Evolution of the Eastern Black Sea from wide-angle seismic data and subsidence analysis
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The western and eastern basins of the Black Sea are thought to have formed in a back-arc
extensional environment because of their close spatial association with the subduction of both the
Paleo-and Neo-Tethys Oceans [Zonenshain and Le Pichon, 1986; Okay et al., 1994]. Although
general agreement exists on many aspects of the formation of the western Black Sea, several core
questions linger about the evolution of the eastern Black Sea (EBS): When did it begin opening and
how long did opening last? Did extension culminate in Continental rupture and the onset of seafloor
spreading? How did extension vary along-strike and with depth through the lithosphere? Results
from modeling of wide-angle seismic refection/refraction data and subsidence analysis provide
important new constraints on the formation of the EBS.

in 2005, we acquired wide-angle seismic data along four profiles in the EBS that constrain crustal
thinning on the southern margin of the basin, the affinity of crust in the basin center, the structure of
the Mid Black Sea High and the characteristics of basin infill. Two profiles on the southern margin
reveal abrupt thinning of the crust at the edge of the basin and indicate stretching factors
(initial/final crustal thickness) of ~5. These lines also reveal along-strike changes in the style of
thinning and the affinity of crust in the basin center. To the east, the basin is underlain by a wide
zone of thin Continental crust (7-9 km thick). To the west, thick (11-13 km) magmatic crust
underlies the basin, possibly emplaced by early, magmatically robust seafloor spreading. A strike
line indicates that the transition between these crustal types is abrupt, occurring éver only -20-30
km, and coincides with a transform fault. We attribute these observations to the development of 3D
melt migration due to along-strike variations in extension and thus the thickness of the lithosphere
at the time of rifting [Shillington et al, 2009]. Wide-angle seismic data also reveal a wide-spread
low-velocity zone in the sediments that corresponds to the Maikop formation, the primary source
rock in the Black Sea, which we interpret to represent overpressures that are likely related to mud
volcanism around the edges of the Black Sea [Scott et al, in press].

The sedimentary infill of the EBS constitutes one of the primary constraints on the timing of basin
formation and on lithospheric stretching during basin formation. We have undertaken subsidence
analysis using two kinematic algorithms that do not make any assumptions regarding the timing,
duration, location, or magnitude of extension [Shillington et al., 2008]. One algorithm assumes
pure-shear extension [White and Bellingham, 2002], while the other allows depth-dependent
extension without assuming its existence or form [Edwards, 2006]. Both approaches suggest that
extension did not vary substantially with depth in the EBS. The amount of extension inferred by
subsidence analysis agrees with estimates from wide-angle data, providing further support for
predominantly piire shear stretching. This work also indicates that extension continued into the
early Cenozoic, in agreement with onshore timing constraints [Banks et al., 1997].
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Genis-a¢1 sismik verilerinden Dogu Karadeniz'in evrimi ve ¢okme analizi

Karadeniz bat1 ve dogu havzalarinin, hem Paleo hem de Neo-Tetis Okyanuslarinin dalma-batmasi
ile yakin mekansal birlikteligi nedeniyle, bir yay-ard1 agilma/genisleme ortaminda olusmus oldugu
diisiiniiliir (Zonenshain ve Le Pichon, 1986; Okay ve dig., 1994). Bati Karadeniz'in olusumunun
cogu yonleri lizerinde genel bir uzlasi olsa da, Dogu Karadeniz'in evrimi konusunda bazi ¢ekirdek
sorular heniiz yanitlanmamistir: Ne zaman agilmaya baslad1 ve agilmasi ne kadar siirdii? Agilma,
kitasal kirilmada ve deniz tabani yayilmasinin baslamasi ile mi doruga ulast1? A¢ilma, kabuk iginde
dogrultu boyunca ve derinlige bagl olarak nasil farklilasti? Genis-agili sismik yansima/kirilma
verilerinin modellenmesi ve ¢okme analizinden varilan sonuglar, Dogu Karadeniz'in olusumu
konusunda yeni ve dnemli sinirlamalar getirir.

2005 yilinda, Dogu Karadeniz'de dort profil boyunca, havzanin giiney kenarindaki kabuk
incelmesini, havza ortasindaki kabuk egilimini, Orta Karadeniz Yiikseltisinin yapisini ve havza
dolgusunun karakteristiklerini baglayan, genis-a¢ili sismik veriler edindik. Giiney kenarindaki iki
profil, havza kenarinda kabugun aniden inceldigini a¢iga ¢ikarir ve gerilim (ilk/son kabuk kalinlig)
faktorlerini ~ 5 olarak gosterir. Bu hatlar, yine, incelme stilinde dogrultu boyunca olan degismeleri
ve kabugun havza merkezindeki egilimini de ortaya koyar. Daha doguya dogru, havza, genis bir
ince (7-9 km kalinlikl) kitasal kabuk zonu ile altlanir. Batiya dogru, kaim (11-13 km) ve
muhtemelen erken ve magmatik ac¢idan giiglii deniz tabani yayilmasinin yerlestirdigi magmatik
kabuk havzay1 altlar. Bir dogrultu hatti, bu kabuk tipleri arasindaki gecisin ani oldugunu, yaklagik
20-30 km iginde gelistigini ve bir transform fayla cakistigin1 gosterir. Bu gozlemleri, agilmadaki
dogrultu-boyunca farklilasmalara bagli olan eriyik gog¢iiniin 3-boyutlu gelisimine ve bu nedenle de
riftlesme donemindeki kabuk kalinligina baglamaktayiz (Shillington ve dig., 2009). Genis-agili
sismik veriler, Karadeniz'de en 6nemli kaynak kaya¢ olan ve Karadeniz kiyilar1 ¢evresindeki camur
volkanizmasi ile ilintili olmast muhtemel asir1 basinglar1 6rnekledigini diisiindiigiimiiz Maykop
Formasyonuna es-gelen sedimanlardaki genis yayilimli bir diisiikk-h1z zonunu da agiga ¢ikarir (Scott
ve dig., baskida)..

Dogu Karadeniz'in sedimanter dolgusu, havza olusumunun tarihlenmesi ve havza olusumu
sirasindaki kabuksal enseme konularindaki ana sinirlamalardan birini olusturur. Ac¢ilmanin
tarihlemesi, siiresi, yeri ya da biiylikligii konularinda hicbir varsayim 6ne stirmeyen iki kinematik
algoritma kullanarak, ¢cokme analizine de giristik (Shillington ve dig., 2008). Algoritmalardan biri,
plir-makaslama ag¢ilmasini1 dngoriirken (White ve Bellingham, 2002), digeri, varligin1 ya da bigimini
ongormeksizin, derinlige-bagli ag¢ilmayi diistiniir (Edwards, 2006). Her iki yaklasim da,
Karadeniz'de acgilmanin derinlikle 6nemli olgiide degismedigini diisiindiiriir. Cokme analizi ile
cikarsanan agilma miktari, genis-acili sismik verilerle ulagilan tahminlerle uyusur ve genelde piir-
makaslama gerilimine daha ¢ok destek olur. Bu ¢alisma, kiy1 kusag: tarihleme sinirlamalar1 (Banks
ve dig., 1997) ile uyumlu olarak, acilmanin Erken Senozoik iglerine dek siirdiigiinii de gosterir.
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