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Global Stratigrafinin Temelleri: Global Olaylar m1? Antlasma mi1?

A.M. Celal Sengor

Istanbul Teknik Universitesi, Maden Fakiiltesi, Avrasya Yerbilimleri Enstitiisti,
34469 Ayazaga, Istanbul (E-posta: sengor@itu.edu.tr)

Stratigrafi, kayaglarin mekan iligkilerinden zaman iliskileri ¢ikarma bilimidir. Bir diger deyisle
kayaclarin sekillerinden ve bu sekillerin birbirleriyle olan geometrik iligkilerinden olusum,
deformasyon ve bagkalagma siirecleri hakkinda zamansal ifadeler iiretir. Bu zamansal ifadelerin
uretilmesi, sekillerin ve bu sekiller arasindaki geometrik iligkilerin hangi siiregler tarafindan
olusturduklarinin bilinmesine baglidir. Dolayisiyla siire¢ bilinmeden, yalnizca mostrada goriilenle
stratigrafi yapmak miimkiin degildir.

19. yiizyilin sonunda jeolojinin bugiine kadar bir kisi tarafindan yapilmig en biiylik sentezi tiretilmisti.
Eduard Suess ‘in (1831-1914) Das Antlitz der Erde (Arzin Cehresi: 1883—1909) adli, 26 yilda
yazilmis dort ciltlik bu dev kitabinin temel varsayimi, Ingiltere ve kit’a Avrupasinda onsekizinci
yiizy1ilin son on y1ili ve ondokuzuncu yiizyilin ilk yarisinda yapilan ¢aligmalar sonucu ortaya ¢ikarilmig
olan jeolojik zaman tablosunun tiim diinyada gecerli olabilmesinin nedeninin, jeolojik devir ve
zamanlarinin sinirlariin global jeolojik olaylar tarafindan tayin edilmis olmasiydi. Onsekizinci
ylizyilin sonunda Georges Cuvier’nin fosiller yardimiyla kurdugu biyostratigrafinin tiim diinyada
gecerli gecerli oldugu ve bunun nedeninin diinya ¢apinda olan afetlerin biyosferi zaman zaman
«yeniledikleri» ididasina arkadasi biiylik cografyact Alexander von Humboldt, 1823 yilinda fosil
degeri olan hi¢bir canlinin tiim diinyaya yaygin olarak yasamasinin miimkiin olamayacagi
disiincesiyle karst ¢ikmisti. Von Humboldt, bugiin canlilarin iklim kusaklarina gore dagilmisg
olduklarina isaret ederek bunun ge¢miste de bdyle olmasi gerektigini ileri siirmiis, dolayisiyla
fosillerle tiim diinyada gecgerli bir zaman skalasini olusturmanin miimkiin olamayacagini sdylemisti.
Cuvier bu elestiriye cevap vermedi ve eski iddiasini siirdirmeye devam etti. 1830—1833 yillar
arasinda Sir Charles Lyell «Principles of Geology» (Jeolojinin Ilkeleri) adli biiyiik klasigini yayimlad.
Burada Sir Charles, diinya ¢apinda hi¢bir jeolojik olayin olmadigini tiim olaylarin yerel dlgeklerde
cereyan ettigi tezini gelistirdi. Sanilanin aksine Sir Charles afet fikrine karsi degildi: Tek sart1 bu
afetler icin bugiin de islediklerini gordiigiimiiz mekanizmalarin olmas: gerektigiydi. Ornegin, Kuzey
Amerika’nin Biiyiik Gollerinin afet halinde bosalarak kit’anin biiylik bir kesiminde seller
olusturmasint miimkiin goriiyordu, ¢iinkii bunun icin olasili mekanizmalar diisiiniilebiliyordu. Ancak
mesela tiim diinyayr etkilemis bir tifan mimkiin degildi. Suess global olaylar olmadan diinya
stratigrafisinde bir tekdiizelik olamayacagi kanisindaydi. Bu kani onu oOstatik olaylar kavramina
gotiirdii.

Bugiin de fiziksel stratigraflar ayni1 kaniyla Ostatik hareketlerin tiim diinyada aym1 anda aymi olaylar
tetiklediklerinden hareketle bir kronostratigrafi yaratma pesindedirler. Halbuki sahil pozisyonu hem
kit’a hareketinin hem de diinya deniz seviyesinin hareketiyle ilgilidir. Buna bir de diinya i¢indeki kiitle
dagiliminin yarattigi ¢ekim diizensizliklerini koyarsak, deniz seviyesinin kronolojik kilavuz olarak
almamayacag1 ortaya cikar. Peki global fiziksel stratigrafi miimkiin degil midir? Bunun simdilik
yalnizca Milankovi¢ dongiileriyle kiigilk alanlarda miimkiin olabilecegi goriilmektedir.
Paleomanyetizma tam anlamiyla kiiresel oldugu halde bazi zaman araliklarinin ¢ok uzun olmasi
burada da karsimiza giicliikler ¢ikarmaktadir. Modern stratigrafi giincel bolgesel jeolojinin en 6énemli
dalidir. Stratigrafi, bolgesel jeoloji yapilmadan, i¢inde kuruldugu alanin genel jeolojisi bilinmeden ve
tektonik ve eski iklimsel manzara géz Oniine alinmadan yapilamaz. Giiniimiizde, jeoloji fizik-kimya
Ozentisi igerisinde bu harita temelli bolgesel jeoloji bilesenini gézden ¢ikarmistir. Bu yalniz jeoloji igin
degil, refahi i¢in jeolojiye bagh insan uygarligi i¢in de biiyiik bir felakettir.

Anahtar Sézciikler: stratigrafi, Milankovig, paleomanyetizma, dizi stratigrafisi, Ostatik hareketler,
iklim degisiklikleri
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Foundations of Stratigraphy: Global Events or Consensus?
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Stratigraphy is the science that deduces temporal relations from spatial relations of rock masses. In
other words, it generates temporal propositions on the basis of shapes of rock bodies and from
geometric relationships of such bodies with each other. The generation of such propositions is
dependent on a knowledge of the processes that formed the shapes of rock bodies and their geometric
relations with each other. Thus, it is impossible to do stratigraphy with what is seen on outcropwithout
a knowledge of the processes that shaped the empirical data in the outcrop.

At the end of the 19™ century the greatest synthesis that geology had ever received from the hand of a
single individual was published. The fundamental assumption of this collosal book by Eduard Suess
(1831-1914), written over 26 years under the title of Das Antlitz der Erde in four volumes
(1883—1909), was that the geological time table created during the last decade of the eighteenth and
the first half of the nineteenth century was valid worldwide and the reason for that was that there had
been global events determining the boundaries of systems and erathems. At the end of the eightenth
century, Cuvier claimed that the stratigraphy he erected by means of fossils was valid worldwide,
because global catastrophes now and then renewed the biosphere. His friend Alexander von Humboldt
objected to this claim, because the great geographer pointed out that no organism with any fosil value
had a wordwide distribution today and that this had probably been also so in the past. Hence no global
stratigraphy could be possible on the basis of fossils along. Cuvier ignored his criticism and continued
his claim of universality for biostratigraphy. Between the years 1830 and 1833, Sir Charles Lyell
published his great classic the Principles of Geology. In it Sir Charles developed the thesis that there
were no global events and allg eological development occurred in form of local events. Contrary to
common knowledge, Sir Charles was not against catastrophes. His only condition was that they should
have reasons that can be seen in operation today. For example he thought a catastrophic emptying of
the North American Great Lakes to create a continentwide flood entirely possible, because it was
possible to conjure up mechanisms for such an event. By contrast a deluge affecting the whole world
was outside the realm of possibility. Suess was of the opinion that no global statigraphy would be
possible without having also global events.

Today physical stratigraphers claim global synchroneity for eustatic events because of a similr
conviction and they try to crate a globally valid chronostratigraphy. However, movements of
coastlines are a function of both the movement of the sea-level worldwide and he motion of continents
locally. If we add to this the irregular distribution of masses within the earth creating gravity
anomalies, it would be seen that sea-level cannot be taken as a chronostratigraphic horizon. Is it then
global physical stratigraphy is impossible? This can be done now in small areas by using the
Milankovich cycles. Palacomagnetism is truly global, but its resolution is at times creates problems or
fine correlations. Modern stratigraphy is a very important branch of modern regional geology.
Stratigraphy cannot be done without doing the regional geology, without knowing the regional
geology of the region in which the stratigraphic data would be contemplated in terms of processes,
without knowing the tectonics and the palacogeography. In our day, geology has sacrificed its regional
component based on mapping because of its desire to resemble physics and chemistry. This is a
catastrophe not only for geology, but also for human civilisation dependent on geological knowledge
fort its safety, comfort and prosperity.

Key Words: stratigraphy, Milankovich, palaeomagnetism, sequence stratigraphy, eustatic movements,
climate change
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The Netherlands (E-posta: wortel@geo.uu.nl)

Akdeniz Bolgesi Afrika/Arabistan ve Avrasya levha smirlarinin yakinlasma zonu olarak bilinir.
Bolgenin genelde carpisma zonunda oldugu kabul edilse de, ¢arpismanin dogasi biiytik farkliliklar
gosterirken, yapilan aymrimlar ‘sert’ ve ‘yumusak’ ¢arpigma arasinda degismektedir. Bu ¢aligmada
litosfer olgegindeki levha etkilesimi {izerinde odaklastik. Bunu yapma i¢in levha smir1 prosesleri ve
gozlemsel verileri dikkate alan sayisal modelleme sonuglar ile sismik tomografi sonuglarinin birlikte
degerlendirdik.

Dalma-batma zonunun dogrultusu boyunca dalan levhanin 6zelliklerinin okyanusaldan kitasal kabuga
dogru yanal degisimleri levha sinirlarinin pargalara boliinmesine ve Akdeniz joelojisinin karakteristik
Ozelliklerinden biri olan ayri/farkli yay yapilarinin ortaya ¢ikmasina sebep olmustur. Litosfer
Olgegindeki prosesler yay-kita ya da kita-kita carpismasi (toplu olarak kitasal carpisma olarak
bahsedilmis), dalan parca kopmasi (slab detachmenf) muhtemelen dalan parganin diisey olarak
yirtilmasi, STEP (dalma-batma—Transform kenarmnin Yayilmasi) faylarimin olusmasi, ve yay-ardi
genislemelerini igermektedir. Akdeniz bolgesindeki yaylarin kavisli olmalar1t STEP faylarin 6nemine
isaret etmektedir. Hem Dogu hem de Bati Akdeniz bdlgelerinden ornekler verilecektir. Bati
Akdeniz’de yay-kita carpismasit kuzey Afrika ve Adria kiyilar1 boyunca jeodinamik evrimin
anlagilmasi i¢in ¢ok Onemlidir. Buna karsimn, doguda Bitlis ¢arpigmasi Kibris yaymin olugsmunu
tetiklemis gibi goriinmektedir.

Kitasal c¢arpisma levhalarin geometrisini, Ozellikle levha smir zonlart ile dalan pargacigin
goriiniiglerini, etkiledigi i¢in ¢arpigsma sonrasi magmatizmasi ile iist manto PT kosullarini ve etkili
dalan-parca kuvvetlerini degistirerek tektonik evrimi de etkilemektedir. Beraber, 6n goriilen gegisli
stirecler Akdeniz jeolojisindeki bir ¢ok ¢arpici 6zellikleri agiklamaktadir.

Anahtar Sézciikler: dalma-batma, sismik tomografi, kitasal ¢arpisma, dalan parka kopmasi, roll-
back, Akdeniz, STEP fay
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The Mediterranean region is known as a convergent plate boundary zone of the African/Arabian and
Eurasian plates. Whereas the region is often referred to as being in the state of collision, the nature of
the collision varies strongly, and distinction has been made between between ‘hard’ and ‘soft’
collision. In this study we focus on the lithospheric scale of the plate interaction and in doing so we
combine seismic tomography results with numerical modeling results on plate boundary processes and
observational evidence.

Lateral variations (along the strike of the subduction zone) in properties of the subducting plates, from
oceanic to continental, lead to segmentation of the plate boundary, giving rise to formation of separate
arc structures characteristic of Mediterranean geology. The lithospheric scale processes involve arc-
continent or continent-continent collision (collectively referred to as continental collision), slab
detachment, possibly vertical tearing of the subducting slab, the formation of STEP (Subduction-
Transform Edge Propagator) faults, and back-arc extension. The high-curvature arcs in the
Mediterranean region point to the significance of STEP faults. Examples will be given from both the
western-central Mediterranean and the eastern Mediterranean region. In the former the arc-continent
collision along the North African and Adria margins is crucial for understanding the geodynamical
evolution, whereas in the latter the Bitlis collision appears to have triggered the formation of the
Cyprus arc.

Since continental collision affects the geometry of the interacting plates, in particular the configuration
of the plate contact zone and of the subducting slab, it affects (post-collisional) magmatism and
tectonic evolution through changes in upper mantle PT conditions and effective slab pull forces. In
combination, the transient processes envisaged account for many striking features in Mediterranean

geology.

Key Words: subduction, seismic tomography, continental collision, slab detachment, roll-back, STEP
fault, Mediterranean
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Son yillarda, geleneksel ve degismez oldugu diisiiniilen jeoloji ile jeomorfoloji ve iklim bilimleri
arasindaki duvarlar yikilmis, yerkiirenin derinliklerinde ve yiizeyde gerceklesen fiziksel olaylar yogun
bir irdelenmeye konu olmaya baglamistir. Bu tiir etkilesimlerin en iyi gézlemlendigi ve dolayisi ile
tartisildig1 yerlerin basinda orojenik platolar gelmektedir. Orojenik platolar yiikselmis, genis yayiliml
ve genelde asinmis morfolojileri ile (yar1) kurak iklim kosullart1 ve endoreyik (kapali) drenajin
gozlendigi, sarp ve yogun bitki Ortiisli iceren daglarla siirli alanlar olarak tanimlanirlar. Bu birinci
derece jeolojik yapilarin olusumuna iligkin yorumlar tamamen iklim kontrollii varsayimlar ile dalan
levhanin kopmasi ve/veya delaminasyon gibi derinlerde gerceklesen olaylar arasinda degismektedir.

Alt1 tilkenin ulusal bilim vakiflar1 tarafindan desteklenen ve Avrupa Bilim Vakfi (ESF) tarafindan
esglidiimii saglanan Anadolu Platosu Yiikselimi Projesi (VAMP), Orta Anadolu Platosu’nu (OAP)
orojenik platolarin kaynagini aragtirmak, litosferik ve iklimsel olaylarin etkilesimlerini kavrayabilmek
i¢in ideal bir dogal laboratuvar olarak se¢gmistir.

VAMP kapsaminda bir araya gelen 10 degisik kurum jeomorfolojiden jeokimyaya, tektonikten
paleomagmatizmaya kadar degisen dallarda ¢alisan bilim insanlarm icermekte olup TUBITAK
araciligi ile Tirkiye gerek katilan bilim adami sayis1 gerekse projeye ayrilan biitge agisindan en 6nemli
iilkelerden biri konumundadir.

VAMP kapsaminda ii¢ degisik bolgede ¢ok disiplinli bir yaklasim ile gesitli yontemler uygulanacak ve
sonucta sayisal modellemeye gidilecektir. Plato’nun i¢ kesimlerinde sedimanter kayitlar araciligi ile
kitasal platolarda kurakligin yerlesimi, golsel donemden fliivyal doneme gegis ve bdlgesel asinim
evreleri incelenecek ve bu olaylar biostratigrafik ve magnetostratigrafik yontemler ile
yaslandirilacaktir. Diisey hareketlerin anlagilmasi i¢in tektonik modeller uygulanacaktir. Plato’nun i¢
kesimleri ile digindaki denizel havzalar arasindaki sarp simirlarda Goksu ve Kizilirmak Nehirleri’nin
yarmasi nicel olarak tespit edilecek ve yaslandirilacaktir. Ayrica plato siirlarinin diklesmesine sebep
olan tektonik olaylar irdelenecektir. OAP’nu kuzeyden ve giineyden sinirlayan Karadeniz ve
Akdeniz’de ise diisey hareketlilik ve egimdeki gelismeler sismik veriler yardimi ile tanimlanacak ve
OAP’nun yiikselimini kayit altina alan delta ilerleme donemleri belirlenecektir.

Bir bilgi ve diisiince platformu olarak tasarlanan VAMP, sadece katilime1 kurumlar arasinda etkilesimi
saglamakla kalmayip konuya ilgi duyan ve katkida bulunmak isteyen -6zellikle Tiirkiye’den- tiim

aragtiricilara agiktir.

Anahtar Sézciikler: kitasal platolar, Anadolu, tektonik, litosfer
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Since a decade or so, traditional and well entrenched boundaries between ‘hard rock’ geology and
‘softer’ geomorphologists and climatologists have fallen apart and interactions between deep seated,
lithospheric and superficial, erosional processes are heavily investigated. One of the geological
domains where such interactions are best expressed and, correspondingly, debated, are orogenic
plateaus. These are defined as large elevated areas with subdued morphology, (semi)arid conditions
and endorheic drainage systems bounded by steep, highly vegetated margins. Interpretations of these
first order geologic features vary considerably between fully climate-controlled hypothesis and ones in
which plateau formation results from deep-seated processes such as slab detachment and/or
delamination.

The Vertical Anatolia Movement Project (VAMP) supported by the national science foundations of 6
countries, coordinated by the European Science Foundation (ESF) has identified the Central Anatolia
Plateau (CAP) as an ideal natural laboratory to investigate the origin of orogenic plateaus and, thereby,
to further increase our understanding of the feed back processes between lithospheric and climatic
processes.

Ten different institutions participate in VAMP covering disciplines from geomorphology, to
geochemistry, from tectonics to paleomagnetism. Turkey and TUBITAK are among the most
important members of VAMP both in terms of participating scientists and of funding.

VAMP pursues a multidisciplinary approach applying different methodologies in three major domains
of the area and investigating their interactions with numerical models. In the plateau interior, we
anaylse the sedimentary record to trace proxies for the establishment of the continental plateaus such
as the onset of aridity, changes from lacustrine to fluvial sedimentation, regional episodes of erosion.
We date these events combining biostratigraphy and mangnetostratigraphy. We apply tectonic
methods to extract patterns of vertical movements. In the steep margins we quantify and date the
incision of the Goksii and Kizilirmak rivers, the main connections between the plateau interior and the
adjacent marine basins. We investigate the tectonic processes causing the steepening of the margins. In
the Black Sea and Mediterranean bounding the Central Anatolia Plateau to the N and S, we use
seismic data to identify vertical movements and tilting, and episodes of progradation and delta
formation which can be tied to the growth of the CAP.

VAMP will not operate in isolation and sees itself as a knowledge platform open not only to the
participant institutions but also to all other interested present and future geoscientists especially from
Turkey.

Key Words: continental plateaus, Anatolia, tectonics, lithosphere
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Bati1 Akdeniz Ofiyolitleri: Baska Bir Diinya

Daniel Bernoulli
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Dogu Akdeniz bdlgesindeki ofiyolitler (Vourinos, Kizildag, Semail), Penrose (1972) ofiyolit
konferansinda tanimlanan klasik ofiyolit dizisinin stratigrafik 6zelliklerini gdstermelerine ragmen Bat1
Akdeniz bolgesindeki ofiyolitler eksikli bir ofiyolit dizisi sunarlar. Alplerdeki Jura yasli Apenin
Ornegi, serpantinize peridotitler ile temsil edilmekte, gabrolar goreceli olarak s1g intriizyonlar halinde
peridotitler iginde goriilmekte, ve levha dayk kompleksinin kalintilar1 bariz bir sekilde
bulunmamaktadir. Buna ilaveten, peridotitler ve magmatik kayaclar arasinda kdkensel bir iligki de
bulunmamaktadir. Bunun yerine, manto kayaglarinin okyanus ortast sirt1 eriyiklerinin niifuzundan
etkilenmelerine ragmen, diisiik acili siyrilma faylari sistemi boyunca deniz tabanina ulasan ve
ylzeyleyen eski kitasal litosferik mantodan tliredikleri kanitlanmigtir. Bu siyrilma faylari, kitasal
kabuk alloktonlart ve kitasal kabugun gerilmesi ve pargalanmasi sirasinda yiizeyleyen mantoya
tektonikle yerlesen riftlesme 6ncesi sedimanlar1 da tasimaktadir. Deniz tabanindaki bu faylarin yiizey
izleri, tektono-sedimanter bresler, oldukca serpantinlesmis peridotitler ile birliktelik sunan ofikalsitler
ile karakterize edilmekte olup, stratigrafik olarak yastik lavlar ve/veya okyanusal sedimanlar
tarafindan iizerlenirler. Iber yarimadasinin Kretase yasl bati kenarma olan yakin benzerlikleri, Alpin
ofiyolitlerinin magma getiriminin az oldugu okyanus-kita gegisinde ve/veya gerilmenin genellikle
styrilma faylari ile diizenlendigi ve sinirli magmatik aktivitenin oldugu yeni baslayan yavas yayilma
merkezi boyunca olustuklarini isaret etmektedir.

Anahtar Sozciikler: ofiyolitler, Alpler, Apeninler, Bat1 Akdeniz bolgesi, Manto yiizeylemesi, Diistik
acil1 styrilma fay1, okyanus-kita gegisi, iber kita kenari
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Whereas in the eastern Mediterranean areas (e.g., Vourinos, Kizil Dag, Troodos, Semail), ophiolite
sequences show, by and large, the classical ophiolite stratigraphy as defined by the 1972 Penrose
Conference on ophiolites, the west-Mediterranean occurrences are ‘incomplete’. The Alpine—
Apennine examples, of Jurassic age, are dominated by serpentinized peridotites, gabbros form only
relatively small shallow intrusions within them, and relics of a sheeted dyke complex are
conspicuously missing. In addition, there appears to exist no genetic link between the peridotites and
the magmatic rocks. Instead, the mantle rocks, although affected by the infiltration of MORB-melts,
have proved to be derived from older sub-continental mantle lithosphere wherefrom they were
exhumed and exposed on the seabed along a system of low-angle detachment faults. These detachment
faults carry also extensional allochthons of continental crust and pre-rift sediments, tectonically
emplaced on the exhumed mantle during extension and break-up of the continental crust. The
exhumed traces of these faults on the seafloor are marked by tectono-sedimentary breccias, the
ophicalcites that, together with the deeply serpentinized peridotites, are stratigraphically overlain by
pillow lavas and/or oceanic sediments. The close analogies with the well-documented Cretaceous
margin west of Iberia suggest that the Alpine ophiolites formed along a magma-poor ocean—continent
transition and/or along an incipient slow-spreading ridge where extension was largely accommodated
by detachment faulting and limited igneous activity only.

Key Words: ophiolites, Alps, Apennines; western Mediterranean area, mantle exhumation, low-angle
detachment faults, ocean-continent transition, Iberian continental margin
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Kobe’de, 17 Ocak 1995°de bir diri fay kaynaklanan deprem 6400 kisinin 6liimiine ve 100.000 binanin
yikimina sebep olmustur. Bu afetten edinilmis dersler dogrultusunda, hiikiimet tarafindan 6zel bir
organizasyon olarak Deprem Arastirma Merkezi Baskanligi (Headquarters for Earthquake Research
Promotion-HERP) kurulmustur. HERP, depremlerden kaynaklanan yikim ve Oliimleri azaltmak
amaciyla deprem arastirmalarini desteklemeyi temel amag edinmistir. 1999 Nisan’inda, gelecek 10 yil
icindeki deprem aragtirmalar1 i¢in temel rehberlik etmek {izere bu kurum ‘Deprem Arastirma
Destekleri’ saglamistir (http://unit.aist.go.jp/actfault/english/activef.html).

Bu bakis acis1 ile Japonya Jeolojik Arastirma Kurumu altinda 2001 Nisan ayinda Diri Fay Arastirma
Merkezi (Active Fault Research Center - AFRC) kuruldu (Tsukuba 2001). AFRC Japonya’da diri fay
arastirmalar1 icin HERP altindaki en giivenilir organizasyondur. Depremselligi ayrintili ¢alisiimak
iizere HERP tarafindan 98 ana fay zonunu sec¢ilmistir. Bu diri fay zonlari, gelecekte olusacak
depremlerin uzun donemli tahminleri agisindan ¢esitli paleosismolojik yontemler kullanilarak
arastinlmigtir. Elde edilen verilere paralel olarak, AFRC 2005 yilinda bir diri fay veri bankasi
kurmustur (Bakiniz; http://unit.aist.go.jp/actfault/english/activef.html).

Diger yandan, lilkede yakin zamanda meydana gelen bazi depremler bilinen diri fay zonlarmdan
kaynaklanmamislardir. Bu depremlere 6rnek olarak 2004 Mid-Niigata depremi, 2005 Chuuetsu-oki
depremi ve 2008 Iwate-Miyagi Nairiku depremi depremi gosterilebilir. Ana sok lokasyonlari tam
olarak 6nceden tanimlanan diri faylara rastlamayan orta biiyiikliikteki bu depremlerden kaynaklanan
hasar ve kayiplar Kobe depremindeki hasar ve kayiplara gore ¢cok daha az olmustur. Bu depremlerin
olusumuna dayanarak, AFRC’nin 6niimiizdeki 10 yil i¢indeki deprem arastirmalari i¢in hazirladigi
temel kilavuz 2009 mali yilinda baslayacaktir. GSJ/AIST de sorunlardan biri denizalt1 faylarinin tespit
edilmesi ve goreceli orta bliyiikliikteki depremlerin meydana geldigi yerleri ortaya koymaktir. Ayni
zamanda, 50 yil icinde yaklasik %80’in {izerindeki bir olasilikla, dalma-batma zonundaki mega-
bindirmelerin sebep oldugu biiyiik yikici depremleri degerlendirmemiz gerekmektedir (DAMB 2009).

Japonya’da genel olarak diri fay zonlar tarafindan iiretilen biiyiik depremlerin tekrarlanma araligi
birkag yiiz yil ile birkag¢ bin y1l arasindadir, bu yiizden meydana gelen afet tipik olarak Diisiik Olasilik
Yiiksek Onem (Low Probability High Consequence-LPHC) afetidir. LPHC afetleri hipotez dogrulama
yontemleri ile zorlukla uygulanabilir. Bu nedenle biitiin diinyadaki ‘deneyimleri ve afetlerden ¢ikarilan
dersleri’ paylasmaliy1z. Bu kapsamda, uluslararasi aragtirma isbirligi olduk¢a dnemlidir. 1980’lerden
bugiine devam eden GSJ/AIST ile MTA arasindaki uluslararast ortak projemiz diri fay ve
paleosismoloji ¢aligmalarinda biiytik bir deneyim ve bilimsel bilgi birikimi saglamigtir.

Anahtar Sozciikler: diri fay, deprem, paleosismoloji, Diisiik Olasilik Yiiksek Onemli Afet
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Active Fault Research and Recent Earthquakes in Japan

Eikichi Tsukuda & Hisao Kondo

Geological Survey of Japan, National Institute of Advanced Industrial Science and Technology (AIST),
Site 7, 1-1-1, Higashi, Tsukuba, Ibaraki, 305-8567 Japan (E-mail: e-tsukuda@aist.go.jp)

The destructive earthquake on January 17, 1995, generated from pre-existing active fault caused
nearly 6,400 casualties and destroyed 100,000 buildings around the Kobe district. Following on the
lessons learned from this disaster, the Headquarters for Earthquake Research Promotion (HERP) was
established as a special governmental organization. The HERP has focused on basic objective to
promote earthquake researches for the reduction of damages and casualties from earthquakes. In April,
1999, the HERP drew up the Promotion of Earthquake Research to serve as the basic guideline for
earthquake research in the coming 10 years (http://unit.aist.go.jp/actfault/english/activef.html).

On this background, Active Fault Research Center (AFRC) was launched in Aril 2001 under the
Geological Survey of Japan (e.g., Tsukuda 2001). AFRC is one of the responsible organizations for
active fault studies in Japan under the HERP. The HERP has selected 98 major active fault zones that
are subject to prompt research. These major active fault zones have been surveyed using various
palacoseismological methods for long-term forecast on the occurrence of future earthquakes. In
parallel with the acquisition of data, AFRC established an active fault database in 2005 (see also at
http://unit.aist.go.jp/actfault/english/activef.html).

On the other hand, the recently occurred earthquakes were not typically generated from active fault
zones, such as the 2004 Mid-Niigata Prefecture earthquake, the 2005 Chuuetsu-oki earthquake and the
2008 Iwate-Miyagi Nairiku earthquake. Although the loss and damages of the moderate-size
earthquakes were much less than that of the Kobe earthquake, but the location of the main shocks were
not just on the previously-recognized active faults. According to the occurrence of these earthquakes,
the next basic guideline for earthquake research of the HERP in the coming 10 years is preparing and
will start in 2009 fiscal year. One of the challenges in GSJ/AIST is to explore submarine faults and to
reveal the places where such relatively moderate earthquakes would occur. At the same time, we need
to evaluate large destructive earthquakes generated from active faults, preceding the occurrence of the
subduction mega-thrust earthquakes which is estimated over 80% probabilities in the next 50 years
(e.g., HERP 2009).

In general, large earthquakes produced by active fault zones have repeat time between a few hundreds
and several thousands years, therefore, the resulted disasters are typically Low Probability High
Consequence (LPHC) disasters. The LPHC disasters is hardly to be applied by hypothesis verification
methods, hence, we must accumulate the experiences and ‘lessons learned from disasters’ all over the
world. In this context, international cooperation research is extremely important. Our cooperative
international project between GSJ/AIST and MTA since 1980’s has brought great experiences and
scientific knowledge on active fault and palaeoseismological researches.

Key Words: active fault, earthquake, palacoseismology, Low Probability High Consequence disaster
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Ofiyolit Kompleksleri: Arazi, Petrolojik ve Jeokimyasal Olgiitlerin
Kullanin ile Giincel Orneklerin Tanimlanmasi

Julian A. Pearce

School of Earth and Ocean Sciences, Cardiff University, Cardiff CF10 3YE, UK
(E-posta: PearceJA@cardiff-ac.uk)

Ofiyolit kompleksleri bir ¢ok giincel 6rnege sahiptirler. Ofiyolitleri, okyanus ortasi sirt tipi, okyanus
i¢ci dalma-batma zonu {izeri ve sorgug ile iligskili kompleksler olarak siniflamak yararlidir. Okyanus
ortasi sirtlardaki okyanusal litosfer olusumu ofiyolitlerin kii¢iik bir kismimi olusturmalarina ragmen
bunlara ait lavlar, yigisim zonlar igerisinde oldukca bol miktarda goriilmektedir. Bunun yerine kitasal
ayrilma ile iliskili rift zonlarinda olusan litosfer ¢ok daha fazla yaygindir. Okyanus ortasi sirt yitimi
sirasinda veya hemen oncesinde olusan okyanusal litosferde, simdiki Pasifik sinirinda oldugu gibi
yaygindir. Sorgug ile iliskili kompleksler, sorgug-sirt etkilesiminin oldugu bolgelerde okyanus ortasi
sirtlarda olusan ofiyolitler ile gegislidirler. Bununla birlikte saf sorgug ile iliskili kompleksler, bazende
kita kenarlarina eklenen okyanusal platolarin kenarlari ile temsil edilebilirler. Okyanusici dalma-batma
zonu iizerinde olusan ofiyolitler agikca yay-gerisi basenlerde olusurlar, fakat yay-gerisi basenler
okyanus ortas1 sirt1 bazalttan adayayi toleyitlerine kadar degisen kompozisyona sahiptirler ve normal
okyanusal kabuk gibi ¢ogunlukla yitim zonlarinda korunma egilimindedirler. Yay-gerisi litosferleri
cogunlukla yay gerisi hendek arakesitinde olusup ofiyolitler olarak korunurlar. Herkesin hemfikir
oldugu en yaygin ofiyolit olusum ortami, yitim baglangicimi takiben hizli geriye-sarilimin neden
oldugu kisa-siireli gerilme donemidir. Bat1 Pasifik’teki detayli ¢calismalar, 5 My’lik bir yitim baglangi¢
doneminde boninitler dahil farkli kompozisyonda kompleks kayaclarin olustugunu gostermektedir. Bu
farkli ortamlarin jeolojik ve petrolojik 6zellikleri bazi ofiyolitlerin arazi 6zelliklerine bakarak giincel
orneklerini olusturmakla birlikte, genellikle jeokimyasal caligmalar tam bir yorum yapmak igin
gereklidir. Bu sunum, ofiyolitik kayaglarin incelenmesinde kullanilan en yeni jeokimyasal metodlar1
(kalint1 mantodaki Cr-spineller, gabrolardaki feldspatlar ve klinopiroksenler, tiim kayag¢ dayklar, lavlar
ve sedimanlar) gbzden gegirecektir.

Anahtar Sozciikler: ofiyolit, okyanus ortasi sirt, manto sorgucu, yitim zonu, jeokimya, petroloji
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Ophiolite Complexes: Identifying Their Modern Analogues Using Field,
Petrological and Geochemical Criteria

Julian A. Pearce

School of Earth and Ocean Sciences, Cardiff University, Cardiff CF10 3YE, UK
(E-mail: PearceJA@cardiff.ac.uk)

Ophiolite complexes have many possible modern analogues. It is useful to subdivide these into mid-
ocean ridge (MOR), supra-subduction zone (SSZ) and plume-related (PLM) complexes. Of the MOR-
type, oceanic lithosphere formed at mid-ocean ridges make up only a small fraction of ophiolites,
though the lavas are abundant in accreted subduction complexes. Instead, lithosphere formed at
incipient ridges associated with continental break-up is a much more common analogue. Lithosphere
created during, or just before, ridge subduction is also common around, for example, the present
Pacific Rim. PLM complexes are transitional with MOR ophiolites in regions of plume-ridge
interaction. However, ‘pure’ PLM complexes may also be represented by the edges of oceanic
plateaus that have accreted to continental margins. SSZ ophiolites most obviously originate in back-
arc basins, but most back arc basins have a range of compositions from MORB to island arc tholeiite
and, like normal oceanic crust, tend to be preserved mainly in subduction complexes. The back-arc
lithosphere most likely to be preserved as ophiolites is that created at back-arc trench intersections.
The most common ophiolite setting is now believed to be subduction initiation, where rapid roll-back
following subduction initiation gives a short-lived period of extension. Detailed studies of the Western
Pacific have revealed a complex, but distinctive range of compositions (including boninites) in rocks
formed within 5 Ma of subduction initiation. The geological and petrological features of these
different settings would enable the modern analogues for some ophiolites to be inferred simply from
field studies, but usually geochemistry is needed for a full interpretation. This presentation will
examine some of the latest methods of fingerprinting ophiolitic materials geochenically, using Cr-
spinels in residual mantle, feldspars and clinopyroxenes in gabbros, and whole-rock dykes, lavas and
sediments.

Key Words: ophiolite, mid-ocean ridge, mantle plume, subduction zone, geochemistry, petrology
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