ACTIVE TECTONICS AND KINEMATICS OF FETHK Y-& ¥CEK BAY, SW
TURKEY

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY
LEVENT TOSUN

IN PARTIAL FULFILLMENT FOR THE REQUIREMENTS
FOR
THE DEGREE OF MASTER OF SCIENCE
IN
GEOLOGICAL ENGINEERING

JANUARY 2018






Approval of the thesis:

ACTIVE TECTONICS AND KINEMATICS OF FETH KYE-G¥ CEK BAY, SW
TURKEY

Submitted byLEVENT TOSUN in partial fulfillment of the requirements for the
degree oMaster of Science in Geological Engineering Department, Middle East
Technical University by,

Prof. Dr. |Gglerin Dur al
Dean, Graduate School Nftural and Applied Sciences

Prof. Dr. Erdin Bozkurt
Head of DeartmentGeological Engineering

Prof. Dr. Nuretdin Kaymakcé
SupervisorGeological Engineering Dept., METU

Examining Committee Members:

Prof. Dr. Erdin Bozkurt
Geological Engineering Dept., METU

Prof . Dr . Hasan S°zbilir
Geological Engineering Dept., DEU

Prof. Dr. Nuretdin Kaymakcé
Geological Engineering Dept., METU

Prof . Dr . M. Cihat Al -i-ek
Geological Engineering Dept., Pamukkale University

Assi st . Prof¢e.z Dr . Erhan Gg¢ly
Geol ogi cal Engineering Dept., Y¢gzeéencyeg Yeél

Date:31.012018



| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethicabnduct. | also declare
that, as required by these rules and conduct, | have fully cited and referenced

all material and results that are not original to this work.

Name, Last Name:Levent TOSUN

Signature



ABSTRACT

ACTIVE T ECTONICSANDKINEMATI CS OF FE¥YCHKBAE, SW
TURKEY

Levent TOSUN
M.Sc., Department of Geological Engineering
Supervisor: Prof. DiNuretdin KAYMAKCI

January2018 101 pages

Tomographic studies conducted in Eastern Mediterranean region reveal that Pliny
StraboTrenh corresponds to a tearandfomoBdge as
Propagator) faultonnecting the Aegean and Cyprdaenchesalong thenorthern

edge of the northwardubducting African lithosphere. Recently, it is claimed that
FethiyeBurdur Fault Zongwhichinterpretedas a sinistral trastensional shear zone,

is thenortheastecontinuation of this fault.

In order to test this hypothesis, a rigorous study aiming at unravelling the
characteristics and kinematic of the faults developed around thgyd&-&° c e k Bay
located at the northeastern termination of the P8trgabo Trench from oféhore to
on-shorewas conductedIn this context, totally 228 knbong, 32 seismic lines
collected from the Fethiy&° c e k, ar8 iatgrpreted and faults cutting tbeabed
weremapped. In addition, the dand continuation and characteristics of these faults
were verified in the field. For this purposebout 15000 fault slip data from 222
locations within the bay and its vicinity were collected and analyzed.

Accordng to obtained results, all of the faults are developed under apmatety

NW-SE directed extension, except some {9&striking faults, whichhave strike



slip components contrary to proposed sinistral nature of alleged F&thiger Fault
Zone. There isnot anytangible evidence that supports the existence of a sinistral
transtensional gar zone in the region. It is claiméht PlinyStrabo Trench does
not propagate etand along a NESW striking major sinistral strikslip shearzone

in the region, ath thatexistence andharacteristicef the FethiyeBurdur Fault Zone
arethereforedebatable.

Keywords: FethiyeBurdur Fault Zone, Plimptrabo Trench, active faults, kinematic

analysis, Fethiye6° c ek Bay
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FETHKGECEK K¥RFNKZNK AKTKF T EK TKOKNNKEMA TVK J K
GB T! RKKYE

Levent TOSUN
Y¢é¢ksek Lisans, Jeol oj i M¢hendi s |
Tez Y©°net i dNuretdin: KAYMAKCH . Dr .

Ocak2018,101sayfa

Doj u Akdeni z b°l gesinde yapeéel an tomogr a
dojuda KéebreésnPMmrypéodoanban Hanpndedi 6nin kuze)
Afrika plakasénén kuzey wucunda ASTEPO ( S
fay olarak Dbilinen bir yértél maya karkel
yapélan -al exkmal ardabi rsomak@xllgmat rzammsu ac
edilen FethiyeBur dur Fay Zonudnun bu fayén KD vy

Séer el megkt gr.

Bu hipotezi test-Sermbb &dmadeyi ani Pl KDy y
kar aya ge-i K nokt a&E°écnedka Kbo°un) faidnZmim vFeev rhe g/ie
geli kmi k faylarén karakterl eri ve kinema
titiz arazi -al ekxmasé tarafemeéezca ger-ek

toplam 228 km uzunlujunda 32 adpéndalsimi

g¢ncecel birimler:i kesen aktif fayl ar hari
fayl arén karadaki devaml él ékl aré ve kar a
k°rfez ve yakén civar ¢gakhblkéfR2y? Syve@di@)liée |
derl enmi k ve analiz edilmicktir.
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¢al ékmal ar sonucu el de edilen verilere dayan
ifade edilen Fethiy ur dur Fay Zonudnu boyunca iddia e
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CHAPTER 1

INTRODUCTIO N

1.1 Purpose and Scope

The tectonic framework of the Western Anatolia has been shaped as result of two
continuing tectonic processes since Early Miocene. The first is northward collision of
the Arabian Plate causing westward extrusion of the Anatolias Rlang the North
Anatolian and East Anatolian Fault Zongsk e n g ° ,r1988)tThe dalter is the
northward subduction of African lithosphere along swmuthwestwardretreating
Aegeantrenchin the west and Cyprusenchin the eastNIicKenzie 19781 e Pichon

and Angelier 1979Biryol et al. 201). Due to slabtearing caused by the lateral
variation in the nature of the subducted lithosphereAttgeeanand Cyprudrenches

are segmented by a 100 km wide transform fault zone, called asSdalyo
(Woodside et al., 2002; Govers and Wortel, 2005). In recent ,yedes the
recognition of this largascale sinistral transpressional shear zone based on seismic
tomographic studies and geodetic measurements, it has been envisaged that Fethiye
Burdur Fault Zone (FBFZ), which isaactivesinistral transtensional sheaone, is

the onlandcontinuation of the Pliny Strabo trench @W Anatolia (Dumond et al.,

1979 Barka and Reilinger, 199E1 i t ez 2010;; TOa ykkjilog, u2 &1
2013; Hall et al., 20L4Aksoy et al., 2016

This thesis presents an integratedidgt concerning the active tectonics and
kinematics of the FethiyeG® c ek Bay, whi ch i zonébetweant ed at

the PlinyStrabotrenchand the FBFZFigure 1), by usingfault kinematic analysis



and interpretationof seismic sectionsKinematic analysis, based dault slip data
sets is aimedat unravellinghe paleostress orientations and their relative magnitudes
that areresponsible for style and pattern of the defornmaiiothe investigatedrea
Additionally, seismic sectia@) combined with bathymetry, provideterpretation of
theactive faults and also providgeeans for the verification of the spatial distribution
of faultsin relation tothe recent deformation in the region. The resultsstgd light

on the understanding of link betwedHiny-Strabo trench and their northwards
continuation. This will allow us testing theypothesis thafi) whether the active
FBFZ is an active strikeslip fault zone developed in response to northwards
propagabn of the PlinyStrabo STEP fault on land and accommodate differential
motion betweerAegeanand Central Anatolian regions @i) it terminates around
the FethiyeG° c edy and connects Aegean and Cyprisanches like any other
trench to trench connewy transform faults.

1.2 Geographic Position of theStudy Area

The study areaompriseghe FethiyeG° ¢ e k  Bsarsoundingsiiu j ,ITarkey)
(Figure 1). The area under investigation occupies approximately 1800 square
kilometresbetween 36.30 N36.50 N latitudes and 28.45-29.15 E longitudes and

lies within O21b3,b4,c1,c2,c3,c4 and Z23,a4,d1,d2,d3,dduadrangles of Turkish
1/25.000 scaléopographic maps
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1.3 Data and Method of the Study

This study was carried out in four main stagereliminary studies?) 2D seismic
interpretation,3) field studies and}) office works. The preliminary studigsclude
investigation and collection cdvailableliterature For this purpose, the relevant
documents, including topographical and geological maps, satellite images together
with published reportsand research papers collected asctutinized During this

stage a detailed lineamemhap at digitalkelevation modelsvas preparedor ground

truthing

The second stage waboutinterpretation of32 2D seismiclines atotal of 228 km
long sectionsDuring this stage, the horizons and faults were picked in time domain
and the surfacetersection (tracedf the faults were mapped on plan vieBeismc

interpretation was performed using SMingdom software.

The third stageincludesfield studies, both omhe mainland and islands in the bay
area Everyisland and all the shore lirsdongthe bay and its vicinity was visited by
a 4.2 m fiberglass boatith 20 HP outboard motor={gure 2). During this study
faults exposed othecliffs and along the shorelireee studied in detail and fatglip

data vascollected

Figure2 Theboat ugd in marine side studies.

4



During field studies, total of 14877 slip dafieom 222 sites were collected and
documented. Faults were identifiathd categorizedusing slickensided surfaces,
stratigraphic separationswhere the basement units juxtaposedhwitounger
sedimentary unitsand available kinematic indicators help to identify direction of
fault block movementsThe slickenside lineations and orientations of fault planes
were collected by wusing eGEO Compass Pdeveloped Marc Foi
(http://Iwww.mcfoi.it/egeo_compassccess: July 20)71t is a digital geological

compass application specially designed for the Android mobile operating system.

The fourth and the last stagemprise integration and interptation ofall gathered
informationfrom previous stagefkeconstruction opaleostressonfigurations were

performed in this stag&he collecteddata were processed by Wiensor (windows

version of TENSOR) which is an interactive process of stress teadtulation
program developed based on Angdastlyjtleer 6s r ¢
structures and deformation styles of the area in question as well as their activities has
been deduced from seismic interpretations and paleostress reconststuadies in

FethiyeG°cek Bay.

1.4 Previous Studes

The tectonic evolution of th&outh Western Anatolia has been one of the most
extensively studiedegiondue to its role in the geodynamic evolution of Eestern
Mediterranean and its unique tectonicacdcteriics, extensional tectonicsn
particular Similarly, this study iscentredaroundthe kinematics, characteristics, and
activities of the faultsaround FethiyeG° ¢ e k ard #&syrelation to regional
tectonics that governs SW AnatoliBeforegoinginto details of tle presenstudy,

previous works carried oaroundthe bayareaare summarized.

The previous studies conducted aroundstuely areaare categorizedbased on the
context of this studyinto two groups. The first group is about the gahgeological
characteristics of theegionandincludes paleotectonic and neotectonic evolution of
southwesternAnatolia. Studies includingn this categorywill be given in detail in
the regional tectonic etting part.The second group iactive tectoits of the SW

Anatolia, particularly the source mechanism of recent earthquakes. In this context, a

5
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brief review of thekey previous studies will be summarized in a chronological order
below.

McKenzie (1972, 1978) investigated the active tectonics of Meditean region and
Alpine-Himalayan belt including the Aegean Sea and surrounding rebesed on
moment tensor solution®f earthquakes, Landsamages and seismotectonic
characteristics of the regiolle claimed that rapid extension is recently takjtare

in the northern and eastern parts of the Aegean Sea region.

Dumont et al. (19795ocumented information about ti@ermation mechanism of
horstgraben systems irsouthwestern Anatolia on account of faults cutting
MioceneQuaternarydeposits As a reult, theyproposed for the first time the alleged
FethiyeBurdur Fault, deft lateral strikeslip faultthatcould bethe NE contination

of Pliny-Strabo trench ito theSW Anatolia.

karojlu et al . anunb8roiNE-SIVMarénding actia fpuisevdh
sinistral strikeslip componerg within the allegedrFethiyeBurdur Fault Zoneat a

scale 0f1:1,000,000and they are included in th&ctive Fault Map of Turkey

( kar o] 11892)eDuring following yearsthis map wagevised by Duman et
al.(2016), using geographic information system based database includes maps of
active faults, catalogues of instrumental and historical earthquakes, moment tensor
solutions and data on crustal thickness, and they also claim that t{8&\N\Eending

faults alongFethiyeBurdur Fault zone active and has been accommodating sinistral

displacement.

Taymaz and Price (1992) determined the source parametéviayat2 1972 Burdur
earthquake by using seismological and geological observations and suggest that the

major erthquakdault was a normal faulvith a listric geometry.

Price (1989), and Price and Sc(it994) proposed a basin evolution model for-NE
SW trending BurdurA ¢ é-a&klan basin. According to histudy, each of these
Quaternary basins has a hglaben gometry and active faults bounding them have
a sinistral strikeslip component, with slip vectors indicating extension in an-8EV

direction.



Ko-yijJit (1984) and Ko- yi-graben sgstemia BW ( 20 C
Anatolia on the basis of field ggical mapping. Orientations of local principal

stress axes wergeconstructedrom fault slip data together withmoment tensor

solutions of recent large magnitude earthquakes in the reg@ioey claimed that the
basinbounding NE-SW trending active fdts bounding basins along FBFZ are
orthogonalnormalfault systemsievelopedn a grabertype extensional depression

without any significantievidence of basin formation astrike-slip setting.

Ya] mur |l u et al . stidy,&ned gtdermoastrang teedelatonship a
between alkaline volcanism and active tectonism withincthr@ext ofevolution of

the Isparta Angl€lA). They claimed that the radiometric ages of alkaline volcanics,
which were arranged contemporaneously alon§ Mending faults at the apex of
Isparta Anglebetween Bucak and Afyon regions, are progressivetpme younger
from north to south. The authoascribed this pattern to tls®uthward migration of
the subductiorzone.They also claimed thabhe NEtrendingfaults within theBurdur
Basin aresinistral strikeslip faults andthat these structureme thecontinuation of

the Pliny-Strabotrench on landThe authors also claimed that these faults form the
boundary beveenthe Aegean and Mediterranean plaassvas proposed by Dumont
et al. (1979)

Aky¢z and Al tunel (1997, 2001) <carried o
archaeological relics in the ancient city of Cihywdnich is located withirthe alleged

FBFZ. They claimed that the N&W-oriented Cibyra fault can be traced within
Pliocene sediments in the vicinity of thacientcity and slickenside lineations on

exposed fault surfaces, which are also olesion the artifacts, indicateft-lateral

motion combined with aninor normal component.

Al - i -€elk , (2A00 i - ek e 200582006 200722008,2013 20050 4

2018, Al - i - ek andand sudied\the basin dvduod Bombined with
structural analysis and introduced the first dethiime-stratigraphic framework for

the neotectonic devel opment of Neogene ¢
the FethiyeBurdur Faul Zone insouth westerrAnatolia. They proposed a time
stratigraphic framwork for the evolution of NESW-trending Neogea basins in

FBFZ on the basis of bigtratigraphically well constrained tecteeedimentary

7



model. As a consequence, they stated that the FBFZ represents a broad zone of

isolated or interconnected N&W-trending basins that formed under prevailing NW

SE exension, rather than being a significant stigke fault zone. In additiarbased

on the field observations from the Eken, ¢ a
that the recent deformation dominated bydextral shear along NBEW-striking

faults that are linked to th&lW-SE extensionn the region In their interpretation,

the dextral faults are local accommodati@tructures, whichtransfer NE-SW

extensioml strainin a system of bdirectional extensian

kahin (2004) theaesis adncraasemretde atchnaulated stress along
the zonefrom Fethiye to Burdubased orcoulombstress distributionaccording to

24 earthquake solutions provided by Taymaz and Tan (2001)

G¢rer et praviled firgtnzagnétdtelluric images @f part of thecrustin the
southwesternTauridesalong the allege&BFZ They observed bioad vertical zone

of high conductivityand attributed it t@ deepseated vertical fault zone.

TenVeen et al. (2009) carried out a regional study in SW Anatolia, witchided
structural evolutioary scenarioof the region from paleotectonic to neotett.
According to the results, kinematic decoupling took place between the Lycian
Nappes (to the south) and the Menderes Massif (in the nortimee tectoniphases

from Early MioceneRecent.

Hall et al. (2009, 2014) interpretesd number ofmulti-channel seismic reflection
profiles from offshoreareas and provided improvsttuctural architecture of Rodos
Basin where a number &fE-SW sinistral strikeslip faults dominateAs a result of
these studieand combining published information thelaimedthat NEtrending
Pliny-Strabo trenchalong theeasternedge ofAegeansubductionzone continued
along a zone collinear with the 4and allegedFBFZ in SW Anatolia Therefore,
they claimed that FBFZ is a sinistral strigkp fault zone and is the NE comtiation
of the PlinyStrabo STEP fault (c.f. Govers and Wortel 2005).

Elitez 2010) carried out a M.Sc study to investigdkee MioceneQuaternary
geodynamicso f ¢camel i and G° | hFBRZaAccordirrgsto this wi t hi n

study,the Neogene basinsommenced in relation to aompressional regime in the
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Early Miocene and followed by a lgfiteral movement in the Middleate Miocene.
The basins are currently sitedtwithin a Pliocen®ecentpredomirantly leftlateral
extensional regime (Elitez et al., 2@ ; El i tez and Yalterak,
Yal térak, 2014b; EIlitez et al., 2015; EI |

Karabacak (2001) carried out a study within the Cibrya segment of the alleged
FBFZ based on geological, geomorphological and archaeoseismological
obsevations in thefield. He claimed that Cibyra Fault is an active lediteral fault
capable of producing earthquakes of considerable magrandlé is consistent with

the sinistral nature of alleged FBFZ.

Biryol et al. (2011) modeled the African lithosple beneath the Anatolian region
based on the teleseismicwave tomography. They suggest that the northward
subducting African lithosphere is segmented beneath Anatolia and this segmentation
plays an important role in thactive tectonics ofAnatolia and controls the

distribution ofvolcanic provinces and different deformation domains.

Ocakoj Il u ( 2 el s2gfloorsmorplibiogy dand séattom deformation
patterns in theregion FethiyeMarmaris Bay using multi-beam bathymetric and
seismic reflection data. The study mapped out some sinistral -sedom
morphological patterns arttlat these faultsra the manifestation of sinistratrike-
slip faultsin the region. These faults are interpretedthes indication ofnorth

easterrextension of the Plingtrabotrench.

¥ z b ak & (2018) ppropased that the NEending Pliny and Strabwenchin the
eastern part of thAegean tenchrepresent the surface expression of a Stype
plate boundaryd.f. Govers and Wortel, 2005), which is the boundary zone between

the nonsubducted African lithosphere and the Aegean lithosphere.

¥ver et al . (PHoEQLUEeynarysto preseént dhy strdseregime in the
Burdur basin, which is located at tinerth-easternend of the alleged FBFZ. He
claimed that the region is predorated by a consistent normal faulting stress regime
during PlicQuaternary time based on the inversions of slip vectors recorded by
brittle deformation and the seismic fault slip deduced from the earthquake focal

mechanisms.



¥z kapt an20ld)tand Edyme c é e(2014)adiscussed the |dtteral
transtensionahature of the FBFZ on the basis of paleomagnetic and kinematic
studies. According to their study, there is markedchange in the rotation senses
and amounts on the either sidetloé FBFZ implying no differential rotation within

the zone. Additionally, the slickele pitches and constructed @astress
configurations along the proposed FBFZ are normal in character and consistent with
earthquake focal mechanispssiggesting active extension iretihegion.Therefore,

they claimed that there is no evidence for the presence of alleged FBFZ in the field.

K¢ r etal (2016) carried outagab s ei smol ogi c al survey in the
which is an active fault segment located on the central panediBFZ. According
to their pakoseismic data obtained from trench studies)dtestevent recorded on
t he Ac éapltavasadatedetween33 N 30 BP and 2410 N 30 BF
on fault plane slip data measured frooenchesthatt he Acépayam Fault i1 s .

normal fault with minor sinistral strikslip component.

¥z bakér edarriegl but a nuriebiciaTalysis comprisinghe actie faults in
the AnatoliarAegean plate boundary region as constrained by seismicity, seismic
reflection studies, tomographic studies, and geodetic measurembatsesults of
their analysido testing the presence and nature of BB&Z indicated that theny

fault along the allegeBBFZ is effectively locked or inactive at present

1.5 Regional Geological Setting

The land mass underlying most parts of Turkey consists of several continental
fragments derived from the margins of two ancient mega contin@otgjwana in

the south and Laurasia in the north. These continental fragments, once separated by
Tethys oceanwere amalgamated into a single landmass by orogenic processes since
at least early Mesozoic times. Presently, Turkey is lying within the Alpine
Himalayan mountain belt near the junction of Eurasian, African and Arabian plates.
The relative motion and interaction between these plates resulted in four major
structures, which operate side by side and govern the major neotectonic
configuration of Turkg. They are the dextral Nibr Anatolian Fault Zonethe
sinistral Eat Anatolian Fault Zonehe sinistal Dead Sea Fault Zorand the South
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AegeanCyprus Subduction Arca convergent plate boundary where the African
plate on the south is subducting behe#ite Anatolian plate to the nortl.g.,
Bozkurt and Mittwede, 2001).

According to the Eurasia fixed Global Positioning System (GPS) derived velocities,
Arabian plate has been moving towardstihamear South AegeaDyprus tenchat a

rate of 8 mm/yr, meawhile, the movement rate of western Anatolia is 35 mm/yr
towards southwest (McClusky et al., 2000). As is known, the relative motion
between these plates is associated satlthwestwardmigration of trench, which is
governed byroll-back of the remnartieaethyan slab beneathnatolia (Le Pichon

and Angelier, 1979; Moores et al., 1984; Royden, 1993; Govers and Fichtner, 2016).
On the other hand, following collision between Arabia and Eur#sganorthsouth
striking leftlateral Dead Sea Fault signgi¢ghe northward movement of the Arabian
plate with respect to Eurasia at a rate of 15 mm/yr (Kahle et al., F&éhger et

al, 2009. Collectively, the availabledata indicate thathe Anatolia has been
escapingwestward with at a rate of25 mm/yr abng both the dextral North
Anatolian and the sinisal East Anatolian fault zones; the westward escape is
accompanied byverall counterclockwise rotatiorof the Anatolian Block k e ng®° r
1979; Jackson and McKenzie, 1984; Rotstein, 1984; Dewey et al., 1986; Oral et al.,
1992; Reilinger et al., 19%nd 2006 McClusky et al., 2000).

On the other hand, the eastern Mediterranean régistlong been recognized as one
of the best natal laboratories owing to its variety in terms of tectonic processes,
such as rifting, passive margin development, contraatiotheformation and
associated subductioand ophiolite emplacement. The present tectonic framework
of the regionhas beershapedby the collision between the Arabian and African
plates, andheEurasian Plate i nce | at e Mi oXO&hRresgntkyegheg ® r
Aegean ttench in the west and the Cyprugrchin the east mark the boundary
between the Afgan Plate and Aegeaimatolian mcroplate. Due to the lateral
variation in the nature of the oceanic ¢ifphere arrived at the treh, theAegean

and Cyprugrenchesare segmented by a 100 km wide transformtfaoihe, called as
Pliny-Strabo tench at this convergent plate boundary (Woodside et al., 2000;
Govers and Wortel, 200¥an Hinsbergen et al201Q Biryol et al. 201).
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Indeed, the evolution history of the grabens in$h¥ Turkey has long been subject

of a profound debatdue tothe fact that it idocated in a transitional zone where

various slakedge processes, such as subduction;bamk, slabtear, back arc

extension and escape tectonics interactevBral competing and contrasting

geodynamic modelfiave beerpostulated. These are: (a) tectonic escape model

resulted from westward movement of the Anatolian plategatbe North and East

Anatolian fault zonesince 12 Ma (e.g., Deweg nd ke n gl°9 7 9 ; keng?or ar
YéIl maz, 1981,,19KBén g°GO,r¥u) while.somd researchers

suggest a time inteal between 3 and 7 Ma (Barka aKddinskyCade 1988) (b)

Backarc spreading model caused bguthwestward migration of the Agean

Cyprian subduction zone due to slab 4mdick initiated between 13 Ma ago (e.g.,

McKenzig 1978; Le Pichon and\ngelier, 1979; Meulenkamp et al1988). (c)
Orogeniecollapsemodel, whichrefers to gravitational collapse of owiickened

western Amtolian crust since 18 Ma (Dewey 1 9 8 8 ; S&cpti1994,71992 and
McClusky et al.2000). (d) Episodic twstage graben model suggested the existence

of two differently originated extensional period separated by a short phase of
compression as a combination of both the orogenilapse and tectonic escape

model (e.g., Bozkurt and Park 9 9 4 ; Ko - 3999 Bozkurte 0 02t . YéIl maz et
al, 2000; Ko-yijJit and ¥zacar, 200 3; Bozkurt
Robertson 2004, 2005; Bozkurt and Rojag2 0 0 5 ; Ko- yThipishgtan2 005) .
exhaustive list othe models, but they represent the end member models proposed

for the region For alternative modeld;letzel et al.(1995), Gessner et al2007),

Doglioni et al.(2002, S° z (2002, G¢ r er a n(2002yWdstava (2003,

Agostini et al.(2010, Jolivet and Brur{2010)are referred

1.6 The Geology of the Study Area

The pakotectonic basement of SW Turkey comprises three major
tectonostratigraphic units. From northwest to southeast, they are the Menderes
Massif, the Lycian Nappes, andthe Bezyd | ar &€ A(Bidue d)hThekeounits,
marked by structural contacts, constitute an entirely exposed section as a product of

subduction, obduction and collision processes associated with the closure of a
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northern branch of Ne orted tmayz s doOee8dn (Clod |
Robertson, 1999; Okay et al.,, 2001). In the study area, the understanding of the
emplacement and juxtaposition of these units is crucial since the collinearity of
neotectonic structures with those implies thatgheexistingstructures affected the

orientations of the latter ones (Bozkurt and Mittwede, 2005).

The Menderes Massif represents a relatively auboeitus Panafrican basement as a
metamorphic core complex (Bozkurt and Park, 1994)is Ibverlain by a pre
DevonianEocere metasedimentargover, whichis predominated by a passive
margin carbonate platforntd MesozoicEarly Cenozoic agen the upper part ¥ z e r

et al., 2001). Te location of the original depositional realm of this platform has been

asubject oflong lastingpd e bat e (e. g. , Gr ac i a n stikcyet 1972
al ., 1979; Im8z h9§1° Collirs mardl Robértson, 1999; Poisson, 1977,
¥zkaya, 1990; Collins and Robertson, 19

2001; ten Veen et al., 2009). Thaseks constitutes, together with Ligo ophiolites
generated by supisubduction zone spreading in the late Early Cretaceous (Collins

and Robertson, 1997), the Lycian Nappes. TheseSMEtrending allochthonous

units overlietectonically theEocene flysch iothe Menderes Mssif as an evidence of
emplacement (Okay, 2001). The Lycian Napped the Eocene flysch overlies the

Bey Dajlaré Autochthon in sout hseecalted , whi

Isparta Angle (Blumenthal, 1963).

From structurally | ower t o hi gher, Bey
Window (Hayward, 1984), theocene flysch of Mederes Massif, which underlies

the nappes, and the Lycian Nappes. The nappes, whicimade up of platform
carbonates and ophiolite units, are the main rock units cropping out in the study area
(Figure3). Although the aim of this study is to contribute to siide and pattern of

recent deformatiownf the region, there are not any sedimentary record within the on

land borders of study area like as deposited in Nebgena bens (1 . e. Eke
Burdur) along the FethiyBurdur Fault Zone Nevertheless, in the bathe recent
sedimentation under water enable to interpret the neotectonic deformation in the

region.
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Figure3 Simplified geologicamap of SW Turkey showing the location of study area
(adopted from 1:500.000 geological map of MTA, 2002)

1.7 The Seismicity of the Study Area

The study area is situatedthe southwesternedge ofallegedFBFZ which is one of
the seismically active pabf SW Turkey. It extents along NEW direction between
the FethiyeG° ¢ e k an® @uitan Mountains for a length of about 310 km with a
width of 40 to 50 km (Poisson et al., 2003; Elitez, 2009). The fault zone éacks
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continuous master fault othe surfae; instead, it comprises various linear, near
vertical fault segments trending ME-SW direction with an obliquslip normal

faults, even though the kinematics of the fault zone has been still a controversial

issue( e. g. , Dumont et aBhrka, 199b;9Bara; et &t ,y193¥,0 ] a n
Taymaz et al ., 1991, Taymaz and Price, 1
2006 ; Hal | et al .Ti r2y0alkdi;ojAceakeot] | al, . 2100@1

Kaymakce 0l;t¥ z b k €r 2 et nothdrnotabl Oattive) structual

element of the region is a WNMESEtrending fault zonewhich is formed as a
combination of numerous éBc h e | oahfaulisaransecting the NEW-trending
faults and is-Yeefépretl gs FGuk tera@&kn e 2(0BRI14i)"

According to the Disaster and Emergency Management Authority (AFAD)
earthquake catalogues, the hundredsafthquake$M>=4) occurred inand around
FethiyeG° c e k Bdarypgthe mstrumental period coveringime slice between

1900 and Q17 years (AppendixA). During he past century, five large/high
magnitude earthquakes (M>=5) were recordeasd theymight have resulted in
severe ground motions at the study area. These are (1) Ms 5.2 earthquake in 1905
(2) Ms 5.4 earthquake in 194@3) Ms 5.3 earthquake in 1958}) Ms 5.3 earthquake

in 1963, and (5) Ms 5.0 earthquake in 1967. Moreover, according to the European
Archive of Historical Earthquake Data (AHEAD), there are also historical
earthquakes which were reported in and near envirtdrecstudy area. 1851 (M=6.8)

and 1870 (M=6.0) earthquakes are the prontirmres among these earthquakes
Figure 4 shows he distribution of both instrumentally recordednd historical
earthquakes in the regiorAll thesereveal that the spatial distribution of seismicity

in the study area isonsistentvith the distribution of active faults, and based on their
focal mechanismsthe earthquakesccurred on almost pure normal faults tive
FehiyeeG° c e k B a viciniynwdhereag the offshore earthquakes are associated

with strike-slip faults.
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CHAPTER 2

PALEOSTRESSANALYSIS

In order to unravel the kinematic characteristics of faults and their spatial
distributions paleostressanalyse were performed This procedureinvolves
collection of fault data sets in the field and reconstruction of paleostress
configuratiors for each sampling site. Within the scope of this thesis, fault data
includes the fault plane and slicken line orientations as welieasrelative sense of
movementln addition, a detailed lineament map of the study area was also prepared
in order toembody the continuitiegrientations and spatial distributions of faoit

map view As a result,paleostress orientations and their relative magnitdes
shape of stress ellipsoidjere determined by using the reduced stieissorconcept

These otcomeswere used to improve the understanding of the kinenwatit

characteristicef faults developed ithe FethiyeG® cek Bay and its vic

2.1 Paleostress Analysis from Fault Slip Data

Paleostess analysiss a structurabnalysis, whichprovide adynamic interpretation
to kinematic analysis of faults in tectonic regimes operated in the Ralsbstress
analysis has been widely used and regionally consisting results have been obtained
from several applications in various tectonic settings overlasiethree decades.
Therefore, paleostress analysis ascepted as #&vourable structural analysis to

determine the stress tensors and associated tectonic regimes operated in the past.

It is importantto be aware of Wat havebeenobtainedas outcomes dhe analysis

becausecontrary to what the name implies, paleostress analysis doeadiractly
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yield a true nagnitude of paleostress@s. instantaneous forces applied at a per unit
area in the papt Instead, it gives the orientation and relative nitagies of the
principle stresses (Angelier et al., 1979, 1984, and 1989, Lisle 1987).

There are several graphicale. M-Plane (Arthaud, 1969Aleksandrowski, 1985)
and RightDihadra methodMcKenzie, 1969;Angelier and Mechler, 1977isle,
1987) and numerical(Carey and Brunier, 1974; Etchecopar et al., 1981; Armijo et
al., 1982; Angelier, 1984, 198Marrett and Allmendinger, 199Gnethods which
have been proposed for inferringaleostress orientations and their relative
magnitudedrom populationf fault since the premise study of Wallance (1951) and
Bott (1959). These methodsinvolve orientation of fault plane andnovement
direction ofdisplacementhat can be deduced frattme fault planegqslicken side)the
focal mechanisms of seismic eve(@ephart and Forsyht, 1984hd the mechanical

twinning incalciteminerals(Spang, 1972associated with the motion.

The graphical methodsre based ofinding the orientations of the stress tensbr

each measuremennd representing the results on thé& gsphere. In addition, they

are useful to separate heterogeneous data, which may resulted from multiple tectonic
events or fault interactions. However, the shape parametare({ative magnitude of
paleostresses) of the stress ellipsoid cannot be dedilicectly from graphical
methods.Otherwise the numerical methods are more robust tawburedin that
manner, since they vyield the full stress tensor result by using empirical relations
pertaining to brittle deformatiorEach method hinges on variousasptions and
boundary conditions. Therefore, user must be aware of the advantages and

limitations ofusedmethodfor paleostress analysis

In this studythe direct inversion method (INVD) @&fngelier(1979,1984, 1994) has
beenapplied as a numerical leastress reconstructidachniquedeveloped based on
reduced stress tensor concepid thereby gleostress orientations anélative
paleostress magnitudegere revealedbased on some assumptions that prevailed
during the time of faulting. These assumpsioinclude; 1) the fault blocks move
independently along the maximum resolved shear stneds negligible block
rotation 2) maximum resolved shear stress directions are parallel to the slickensides

formed on a planar fault surfa¢@/allace and Bott hypbesis) 3) themovement of
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faults obey MohCoulomb failure criterioni.e: frictional envelope governs the
failure and motion of the fault§Coulomh 1776; Mohr, 1900), 4) faults are
activated under a single phase of unifatmess field 5) porgvater pessure does not
alter intrinsic properties of faults, i.e. orientatiomsd normal versus shear stress
ratios are independent fromhé porewater pressure changeb other words,
CoulombBMohr relationship is not altered due to pevater pressure changes.

Angel i er 6s me tfdremndntionesl asbumptienghichoaneidealization

and simplification oflocal heterogeneities and inconsistencies existing in the
deformed mediumEor instancethe uniform intensity and orientation of stress field
operatingon isotropic masses afurst isa very broad approximatiofurthermore,

the fact thathe fauls are not perfectly planen any scale (e.g listric fault geometry)

is in contradiction withan implicit assumption in paleostress analysis assuming that
faults are uniformly dipping planar structurddowever, despite all assumptions,
when the previous application of the technique is taken into consideration, it has
been proved thatobtained resultsof paleostress analysiare consistent and

empirically validwith certain limitations.

Angelie® s reduce st r es s numedcal snethod domtarativelp t i s
determining of paleostressnsor for a given fault populationThe method implies

that the shape othe principle stress ellipsoidan be partly butconveniently
described by a single numb&r(a = 0,- 03/ 0;- 0,) which variesbetween 0 and,las

01> Up» Us in positive compressiorTherefore, in areas where the stress raiip (
approximates ((i.e. prolate stress ellipsoidand 1 (i.e. oblate stres<llipsoid),

uniaxial compression 0¢=03) and uniaxial tension {=0,) conditions prevalil
respectively andiaults can form in any directio®therwise whenstressconditionis

tri-axial which means thadll of the principal stress magnitudes are significantly
differentfrom each ther, the fault ori@tationscan beconstrained alongarallel to
intermediate principle stres&yj directions In this case, the mechanism of faulting
approximateto Ander s on 6(%951)vhheiocrhy basi cally i mpl:.
surface is a principle plane of stremsrosswhich one of the thregrinciple stress
operates @rpendicular while the other tware parallel to it In this regard, the

calculatedl -valueand the direction of paleostresses, which are the four unknown of
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reduced stress tensor found out after a sariesalculations, make users able to
manifest the kinematicharacteristics of fault based dme shape and orientation of

stressellipsoidvi t h respect to Earthés surface.

Theoretically, determination of paleostress orientations enables the indirect
measirement of each paleostress magnitudes, which include vertical one with respect

to Earthds surface, t hat is directly propo
average density of the rock column and acceleration due to gravity (Bergerat, 1987,
Angelier,1989). However, it is not easy to obtain the information about the depth of

faulting and the determination of the amount of deposition and erosion, which are the
requirements for estimating the thickness of overburden. Furthermore, such data has

been easyl eroded away antthis missing parts of the rock record make it difficult to

get information about post depositional changes such as the amount of compaction

and density variations, water content, et c.
measurement of true magnitude oélgostresses is not favoured technique

especially in continental areas.

2.2 Lineament map of the study Area

Lineaments are defined as mapable rectilinear or slightly curvilinear surface features,

which are recognizably different from the patterns of @eljg ones and presumably

refl ect subsurface phenomena (ObéLeary et al
satellite images provides a method of detecting the tectonic trends as a preliminary

study before going to the fieldn this regard, a detailed lineantenap of the study

area were prepared prior to collection of fault daitaing to scheduldield study

(Figure 5). During thefield study, the major structural trends and probable fault

locations were visited inrder to verify those structures in the fielghich is known

as ground truthingrocedure

As shown in theFigure 5, two group of lineaments were detected based on their
orientations, trending NlSW and WNWESE. t is clear that the NESW-trerding
lineaments dominatethe entire region and they are consistent with either the
orientation of units in paleotectonic basement or the structures developed in the
Neogene grabens situated aldhg FBFZ. On the other hand, MW-ESEtrending
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lineaments transects the NV ones and mainly clusters with a lower frequency in

the northern part ofhe bay. That lineaments and thspatial distribution in the

study area areequivalent to e®®c hel on nor mal f a uwd ass , wh |
Go keWeak i | ¢z ¢ ml ¢ Faul t Zone (Elitez and
consistency between the onshore lineaments and surface projection of interpreted
faults in seismisections in terms of their orientations will ecussedn Chapter 3.

Figure 5 Lineament map of the study area and length weighted rose diagfram
lineaments

2.3 Fault Data and Sampling

The size of the stations, where fault data were collected from, were kept as small as
possible for the purpose of t@lning structurally homogeneous domains (Hancock,
1985). At least three different location along the same fault plane were sampled in
order to represent the consistency of analyses. For each sampling side, the attitude of
fault plane, the orientation ofiskenside and the relative sense of movement were
noted with their geographic locationand the faults were documented by taking
photographFigure 6. The direction of relative displacement on fault plane were
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inferred from frictional grooves ofibrous lineations (Fleuty, 1975Additionally,

The fault measurements taken from the surface where the structurally higher and
lower units juxtaposed along hanging wall and foot wall block respectively also
imply normal fault in the regionFigure?)

Figure6 Slickenside lineationsn fault planes. Arrowsndicate the sense afip on
fault planes
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Figure 7 The fault juxtaposingtructurally higher and lower units at the site G86

along the hanging wall and footwall blackespectively and itsconstructed

paleostress orientations.
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In total, 14877 slip data on fault planes from 222 different locations were collected in
order to reval the stress conditions responsible for the brittle deform&fiigiuiie 8).
Among these, the stations, where the over printing slickensides are encountered, fault

data were collected separately for each slickensrtentation Figure9).

=36°30'N

@® Onland Measurement Locations
Onshore Measurement Locations

|

Figure8 The spatial distribution of fault surface sampling sides in the Fe@®ec e k
Bay and its vicinity.

G44.
: =

Figure9 Overprinting slckensides and their paleostress reconstruction result
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3.4 Paleostess Reconstruction Results

Thedata were processéy Win-Tensor (windows version of TENSORich is an
interactive process of stress tensor calculatswitware developed based on

A n g e $ nedriced stress tensooncept (Delvaux and Sperner 200Bhe output
dataconsistsof the orientation of the three principle stress axes and their relative
magnitudes as well as the R ratgorresponding ta  Angelier (1975)Appendix

C) and misfit angle for each measureméntaddition the softwareplots each fault
planewith slicken line orientations on an eqtaaka lower hemispheiagramand

it shows the distributiof fault planesin a dimensiordss Mohr diagranmcluding

the relative valuesfahe principle stresse@\nother feature of # softwareis its
fOpt i mi madulewhichdallows minimizing the angular deviation between the
observed and theoretical slip directions and maximizegriuision of theresolved
shear stresdDuring the inversion procest)e allowable maximum misfit angle~1
was taken as Z6In this regardthefault-slip dataexceedinghis limit wasseparated
from the main data set and thereprocesseds a separate tews for the same
location which may indicatenultiple phaseof deformationor stress permutations
(Homberg et al. 2002, Hu and Angelier 2000therwise,they are treated as
spurious and deleted out from the data set, which communesess thar2 % of the
total data, pointing ouhat the collected data for eafzult setcorrespondo asingle

eventin the region

A total of 222paleostresgonfigurations constructed using fault slip data indicates
that the individual datasets amnsistentamongmod of the datain entire region
(Figure10). Among thesealmost allyielded anapproximately NESW direction of
extensionsven though a few of themmreboth dextral and sinistratrike-slip faults
parallel toNW-SEdirectionthat transectthe NESW ones.

The analysis shows that tifeult slip measurements deduced frdia-SW trending
normalfaults haves t e e p | y mxes @tipmngd dgent | yarmd ulngi n
axes ( ~ 20 despexctively, wheréasthe NW-SE trendingstrike-slip faults
havenear | y >80A) i aallr Oy hi;arnidzacés ~Hl athod ~ 1
respectively. In essence, thgaleostress configuration suggetstat NE-SW-directed

extensionaldeformation predominates the regiand strikeslip faults, whee tips

25



terminate against NiSW-trending normal faultsare observedenerallyon theNW-
SE direction These faults werénterpreted astransfer faults that accommodates

extension and normal motioRigurel11).

Due to the lack of stratigraphic record thfe Neogene unitdn the region the
temporalorder of the fault motions were not eflished using faullip data set.
However,in terms of their orientationshe consistencyf the measured fagltwith
the faults, which boundthe NESW-trending Neogene basireong north-eastern
continuation of the study areaindicates thatthose faults developed under the
influence ofthe same tectonic regiméased ornthe previous studies conducted in
NE-SW-trending Neogene grabens along northern termination of the studythaea
present day geometry tdultsdeveloped around Fethi@° c e k areBha result of
Miocene oet of extensional deformation in the regibmthis regard, any tangible
evidence to support the existenceN#-trendingsinistral transtensional FBFZ (or
shear zone)has not been encountered during this coeimmsive field study
Therefore, it was revealed that the region is dominated lgnexinal deformation
and strikeslip components arebgerved on both NV6E and NESW-striking faults.
Moreover the minor amount oNE-SW-trending strikeslip faults have dextral
character camary to sinistral nature oélleged FethiyedBudur Fault ZongFigure
12).
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Figure 10 Paleostress reconstruction analysis results and their spatial distributions in
the FethiyeG® cek Bay.
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Figure 11 Schematic block diagram illustrating the transfer faults developed in
extensionaldctonic regimes (modified froman der Pluijm and Marschak 2004).

: 03/128 I

1 70/227 C

© 20/037

Figure 12 NE-SW-trending dextral strigslip fault on cliffs and its paleostress
reconstruction result.
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CHAPTER 3

SEISMIC INTERPRETATION

In order to unravel the activity and orientation of the faults developed in Fethiye
G°cek Bay, 2D seismic refl ect ieding thd at a,
probable geological structures developed in the bay, were interpreted. During this
interpretation, the key horizons were determined based on their distinct seismic
characteristics throughout the survey area and they were picked on seismitssectio

in time domain. Similarly, the faults were also interpreted on each individual seismic
section mainly by utilizing picked horizons and seismic layer terminations, and they
were correlated from one section to another throughout the bay. As a resséiathe
bottom projection of the faults wermmapped outind they were used to improve the
understanding of spatial distributions and activity of the faults developed in the

FethiyeG° cek Bay.

3.1 Data Collection and Processing

The seismic reflection data inpgeted in this study were collected for a project
supported by the Scientific and Technological ddesh Council of Turkey

( T! BK)T(ArEnd Number 112Y137), which aguh at determinng the spatial

distribution and hydrogeochemical properties of the subarpudwermal springs at

the bottom of Fethis°® c ek Bay, K°yceVYiz, Alag®°l, Sg¢
are located in a geothermally active aleaMu Yl a Pr ovince (SW Tu
context of this project, the higtesolution seismic reflection dateeve collected and

processed based on cooperation protocol

29



Uni versity, Depart ment of Geol ogi cal Engine
Institute of Marine Sciences and Technology. The equipment and data collection
parameterswhich were used during data collection process, are given in Appendix

B.

In this context, totally 228 km long seismic reflection data were collected along 32
lines, which are intersecting each other in 4SB&/ and NWSE directions. The
starting and endinggints of lines in UTM35 coordinate system, and the length and
azimuth of each line were listed Appendix B Figure 13 shows the distribution of
lines in the Fethiyé&s® c ek Bay.
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Figure 13 The orientations and distributions of seisrnes interpreted in Fethiye

G°cek Bay

The obtained single channel seismic reflecti
University, Institute of Marine Sciences and Technology. SeisSpace/Promax

software devieped by Landmark/Halliburton was used. The data processing
procedurecarried outto increasehe signal strength and to decreasgnal to noise

ratio and remove multiple reflections within the limits of the available softwara.

result, after a serie®f data processingprocedures the data qualities were

considerably improved on each seismic section. In this context, the horizontal offset

30



between traces kept in 2 m (horizontal resolution), which means that seabed and
units below were sampled in eachf @ m along seismic linesvhile the vertical
resolution is~40 cmsince applied dominant frequency value @90 Hz This
means that even thin sedimentary layers can be distinguished from the seismic

sections.

The position of the survey was determineg using GPS measurements taken
simultaneously during th&urveyand arough bathymetry map of thmyis produced

by using linear interpolation techniques~{gure 14). Based on this map, the shelf
break is located distance at ~7 km from coastline where the depth of bathymetry
rapidly decreases from 170 m to 270 In addition, the smalbcal highson seismic
section corresponding to high velocity basement units is also seen in the bathymetry

map of the bay.

367 42'N

4km

- 28°54'E
L 29°00'E
-29° 06' E

Figure 14 Thecolourcodedbathymetry map of the Fethiy&°® c e k. Bay
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3.2 Seismic Interpretation

The seismic interpretations including the horizon picking and fault tracing as well as
extraction of surface map projection of faults weegformed by Kingdongoftware
acquired from IHSSMT company through Academic License AcThese
interpretation processes were carried out in two main stages: defining and picking the
key horizons, and fault interpretation.

3.2.1Defining and Picking the Key Horizons

Due to the lack of well data, seismic reflection dadald not have been tied to an
absolute vertical dat&Neverthelessthe selection of the key horizons was performed
by considering the appraisal of the seismic characteristics of horizangykhthe
survey area, which give regiamde traceable high amplitude reflectfoand seismic
stratigraphic characteristics and seismic facies such dapprdownlap, shingle
patterns etcln this context, the candidate horizons were correlatéue ntersection

points of seismic sections.

Based on the aforementioned criteria, in total six interface were picked in order to
reveal the recent sedimentarecord of the Fethiy&° c edy (FiBure 15). As a

result, 6main seismic stratigraphic units, which display traceable reflections, were
recognizedAs it is excepted that whole record above basement unit is seen on the
sections situated southern side of shelf break, which is deeper side of tiegoag (

16). On the other hand, as getting close to the shoreline, basement units are overlaid
by sediments, which were deposited during high stand of sea level with respect to
shelf break Figurel17).

3.2.2 Fault Interpretation

The faults were identified and mapped out by means of reflection offsets in seismic
sections and the morphological expressions of the time surfaces. In this context, first
of all, each faults on individual seigmsections were traced by utilizing picked
horizons and seismic layer terminations (€igure 15, Figure 16, Figure17). Then,

they were correlated from one section to another in order to reveal their orientations

throughout the bay. The on land terminations of faults and tbgphology of
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seafloor, which were deduced from bathymetry, weomsidered during this
correlation processAs the orientation of a fault is revealed, the surface projection of
the faults were extracted from seismic sectiéigre18). As a result, a total number

of 108 faults were digitized on seismic section inghely area. During correlations

of major faults, smaller antithetic or synthetic faults, which are not persistent across
seismic sections, were neglected. Therefore, out of more than hundred faults
interpreted in the area, 84 of them were chosen toid¢pblelfor mapping of large

scale fault represeng the characteristics of deformation in the region.

3.3 Seismic Interpretation Results

The produced map showing the surface projection of the major fault geometry for
FethiyeG° c e k Bay i n dfaultsaintezpsetedt dm ss¢ismit beetions are
consistent with the faults developed on land, in terms of their orientations and
collinearity. Two sets of faults trending NEW and WNWESE directions were
determined and are similar to the patterns obtainetiefiteament map of the study
area Figure 18). Based on this similarity, the faults detected in seismic sections are
presumed to have continuity with the faults mappedaod during field studies.
This match fuer implies that all the faults were resulted from the same tectonic

regimes.

The paleostress reconstruction analysis performed elanohfaults revealed that
almost all faults are normal in character and associated with dominarSENW
oriented extensimal deformation. Likewise, the type of the faults which were
interpreted ifom seismic sections have very strong vertical normal components
which most probably are also normal faults as also manifested by normal drag fold
features. Therefore, the charadeos of faults especially bounding mini basins,
where the basement units juxtaposed withinger sedimentary units, welleduced

by means of those morphological featudeigire 19a-b).
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During field studies, the activities tifie faults developed in the Fethi(g® c e k Bay
and vicinity could not deduced from kinematic analysis of faults due to lack of
Neogene units in the regiom such a casdhere are two suitabl@pproachthatcan

be used for the speculation of the faultivaty. The first one is using the
earthquakes solutions deduced from instrumentally recorded seismic activities in the
region. Their spatial distributions and consistency with the fam#asuredn the

study area hav been discussed in ChapterThe ldater approachis the using of

faults on seismic sections, which cut the recent sedimentary units andtheven
seabed. The existence of those faults are the clear evidéraelt activity in the

vicinity.

For this purpose, the seismic liR&14-9 was chosen to be eligible forite discussion

of fault activity since itpasse<lose tothe onlyavailablecore data(Depth of core:

90 cm;CoordinategUTM): 682059 E, 4061094 N) which is taken in an attempt

to estimaterecent sedimentation rate in the l{&jgure21a). Based on the outcomes
obtained from thiscorg U. Av Kk ar (personal communicati on,
calculated a recentsedimentation rateof 3.5 mm/yrin the upper 90 cmof
unconsolidatedsedimentsdrom the surface From this point of view, # core was
projected to seismic line 9 in order to estimaieaverage sedimentation rdite the

units which unconformably overlays the basemenwWhen the compaction of
sediment, which depends on the increase werlmurden load, istaken into
consideration, it is predicted that tbedimentation ratmayrange from 3.5mm/yr to

2.5 mm/yrwith depth. For this reasoit,wasassumed that theveragesedimentation

rate of 3.00 mm/yr is aeliable ratenear the shorele of FethiyeG°® cek Bay .
Moreover thedepth of water anthe depth of interface between basement and recent
sedimentary units were calculated as 43.9he top of the horizon is encountered at
0.0568 scondswhile base of the horizon 18.072 seconds The time difference
betweenthe top and bottom layers of the most recent sediments is 0.033=

0.014 seconds. he seismic velocity of water and the average interval velocity of
unconsolidated dry sedimentwere taken as 15000 m/sec a2®00 m/sec
respetively (Sharma, 1997)Iherefore, the total thickness of the horizon is 14 m and

the time requiredor its deposition with a rate of 3.00 mm/ yrasound 4600 years.
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This implies that the faults cutting theecentsedimentary unitsnust have been
activeduringHolocene Epocl(Figure20).

Time(sec)

Time(sec)

Figure19 Seismic facies characteristics used for interpretation of faults.
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Sedimentaion rate= 3.0 mm/yr Line FT14-09
~14 m => ~4600 year

0.04 - depth=>1500(m/s) x 0.058(s) / 2 = 43.5 m

depth=>2000(m/s) x 0.014(s) /2=14.0m

Time(sec)

0.100 { W -
HS=1km

Figure 20 Active faults cutting seabed and rateedimentary units in seismic line
FT14-09 (Interval velocity of thewater andsediments taken d@6b00 m/s an@®000
m/srespectively.

The studies aimingt estimaing themean sea levelariationin the Mediterranean
region reveals thatollowing to last glacial maximum ended around 19,000 years
ago, the global sea levelhasstarted to rise rapidlgll over the world (Clark et al.,
2009). TheFigure21b shows the estimated change of mean sea lealuastion of
time in MediterraneafiMcGuire et al.,1997). As shown in theea level variation
graph during the last 1900 year, the sea level has riggnaround 120m. For this
reason the shelf break detected on seismic lines, where the depth ofirwitlyy
rapdly decreases from 17@ to 270m, corresponds to palestoreline Therefore,
according to principle o€rosscuttingrelatiorship, the fault cutting the sediments,
which had been deposited during high stand of sea level with respect to shelf break,
camotbeolder than mentioned period of sea level rise. $higtion is another clear
evidencedo indicatefault activity in the region.

Additionally, the locations with anomalous temperature values were detdatiea

the study conducted to find subaquedwst springsin the FethiyeG°® c ek Bay.

Among these anomalies one of them was confirmed as subaqueous hot spring in the

bay (Figure 21a). The location of this hot sprinfCoordinates (UTM): 675.787 E

4,066.071 Nj)saround Knlice Cove wher detettcie fr equenc
seismicsecti ons i ncr eases conddencdunheredrrobardate , 2017) .
the  existence of active faults in the Fethy® c e k Bay.
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location of subaqueous hot springnd the corein the FethiyeG° c e k; bBay
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Active faults on seismic line FB109.

39



40



CHAPTER 4

DISCUSSIONS

4.1. Regional Tectonic Implications

Integration of seismic interpretation anéleld studiesaimed at unravelling the

paleostress configurations andland continuation of faults interpreted faults on the

seismic sectios revealed that the Fethig® cek Bay area i s

under

dominantly NWSE directed extensional tectonics. Most of the structures beth on

land and off she are normal faults witminor strike-slip components. Strikslip

components are not csinained to any particular directions, on the contrary both

dextral and sinistral components are observed on the faults having same direction

and temporal relationships. This feature indicates that the-stifkéaults are simple

accommodation structuresansferring and linking the extensional deformation

between two or more near orthogonal normal faults. Similarly, absence of any

consistent and reliable strifglip kinematic characteristicen a regional basis and
absence of any flower structure on #asmicsections, which could indicate strike
slip faults,indicate lack of a regional strikdip fault in the regin. In other words,

the regionis dominated by rmonal faults and regional strikdip faults are absent or
havenever been developed. Thelgmstress configurations also indicatiesence of

any transurrent tectonics in the region. Thisiplies that alleged Fethiy@urdur

FaultZone doesot existor does not extend intbe study ara

The other implication, theesults of this studgretha the PlinyStrabotrench is not

extending to the Fethiy&® c e k Bawgh,al®@dcdakojl u (2012) i

extending as north as to the Turkish shores near the F&ilflye e k Bay

41

base:rt



multibeam ecosounder images of sea botfdbhese geometric manifestations of the
sea bottomare eitherhaphazard coincidence of sea bott features orthey
correspond to the northernmost manifestations of the trétk. means that the
Pliny-Strabo Trench terminates somewhere around the northern tip of Rhodes island
(Figurel).

This argument fuhter implies that th&liny-Strabo tench is a typical trenetrench
connecting transfordike fault (STEP Fault, sensu Govers and Wortel 20@b)
structure extending from the SE corner of South Aegeamch up to northern
margin of Rhodes Basin and contieg the South Aegean and Cyprian trenches.
Therefore, it cannot be linkedp with the alleged FethiyBurdur Fault Zone

existence of which is heavily debated.

The paleostress configurations, nature ofamd and offshore faults all collectively

indicake that the study area is under extensional deformation. Having extension

vectors in almost all directions, although they are dominated inRS¥BMndicate that

the region is under the influence of multidirectional exteradiai®@formationwhile

NW-SE directons dominates over the other directions. Similar extensional style was

already been proposed BByl - i - ek et al . (200006), amdd 2013),
Verhaert et al. (2006
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CHAPTER 5

CONCLUSIONS

The fault orientationsand their activitiedacilitated to umavel the characteristicsf
deformation styles aroundFethye-G° c ek UBay.g Angelierds re
tensorprocedure the paleostressonfigurationsand their relative magnitudes (i.e.

shape of strss ellipsoid) were deduced frdault slip dda setcollected in thdield.

In the contest ofkeismic interpretatiorstudies the seismic horizons, which give
regionwide traceable high amplitude reflection, were picked in time domain, and
subsequently faultsn eachseismic sections were traced hiizing picked horizons

and seismic layer terminatian§hen, the faults were correlated through the survey

area and surface projection of majaults weremappedout in the bayMoreover,

using crosgutting relationship, it was verified that these faulre the active faults,

which have moved during the past 10,000 years of the Holocene Emahresult,

it was revealed that NVBE directed extensional deformation predominatethe

region and resulted in NBEW strikingactivenormal faults Apart from those faults,

a few number ofNW-SE trending strikeslip faults were identified, whichwere

developed almost perpendicular to 488/ trending normal faults. Thewere
interpreted asransferfaults,which accommodates differential displacement between

two adjacent segments of the normal faudence,based on the aforementioned
findings, almost all thfaultsdeveloped around the Fethig® c ek Bay | ocat e
north-easterntermination of the PlimBtrabo tench from offshore to orshoreare

nearly pure normal faults similar to earthquake focal mechanisms suggesting active

extension in the region.
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The hypothetic idea dfinistral transtension&BFZ as onlad termination of Pliny
Strabo tench was formed based upon ttencept of STEP faults. By defirion,
STEP faults are the largeeale faults where the subducting lithosphere are laterally
decoupled from nosubducting lithosphere in a scissor type of fashion, and
therefore, theydisplay considerablysimilar deformatiorpattern of strikeslip faults
characterized byn array ofsubsidiary brittlefractures(e.g. Riedel and P shears).
Moreover, depending on the tectonic setting, type of deformation occurring in STEP
fault zones can vary from transpression to transtenbiahis context, following the
recognition of tearing of the subducting and retreating African lithosphere based on
tomographic studies, the further subsurface studieslesl/¢hat PlinyStrabotrench

is a transpressionaBTEP faultconnecting the Aegean and Cyprdeenchesalong

the northern edge of the northwards subducting African lithosphzased on the
collinearity between PlinyStrabo fault zone and the NEW trending faults
elongatingrom Fethiye to Burdyit was proposed th&BFZ is asinistral strikeslip

fault zone as lie NE propagatiorof Pliniy-Strabotrench in to theSW Anatolia
Subsequentlybased on GPS velocities,was also statethat the FBFZ isan active
fault zone and accommodatesinistral displacementsHowever, the proposed
hypothetic modebf FBFZ is not valid for two reasos consideringevolutionmodel

of STEP faultsFirst of all,according to the evolution model of STEP fauits,the
tear propagateSTEP faults peruse the tdarvards the trench side. From this point
of view, propagation direction &fliny-Strabo STEP fault culminates towards eastern
tip of Aegean subduction. This means that, the FBFZ have already been experienced
the effect ottear as a shear zosguated on theverridingplate above the subducted
African lithosphere However, anytangible evidence to support the existence of
neither transtensional nor transpressiorsahistral fault zone has not been
encountered within the scope of this study. On dbetrary,to proposed sinistral
nature of the FBFZall of the faults are develed under approximately NVSE
directed extensions in the study ar8acondly,if the proposed model of FBFZ was
valid, position of the Cyprian trench would be locasmmmewhere irthe Central
Anatolia However, based on tomographic studies, the preseatidacof the both
Aegeanand Cyprustrenchesare clear. Therefore, presence of FBFZ, which is

supposed to accommodate at least 100 km sinistral displacement between th
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Mender es Ma s s i fl| aadachthonhie eitHgre kingraagidy or
hypotheticaly debatable

In consequencgeoverall kinematicsof faults fault plane solutions of earthquakes,
and suburface data through area in question manifeststtieahypothetic idea of
FBFZ as onlad termination of PlimStrabo tenchis not valid Considering the fact
that the SW Anatolia is a territory ahulti-directional extensional deformation
hosting arrays of NE-SW and NWSE trending grabettype depressionsthe
kinematic characterists ofalleged NESW trendingfaults are no differenfrom the
faults haing about the same trend which have beevelopedunder the influence of

the same tectonic regime in the region.
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APPENDIX A

SELECTED SEISMIC RECORD

Table A-1 Seismic parameters of the earthquakes with magnitudes larger than 4.5
occurred irthe period of 1902017

Table A1 (continued)

Id Longitude Latitude M/DIY Time M Depth Ref
1 28A 36" 37A 06" 11/24/2017 9:49 PM 51 | 24.46 1
2 28A 35" 37A 07" 11/22/2017 8:22 PM 5 24.75 1
3 28A 26" 36A 18" 11/7/2017 2:4AM 4.4 | 41.89 1
4 28A 11" 36A 43 11/4/2017 9:54 PM 42 | 66.78 1
5 28A 01" 36A 00" 9/1/2017 4:48 PM 48 |61.98 1
6 28A 38" 37A 09 4/13/2017 4:22 PM 5 11.33 1
7 28A 38" 37A 06" 12/15/2016 4:43 PM 42 |18.11 1
8 2 808" 19'E 36A 17" 9/6/2016 5:27 AM 42 | 49.58 1
9 27A 58" 36A 35" 3/12/2016 3:44 PM 42 | 5157 1
10 [29A 22 36A 56" 2/5/2016 1:25 PM 4 8.03 1
11 |[28A 52 37A 06" 9/13/2015 2:57 AM 4.4 | 21.36 1
12 |28A 41 37A 08" 7/25/2015 6:35 PM 42 | 15.05 1
13 |28A 32 37A 03" 4/28/2015 7:59 AM 4 16.92 1
14 27A 54" 36A 31" 3/16/2015 8:9 PM 4 18.22 1
15 [28A 48" 36A 25 11/15/2014 8:23 PM 42 |6.02 1
16 |[28A 45" 37A 08" 11/10/2014 9:2 AM 43 1034 |1
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Table A1 (continued)

17 |28A 44 37A 06" 11/10/2014 6:16 AM 4.8 | 14.46
18 |[29A 22 36A 57 10/1/2014 7:16 AM 42 | 2537
19 |[28A 06" 35A 54" 8/14/2014 12:27 PM 4 21.39
20 |[28A 06" 36A 44 7/20/2014 2:46 AM 4 37.97
21 |28 A'3BE 36A 21" 6/20/2014 1:59 PM 43 | 49.42
22 |28A 51 36A 19" 5/3/2014 4:46 AM 4.1 | 3225
23 |28A 52 37A 02 4/19/2014 11:39 PM 4 14.17
24 |27A 55" 36A 37" 6/21/2013 6:26 PM 42 | 8341
25 |28A 22 37A ONL' 5/16/2013 9:26 PM 42 | 16.61
26 |28A 24 37A 00" 5/16/2013 9:21 PM 4.4 | 20.87
27 |28A 25 36A 58" 5/16/2013 3:2 AM 46 | 25.43
28 |28A 11" 36A 11 4/21/2013 1:45 AM 4.4 | 50.96
29 |28A 51" 36A 11 12/27/2012 4:9PM 4 16.9
30 |27A 57 36A 37" 12/2/2012 7:2 PM 4 4.05
31 |28A 38" 37A 12 11/30/2012 2:32 AM 42 | 20.27
32 |27A 57 36A 37 11/26/2012 5:35 PM 48 |74
33 |27A 55" 36A 35" 11/25/2012 8:51 AM 4 10.77
34 | 2 758'40'E 36A 37 11/24/2012 9:35 PM 41 | 4.45
35 |27A 55" 36A 35" 11/24/2012 9:31 PM 42 | 20.59
36 |[27A 56" 36A 36" 11/24/2012 9:4 PM 43 | 11.66
37 |28A 14 36A 31° 11/13/2012 6:25 PM 4 8.4
38 |27A 57 36A 8N 11/9/2012 4:46 AM 4 2

39 |[28A 14 36A 33" 10/20/2012 1:9 AM 41 |29
40 |28A 56" 36A 26" 6/25/2012 1:5PM 5 27
41 |29A 03" 36A 21 6/14/2012 4:46 PM 48 | 32.89
42 28A 54" 36A 28" 6/13/2012 8:59 AM 45 | 27.3
43 |28A 55" 36A 27" 6/12/2012 9:58 PM 45 | 28.02
44 |28A 59 36A 27" 6/11/2012 7:51 PM 43 | 27.87
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Table A1 (continued)

45 |28A 59 36A 24" 6/11/2012 5:35 PM 4.4 | 27.94
46 |[29A 00" 36A 25" 6/11/2012 2:PM 4 28.69
47 |28A 58" 36A 25" 6/11/2012 2:6 AM 4.4 | 28.19
48 |28A 56" 36A 25 6/10/2012 10:31 PM 4 28.32
49 |28A 57 36A 28 6/10/2012 6:28 PM 45 | 28.64
50 |28A 57 36A 29" 6/10/2012 12:5 PM 4.4 |7.13
51 |28A 55 36A 28" 6/102012 12:49 PM 5 26.85
52 |28A 55" 36A 21 6/10/2012 12:44 PM 6.1 |30
53 |28A 28" 37A 02 6/9/2012 2:33 PM 4.2 | 2092
54 |28A 12 36A 54" 6/4/2012 2:19 PM 46 |12.11
55 |28A 31 37A 02 5/8/2012 7:31 AM 4.3 | 23.36
56 |[28A 09 36A 46" 4/10/2012 6:1 AM 4 53.5
57 |28A 42 36A 13" 2/15/2012 2:34 AM 45 | 63.6
58 |28A 28" 36A 08" 1/23/2012 6:23 PM 4 19.6
59 |28A 26" 36A 09" 1/20/2012 1:36 AM 41 |81
60 |28A 28" 35 A 48BN 11/29/2011 2:7 PM 4 22
61 |28A 42 36A 31° 10/24/2011 10:14 AM 42 | 2332
62 |28A 40" 36A 32 10/24/2011 10:6 AM 4 25.83
63 |28A 47" 36A 11" 9/5/2011 11:42 AM 43 | 50.79
64 |28A 46" 36A 35" 6/15/2011 6:23 PM 4 25.98
65 |28A 41 36A 20 4/27/2011 2:4 AM 4 2

66 |28A 49 36A 27 4/10/2011 11:11 AM 4 6

67 |28A 46" 36A 29 4/3/2011 11:42 PM 4 5

68 |28A 03" 36A 35" 12/14/2010 11:1 PM 41 | 665
69 |27A 58 36A 34" 8/8/2010 12:24 AM 43 | 223
70 |[29A 20" 36A 55" 1/31/2010 4:18 AM 4 6.92
71 |28A 37" 36A 29 12/12/2009 3:23 PM 44 |56.3
72 |29A 34 37A 24 12/4/2009 5:19 PM 47 | 195
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Table A1 (continued)

73 |29A 09 37A 01" 1/1/2009 7:1 PM 41 | 2252
74 |27A 55 35A 54" 12/14/2008 7:27 AM 4.4 |70.1
75 |28A 13 36A 37 11/24/2008 11:34 AM 4 73.2
76 |28A 09 36A 52 11/9/2008 1:2 PM 4 63.6
77 |27A 57 36A 08 11/9/2008 7:48 AM 4 69.9
78 | 28A 5" 36A 04" 10/6/2008 5:19 AM 41 |76.7
79 |29A 10 36A 58" 10/1/2008 3:53 AM 41 |54
80 |[29A 12 36A 58 8/25/2008 2:57 AM 43 |10
81 |29A 12 36A 57 8/24/2008 10:52 PM 4 10
82 |27A a7 35A 53" 7/15/2008 3:26 AM 6.4 |52
83 |29A 09 37A 02 7/11/2008 2:11 PM 43 | 48
84 |29A 14 37A 01 7/3/2008 5:37 PM 45 |13.2
85 |29A 12 36A 56" 5/30/2008 5:34 AM 4 1.2
86 |29A 16" 36A 55" 5/28/2008 10:35 PM 4 9.2
87 29A 14 36A 55" 1/8/2008 3:57 PM 43 |10
88 |29A 14 36A 54 12/28/2007 10:34 AM 4 12.9
89 |29A 17 36A 57 12/9/2007 8:29 PM 43 |20
9 |27A 54 36A 18 12/7/2007 12:57 PM 41 |817
91 |29A 19" 36A 6N5" 12/2/2007 8:21 PM 46 | 274
92 |29A 22 36A 54 11/16/2007 9:8 AM 51 |20
93 |29A 16 36A 58" 11/12/2007 3:2PM 45 |10
94 |29A 23 36A 53" 10/31/2007 5:58 PM 4.4 |20
95 |29A 22 36A 52 10/29/2007 7:41 PM 45 |20
9% |29A 20 36A 54 10/29/2007 9:23 AM 53 |20
97 |27A 58 36A 37 10/10/2007 9:27 PM 44 | 89.6
98 |28A 23 35A 53" 4/9/2007 2:29 PM 4 14
99 |28A 45" 36A 29 41212007 12:38 PM 4 13
100 [28A 32 3 705'54"N 3/6/2007 3:34 AM 44 |47
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Table A1 (continued)

101 {28A 48" 36A 23" 8/24/2006 4:3 AM 42 |10

102 {28A 12 35A 58" 7/2/2006 6:55 AM 42 | 158
103 {[28A 11" 36A 52 4/18/2006 1:21 AM 4 16.9
104 [28A 15" 36A 54 4/17/2006 8:18PM 42 |56

105 [28A 16" 36A 54 4/17/2006 11:53 AM 41 |10

106 {28A 16" 36A 23" 3/15/2006 3:17 AM 4 74.6
107 {28A 15" 36A 51" 1/20/2006 10:4 AM 4 12.4
108 |[28A 06" 36A 25 7/11/2005 5:2 PM 4 58.9
109 | 2 8 A'1@EL 36A 55" 1/14/2005 7:8 PM 42 |16.8
110 {28A 18" 37A 00" 12/28/2004 8:34 PM 45 | 13.7
111 {[28A 16" 36A 57 12/21/2004 12:23 AM 4.1 | 42

112 [28A 20" 36A 57 12/20/2004 11:2 PM 53 | 283
113 |[28A 16" 35A 18N 10/26/2004 1:18 PM 4 72.6
114 {[28A 04" 35A 58" 9/27/2004 4:5 AM 4 93.1
115 {29 A 12" 37A 41 9/16/2004 1:4 AM 43 | 117
116 |[27A 57 36A 21 8/20/2004 11:12 AM 46 | 78.9
117 |27A 58" 36A 30 7/29/2004 5:35AM 4.2 |80.9
118 [28A 15" 36A 07" 5/20/2004 11:26 AM 4 745
119 [28A 41 36A 57 2/19/2004 4:9 AM 41 |98

120 [27A 51° 35A 52 1/3/2004 5:18 PM 41 |80.1
121 |[28A 23" 35A 55 2/24/2003 12:19 AM 42 |57

122 |27A 50' 4|36A 10 10/2/2002 4:31 AM 42 | 738
123 |[27A 58" 36A 34 9/26/2002 8:44 PM 46 | 236
124 |28A 22 36A 00 8/14/2002 9:1 PM 42 |553
125 [29A 17" 37A 40 7/30/2002 12:2 PM 47 |173
126 |[27A 45" 36 A 0N 712412002 9: AM 42 | 898
127 |27A 55 36A 21 2/17/2002 12:23 PM 5 88

128 |[28A 04" 36A 17" 12/31/2001 1:32 PM 4 70.1
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Table A1 (continued)

129 ([28A 07" 36A 30" 12/29/2001 11:12 PM 4 100.3
130 {28A 10" 36A 43" 10/8/2001 11:38 AM 4 87.7
131 ({27 A 54" 36A 20" 7/25/2001 4:52 PM 4 75.4
132 [28A 40 36A 30 4/9/2001 8:5 PM 4 63.3
133 [28A 24" 36A 56" 10/30/2000 7:37 PM 41 |95
134 |28 A 44" 36A 11" 10/18/2000 10:55 PM 44 | 253
135 [29A 17" 37A 46" 4/21/2000 12:29 PM 4 10
136 [28A 01" 36A 32 12/26/1999 3:37 AM 41 |89
137 |[28A 07 36A 47 10/5/1999 1:4 AM 42 |63
138 {[28A 13" 36A 44 10/5/1999 12:53 AM 52 |19
139 {29 A 13" 36A 2N 8/2/1999 4:58 PM 43 | 47.1
140 |28 A 47 37A 07" 3/29/1999 4:5 AM 42 | 219
141 |28A 24 35A 58 3/9/1998 11:21 AM 5.1 |60.3
142 |[28A 13" 36A 19" 2/24/1998 3:11 PM 45 | 315
143 |[28A 27" 36A 17" 2/13/1998 7:18 AV 48 | 726
144 |27A 54 36A 25 4/26/1996 7:1 AM 54 | 723
145 [28A 19 36A 25 2/2/1996 11:3 PM 4 33.1
146 |28A 09 36A 30" 10/30/1995 3:45 PM 41 |17.8
147 |29A 22" 36A 37 9/28/1995 1:16 AM 44 |223
148 |28 A 37" 36A 23 6/30/1995 5:34 AM 41 |56.2
149 |[28A 32 35A 59" 5/27/1995 9:35 PM 42 | 774
150 [28A 21 36A 03" 4/19/1995 1:4 AM 4 86
151 |[27A 53" 36A 24 4/2/1995 6:35 PM 44 | 759
152 |[28A 57 36A B¢ 2/27/1995 4:12 AM 4 13
153 |28A 58 36A 52 1/23/1995 8:37 AM 4 15
154 |[29A 01" 36A 53 1/22/1995 7:46 PM 43 |16.2
155 |[28A 58" 36A 57 11/13/1994 11:38 AM 41 |41
156 |[29A 05" 36A 59 11/13/1994 8:15 AM 48 | 414
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Table A1 (continued)

157 {29A 01" 37A 00" 11/13/1994 7:58 AM 49 | 44
158 {29A 02 36A 53" 11/13/1994 7:13 AM 45 |48
159 {29 A 03" 36A 57 11/13/1994 6:56 AM 53 |20
160 [29A 07" 37A 00" 11/9/1994 5:9 AM 43 |30
161 |2 8 A 36BE7 37A 13" 4/3/1994 6:56 AM 41 |5
162 {28A 03" 36A 43" 8/26/1993 10:3 AM 52 |37
163 |27 A 48" 36A 15" 6/1/1993 4:33 PM 4.1 | 104.8
164 |[27A 56" 36A 21 4/19/1993 4:58 AM 43 | 337
165 [27A 55 36A 30" 4/7/1993 3:22 AM 4.2 | 106.6
166 {29 A 22 37A 14 9/30/1992 12:1 AM 41 | 101
167 |{[28A 01" 36A 37" 8/5/1992 2:2PM 43 |30
168 |[28A 54 37A 09" 7/29/1992 10:5 PM 4 10
169 |28A 48 36A 58 7/29/1992 9:59 PM 4 10
170 {28A 18" 36A 42 6/29/1992 7:43 PM 4 70.2
171 {28A 00" 36A 36" 6/9/1992 8:6 PM 4 114.5
172 |28A 18 36A 02 6/1/1992 3:44 PM 42 | 886
173 |28A 46 36A 17" 4/19/1992 10:12 PM 4 117.7
174 |28A 18 35 A'5BN 3/27/1992 2:9 AM 41 |90.6
175 |27A 48" 35A 57 3/16/1992 4:2 AM 42 |10
176 |29 A 33" 37A 03" 11/18/1991 1:35 PM 42 | 26.6
177 |28A 05 36A 00 11/16/1991 9:48 AM 4 33
178 |28 A 01 36A 33" 8/13/1991 10:1AM 41 |911
179 [28A 12" 36A 19" 7/30/1991 4:5 AM 43 | 477
180 [29A 13" 36A 56" 7/29/1991 5:1 PM 4 10
181 |29 A 42 37A 17" 7/27/1991 3:4 PM 4 27.8
182 [29A 44" 37A 17 712711991 2:43 PM 42 |11
183 |2 9 A 3¥E3 " 37A 16" 7/27/1991 11:38 AM 46 | 36.8
184 [28A 28" 36A 24 6/2/1991 3:11 AM 42 |143
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Table A1 (continued)

185 |[27A 50 36A 06" 3/28/1991 2:49 AM 4 95.6
186 ([28A 50 36A 58" 1/25/1991 9:3 AM 43 |23
187 {29 A 29" 37A 05" 1/16/1991 5:8 PM 4 14
188 [29A 28" 37A 07" 1/15/1991 9:1 PM 53 |1
189 [29A 33" 37A 07" 1/13/1991 5:11 AM 49 |65
190 {29 A 30 37A 03" 1/10/1991 10:55 PM 41 | 285
191 (27 A 47" 36A 08" 12/13/1990 12:57 AM 4 71.9
192 [29A 36" 37A 01 11/21/1990 2:2 PM 5 19
193 [29A 02 36A 47" 11/19/1990 9:36 AM 42 | 6.4
194 {[29A 50 37A 06" 10/28/1990 5:12 PM 44 |10
195 ([29A 28" 37A 01" 10/4/1990 4: PM 4 40.2
196 [28A 13" 3 628'47"N 9/29/1990 4:28 PM 41 | 766
197 [29A 31" 37A 08" 9/8/1990 9:1 PM 47 |10
198 ([29A 36" 37A 04" 9/3/1990 7:56 AM 41 | 187
199 ({29 A 32 37A 02 9/3/1990 12:4 AM 42 | 197
200 |[29A 25" 37A 04 9/2/1990 4:2 AM 4 10
201 |28A 04 35A 58" 8/25/1990 2:58 PM 48 |57.2
202 |[29A 35" 36A 59 8/20/1990 10:55 PM 44 | 356
203 |29A 36" 37A 03" 8/17/1990 11:49 PM 4 10
204 |29A 33" 37A 01" 8/7/1990 1:9 PM 4 13.2
205 |29 A 431" 37A 00" 8/2/1990 7:12 PM 4 13.3
206 |[29A 29 37A 04 8/1/1990 7:17 AM 41 |46
207 |29A 32 37A 03" 7/18/1990 2:56 PM 42 |19.7
208 |29A 31" 37A 01" 7/18/1990 11:29 AM 55 | 404
209 |29A 13" 37A 19" 6/26/1990 4:48 AM 42 |19.1
210 |28A 38" 36A 53 5/25/1990 10:22 PM 42 |10
211 |28A 00" 36A 43" 7/8/1989 5:45 AM 41 | 657
212 |29A 17" 37A 47 6/4/1989 4:49 AM 41 |10
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Table A1 (continued)

213 |28A 05" 36A 13" 5/8/1989 5:54 PM 4 81
214 |29 A 14 37A 43" 2/24/1989 12:3 PM 45 | 227
215 |29A 15" 37A 43" 2/24/1989 1:17 AM 4.4 | 193
216 |[29A 18" 37A 42 2/24/1989 12:4 AM 53 | 144
217 |28A 08" 36A 06" 10/29/1988 4:13 AM 47 |41
218 |28 A @ 36A 43" 10/23/1988 5:21 PM 42 | 111
219 |28A 07" 36A 02 5/24/1988 2:16 PM 42 |7
220 |[29A 38" 36A 55 5/6/1988 12:18 PM 4.4 | 242
221 |[28A 13 36A 17 1/30/1988 7:1 PM 45 |1
222 |28A 17 36A 46 12/121987 6:24 PM 43 | 778
223 |28A 19 36A 11" 10/27/1987 2:48 PM 46 |6
224 |28A 12 36A 22 10/25/1987 4:19 PM 45 |18.2
225 |28A 10 36A 16 10/25/1987 2:4 PM 42 |81
226 |28A 20 36A 19" 10/25/1987 1:2 PM 46 | 34.9
227 |28A 18" 36A 15" 10/12/1987 2:44 AM 4.6 |10
228 |[28A 18 36A 14 10/9/1987 12:9 PM 46 |8
229 |[28A 21 36A 16 10/9/1987 11:22 AM 44 |10
230 |28A 19 36A 17 10/6/1987 9:25 PM 47 |14
231 |[28A 14" 36A 16" 10/6/1987 8:45 PM 45 | 203
232 |[28A 15" 36A 15" 10/6/1987 12:7 PM 45 |36
233 |28A 07 36A 26 10/6/1987 11:31 AM 44 |41
234 |28A 19 36A 15 10/6/1987 11:28 AM 46 | 328
235 |[28A 16" 36A 18" 105/1987 9:27 AM 51 | 421
236 [28A 14 36A 08 7/18/1987 2:3PM 42 |51.2
237 |28A 009 36A 46 6/19/1987 6:45 PM 53 | 76.1
238 |[28A 22 36A 54" 4/4/1987 3:59 PM 46 | 185
239 |[28A 07" 36A 04 2/1/1987 7:42 PM 44 | 251
240 |[28A 01" 36A 13" 2/1/1987 6:2 PM 41 |10
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Table A1 (continued)

241 |27A 53 36A 18" 2/1/1987 4:48 PM 41 |10
242 |28A 01 36A 15" 2/1/1987 4:27 AM 41 |1
243 |28A 00" 36A 14" 2/1/1987 1:43 AM 4 6
244 |28A 08" 36 A 400" 1/31/1987 4:6 PM 43 | 174
245 |28A 06" 36A 10" 1/7/1987 8:3 PM 42 |352
246 |28A 07 36A 09" 1/6/1987 7:54 AM 44 | 155
247 |28A 02 36A 11" 1/6/1987 6:55 AM 43 | 6.8
248 |[27A 59" 36A 14" 1/1/1987 10:36 PM 41 |10
249 |28A 29 35A 54 1/31/1986 11:28 PM 42 |10
250 |28A 53 36A 59" 12/6/1985 10:35 PM 46 |78
251 |28A 50 36A 22" 9/11/1985 11:8 AM 46 |56.5
252 |28A 47 37A 14 8/23/1985 8:38 PM 45 |11
253 | 2 755'36"E 36A 11" 7/8/1985 7: AM 42 | 349
254 |27A 54 36A 11" 6/5/1985 8:48 AM 4.3 | 439
255 |28A 47 36A 11" 5/20/1985 10:33 AM 48 | 503
256 |[28A 24 35A 55" 10/16/1984 3:18 AM 4 10
257 |[28A 49 36A 28 7/31/1984 12:44 PM 41 |5
258 |28A 43 37A 13" 6/7/1984 11:37 PM 43 |10
259 |28A 04 35A 58" 4/20/1984 2:21 PM 46 |84.6
260 |28A 38" 36A 26" 2/29/1984 2:7PM 43 |13
261 |28A 34 36A 03 2/22/1984 7:52 AM 41 |10
262 |28A 21 36A 05" 2/11/1984 4:15 PM 4 76.3
263 |28A 40 37A 14 2/5/1984 12:2 AM 5 325
264 |28A 49 36A 52 11/18/1983 7:13 AM 45 |15
265 |28A 26 36A 26" 6/14/1983 3:55 AM 41 {935
266 |28A 47" 37A 06" 5/28/1983 3:27 PM 41 |10
267 |28A 11 36A 53 5/24/1983 7:39 AM 41 |11.2
268 |28A 04 36A 09 5/16/1983 9:7 AM 41 |5

68











































