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Anadolu’da paleotektonik deformasyon evresi Tetis okyanusunun kapanimi ile birlikte Arabistan
kalkanin1 sinirlayan Bitlis kenet kusaginin kapanimi ile tamamlanmistir. Arap plakast bu donemden bu
yana Afrika’ya gore goreceli olarak Olii Deniz Fay Zonu boyunca kuzeye dogru hareket ederek
Avrasya plakasina dogru bloklarin yamulmasina ve saatin tersi yondeki rotasyonlarla Kizildeniz’in
acilimma neden olmustur. Bu neotektonik deformasyon evresi Anadolu platosunun yiikselimi ve
Kuzey ve Dogu Anadolu kita igi transform faylariin olusumu ile karsilanmis, deformasyon tektonik
kagisla beraber Arap plakasindan ayrilan bloklarin rotasyonu ve uzaklagmasina neden olmustur. Bu
calisma ile Anadolu’dan elde edilen paleomanyetik verilerin bir 6zeti sunularak, deformasyonun
dagilmig bir sekilde gelistigi, rotasyonlarin Anadolu blogunun i¢ kesimlerinde ve Arap plakasinin
kuzeyinde saatin tersi yonde, batiya dogru gittikge sifira yakin rotasyon, en batida ise dereceli olarak
saat yoniinde rotasyonlarin varligi ortaya konmustur. Ankara civarindaki volkanik kayaglardan elde
edilen yeni paleomanyetik sonuglar Orta Anadolu’daki saat ve saatin tersi yondeki rotasyonlarin
dogudan batiya dogru nasil degistigini anlamamiza yardimeci olmaktadir. Tektonik rejimlerin doguda
sikismadan, batida agilma rejimine doniisiimii dogrultu atimli faylar boyunca bloklarin agilma ve
rotasyonunu da dogurmaktadir. Paleotektonik ve neotektonik birimlerden elde edilen rotasyonlarin
kargilagtirmasi bize paleomanyetik rotasyonlarin biiyiik bir ¢cogunlugunun neotektonik dénemin son
evresinde, Pliyo-Pleyistosen doneminde gelistigini ve bu rotasyonlarin batida da gézlendigi gibi 100
km boyutunda bloklar boyunca olustugunu ortaya koymaktadir. Yi1gisim kusaklarinin Arap plakasi ve
Avrasya plakasi arasinda sandvi¢ seklindeki deformasyonu Kuzey Anadolu Fay Zonunun gelisimini
dogurmus, bu zon ise Arap plakasinin kuzeye dogru devam eden hareketi ile olusan gerilmenin biiyiik
boliimiinii karsilamistir. Neotektonik deformasyonun daginik 6zelligi paleotektonik ve neotektonik
paleomanyetik kutup degerlerinin esit kutup dagilimi ile gozlenmektedir. Paleomanyetik verilerle elde
edilen dagimik neotektonik deformasyon ve GPS verileri arasindaki fark tektonik rejimlerin farkli
donemlerdeki degisimlerini ifade eder, buna karsin GPS verileri Anadolu’da daha kisa donemli bir
deformasyonu isaret etmektedir. Bu nedenle bu tiir bolgelerde neotektonik deformasyonu ortaya
koymak i¢in farkli yontemlerin kullanilmasi yarar saglamaktadir.

Anahtar Sozciikler: Tiirkiye, paleomanyetizma, deformasyon, blok rotasyon, Anadolu blogu,
neotektonik
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The palaeotectonic phase of deformation in Anatolia accompanied closure of the Tethyan Ocean and
was finally completed with sealing of the Bitlis Suture bordering the Arabian Shield. Arabia has since
continued to indent the collage of terranes accreted to the Eurasian margin by differential northward
movement relative to Africa along the Dead Sea Fault Zone and counterclockwise (CCW) rotation
accompanying the opening of the Red Sea. This neotectonic phase of deformation has accompanied
uplift of the Anatolian Plateau and establishment of intracontinental transforms comprising the North
and East Anatolian Fault zones, and deformation has included extrusion and rotation of blocks away
from the Arabian Syntaxis by tectonic escape. We produce an updated summary of palacomagnetic
results from this region to show that deformation has been distributed so that block rotations vary
systematically across Anatolia ranging from strongly CCW in the zone of high strain north of the
Arabian indenter to near zero in central Anatolia and then progressively CW in western Anatolia. New
palacomagnetic results from the Ankara igneous district help to constrain the east to west change from
CCW to CW rotation within central Anatolia. The transition of tectonic regimes from compression in
the east to extension in the west involves the expulsion of blocks and their rotation along arcuate strike
slip faults. The comparable distribution of rotations in palaeotectonic and neotectonic units indicates
that the bulk of the observed palacomagnetic rotations have been concentrated within the last (Plio-
Pleistocene) phase of the neotectonic era as is found in the Aegean domain to the west, and has
involved blocks of the order of ~100km in size. The weak collage of accretionary terranes sandwiched
between the Arabian Indenter and the Eurasian margin now defined by the North Anatolian Fault Zone
has evidently taken up the bulk of the strain imparted by the continuing northward motion of Arabia to
expand the radius of the Tauride Arc and the perimeter of extruded crust bordering the limit of the
extensional province in western Turkey. The distributed character of neotectonic deformation is
illustrated by equivalent polar distributions: both palaeotectonic and neotectonic palacomagnetic poles
show arcuate distributions with poles to best-fitting small circles focussed close to the study area.
Differences between the distributed neotectonic deformation resolved from palacomagnetism and the
contemporary GPS record reflect the contrasting time periods being evaluated: the palacomagnetic
record incorporates evolving and changing tectonic regimes whereas the GPS signature has no long
term validity within the weak Anatolian collage; hence the full spectrum of techniques for resolving
neotectonic deformation is relevant to unravelling deformation in such regions.

Key Words: Turkey, paleomagnetism, deformation, block rotation, Anatolian block, neotectonics
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Orta Anadolu’daki neotektonik donemde gelisen blok rotasyonlarin daginik ve farkli degerlerde
oldugu artik paleomanyetik c¢alismalarla ortaya konmasina karsin, rotasyona ugrayan bloklarin
boyutlart halen tam olarak anlagilamamistir. Bu durumu aydinlatmak amaciyla, orta-dogu Anadolu’da
yer alan Ge¢ Erken—Orta Miyosen yasli, Kepezdag ve Yamadag volkanik karmasiginda (38.2-39.3°N,
37.5-38.5°E) ayrintili paleomanyetik ¢alismalar yapilmistir. 91 ayrn noktada alinan drnekler normal ve
ters polarite gostermekte olup, bu durum volkanizma ile tanimlanan 10-20 My zaman dilimi boyunca
gdzlenen normal polarite (%54) ile kabaca uyumludur. Kepezdag karmasiginda 14 noktanin igi,
Yamadag karmasiginda ise 78 noktanin 17°si dilizensiz yada gecisli yOnler gosterir. Yamadag
karmasigindan alinan bir¢ok 6rnek B sinifi terslenme testi gosterir.

K-Ar yas1 13.5-15.3 My arasinda olan Kepezdag karmasigindan elde edilen ortalama yon D/I=
173.1/-53.5° (10 nokta, ags= 12.3°), K-Ar yas1 9.9-18.7 My arasinda olan Yamadag karmasigina ait
ortalama yon ise D/I= 344.5/54.2° (58 nokta, a¢s= 4.1°)’dir. Her iki volkanik karmagiktan elde edilen
ortalama paleomanyetik egimler Avrasya ve Afrika’ya ait gorliniir kutup egrilerinden elde edilen Orta
Miyosen’e ait yaklagik 55.5°°lik degere ¢ok yakindir. Avrasya plakasina gore tahmin edilen, saatin tersi
yondeki rotasyonlar Kepezdagi volkanik karmasig: i¢in 11.6 = 12.5°, Yamadag volkanik karmasigi
icin ise 20.2 £ 4.6°’dir. Daha Onceki biiylik hata paylar1 dikkate alindiginda, her iki karmasik arasinda
belirgin bir goreceli rotasyonun olmadigi ve en azindan 130x180 km boyutunda biiyiik bir kabuksal
blogun Orta Miyosen doneminden bu yana saatin tersi yonde rotasyona ugradigir gdézlenmektedir.
Bununla birlikte daha kuzeyde Sivas havzasindan elde edilen 1°/My’dan daha kii¢iik bir ortalama
rotasyon degeri, bu rotasyonun olasilikla son 2—3 milyon yil igerisinde gelismis oldugunu, biyilik
kabuksal bloklarin ise neotektonik donemin en son asamalarinda batiya dogru kagigini temsil
etmektedir.

Anahtar Sézciikler: paleomanyetizma, Anadolu blogu, Yamadag volkanizmasi, blok rotasyon,
jeokronoloji
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Although palaecomagnetic studies have now established that neotectonic rotational deformation across
Anatolia is distributed and differential, the sizes of the blocks involved are poorly understood. As a
contribution towards evaluating this issue we have undertaken a detailed palacomagnetic study of the
large (Late Early-Middle Miocene) Yamadag and much smaller Kepezdag volcanic complexes in
central-east Turkey (38.2-39.3°N, 37.5-38.5°E) emplaced on top of a Lower Miocene sedimentary
succession of clastics and carbonates. The overall collection of 91 sites comprises both normal and
reversed polarities with the former slightly more numerous (37 normal, 32 reversed) and broadly
compatible with the slight bias of the field towards normal polarity (54%) during the ~10-20 Ma
interval embraced by the volcanism. Three of the 14 sites in the Kepezdag Complex and 17 of 78 sites
in the Yamadag Complex have anomalous, probably transitional, directions and the much larger
collection from the Yamadag complex yields a Class B reversal test.

The mean direction derived from the Kepezdag Complex (K-Ar ages in the range 13.5-15.3 Ma) is
D/I= 173.1/-53.5° (10 sites, ags= 12.3°) and the mean direction derived from the Yamadag Complex
(K-Ar ages in the range 9.9-18.7 Ma) is D/I= 344.5/54.2° (58 sites, ogs= 4.1°). The mean
palacomagnetic inclinations derived from the two volcanic complexes are very close to the mid-Miocene
inclination of ~55.5° predicted from the apparent polar wander paths of Eurasia and Africa and identify
minimal inclination shallowing in these collections. The anticlockwise rotations relative to the predicted
field direction from the Eurasian Plate are 11.6 + 12.5° from the Kepezdag complex and 20.2 = 4.6° for
the Yamadag Complex. In view of the larger error on the former result we can identify no significant
relative rotation between the two complexes and a crustal block at least 130x80 km appears to have
undergone essentially coherent anticlockwise rotation since Mid-Miocene times. Although an average
rotation of little more than 1°/Myr is implied, results from further north in the Sivas Basin suggest that
most of this rotation is likely to have been concentrated within the last 2—3 Myr and correlate with the
most recent neotectonic phase comprising tectonic escape of large crustal blocks to the west.

Key Words: palacomagnetism, Anatolian block, Yamadag volcanism, block rotation, geochronology
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Dogu Akdenizde, Arabistan ile Avrasya plakalar1 arasindaki yakinlasma Neotetisin Giiney Kolunun
kapanmasi ve Miyosende kita-kita carpismasi ile karsilanmistir. Halen devam eden yakinlagma
Anadolu Plakasinin Kuzey Anadolu ve Dogu Anadolu faylarinin gelisimi sonucu batiya dogru kagist
ve Kizil Denizin agilmasinin ilerlemesi ile karsilanmaktadir.

Carpismaya bagli deformasyonu ve Arap Plakasinin diisey eksen boyunca rotasyonunun miktarini ve
zamanini belirlemek amaci ile bir paleomagnetik ¢alisma gergeklestirmis bulunmaktayiz. Hem Eosen
sonras1 deformasyonlarin belirlenebilmesi hem de Kizil Denizin agilmasima bagli Arap Plakasinin
rotasyonunun dogru degerlendirilebilmesi i¢in her seyden once bir referans noktasinin olusturulmasi
gerekmektedir. Bu amagcla, Arabistan Plakasinin kuzeyinde anahtar seviye niteliginde olan ve Eosen-
Miyosen araliginda ¢okelmis kiregtaslart ve marnlardan 78 lokasyondan toplam 851 karot &rnegi
alimmustir. Orneklenen alan Arap Plakasinin kuzey kismini tamamen kapsamaktadir.

Arap Plakasinin kuzey-bati kisminda, Gaziantep civarinda, volkanik kayaglardan elde edilen
rotasyonlarda oldugu gibi ¢ok Onemsiz saatin tersi yonde rotasyonlar gozlemlenmistir. Urfa,
Diyarbakir ve Mardin (Bozova Fayr ve Akgakale Grabeni) civart gibi orta-kuzey kisimlarda
sedimanter istiflerde her hangi bir rotasyon gézlemlenmemistir. Daha doguda, Sirnak, Siit, Hakkari
civarinda, hem saatin tersi hem de saat yoniinde 15°’ye kadar degisen rotasyonlar gozlemlenmis olup
Arap Plakasinin kuzey ucunda meydana gelen ince kabuk deformasyonuna bagli bindirme ve
deformasyonlarla ilgili olmalidir.

Dolayisiyla, Arap Plakasimmin kuzey-batt ve kuzey-dogu ucunda gozlenen rotasyonlar yerel
faylanmalara bagli olmak durumunda olup, Arabistan Plakasinin Eosen sonrasinda herhangi tutarl: bir
rotasyona ugramadigimi gostermektedir. Urfa, Kogak, Mardin civarindaki sedimenater 6rnekler her
hangi kayda deger bir rotasyon gostermemektedir.

Anahtar Sozciikler: paleomanyetizma, rotasyon, ince kabuk deformasyonu, Arap Plakasi, Kizil
Deniz
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In the Eastern Mediterranean, convergence of the Arabian and the Eurasian Plates accompanied
closure of the southern branch of the Neo-Tethys Ocean, and continent-continent collision during the
Miocene. This ongoing convergence was further shaped by the development of the North and East
Anatolian Fault Zones resulting in extrusion of the Anatolian Plate, and further opening of the Red
Sea.

We have performed a palacomagnetic study to help quantify and apply time constraints on vertical
axis rotation of the Arabian Plate and the deformation related to collision. Such a study is crucial for
both establishing a reference frame for post-Eocene deformation and for assessing Arabian Plate
rotation relative to Africa resulting from the opening of the Red Sea. We have sampled 851 cores from
78 sites in the Eocene to Miocene limestones and marls which form a key horizon on the northern part
of the Arabian Plate. A sampling area comprising the entire northern tip of the Arabian Plate was
covered.

Relatively small and hardly significant counter clockwise rotations are observed from the north
western part of the Arabian Plate around Gaziantep, which are in line with results from the volcanics.
Towards the central northern part in the Urfa, Diyarbakir and Mardin regions however, sedimentary
sites show no rotation (both sides of the Bozova Fault and the Akgakale Graben). Further to the east in
the Sirnak, Siirt, Hakkari regions, mixed local clockwise and counter clockwise rotations of up to 15°
are observed and are likely to be caused by thin-skinned thrusting and deformation at the northern tip
of the Arabian Plate.

We therefore speculate that the rotations observed in the western part and north-eastern edges of the
Arabian Plate represent local fault block rotations and do not record the rotation of the coherent plate.

The Urfa, Kogak, Mardin Regions however, show no significant rotation.

Key Words: palacomagnetism, rotation, thin skinned tectonics, Arabian Plate, Red Sea
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Subduction Transfer Edge Propagator (STEP) fayi, dalan plakanin hendege dik yonde yirtilmasi
sonucu gelisen ve alisilagelmis transform levha sinirlarindan farkli 6zellikler gésteren son donemlerde
tanimlanmis bir fay tipidir. Jeolojik kayitlarda, STEP fay1 (1) dalan dilimin ucundan dalma-batma
zonu Oniine dogru rotasyon miktarindaki artma, (2) STEP’ten mafsala dogru asimetrik genisleme ve
(3) fayin ilerlemesine bagli olarak depolanma merkezlerinin hendege dogru goc etmesi ile fark edilir.
STEP fay1 olusumu sirasinda, sirasiyla yerel genisleme ve depolanma merkezlerinin gogii gibi dalan
levhanin gerilemesi (slab roll-back) ve kopmasi (slab detachment) gibi siireclere bagli gelisen jeolojik
olaylar ve STEP faymnin ilerleme gosterdigi yerlerde, yay arkasi agilmalarin hendekle birlikte gd¢
etmesi beklenir.

Son donemlerde, Kibris Yayi ile Bitlis Kenedini birbirine baglayan kusak boyunca bir STEP fay1
gelisiminin varligini 6ne siirmiiglerdir. Bu hipotezi test etmek amaci ile STEP faymin etkilemis olmasi
beklenen alanlar olan Aksu, Kopriigay, Manavgat, Beysehir, Konya-Ilgin, Mut ve Adana havzalarinda
¢ok dispilinli bir jeolojik caligma yiiriitiilmektedir. Bu sunum ¢ergevesinde, sadece Antalya havzasinin
Kopriigay ve Manavgat alt havzalarindan toplanan diisey blok rotasyon bilgilerini igeren yeni
paleomagnetik veriler ile magnetostratigrafi ve paleostres analizlerine ait 6n sonuglar sunulacaktir.

Manavgat alt havzasi, Antalya havzasinin doguya ait olan kismini olusturmakta ve Mesozoyik
karbonat platfomu ve Antalya-Alanya naplar1 uzerine uyumsuz olarak gelmektedir. Kopriicay alt
havzasi yaklasik olarak kuzey—giliney yonelimli olup, doguda Kirkkavak fayi ile sinirlandirilmas,
batida ise Antalya nap1 ve Mesozoyik karbonatlar1 {izerine uyumsuz olarak gelismistir. Manavgat
havzasmin dolgusu kalin denizel ve karasal birimlerinin yatay ve diisey olarak bir birine gegisli
Miyosen yashi ¢okellerinden olusur. Kopriicay kisimina ait havza dolgusu, Manavgat havza dolgusu ile
benzer 6zellikler gostermesine ragmen, her iki havzada da goriilen istiflerin hepsinden daha yasl olan
bir taban konglomeras: ile baglamaktadir. Muhtemel olarak Kirkkavak faymin dogrultu atimlh
hareketleri ve terslenmesi nedeni ile K&priicay kismi goreceli olarak daha fazla deforme olmustur. Bu
havzalar, Erken—Orta Miyosen donemde muhtemel olarak STEP faymn gelisimi sonucunda
transtansiyonel havza olarak gelismistir ve Geg¢ Miyosen donemde ise biiyiik olasilikla Anadolu
blogunun batrya dogru kagisi nedeni ile inversiyona ugramustir.

Manavgat alt havzasinda 900 metrelik bir istifte yapilan manyetostratigrafik analizler, bu istifin
Serravaliyen doneminde (Orta Miyosen) 1.6 Milyon yilda yaklagik olarak 0.6 mm/yil’lik bir

sedimantasyon hizi ile ¢okeldigini gostermektedir.

Anahtar Sozciikler: STEP, manyetotostratigrafi, paleostres, rotasyon, Manavgat havzasi, Kopriigay
havzasi
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The Subduction Transfer Edge Propagator (STEP) fault type is a recently-recognized fault that is
formed when a subducting slab tears transverse to a subduction front and it exhibits different
characteristics from regular transform plate boundaries. In the geological record a STEP can be
recognized by (1) increase of rotation from the tip of the slab tear to the trench, (2) development of
asymmetrical extensional deformation from the STEP to the hinge and (3) migration of depocenters
toward the trench as the STEP propagates. During the development of a STEP the geologic record
related to slab roll-back and slab detachment (such as localized extension and depocenter migration)
should be present and where the STEP has propagated and back-arc extension is assumed to have
migrated along with the trench.

A recent geodynamic analysis has claimed that a STEP fault connects the Cyprean arc to the Bitlis
Suture Zone. In order to test this hypothesis we have performed multidisciplinary geological studies
on the Aksu, Kopriicay, Manavgat, Beysehir, Konya-Ilgin, Mut and Adana basins where they are
expected to be affected by STEP faulting. We present preliminary results from new palacomagnetic
data including block rotations about vertical axis and magnetostratigrahy, and palacostress analysis
collected from the K&priicay and Manavgat sub-basins of the Antalya Basin.

The Manavgat sub-basin constitutes the easternmost part of the Antalya Basin and rests
unconformably on Mesozoic carbonate platform units and the Antalya-Alanya Nappes. The Kopriicay
sub-basin trends approximately N—S and is bounded to the east by the Kirkkavak Fault and in the west
it rests unconformably on the Antalya Nappe and Mesozoic carbonates. The Manavgat sub-basin is
characterized by interfingering of thick Miocene marine and non-marine deposits. The Kopriicay sub-
basin shares some of the infills of the Manavgat basin although the succession commences with a
basal conglomerate unit which is older than all Miocene stratigraphic sequences in both basins.
Possibly due to strike-slip activity on the Kirikkavak Fault and inversion, the Kopriicay section is
relatively more deformed. These basins developed during Early to Middle Miocene times as
transtensional basins possibly due to STEP fault development and were inverted during the Late
Miocene possibly due to westwards escape of the Anatolian Block.

In the Manavgat sub-basin, magnetostratigraphic analysis of a 900m-thick stratigraphic succession
demonstrates that these sediments were deposited within 1.6 Ma of the Serravalian (Middle Miocene)

at a sedimentation rate of approximately 0.6 mm/year.

Key Words: STEP, magnetostratigraphy, palaeostress, rotation, Manavgat basin, Kopriicay basin
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Orta Pontid Oroklinalinin Olusumu ve Zamanlamasi: Kitasal Kabuk
Indentasyonu ile Karadeniz Havzalarinin A¢ilimu iliskisi
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Orta Karadeniz bolgesinde Pontid Kusagi oroklinal olarak bilinen kuzeye doniik bir yay geometrisine
sahiptir. Kargi Masifi ve Torid-Anatolid Blogunun kuzey c¢ikintisini olusturan Kirgehir Blogu bu
oroklinalin i¢ kismu iggal ederler. Oroklinalin olusumu ge¢ Kretasede aradaki okyanusun yitimi ve
tamamen kapanmasi sonucu bu kitasal bloklarin garpigmasi ileolustugu diisliniilmektedir. Bu siireg
icerisinde meydana gelen Bati Karadenizin erken Kretase doneminde, Dogu Karadenizin ise Kretase
sonu ile Senozoyik doneminde agilmasi bu oroklinalin olusumuna katkida bulunan diger 6nemli
tektonik olaylardir.

Oroklinal olusumuna neden olan farkli mekanizmalarin ayiklanabilmesi icin jeolojik olaylarin ve
oroklinal kanatlarindaki donmelerin kesin bir bi¢cimde yaslandirilmasi gerekir. Rotasyon miktarlari
paleomanyetik deklinasyon verisi ile belirlenebilir. Bu nedenle, Pontid Oroklinalinin kanatlarindaki
donemenin kesin zamanlamasin1 belirlemek ve donmeleri bolgesel jeolojik c¢erceve iginde
aciklayabilmek i¢in Erken Kretase—Eosen zaman araligina ait toplam 46 lokasyondan ornekler
derlenmis ve analiz edilmistir. Analiz sonuglari tutarl bir sekilde oroklinalin bati kanadinin saatin tersi
yonde, dogu kanadinin ise saat yoniinde asil olarak ge¢ Kretasede dondiigiinii gostermektedir.

Anahtar Sozciikler: paleomanyetizma, oroklin, rotasyon, Pontidler, Karadeniz
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Indentation of the Kirsehir Block and the Opening of the Black Sea Basins
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The Pontide orogenic belt along the central Black Sea coast has a northwards convex geometry
forming a so-called Pontide Orocline. The Kargi Massif and the northern promontory of the
Anatolide-Tauride Block (the Kirsehir Block) occupy the inner parts of this orocline. Collision of
these continental blocks is thought to give way to the formation of the orocline when the intervening
northern Neo-Tethys Ocean was subducted and then entirely consumed during the late Cretaceous.
Other major tectonic events that could have contributed to the formation of the orocline within this
time span are the opening of the western Black Sea basin in the early Cretaceous and subsequently the
opening of the eastern Black Sea basin at the end of the late Cretaceous to early Cenozoic.

Distinguishing between the contributions of different mechanisms for orocline formation requires
precise understanding of the timing of the geological events and timing of the rotation of the limbs of
the orocline. Rotation of the limbs can be pinpointed using declinations from palacomagnetic data. To
address this we have analyzed samples collected from 46 sites from both limbs of the Pontide
Orocline. The rocks sampled range in age from lower Cretaceous to Eocene in order to constrain the
timing of rotation and explain rotations within the regional geological framework. The results from
upper Cretaceous rocks indicate consistent counterclockwise rotations on the western limb and
clockwise rotations on the eastern limb of the orocline.

Key Words: palacomagnetism, orocline, rotation, Pontides, Black Sea
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Pontidlerin Jura—Orta Eosen Araligindaki Tektonik Ge¢cmisine ait Paleocografik
Kanitlar: Sakarya Kitasi ve Dogu Pontidlerden Yeni Paleomanyetik Veriler

Mualla Cengiz Cinku, Z. Miimtaz Hisarli ve Naci Orbay

Istanbul Universitesi, Jeofizik Miihendisligi Boliimii, 34320 Avcilar, Istanbul
(E-posta: mualla@istanbul.edu.tr)

Pontidlerin Jura—Orta Eosen araligindaki paleocografik konumu paleomanyetik verilerin eksikliginden
dolay1 cok iyi bilinmemektedir. Bu amacla Jura—Ge¢ Kretase—Orta Eosen siiresince Tiirkiye’deki
farkli bloklarin paleoenlemsel gogiine siirlamalar getirmek igin, Pontid ve Sakarya kitasindan 54
farkli mevkiden alinmis volkanik, volkanoklastik ve sedimanter kayaglar iizerinde paleomagnetik
calisma gergeklestirilmistir. Es-1s1l kalinti miknatislanma (EIKM) deneyleri 6rneklerin ¢ogunun
0.2-0.4 T da doygun EIKM’ya ugradiklarini, bunun da titanomagnetit veya titanomaghemit’ten
kaynaklandig1 ortaya koymaktadir. Diger oOrneklerdeki yiiksek koersiviteli fazin (titanohematit)
hematite karsilik geldigi goriilmiistiir. Ug-eksenli EIKM’ya ait 1sisal demanyetizasyon 580 °C’nin
altinda bir bloklanmama sicakligi gostererek, titanyumlu magnetitlerin varligini ortaya koymaktadir.
Orneklerin tane yapilart gogunlukla yalanci-tek domenlidir. Histeresis egrilerindeki dar biikiim egri
davranis1 orneklerde titanomagnetitin varligmi dogrulamktadir. Orneklere uygulanan 1sisal ve
alternatif alan temizleme isleminden sonra, ¢ogunlukla iki ana manyetik bilesen belirlenmistir. Ilk
bilesen, diisiikk bloklanmama sicaklig1 veya diisiik koersiviteye sahip olup, miknatislanma dogrultusu
giinlimiiz yer manyetik alanina esittir. Orta-yliksek koersiviteye veya orta-yiiksek bloklanmama
sicaklig1 sahip ikinci bilesen ise 20—100 mT veya 400-580 °C’de ayirtlanmistir.

Dogu Pontidlerdeki Jura yasgh kayaglardan hesaplanan paleomagnetik dogrultu, tektonik diizeltme
sonrast D= 337.3°, [=53.8°, a¢s=5.1° olarak elde edilmistir. Bu ortalama degere karsilik gelen

5.4

paleokutup Pepiem= 70.9°, Ppoyiam= 293.9°, 49s= 6.0° ve paleoenlem ise 34.37,7 olarak saptanmustir. Geg
Kretase yash kayaclardan hesaplanan paleomagnetik dogrultu tektonik diizeltme sonrasi D= 343.0°,
1=46.5°, ags=4.7° olarak belirlenmistir. Ge¢ Kretase icin paleokutup pozisyonu Pepjem= 70.8°, Pyoytlam=
268.8°, Aos= 6.0° ve paleoenlem ise 27.8"Y olarak hesaplanmistir. Ayni bolgede Orta Eosen
lavlarindan tektonik diizeltme sonrasi ortalama dogrultu D= 157.6°, I =—54.3°, a¢s= 4.9° olarak elde
edilmistir. Diger taraftan Mudurnu formasyonundaki volkanoklastik kayaclardan ortalama dogrultu
D= 335.7°, I=40.9°, a¢s=7.9° ve Amasya bolgesindeki Jura yash kiregtaslarindan D= 346.1°,
1=42.7°, ags= 10.4° hesaplanmustir.

Hem Jura hem de Geg Kretase mevkilerinde %95 diizeyindeki pozitif kivrim testi karakteristik kalinti
miknatislanmanin (KKM) birincil oldugunu gostermektedir. Verilerin yorumlanmasi Jura’da Dogu
Pontidlerin 34.3° paleoenleminde ve komsu Sakarya kitasinin ise ~23.5° yer aldigmi ortaya
koymaktadir. Jura ve Orta Eosende Dogu Pontidlerin paleoenlemsel gocgli Avrasya paleoenlemi ile
uyum igerisinde oldugu goriilmiistiir.

Anahtar Sozciikler: paleomanyetizma, Jura, Ge¢ Kretase, Orta Eosen, paleoenlem
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Palaeogeographic Evidence for the Jurassic to Middle Eocene Tectonic History
of the Pontides: New Palaecomagnetic Data from the Sakarya Continent
and Eastern Pontides

Mualla Cengiz Cinku, Z. Miimtaz Hisarli & Naci Orbay

Istanbul Universitesi, Jeofizik Miihendisligi Béliimii, Avcilar,
TR—-34320 Istanbul, Tiirkiye (E-mail:mualla@istanbul.edu.tr)

The Jurassic to Middle Eocene palacogeography of the Pontides is not well understood at the present
time due to insufficient palacomagnetic data. To improve this situation we have carried out a
palaeomagnetic study on samples from 54 sites in various volcanic, volcanoclastic and sedimentary
rocks within the Pontides in order to constrain the palaeolatitudinal drift of this region during Jurassic,
Late Cretaceous and Middle Eocene times. Isothermal remanent magnetization (IRM) experiments
show that most samples are saturated in fields of 0.2—0.4 T and are most likely to carry
titanomagnetite or titanomaghemite. In other samples a high coercivity phase corresponds to presence
of the titanohematite-hematite series. Thermal demagnetization of three-component IRMs shows
unblocking temperatures up to 580 °C confirming the presence of titanomagnetite in most of the
samples. Hysteresis analysis shows that the magnetic grain sizes of the samples are mostly pseudo-
single-domain and the narrow-waisted curve behavior of the loops also confirms the presence of
titanomagnetite. Palacomagnetic analysis revealed mostly two main components of magnetization
during stepwise thermal and alternating field demagnetization. The first component is a low
unblocking temperature/coercivity component with a direction similar to that of the present Earth's
field. The second component with medium-high unblocking temperature/coercivity was isolated
between 400-580 °C or 20-100 mT.

The palaeomagnetic components resolved from the Jurassic rocks in the Eastern Pontides show a mean
direction of D= 337.3°, I=53.8° (ags=5.1°) after tilt-correction corresponding to a palacomagnetic

pole at 70.9°N, 293.9°E (4ys= 6.0°) and yielding a palaeolatitude of 34.3"%N. The tilt-corrected

components resolved from Late Cretaceous rocks show a mean direction of D= 343.0°, [=46.5°
(a9s= 4.7°) following tilt-correction corresponding to a palacomagnetic pole at 70.8°N, 268.8°E (4ys=

+4.07

6.0°) and yielding a palaeolatitude of 27.8";7; N. Middle Eocene lavas from the same region yield a

mean direction of D= 157.6°, I=-54.3°, (a¢s=4.9°) after tilt-correction. A mean direction of D=
335.7°, I=40.9° (a9s= 7.9°) is obtained from volcanoclastic rocks of the Mudurnu Formation and a
mean direction D= 346.1°, I= 42.7° (a9s= 10.4°) is determined from Jurassic limestones of the Amasya
region.

A positive fold test at the 95% level of confidence shows that the ChRM from both Jurassic and Late
Cretaceous sites is primary. Interpretation of the data indicates that the Eastern Pontides was located at
34.3° palaeolatitude, later in Mesozoic times whilst the Sakarya block was located at ~23.5°
palaeolatitude in Jurassic time. The palaeolatitudinal drift of the Pontides between Jurassic and Middle
Eocene times is in good agreement with the drift implied by the Eurasian apparent polar wander path
during this time period.

Key Words: palacomagnetism, Jurassic, Late Cretaceous, Middle Eocene, palaeolatitude
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Kuzey Anadolu Fayi, Almacik Blokunu (Dag1) Ka¢ Derece Dondiirmiistiir?
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Tiirkiye’nin ana tektonik varliklarindan ikisi olan Kuzey Anadolu Fay1 (KAF) ve Dogu Anadolu Fay1
(EAF), Anadolu Blokunu Dogu Anadolu Blogundan ayirir. Kuzey Anadolu Fay1 sag yonlil bir fay
sistemi olup yaklasik 100 km genisligindeki bir kita i¢i transform zonu iginde yer alir. Kuzey Anadolu
Makaslama Zonu (KAMZ) boyunca farkli 6lgekte dogrultu atimhi faylarca dilimlenmis farkli kitasal
bloklar bulunmaktadir. Bu bloklar genellikle KAF’m iki ana kolu arasinda smirlandirilmistir ve sag
yonlii fay sistemlerinden dolay1 saat yonlii rotasyon olusur. Almacik Bloku (Dag1) fay sinirh
bloklardan biri olup, bu blok i¢in tartismali paleomanyetik sonu¢lar mevcuttur. Almacik Blokunun
Eosen volkanik kayalar1 i¢inde 19 paleomanyetik mevkiden ve blok disinda ise 7 paleomanyetik
mevkiden Ornekleme yapilmis, bdylece blogun rotasyonu diger sabit bolgelerle karsilagtirilmistir.
Alternatif alan ve termal demanyetizasyon iglemleri ve daha sonrasinda ise bilesen analizini takiben
cift kutup eksenleri ¢oziilerek, bu bolgedeki Eosen zamanindaki tahmini alan yoniine gére Almacik
Blogunun 26.7°49.5° saat yoniinde dondiigii saptanmistir. Benzer paleomanyetik sonuglar, Armutlu
Yarimadasi’nda da bulunmustur. Armutlu Yarimadasi’nin paleomanyetik rotasyonu da saat yoniinde
16°+6.8° dir. Birbirine yakin bloklarda belirlenmis olan bu benzer rotasyonlar olduk¢a énemlidir ve
onceki paleomanyetik ¢aligmalarin sonuglarindan daha anlamlidir.

Anahtar Sozciikler: paleomanyetizma, Almacik bloku (dagi), Eosen, volkanik kayalar, saat yonli
rotasyonlar, KB Tiirkiye
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How Has Strike Slip Motion on the North Anatolian Fault Rotated
the Almacik Block?

Turgay Isseven', Tun¢ Demir’, S. Can Geng® & Fatma Giilmez’®

! [stanbul Teknik Universitesi, Maden Fakiiltesi, Jeofizik Miihendisligi Boliimii,
Maslak, TR—34469 Istanbul, Tiirkiye (E-mail: isseven@itu.edu.tr)
? [stanbul Teknik Universitesi, Avrasya Yerbilimleri Enstitiisti, Maslak, TR—34469 Istanbul, T tirkiye
3 [stanbul Teknik Universitesi, Maden Fakiiltesi, Jeoloji Miihendisligi Boliimii,
TR-34469 Istanbul, Tiirkiye

The North Anatolian Fault (NAF) and the East Anatolian Fault (EAF), two of the major tectonic
entities of Turkey, separate the Anatolian Block from the Eastern Anatolian Block. The North
Anatolian Fault is a dextral fault system lying within an intracontinental transform zone up to 100 km
in width. Along the North Anatolian Shear Zone (NASZ) continental blocks are delimited by strike-
slip faults on different scales. Generally these blocks are surrounded by two branches of the NAF and
rotated clockwise between the dextral master fault systems. The Almacik Block is one of these fault-
bounded blocks and there are some conflicting palaecomagnetic results from this block. In this study
Eocene volcanic rocks of the Almacik Block have been sampled at 19 palacomagnetic sites, and 7
palacomagnetic sites have been sampled outside of the block to compare the block rotation with the
adjoining areas in the Pontides to the north and the Anatolides to the south. Following alternating field
and thermal demagnetisation and component analysis, a coherent dual polarity axis of palacomagnetic
directions is resolved which shows that the Almacik Block has rotated 26.7°+9.5° clockwise relative
to the field direction predicted at this location in Eocene times from the Eurasian apparent polar
wander path. A similar palacomagnetic result had been resolved from the Armutlu Peninsula along the
NAFZ further to the west where the rotation is 16°+6.8° clockwise. These rotations of similar amounts
and clockwise sense in adjacent blocks are remarkable. Since these are elongate-shaped blocks which
could not have undergone single coherent rotations relative to blocks to the north and south without
opening large spenochasms for which there is no evidence, it appears that a model involving unified
rotation of multiple smaller blocks defined by secondary cross faults is probably operating here.

Key Words: palacomagnetism, Almacik block (Mountain), Eocene, volcanic rocks, clockwise
rotation, NW Turkey
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Demirci (Manisa) Bolgesindeki Granitik, Migmatitik ve Pegmatitik
Kayaclarin Manyetik Hassasiyet Anizotropisi (AMS)

Gokhan Atict', Erdal Sen®, Erkan Aydar®, Hasan Bayhan?,
Orkun Ersoy?, inan Ulusoy® ve Umit Unal®

" Maden Tetkik ve Arama Genel Miidiirliigii, Jeoloji Etiitleri Dairesi Baskanlig,
06520 Balgat, Ankara (E-posta: gokhana@mta.gov.tr)
? Hacettepe Universitesi, Jeoloji Miihendisligi Béliimii, 06532 Beytepe, Ankara
I Lund University, Department of Geology, GeoBiosphere Science Centre,
Lithosphere and Biosphere Sciences, Lund, Sweden
? Devlet Su Isleri Genel Miidiirliigii, Teknik Arastirma ve Kalite Kontrol Dairesi Baskanhgt,
06760 Esenboga, Ankara

Kayaglarin Manyetik Hassasiyet Anizotropisi (AMS) degerlendirmeleri son yillarda uygulanan énemli
yontemlerden birisidir. Demirci bolgesinde granit, migmatit ve pegmatitlerde gerceklestirilen kayag
manyetizmasi ¢aligmalarinda toplam 628 adet karot 6rnegi lizerinde manyetik hassasiyet ve AMS
dlgiimleri yapilmustir. Olgiimlerde; K,(ortalama), K;(maksimum), Ky(ortag), Ks(minumum) hassasiyet
degerleri, P' anizotropi derecesi ve T sekil parametresi degerleri tespit edilmistir. Migmatitlerin
anizotopi dereceleri P' 1.061-1.699 araliginda degisim gostermektedir. Ortalama manyetik hassasiyet
degeri (K,,) ise 26.09 olarak tespit edilmistir. Flinn diyagramlarindan elde edilen sekil parametre
degerleri (T) genelde pozitif ¢ikmis, manyetik hassasiyet elipsoidinin sekli ise yassi olarak tespit
edilmistir. Migmatitlerin manyetik lineasyon (K;) degerlerinin pol noktalarinin ortalama degeri ise
8.6/3.9 olarak hesaplanmustir. Granitlerde K., degeri 6,47, P' degerleri ise 1.058—1.87 olarak tespit
edilmistir. Cizilen Flinn diyagramlarinda T degeri sifirdan biiylik olup manyetik elipsoidin sekli yass1
olarak tespit edilmistir. Granitler i¢in ortalama manyetik lineasyon degerlerinin pol noktas1 K; 4/11.7
olarak hesaplanmistir. Pegmatitlerde ise manyetik hassasiyet degerleri diger kayaglara gore daha
disiik degerlerde olup K., degeri 2.90 olarak bulunmus, P' degerinin ise 1.092 ile 1.922 araliginda
degisim gosterdigi belirlenmistir. Bolgedeki kayaclar iizerinde yapilan bu AMS degerlendirilmelerinde
3 tip kayacin da manyetik lineasyon yonlerinin KD oldugu saptanmistir. Analiz ve hesaplamalar
sonucu elde edilen AMS parametreleri birbirleriyle karsilastirilmigtir. Bolgede bulunan migmatit,
granit ve pegmatitlerin paramanyetik ve diamanyetik bilesenlerce baskin ve ferromanyetik bilesenlerce
fakir bir manyetik dokuya sahip oldugu tespit edilmistir.

Anahtar Sozciikler: Demirci (Manisa), kaya¢ manyetizmasi, manyetik hassasiyet anizotropisi
(AMS), granit, pegmatit, migmatit
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The Anisotropy of Magnetic Susceptibility of Granitic, Migmatitic
and Pegmatitic Rocks in the Demirci (Manisa) Area
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The evaluation of anisotropy of magnetic susceptibility (AMS) of rocks is an important petrofabric
tool with an application that has greatly expanded in recent years. Magnetic susceptibility and AMS
measurements were performed on a total of 628 cores of granite, migmatite and pegmatite samples
from the Demirci area. Approximating triaxial ellipsoids are defined by K; (maximum),
K,(intermediate), Kz(minimum) susceptibility results, and P' anisotropy degree and T’ shape parameter
values of the samples were also determined. Anisotropy degrees of migmatites (P') range between
1.061-1.699 and the mean value of magnetic susceptibility (K,,) in the migmatites was determined to
be 26.09 SI units. The shape parameter value (T) obtained from the Flinn diagram was mostly positive
and the shape of the magnetic susceptibility ellipsoid was predominantly oblate. K, and P values for
the granites were determined as 6.47 and ranged between 1.058—1.87, respectively. Positive T values
and flat magnetic susceptibility ellipsoid shapes were also determined from the granites. The magnetic
susceptibility of the pegmatites was lower than the other rock types. K;, and P values were determined
as 2.90 and ranged between 1.092—-1.922, respectively. All rock types in the study area have magnetic
lineation directed NE-SW. A comparison is presented of AMS parameters determined from analyses
of the three rock facies. Migmatites, granites and pegmatites in the study area are found to be
dominated by paramagnetic and diamagnetic minerals and small amounts of ferromagnetic
constituents make only a small contribution to the fabrics.

Key Words: Demirci (Manisa), rock magnetism, anisotropy of magnetic susceptibility (AMS),
granite, pegmatite, migmatite
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Tiirkiye’de Arkeomanyetizma: 7.000 Yilhik Jeomanyetik Sekiiler
Degisim Egrisinin Olusturulmasi
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Liverpool L69 7ZE, U.K

Arkeomanyetizma yanmis arkeolojik malzeme kullanilarak jeomanyetik sekiiler degisimin
caligilmasidir. Bu metod 1siya maruz kalan kayacinénceden kazandig1 manyetizmasinin sifirlanmasi ve
o giinkii manyetizmaya gore yeniden hizalanmasi prensibine dayanir.

Bu calismanin ana hedefi arkeolojik malzemeden elde edilecek manyetik egim, sapma, ve siddet
degerlerini kullanilarak Tiirkiyenin son 7000 yillik donemine ait sekiiler degisim abaklarini
olusturmaktir. Bu abaklarin olusturulmasinda yanma yas1 bilinen arkeolojik malzemeye ihtiyag¢ vardir.
Su ana kadar, yas1t MO 3000 ile MO 500 arasinda degisen 15 farkli arkeolojik alandan y&n (manyetik
egim ve sapma) verisine ait analizler i¢in toplam 1001 yonlii karot alinmistir. Buna ek olarak,
manyetik siddet 6l¢iimleri igin 300°den fazla seramik parga toplanmistir. Yasi bilinmeyen yanginlar
OSL yaslandirmas: ile destelenmektedir. Bu sunumda yon verilerine ait dl¢limlerin 6n sonuglar
sunulacaktir.

Anahtar Sézciikler: arkeomanyetizma, sekiiler degisim egrisi, paleosiddet, paleosapma, paleoegim
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Archacomagnetism is the study of changes in geomagnetic secular variation using archaeological
material which has been subjected to burning and heating. The method utilizes the principle that when
a rock is exposed to sufficient heat (i.e. >350°C) the permanent magnetism in the rock is partially or
wholly reset, and the magnetic domains realign with the ambient magnetic field.

This study aims to construct a secular variation reference curves for Turkey from the declination,
inclination and magnetic intensities of the remanent magnetism using archeological material. For the
construction of such a curve samples with known ages are needed. So far 1001 oriented cores have
been sampled for the directional analysis of declination and inclination from fifteen archaeological
sites ranging in age between 3000 — 550 BC. Additionaly, more than 300 ceramic samples have been
collected for intensity measurements. We are aiming to resolve unknown ages of firing by employing
optically-stimulated luminescence (OSL) dating. In this contribution we will present the preliminary
results of the directional measurements.

Key Words: archacomagnetism, secular variation curve, archaeointensity, palaeodeclination,
palaeoinclination
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