al., 2013). These faults and fault
zones terminate toward the SW before the coastline of Central Greece (Evia) and are associated
with NW-SE to WNW-ESE running, conjugate, sinistral strike-slip to oblique faults (Kiratzi and
Louvari, 2003; Ganas et al., 2005 and references therein; Miiller et al., 2013). These two fault

groups control the development of the Plio- Quaternary basins in the NAS as transtensional
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basins (Beniest et al., 2016). West of the NAS, in Central Greece (North Evia Gulf, Corinth Gulf,
Trichonis Lake), the fault network consists of WNW-ESE to NW-SE normal faults with or without
significant sinistral horizontal component. NE-SW dextral strike-slip faults are absent from
Central Greece and occur again further west, in NW Peloponnese.

The NE-SW trending fault zone that runs along the western margin of CD Basin and between
SE Evia and the Cyclades Archipelago (CD Strait) is the first one (from North to South) that
extends southwestwards beyond the eastern coastline of Central Greece. It breaks through the CP
and reaches the Myrtoon Basin (M) west of it. Similarly, the NE-SW fault zone running along the
southern margin of North Ikaria (NI) and North Mykonos Basins continues toward SW, south of
Mykonos, and is in line with the NE-SW faults between Milos and Serifos Islands. Both
aforementioned fault zones seem to be involved in the creation and evolution of the MB, along
with the WNW-ESE to NW-SE faults that control its southwestern margin.

The eastern half of the South Aegean Sea and the eastern sector of the Hellenic Trench, from
the CP to the Pliny and Strabo Trenches, are dominated by NE-SW to ENE-WSW trending strike-
slip to oblique faults and fault zones. Seismological and geological data indicate dextral
transtension for the Santorini to Amorgos area and dextral oblique rifting along the Amorgos
shear zone (Bohnhoff et al.,, 2006; Sakellariou et al., 2010; Piper et al., 2007, Tsampouraki-
Kraounaki and Sakellariou, 2017, 2018). Geological and geodetic data show that south of the
Amorgos shear zone the sense of shear changes from dextral to sinistral toward southeast.
Interestingly, the change in the sense of shear coincides with the southeastern boundary between
the “rigid” Central Aegean and the deforming Southeast Aegean blocks (Fig. 4.3.1C) as defined
by Reilinger et al. (2010). Sinistral strike-slip character has been proposed for the NE-SW to ENE-
WSW faults in the southeastern corner of the Aegean, including the GG, Kos and Nisyros areas,
Karpathos and Kamilonissi Basins, Rhodes, and Eastern Crete (Mascle and Martin, 1990; ten Veen
and Kleinspehn, 2002, 2003; Pe-Piper et al., 2005; Ulug et al., 2005; Tur et al., 2015; Ocakoglu et al.,
2018). The sinistral, strike-slip faulting in the SE Aegean coincides with the sinistral strike-slip
character of Pliny and Strabo Trenches. According to Kreemer and Chamot-Rooke (2004), the
Pliny and Strabo Trenches accommo- date 21-23mm/year of sinistral motion between the Aegean

plate and the MR.

154



Structure, tectonic processes and deformation of the South Aegean Sea

The western half of the South Aegean Sea displays NNW-SSE to WNW-ESE faulting
predominantly. Geodetic data indicate that this part of the Aegean behaves as a single block,
which translates toward SSW without significant internal deformation (McClusky et al., 2000;
Kreemer and Chamot-Rooke, 2004; Reilinger et al., 2006, 2010; Perouse et al., 2012). The latter
seems to be supported by the absence of upper plate seismicity (Kiratzi and Louvari, 2003) but is
in apparent contrast to the morphological and geological structure of the area (see Reilinger et al.,
2010 for discussion). The digital elevation model (DEM) of the western South Aegean Sea shows
many, smaller and larger, elongate to irregularly shaped basins. Most of the mare deeper than
1000m and are bounded by steep NNW-SSE to WNW-ESE and NE-SW-trending slopes, separated
from each other by shallow ridges and banks. The structural data indicate enhanced basin
subsidence and sedimentary unconformities attributed to active tectonic processes throughout
the Plio-Quaternary. Further west, the South Peloponnese is fractured by NNW-SSE trending
faults, which control the formation of horst and graben structure detected in the Messiniakos (Me)
and Lakonikos (L) Gulfs. Despite the absence of detailed bathymetric and seismic profiling data
south of Peloponnese, these faults seem to extend southwards and terminate at the IT. Dextral
motion of 19-23mm/year has been modeled by Kreemer and Chamot-Rooke (2004) along the
contact of the MR to the backstop and the IT. It is therefore possible that the NNW-SSE trending
extensional faulting in South Peloponnese may be kinematically related to the dextral motion
along the NW-SE trending IT.

4.3.7. Geodynamic Synthesis and Open Questions

The analysis of the new offshore morphology, the results of the reprocessing and
interpretation of the available, old and recent, seismic profiles and the published geological data
has allowed a new, detailed mapping of the offshore fault network and a better understanding of
the geological structure of the Aegean region (Figure 4.3.6). The integration of the newly
described geological structures with the available seismological and geodetic information allows
a re-evaluation and reinterpretation of the major geodynamic elements and of the regional and
local deformation pattern and kinematic regime (Figure 4.3.7).

The Kephallinia fault (KF) and the prolongation of the NAF in the NAT constitute the northern

dextral, strike-slip boundary of the deforming Aegean crust, as suggested very early on and
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confirmed repeatedly with various data sets (McKenzie, 1972, 1978; Dewey and Sengor 1979; Le
Pichon and Angelier, 1981; Taymaz et al., 1991; Kahle et al., 2000; McClusky et al., 2000; Kiratzi
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Figure 4.3.7: Plio-Quaternary deformation pattern in the overriding Aegean crust. Red dots show volcanoes of the
Vol- canic Arc. Yellow areas show Plio-Quaternary basins with sediment thickness>500m. The North Anatolian
(NAF), the Central Hellenic Relay Zone (CHRZ) and the Kephallinia fault (KF) mark the dextral, northern boundary
of the deforming Aegean. The Pliny-Strabo fault zone (PSF) marks the sinistral, southern boundary. Between them,
major and minor, NE-SW shear-zones split the Aegean in elongate crustal blocks. Between the NAF and the
Santorini- Amorgos (SA) fault zone they display dextral shear and are associated with NW-SE to N-S sinistral strike-
slip to oblique faults and W-E to WNW-ESE normal faults. South of SA the NE-SW shear zones display sinistral
sense of motion and are associated with N-S to NNE-SSW extensional step-over faults and WNW-ESE to NW-SE
normal faults. The formation of the Plio-Quaternary basins obeys the principles of basin formation along strike-slip
fault zones (Riedel, 1929; Mann et al., 1983; Christie-Blick and Biddle, 1985; Mann, 2007) and oblique rifting
(Withjack and Jamison, 1986). Major fault zones: AM, Antikythera-Milos; CDL, Cavo Doro-Lesvos; HK, Heraklion-
Kos; KN, Kasteli-Nisyros; KR, Karpathos-Rhodes; MI, Myrtoon-Ikaria; PI, Ptolemy-lerapetra; SA, Santorini-
Amorgos; SB, Skyros-Biga. Inset A: diagram showing the orientation of Riedel shears (P, R, R’, N) and of the
principal displacement zone (PDZ) in a dextral strike-slip deformation zone. R, P, and R’ are strike-slip faults, N are
normal faults (Riedel, 1929). Inset B: drawing explaining the kinematic of dextral oblique extension. R: rift trend;
RD: relative displacement direction between opposite sides of the rift (Withjack and Jamison, 1986). Inset C:
simplified drawing explaining the kinematic pattern in the southeastern Aegean and East Crete.
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and Louvari, 2003; Kreemer and Chamot-Rooke, 2004; Nyst and Thatcher, 2004; Reilinger et al.,
2006, 2010; Perouse et al., 2012; Miiller et al., 2013). Central Greece is located between the opposite
tips of the KF and the NAF, and acts as an extensional relay zone, the Central Hellenic Relay Zone
(CHRZ), between the two, left stepping, dextral strike-slip fault zones (KF and NAF), as already
proposed by Shaw and Jackson (2010), and coincides with the Central Hellenic Shear Zone
proposed by Papanikolaou and Royden (2007). The Pliny and Strabo Trenches (PSF) form the
eastern NE-SW-trending sector of the Hellenic Trench and represent the southern, sinistral
transform-type boundary of the overriding Aegean crust to the MR (Le Pichon and Angelier,
1979; Kahle et al., 1999; Kreemer and Chamot-Rooke, 2004, Reilinger et al., 2006, 2010; Shaw and
Jackson, 2010; Perouse et al., 2012; Ozbakir et al., 2013).

Between these two plate boundaries, the dextral northern one (KF-CHRZ-NAF) and the
sinistral southern one (PSF), the overriding Aegean crust “flows” toward SW to SSW and is being
internally deformed. The resultant SW- to SSW-ward extension is accommodated by major and
minor dextral NE-SW to ENE-WSW-oriented shear zones and conjugate sinistral strike-slip,
oblique, and normal faults. These various shear zones create local extension and transtension
evolving at rates and following trends which, locally, may differ from the overall extension rate
and orientation of the Aegean crust as a whole.

NNE-SSW extension in the North Aegean south of NAT is predominantly accommodated by
the NE-SW to ENE-WSW-trending dextral strike-slip Skyros-Biga (SB), Cavo Doro-Lesvos (CDL)
fault zones and several other minor ones along with NW-SE sinistral to oblique, conjugate faults,
and WNW-ESE normal faults. This kinematic pattern is compatible with the Riedel shears model
as expected in dextral strike-slip zones (Inset A in Figure 4.3.7): the dextral strike-slip, NE-SW,
and ENE-WSW faults represent the P and R shears, the NW-SE sinistral faults the R’ shears and
the WNW-ESE faults the N faults. Note that the fault pattern in the CHRZ coincides with the N
faults.

Further south, the dextral CDL and the Myrtoon-Ikaria (MI) fault zones break through the CP
and extend until the MB and the eastern margin of Peloponnese (see also Figure 4.3.6 of Brun et
al., 2016). Similarly, to the NAS structure, they are associated with NW-SE and WNW-ESE faults.

It is worthy to note that the two main tectonic directions, NE-SW and NW-SE, can be recognized
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on the main morphological elements of the Aegean Sea including the orientation of the Cyclades
and Dodecanese Islands. The Antikythera-Milos (AM) fault zone is probably a splay of the MI
Zone and can be followed until the western Cretan strait. The volcanic centers on and around
Milos Island are located on the MI Zone. According to the available geological and seismological
data, the Santorini-Amorgos (SA) fault zone is the last one toward south displaying dextral sense
of motion. It extends southwestwards through the central South Aegean and western Crete to the
ENE-WSW trending trench between the latter and Gavdos block. The SA Zone hosts the Santorini
volcanic province, which includes the Christiana is- lets, Santorini, and the Kolumbo volcanic
chain. All these volcanic centers are arranged in NE-SW direction (Kameni-Kolumbo Line) and
occur in the Anydhros Basin, one of the sub- basins developed along the SA fault zone.

All aforementioned zones are sinuous or curved shear zones. Releasing or restraining bends,
depending on the local kinematic pattern, form in the areas where the shear zones change
direction, creating transtensional and transpressional structures locally. The Plio- Quaternary
basins have developed either in a transtensional regime on releasing bends, or as pull-apart
basins, or at the junction between the NE-SW dextral strike-slip and the NW-SE sinistral strike-
slip to oblique faults and in horsetail structures. Oblique rifting along the NE-SW fault zones (see
Inset B in Figure 4.3.7) is another mechanism explaining basin formation in the Aegean, in
particular along the SA fault zone. The submarine shallow ridges and banks, as well as the
islands, represent uplifted blocks, possibly associated with restraining bends. This deformation
mechanism can explain the creation of the “Aegean puzzle” consisting of areas of enhanced local
subsidence alternating rapidly spatially with uplifted blocks.

Southeast of the SA fault zone, in the southeastern Aegean, the sense of shear changes from
dextral to sinistral. The Heraklion-Kos (HK), Kasteli-Nisyros (KN), Ptolemy-lerapetra (PI), and
KR fault zones display sinistral sense of shear and follow the kinematic character of the Pliny and
Strabo fault zones. They are associated with NNE-SSW oriented normal to oblique faults,
including the spectacular, predominantly normal faults, which crosscut eastern Crete and link
the ENE-WSW strike-slip zones in southeastern Aegean to the ones running along the troughs
south of Crete and east of Gavdos (see Inset C in Figure 4.3.7) (ten Veen and Kleinspehn, 2003).

The spindle-shaped Kamilonissi and the lazy-S shaped Karpathos Basins (Ka and K in Figure
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4.3.6), the deepest basins of the Aegean Sea, have developed as pull-apart basins along the KN
and KR sinistral shear zones, respectively.

The IT represents a complex NW-SE-trending geodynamic element. Geodetic data (Kreemer
and Chamot-Rooke, 2004) show that the backstop, southwest of the trench, belongs to the
overriding Aegean crust. Thus the IT, which accommodates a considerable amount of dextral
strike-slip motion, does not coincide with the outer limit of the Aegean crust. The southeastern
part of the IT is offset in en-echelon arranged segments by the three ENE- WSW shear zones
(Ptolemy, Pliny, and Strabo). The characteristics of the northwestern part of the trench, west of
Crete until the Kephallinia fault, are less well constrained. It probably represents the surface
expression of a diffuse dextral strike-slip zone developed within the upper plate, between the
backstop and the arc and may be associated with SW-ward thrusting in the lower upper plate.
The NNW-SSE trending normal faults in South Peloponnese may also be related with the
kinematics of the IT.

The geodynamic configuration presented above and in Figure 4.3.7. accommodates the
deformation of the Aegean microplate during the Plio-Quaternary. Widespread, arc-
perpendicular, back-arc extension presumably prevailing in Miocene has been progressively
replaced in the Plio-Quaternary by extensive shearing along NE-SW strike-slip zones imposing a
complex pattern of localized transtension and formation of new basins along with local
transpression, uplift, and creation of structural highs. Whereas the rollback of the East
Mediterranean slab remains the driving mechanism for the extension of the overriding Aegean
crust, the reasons for the progressive change in the style of deformation in the Plio-Quaternary
can be found in: (i) the incipient collision of the Aegean crust with the Libyan promontory south
of Crete in Late Miocene-Early Pliocene, which may have led to the partitioning of strain along
the Hellenic arc; (ii) the initiation of the Kephallinia fault as a dextral, strike-slip boundary
between the Apulia- NW Greece continent-continent collision to the NW and the ongoing
subduction of the Ionian slab to the SE; (iii) the westward motion of Anatolia and the advance of
the NAF and its branches in the Aegean Sea; (iv) the recently observed segmentation of the
subducting Ionian slab into dipping panels by along-dip faults and the suggested mechanical

coupling between the lower and the upper plate (Sachpazi et al., 20164, b).
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However, backarc extension in the Aegean was initiated already in the Middle Eocene and
was driven by the rollback of the subducting East Mediterranean slab (Royden, 1993; Jolivet and
Faccenna, 2000; Faccenna et al., 2003, 2014; Brun and Faccenna, 2008; Brun and Sokoutis, 2010,
Jolivet and Brun, 2010, Jolivet et al., 2013). The velocity of the trench retreat was <lcm/ year until
Middle Miocene and the slow rate of extension was associated with the exhumation of the
metamorphic core complexes. The trench retreat accelerated progressively since Middle Miocene
to reach 3.2cm/year in the Plio-Quaternary, the crustal extension became distributed and led to
the formation of Neogene basins in the Aegean (Brun et al., 2016). Therefore, it should not be
excluded that some of the faults and fault zones active in the Plio-Quaternary may have exploited
preexisting zones of mechanical discontinuity or may be inherited from older, Middle to Upper
Miocene tectonic elements, which became themselves deformed, rotated or changed their
kinematic character as the deformation of the Aegean crust was progressing and the curvature of
the Hellenic arc was increasing.

As already stated, systematic swath bathymetry and seismic profiling data are available only
from limited offshore areas in the Aegean and the Hellenic Trench. Most parts of them are either
not surveyed or covered by sparse data, thus their structure is not known in detail. This leaves
many open questions on the evolution and the style of deformation of individual areas as well as
on the precise location of major and minor faults and fault zones. The deformation pattern of the
entire Aegean as described above will be continuously updated and refined in the future, as new
data will be made available.
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5. Conclusions-Discussion

The conclusions arising from this study, confirm the complicated pattern of deformation
governing not only the southern Aegean but the entire Aegean as a whole. The main results that
emerged from the three published papers are presented in detail in subchapters 4.1.7, 4.2.7 and
4.3.7. This chapter is an attempt to summarize and synthesize these results as well as to highlight
the hitherto unanswered questions concerning the kinematics and deformation of the Aegean.

The seismic stratigraphy of Christiana has been compared with the seismic stratigraphy of the
neighboring Myrtoon Basin as presented by Anastasakis and Piper (2005) to enable a
chronostratigraphic approach to the basin’s sedimentary processes. Plio-Quaternary sediments
constitute the Christiana Basin’s infill. On the basin’s margins the sedimentary formations overly
the Messinian erosion surface, while in the basin, they have been deposited above the Messinian
evaporites. A prominent dome observed in the central part of the basin has been interpreted as a
probable salt dome intruding the lower part of the basin infill. Seven distinct seismic units have
been recognized within the basin’s infill. At least three thick, chaotic layers, with irregular
morphology have been mapped on the eastern part of the basin and have been associated with
volcanoclastic deposits derived from Santorini volcanic center. The youngest of them (deposit I)
is associated with the Early Bronze Age (Minoan) eruption, while the next (deposit II) is slightly
younger than 0,42 Ma and may be related to the Peristeria volcano. The lowest recognizable thick
deposit (III) is the thickest and widest distributed pyroclastic flow deposit in the basin and most
probably the biggest in the entire South Aegean. It has been deposited shortly after 1.2 Ma and
may be linked with an eruption of the early volcanic centers of Akrotiri.

The structural analysis of Christiana Basin indicates that the post-Miocene evolution of the
basin displays two main stages. During the early stage, subsidence of the three main depocenters
in the NW, W and SE part of the basin has been controlled by E-W to ESE- WNW trending faults,
with a significant horizontal component of movement. The end of the early stage is marked by
the cessation of activity on the southern marginal fault and the migration of the northern faults
towards the north where the basin expanded significantly towards the south and north. New
deposits covered the old, southern tectonic margin and draped unconformably the Christiana

Ridge which separates Christiana Basin from Cretan Basin to the south. The ridge has undergone
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southward tilting as has been evidenced by the southward slopping of the top of the alpine
basement and its sedimentary cover. The southern margin marks the transition from the early,
fault-controlled basin boundary to the present, not faulted margin. The old northern margin has
also been covered by new deposits while the present margin is located much closer to
Folegandros and Sikinos Islands and trends WSW-ENE. The current picture of Christiana
suggests that it continues to be at the second stage of development, while the first stage lasted
until the Lower or Middle Pleistocene.

On the offshore area between Santorini and Amorgos Islands, the processing and the
interpretation of swath bathymetry and seismic data, reveal the existence of seven morphological
basins (Anydros, Anafi, Amorgos South, Amorgos North, Kinairos, Astypalea North and
Astypalea South basins) and four ridges (Astypalea and Anydros ridges with their splays and
Akrotiri and Anafi ridges). The basins display a spindle or elongate shape and trend NE-SW. Six
distinct seismic units have been mapped within the sedimentary infill of the basins, while
Astypalea and Anydros Ridges are covered by uplifted, tilted sediments of the lowermost parts
of the neighboring basins. At least four major unconformities have been recognized in all basins
suggesting that major tectonic events have affected the entire area. They are named from top to
bottom as U1, U2, U3 and U4. The description and stratigraphic position of unconformities U1,
U2 and U3 allow their correlation with UR3, UR2 and/or UA1 respectively of Piper and
Perissoratis (2003) which led to a chronological estimation where U1 dated at 150-190 ka years,
while U3 probably indicate the boundary between sediments of Pliocene and Quaternary age and
is proposed here as equivalent to the Early Quaternary unconformity observed in DSDP hole 378
(Hsu et al., 1978).

The formation of the basins is mainly controlled by NE-SW trending, SE dipping faults and
WNW-ESE to W-E trending, SSW-or S-dipping step-over faults. The basins display northward
asymmetry, except Anydros and Astypalea South basins. The unconformity U3 marks the onset
of enhanced tectonic activity along with the present, marginal faults which led to a significant
northward tilting of the lower parts of the sedimentary infill of the basins and led to the uplift
and formation of the ridges along the southern margins. Pop-up structures that have formed

within the basins and on the ridges indicate deformation due to horizontal shearing.
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The SASZ initiated as a single and E-W oriented single basin in the Early Pliocene, composed
of the ancestors of Anafi, Amorgos South, Amorgos North and Kinairos basins. In the Early
Quaternary it has been evolved into a more complex structure of seven elongated NE-SW
trending basins, separated by shallow ridges. Unconformity U3 marks this transition which
evolved further during Quaternary and led to the present geotectonic configuration of SASZ. It
is proposed here that the deformation of the area has been controlled by dextral shearing and
oblique rifting which is accommodated by NE-SW strike-slip to highly oblique faults and fault
zones, running at a low angle with respect to the NNE-SSW oriented kinematic vectors, and by
roughly W-E striking, normal, transfer faults. The dip-slip normal focal mechanism, modeled for
the 9th of July, 1956 Amorgos earthquake, can be compatible with the dextral shearing kinematics
of SASZ as it fits perfectly with the geometry and kinematic characteristics of the W-E striking
Amorgos South Relay Fault (ASRF).

The focused research on the two neighboring areas of the South Aegean (Christiana Basin and
SASZ) yielded a series of interesting observations and results. The observations of Perissoratis
(1995) and Piper and Perissoratis (2003) on the change in the strike of the faults from E-W to NE-
SW, during the Early Pleistocene, are in contrast with the result arising for Christiana Basin from
the current dissertation. The direction of the marginal faults throughout its evolution in two
stages remains constant. On the other hand, further east, in the area between Santorini, Amorgos
and Astypalea Islands, there is a change in the morphology, where an initially E-W oriented,
single basin, evolves into a more complex structure of SW-NE trending, multiple basins and
ridges in Early Quaternary. The limited and sparse data do not allow a clear interpretation of
why this is happening. This apparent discrepancy may be explained by various interpretations.
The extensional kinematic regime, expressed by E-W trending faults during Pliocene, has been
changed to a new kinematic pattern composed mainly of NE- SW oblique faulting during Early
Quaternary. This change, which affected mainly the Santorini-Amorgos Shear Zone, may have
reactivated Christiana Basin as an extensional structure at the termination of a dextral shear zone
(a sort of horsetail structure) in its later stage of evolution. Another possible interpretation is
related to the changes in curvature between the central, and the eastern and western parts of the

Hellenic Arc. The Hellenic plate boundary has stepped southward and its curvature increased,
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forcing plate convergence vectors to evolve with changes most strongly expressed along the
easternmost and westernmost Hellenic subduction zone (Ten Veen and Kleinspehn, 2002 and
references therein). This can be reflected in the different kinematic patterns that have been
observed in the South Aegean, with rapidly evolving extensional areas and areas whose
deformation is the result of a more complex and oblique displacement pattern.

The evolution of the area south of Amorgos from one single basin to a more complex structure
of asymmetric basins seems to be chronologically related to the transition of Christiana basin from
the first to the second stage of development. Unconformity U3, which is dated as an Early
Quaternary unconformity and marks this change in the geodynamic configuration, is related to
several major unconformities described by previous literature data for the entire South Aegean
(Bartole et al., 1983; Mascle and Martin, 1990; Perissoratis, 1995; Piper and Perossoratis, 2003;
Piper et al., 2007).

Bartole et al. (1983) suggested that the present-day morphology of the South Aegean is the
result of very strong differential tectonic movements during the Early Quaternary. Figure 5.1
illustrates old, analog seismic profiles acquired by Bartole et al., (1983), from the western and
central part of the South Aegean. The reflector Q has been mapped in the Iraklion Basin (Figure
3A of Bartole) and Akrotiri Basin (Figure 3B) and according to the authors corresponds to the
Lower-Middle Quaternary unconformity found at the ODP site 378 (Hsu et al., 1978). They also
mentioned that the Pliocene sediments filled mainly the basinal areas, while the structural highs
were covered mostly by sediments of Quaternary age. The seismic character of the Q horizon and
its geometrical relationship with the underlying and overlying seismic units coincides very well
with the unconformity U3 in the Santorini-Amorgos area. This unconformity marks the onset of
a new geodynamic regime where the N-S oriented extension accommodated by W-E normal
faults changes to a more complicated pattern of transpression and transtension zones
accommodated by NE- SW and NW-SE conjugate, strike-slip to oblique faulting and secondary
W-E faults (see also Perissoratis, 1995; Piper and Perissoratis, 2003). This is in agreement with the

observation of Briole et al. (2021) who recognized dextral transtensional movement of 4.5 mm yr-!
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between the Amorgos and Astypalea islands. All of the above, suggest that a major change during

the Plio-Quaternary led to a complete reconstruction of several areas of the South Aegean Sea.

Figure 5.1: Seismic profiles acquired by Bartole et al. (1983). Q: Quaternary sediments, P: Pliocene sediments, M:
Messinian evaporites

Interesting observations also emerged by the analysis of the offshore fault network and the
offshore morphology, in combination with the re-evaluation of the results arise from the seismic
interpretation and re-interpretation of old and new seismic profiles and previous literature data.
Most of the morphological basins in the Aegean Sea, which are aligned in NE-SW to ENE-WSW
and secondarily in NW-SE to WNW-ESE directions, coincide with the main Plio-Quaternary
basins indicating that the present morphological configuration resulted from the geodynamic
processes that have been active during the last 5 Ma. The spatial distribution of volcanos along
the arc has been controlled mainly by active tectonic mechanisms. NE-trending faults control the
NE-alligment of the volcanic features and the development of the volcanic centers has been
associated with transtensional deformation (Kokkalas and Aydin, 2013). The Aegean crust flows
to the SSW between its northern dextral boundary (defined by the Kefallonia Fault, the Central

Hellenic Relay Zone and the North Anatolian Fault) and its sinistral southern boundary (defined
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by Pliny and Strabo fault zone). Extensive shearing along NE-SW strike-slip zones in Plio-
Quaternary replaces the Miocene, arc-perpendicular, back-arc extension. The complex pattern of
the internal Aegean domain accommodates a complex pattern of localized transpressional and
transtentional features and is resulted from the extensional deformation in combination with
strike-slip tectonics.

The cause of these enlarged changes in the geodynamic configuration of the South Aegean Sea,
around, is not yet clear. The complicated deformation pattern within the Aegean "microplate" has
not been systematically described or is poorly understood. Many offshore areas in the Aegean
are still not surveyed thus the questions on its intraplate deformation and kinematics remain
largely unanswered. It is widely accepted that the propagation of the North Anatolian Fault in
the North Aegean resulted in the geodynamic framework of the entire Aegean Sea. Armijo et al.
(1996-1999) proposed that NAF propagated in the North Aegean in Late Miocene to Early
Pliocene, at roughly 5 Ma BP. More recent studies propose that NAF may have arrived in the
Aegean in the Early Pleistocene, at 2 Ma BP (Le Pichon et al., 2015), or Early to Middle Pleistocene
(Beniest et al., 2016). The latter coincides largely with the observed changes in the geodynamic
processes and on the morphological configuration of the South Aegean. This strongly indicates
that the gradual propagation of the North Anatolian Fault in the North Aegean may trigger the

Early Quaternary to present deformation.
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6. Strategy Plan for Future Research

The processing and reprocessing of old and recent seismic profiles and swath bathymetry data,
and the integration of previous literature data on the interpretation have contributed to the
understanding of the geodynamic evolution of the South Aegean Sea. However, the analysis of
the present-day kinematics requires a detailed geological study for the entire South Aegean. As
mentioned in previous chapters, many areas are either unexplored or covered with poor quality,
older or sparse, data. The detailed mapping of the offshore faulting and the geomorphological
configuration is necessary to clearly define the geodynamic framework under which the
deformation that governs the Aegean takes place.

Tectonic deformation governing the Aegean back-arc domain involves complex geodynamic
processes. The results obtained from the current study deviate from the prevailing theory of
Armijo et al. (1996) with the arc-parallel zones of extension. It is proposed here that the deforming
Aegean flows towards SW, between the two plate boundaries of the dextral North Anatolian
Fault and the sinistral Pliny and Strabo Fault Zone. The randomly distributed basins and ridges
associated with NW-SE and NE-SW strike-slip to oblique faults and W-E or WNW-ESE to NW-
SE normal faults indicate local zones of extension and transtension accommodated by strike-slip
to oblique faults and by normal faults.

A thorough geological study of the Central and South Aegean could answer the long-standing
questions on the deformation that prevails in back-arc areas. Very few studies have been
conducted in the Central Aegean and their results provide information mainly for the local
deformation processes. The systematic survey of this area which is considered until today as a
rigid block can reveal very interesting observations about its internal deformation.

The available seismic data in the South Aegean Sea are mainly old, analog seismic profiles or
single-channel profiles with limited coverage. It is crucial to improve our knowledge on the
geological structure and the evolution of that area to understand the geodynamic framework and
kinematics prevailing in the area. The Santorini-Amorgos Shear Zone constitutes the
southernmost area in which dextral sense of motion is observed. South of that area the kinematics

change from dextral to sinistral. The same area also coincides with the southeastern boundary of
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Figure 6.1. Bathymetric map of the Aegean. The white dotted squares illustrate areas for suggested future research.
NIB: Borth Ikaria Basin, SIB: South Ikaria Basin, NMB: North Mykonos Bsin, MB: Myrtoon Basin, MaB: Maleas Basin,
HB: Heraklion Basin, KaB: Kamilonissi Basin, NKB: North Karpathos Basin, SKB: South Karpathos Basin.

the Central Aegean Block, which displays little internal stretching as defined by Reilinger et al.
(2010). What is changing in the geodynamic context and the Santorini-Amorgos Shear Zone
illustrates the boundary between a dextral and a sinistral sense of movement? The
geomorphological configuration and orientation of the major basins of the South Aegean (e.g.
Maleas Basin, Heraklion Basin, Kamillonisi Basin, Karpathos basin e.t.c.) resulted only from

extensional normal faulting mechanisms or includes a more complex mechanism of strike-slip to
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oblique faulting? What is the correlation between the observed Plio-Quaternary unconformity
and the overall deformation that affects the entire Aegean? Is the change in the faulting direction
and which is expressed also and by this unconformity, related to the propagation of the North
Anatolian Fault on the North Aegean?

The map in Figure 6.1: illustrates suggested areas for future research. Better coverage in swath
bathymetry and digital seismic profiles acquired from these areas can contribute to the
understanding of the geological background while leading to a better assessment of potential
future geological hazards. In addition, the installation of a denser network of GPS stations in
various Aegean islands could provide information for the smaller scale movements. The detailed
mapping of the fault network and the geomorphological structures, as well as the systematic
recording of the directions and velocities of the individual displacements, can provide answers
to hitherto unanswered questions about the evolution and the style of deformation of the Aegean

domain.
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