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dating combining analysis of modern river sediments, analysis of fossil sedimentary
successions, and mira fertility determinations. This approach allowed us taldjinethe
modern shorterm erosion patterof the study areaii) unravel the longerm exhumation
history, iii) identify major exhumation events recorded in the sedimeb&sinfill and iv)
constrain the maximum depositional age of thedimentary succession. Three main
exhumation evestare recorded in the analyzed detrital samiplea late Oligocenegarly
Miocene exhumation event involving the whole Menderes Maissi& late Miocene event
involving the northern edge of the Central Menderes MasgBifa Plio-Quaternarymore
localized event involving only the western part of the southern margin of the basin (Salihli
area) and bringing to the surface the Gediz Detachmenttandtriusive footwall (Salihli
granodiorite). The modern shedrm erosion pattern closely reflects this lattlio-
Quaternaryevent. Single gainage distributios in the sedimentarybasin fill highlight
drainage pattern reorganizations in corresporglesfc the transition betweerifferent
stratigraphic units, and allowed hetter constrairthe depositional age of the sedimentary
units of the basipointing to a possiblenset of sedimentation in the basiringthe middle
Miocene.

Key words: detrital thermochronology; apatite fission track; supradetachment basin; Gediz

Graben; Menderes Massif; Turkey

1. Introduction

The continental crust of theAegean regionexperiencedshortening and thickening
followed by crustal extension starting from the Eoc@ng.Jolivet& Faccenna, 200@run
& Sokoutis, 200). In regions of intense pasirogenic extensignupperto-middle crustal
rocks may be exhumeddirectly beneathunmetamorphosed upper crustal roclkd the
footwall of ductileto-brittle detachment faultsften associated with supradetachment basins
(e.g. Van Hinsbergen & Meulenkamp, 2006; Oner & Dilek, 2011

Supradetachment basins are common depositional settings associated to the exhumation
of continental metamorphic core complexgsg. Gibbs, 1984; Lister & Davis, 1989
Friedmann & Burbank, 1995these develop as the surface expression of buried extensional
ductile-to-brittle shear zones and are characterizethe late stages of their ewtibn, by the
tectonic contact between the metamorphic footwall of the detachmemntasn(or slightly)
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metamorphicsediments of the basir.g. Lister & Davis, 1980 With their relatively high
sedimentation rage(107-10°m/Ma) (Friedmann & Burbank, 199%nd references therein)
their sedimentary fillnay easily recoranajor exhumation events involving the surrounding
areas. Supradetachmenbasins can then provide useful pirpoints for the paleotectonic
reconstructionof thesehighly extendedareas but their full potentiain recordng relevant

geological eventss often unexploited.

In this work, we focus on the supradetachment basin of the Gediz Graben, in the
Menderes MassifSW Turkey), which will be usedas acase history tdlustratethe benefits
of a comprehensive approach to detrital fisdi@ek dating that combinemalysis of modern
river sediments, analysis of fossil sedimentary successions, raméral fertility
determinationsWe use this approach wonstrainthe age of barresedimentary successions
inside the basirto determine the modern erosion patteandto trackthe exhumation history
of the footwall unitsOur results allow ut proposea4D reconstruction of th&ediz Graben
evolution whichis eventually discussed within the framework of @&nozoicevolution of
theMenderes Massif

2. Geological setting
2.1. The Menderes Massiénd the Gediz Detachment

The Western Turkey sector dhe AlpineHimalayan belthas been site ofajor
Cenozoicshorteningollowed bypostorogenicextensionu H Q &4 &l, 1984; u H Q 1987
Gessneket al, 2013. Shorteningvasproduced by the collision &frica-derivedcontinental
fragments accreted along the southern margin of Laurasia and separated by major suture
zones@HQJ|U <LOPDHQéfal, 1984 Ring et al., 1999; Jolivet & Brun, 20110

The Menderes Massifdark grey in Fig. 1)s ascribed tahe southernmosvf these
continentalfragments namely the Tauridénatolide Platform(u H Q &| ¥ilmaz, 1981) It
includes the deepest nappafsthe Anatolide Belt (i.e.from top to bottomthe Selimiye,
dLQH %R]GD+ DQG %D\GR4sA09QIDELS Bassndtla), J2013 and
references therein)hich preserve evidence of Panafrican, Variscan and Alpine tectono
metamorphic events (Ringt al, 1999; Lipset al, 2001; Oberhénslet al, 2010). These
nappes, not distinguished in Fig. 1 for the sake of simpliaigre stacked in their present

postion during the Alpine orogenylhe uppermostSelimiye Nappeconsistsof low-grade
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metapelitesmarbles and minor metabasitewith protolith agesangingfrom Precambrian to
DevonianCarboniferous (Ringet al, 1999, 2001; Régnieet al, 2003) The Cine Nappe
consiss of orthogneisss and metagranite with protolith intrusion age of 53660 Ma
(Zlatkin et al, 2013) and minor pelitic gneigs eclogites and amphibolite (Ring et al,

1999, 2001) TKH % R ] @ppecohsistsof metapelite with minor lengs of marbles,
amphibolites and eclogite (Ring et al, 1999, 2001)The lowermost% D\ O Q G OddnsisisS S H
of phyllites, quartzits and marble with a greenschist facies metamorphic imprint of Alpine
age(Ringetal., 1999, 2001Lips et al, 2001.

The Menderes Massifis divided in three suinassifs (i.e. Northern, Central and
Southern Menderes) lthe E-W trendingGediz Graberto the north and Buyik Menderes
Grabento thesouth(Fig. 1). These graben®rmedin Miocene timegluringtheretreat of the
Aegean subduction system and associdBldE-SSW extensionof the Anatolide Belt (e.g.
UHQJ|U 6H\LWSRSOOtX 1996; Thomso& Ring, 2006 Jolivet& Brun, 2010. In
the Gediz Graberarea(Fig. 2), tectonic extension led to the formation afgently dipping
shear zonge the ducile-to-brittle Gediz Detachmentwhich separatesgreenschistacies
mylonitic gneissin the footwall from unmetamorphosed Neogene sedimantie hanging
wall (Hetzelet al, 1995 ,Gaé&tNl, 2003. The Salihli and Turgutlu granodiorgevere
intruded during tectonic extensionin earlymiddle Miocene times (~1%7 Ma; Glodny &
Hetzel, 2007 Rossettiet al, 20173, and are now exposeith the footwall of theGediz
DetachmentThe Neogenego-present deposits of thieediz Grabertay tectonically on top of
the detachmerdurfaceand show SSWvard tiltedstrata cut by higtangle normal faultghat

arerootedalongthe maindetachmensurface

Thermochronologic datérom previouswork in the Menderes Massihighlight two
major episodes of Cenozoic coolif@essneet al, 2001, 2013; Ringt al, 2003; Thomson
& Ring, 2006; Buscheet al, 2013) The earliest episode is referred to the late Oligocene
early Miocene. The youngespisodeonly involved the Central Menderes Massif, aad
constrained to the late MiocengQuaternaryby cooling ageshatshow a rejuvenation trend
from S to N in theGediz Graberarea(Fig. 3a). By integrating different lowtemperature
thermochronometsr(U-Th/He and fission tracks on apatite and zircon), Busehal. (2013)
UHFRQVWUXFWHG WKH H[KXPDW L RaDthk sautheRUnargin ovtkeH % R]G
Gediz Graben)highlighting an increase of the exhumation rate and of the slip rate on the
Gediz Detachment betweed and~2 Ma.
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2.2. The Gediz Detachment and the structure of the southern margin of the basin
Major differences exist in the structure of the southeangin of the basin between the
ZHVWHUQ 6DOLKOL DUHD DQG WKH HDVWHg§gQ $ODUHKLU D
In the Salihli areathe Gediz Detachment is largely exposed at the surfacepreserg
the most external structud the basin ath dominaésthe morphology of this part of the
southern margin. In this area it consists of a dutterittle shear zone formed at the
expenses of the Salihli granodiorite (Heteelal. , eta\, 2003; Glodny & Hetzel,
2007; Rossettet al, 2017). The mylonitic foliation of the Gediz Detachment dips gently
(~20°) to the NNE and shows a penetrative ~N30 stretching lineation, with ductile and brittle
kinematic indicators always pointing to a #mpthee 11 ( VHQVH RI1 VKHbD&a, .Ro\L=+L
, GétNl, 2003; Rossettet al, 2017. On the western side of the Derekdy valley
ZKLFK PDUNV WKH OLPLW EHWZHHQ WKH 6DOLKOL DQG WK
turns suddenly to the E together with the lineation on its surfate\(SW & -al) X015;
Rossettiet al, 2017, Fig. 2).

,Q WKH $0 Dthd¢irddstexztndddundingstructureof the basin is represented by
patchy remnants of a gently Nkpping fault surface (~20°) (Bozkurt & Sozbilir, 2004;
Ciftci & Bozkurt, 2008) characterized by slickenlines generally trending to the ~NE. At the
footwall of this surface the metamorphic lithologies of the Cine nappe are exposed, with a
metamorphic foliation generally dippingwardthe ~SW (e.g. Sozbilir, 2001; Oner & Dilek,
2011]). Contrastingly withrespectto the ductile deformation observed at the footwall of the
Gediz Detachment in the Salihli area, here the kinematic indicators associated to the ductile
deformation show ambiguous and inconsistent senses of shear, eithieigoist topto-the-
NE and to a tofio-the-SW shearing. Another major difference between this fault surface and
the Gediz Detachment surface exposed in the Salihli area is that this surface is dissected and
displaced by younger higéingle normal faults (Bzkurt & Sozbilir, 2004; Ciftci & Bozkurt,
2008). These small remnants of a gently-éNpping fault have been interpreted by previous
VWXGLHY DV UHSUHVHQWLQJ WKH a<aditheUdadz BaaOhmién® X D W L F
exposed in the Salihli area.¢g. Emre, 1996; Bozkurt & Sozbilir, 2004; Ciftci & Bozkurt,

gQHU 'LOHN et a6, R015V R - O X

According to classic works, @ntinental detachment fault is defined as a getfifiping
normal fault characterized by a progressive and cohatectileto-brittle evolution It is

generallyresponsible for major footwall exhumation and put in contact crustal domains that,
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during a same period of time, experienced extension under extremely different pressure
temperature conditions (e.g. Lister [Bavis, 1989; John & Cheadle, 2010; Whitnetyal,

2013; Plattet al, 2015). Hanging wall rocks above the duetdeorittle detachment are
commonly dissected by higgngle brittle normal faults rooting on the detachment that
progressively rotate duringxtension to attend gentles dips (e.g. John & Cheadle, 2010, and
references therein). Thusegpite most of the previous studies that addressed the Gediz
Graben have suggested that the Gediz Detachment extends to the E of the Derekdy valley and

is thus expsed along the whole strike of the southern margin of the basin (e.g. Emre, 1996;
%RINXUW 6R]JELOLU &LIWFL %RINXUW etal,gQHU '
2015), our field observatiorend the ranterpretation of published daked us to iterpret the
VRXWKHUQ PDUJLQ RI WKH EDVLQ H[SRVHG L gnentished$OD UHK
gently dipping fault surface here exposed) as bemghe hanging wall of the Gediz
Detachment, which is instead exposadly more to the W in the Sali area.ln our opinion,

theloon DQJOH QRUPDO IDXOW V H[SRVHG LQ WKH $ODUHKLU D
to be strictly defined as a detachment fault, but rather those of a normal fault that has
progressively rotated in the hanging wdlbdouried detachment fault.

Evidence supporting this interpretation are: (i) the bending toward the E of the
detachment surface (together with the associated lineation) in the western side of the Derekdy
valley, and its dipbelow the eastern part of tiseuthern margin; (ii) the lack of continuity
between the detachment surface exposed in the Salihli area and the remnants e&ttgédow
EULWWOH IDXOW V H&RN)HS ldcof\wvidenc @D WHKILFOM UHKLU DU
ductile deformatin unambiguously related to a tapthe-NE shearing, that is by contrast
extremely evident in the Salihli area; (iv) the lack of clear evidence for a continuous
extensional ductikeo-brittle evolution associated to the leamgle fault surfaces in the
Ala 0 H K L Uwlilidd i$ hsteaaxtremely evident on the Gediz Detachment skeae in the
Salihli area (v) the general SWlipping of the metamorphic foliation in the footwall of the
low-DQJOH EULWWOH IDXOW LQ WKH $0D topHig-theNNEJdemse ZK L F K
of shearon a gently NNEdipping normal fauland with the metamorphic foliation observed
in the Salihli area

According to this interpretation, the Gediz Detachment has a domal shape enveloping the
Salihli and the Turgutlu granodiorites, having its eastern termination in the western side of
the Derekoy valley and its western termination likely around the Turguodia, to the W of

the study area.
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2.3. The Gediz Grabensuccession

Theewolution of the Gediz Grabers controlled bythe activity of theGediz Detachment
andof theothernormal faults bounding theorthern margin of the Central Menderes Massif
( iftci & Bozkurt, 20090ner& Dilek, 2011). The mset of sedimentation anke age othe
main sedimentargvents are poorly constrained, butlymological data point toraearly
middle Miocene age for the lowermgsrt RI WKH EDVLQ &LSoo®, 1908, \EdWer ~ O X
et al, 1996) L | & Bdzkurt (2009) suggested that the basitially developed as half-
grabenwith asouthern margithat was activeluring the Miocene, and changed its geometry

in postMiocene times with the activation of the tleern margin.

The sedimentary evolution of tH@ediz Graberhas been the subject af number of
works €.g.,I1ztan & Yazman, 1991; Coheet al. (PUH .& al\ L1999W
Sarica, 2000; Yilmaet al. 6 H\LaVaR, 200X; Purvit 5SREHUWVRQ & LIWC
Bozkurt, 2009 Oner & Dilek, 201} proposng different stratigraphic subdivisions for the
basin fil.Here ZH XVH WKH QRPHQFO D VarXi Bdzkust YRR With Goried L IW oL
modificationsin order totake into account difrence®bservedn the stratigraphic sequences
betweenthe westernsector(Salihli area) and eastesector $ODUHKLU D@Gddib RI1 WK
Graben Four formations (Fm) can be distinguished atithostratigraphic ground othe
southern margin of the badiRig. 2 and Fig. B). They arefrom thebottom tothetop: (i) the
$ O D 0 HAL tbnsistingof greyto-brownish continental conglomerates and sandstones
(EvrenliMembe) heterdropic with lacustrine shales and siltstones (Zeytingagmbe); (ii)
W K HtilikF@, consisting ofcontinental ed sandstones and conglomeratéts a fewtens
of meters thick limestone intervah the lower patrt (iii) the Gediz Fm represented by
yellowish continental sandstones and conglomerates with an overall coarspwiaid
trend; and (iv) the unconformablePlio-Quaternary Kaletepe Fncthiefly consistingof
brownsh continental conglomerates and sandstowéh evidence of sediemt recycling
from the underlying formationQuaternaryfluvial deposits of the modei@ediz Graberare

found  top ofthe Neogeneo-Quaternary sedimentary succession

At the southern margin of the basmajor differences exist in the outcrop distribution of
the different parts of the stratigraphic sequence between the Alasehir aradithexf®a (see
Fig. 6). The oldest depositsf the sedimentary successioe, $ O D tFhKdmJower part of
WKH DOWIeOH[M RPHG LQ RXWFURS R@A)Xina@ eMakK ROBODUHKL L
6 H\L W& -al) 2002; Purvis & Robertson, 2005; Oner Bilek, 2011) This outcrop
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distribution of the lower part of the stratigraphic sequence has been differently interpreted by
previous studiesSome authors suggested that this part of the stratigraphic sequasce
deposited in an older NEW trending basi later superimposed by thgounger EW

trending Gediz Graben (e.g. Yilmat al +RZHYHU LIWolL %RINXUW
WKDW WKLV LQWHUSUHWDWLRQ LV XQOLNHO\ DQG WKDW W
to deposition in the &V trerding Gediz Graben. iftci & Bozkurt (2010), basd on seismic

facies LQWHUSUHWDWLRQ VXJJHVWHG WKDW WKH $ODUHKLU )
used this argument to infer an earll\E segmentation in three sdilasins with an easb-

west trendof evolution. However, since no direct observation has yet documented the
XQGHQLDEOH DEVHQFH RI WKH $ODUHKLU )P EXULHG EHOR2z

area, its presence deep in the central part of the basin cannot be safely ruled out.

3. Methodological approach
This study is based on the analysis igkibn tracks on detrital apatite grains (AFT
hereafter).The AFT systemdue toits closure temperature (~110/120°Gallagheret al,
1998) provides useful constraits on rock cooling andexhumationin the depth interval
relevant for the evolutionf detachment systems in the upper cristrital AFT analysiscan
beusedto:
a) Constrain the shoiterm ergion pattern ofin area provided that mineral fertility in
bedrock is independently kwn (Resentin& Malusa, 2012Malusaet al, 2016);
b) Constrain the averagengterm erosion rate withitarge areaby usingfew detrital
sampla, also taking into account the effectsdrinage hypsometrfe.g.,Breweret
al., 2003 Malusa& Balestrieri, 201,
¢) Analyzethe shorterm erosion pattern in selected time intervals in the(patisaet
al., 2016) assuming ateady drainage network and same mineral fertility as foday
d) Identify major exhumation events recorded in ancient bisn and investigate the
evolution of longterm exhumationby using the lagime approach Garveret al,
1999; Bernetet al, 2001) providedthat isothermal surfaces are steady, the fission
track signal is not disturbed by paktpositional annealingndthat major change in
provenance can be excluded.
e) Constrainthe maximundepositionabge ofbarrensedimentarypuccessios) provided

thatpostdepositional annealing negligible(Carter, 1999)
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3.1 Sampling strategy

In orderto fully exploit the potentiabf detrital AFT analysisthis study integrates the
analysis ofmodern sediments arahcient sedimentary successiovith independeniineral
fertility determinations. We collected 13 samples of modern river sand within the
$ O D UGEdik Wiver drainage, @9 samples from the NeogeteeQuaternary basin fill
(Table 1;Fig. 2and Fig. 3. We samplednodern river tributaries (DX1 to DX3, and SX1 to
SX 5) to measure apatite fertility in rocks exposed withinsthece areaandto define their
AFT fingerprint. These samples were collected upstreduthe Neogendo-Quaternary basin
fill, in order to avoid major bias due tosediment recycling. Samples SX3 to SX5 include
detritusfrom the mylonitic shear zone of tigediz Detahmentand fromthe % D\OQGOU QDSS
andSalihli granodioriteexposedn its footwall; samples SX1SX2, and DX1 to DX3nclude
detritus from the Cine and Selimiye nappes exposétkimangingvall. Five sasmples(M1 to
M5) werecollected alongW K H $ O D 0 Hitek ttunkHo@ét¢ctthe downstream change in
the detrital AFT signatlue to progressive input of different sources, angerform sediment
budgetscalculationsusing the confluence sampling approach (Makisal, 2016).Samples
of the Neogendo-Quaternary basin filfF1 to F9)have been collected to providenstraints
on the depositional age of the basin fill and on the exhumation history and first exposure of
the footwall units.Samples were collected along the southern mardineolbasinFig. 3b), in
order to minimize the potential impact of thermal resetting that might be expected in the
central part of the grabeifheyencompass the whole stratigraphic sequeacdinclude: the
=H\WLQoD\L OHPEHU Rl WKH $OWKHKLDOWLQLNQBE ) DQG )
lower part, F5 and F6 from the upper part), the Gediz Fm (F7 ana®@}the Kaletepe Fm
(F9).

3.2.Laboratory procedures

Apatite grains were concentrated in the laboratories of MiBinocca University. For
modernsand samples, we followete procedure described in Malusg@al. (2016, which
allowed us to maximize apatite recovery, measure apatite fertility in bedrock, and check
samples for potential bias induced by hydraulic sort8amples were sieved at ihtervals
to determine mean grain size and sorteagdwe modekdthe distribution of apatite grains in
different grainsize classeby MinSORTING (Resentinet al, 2013) in order to choose the
suitablegrainsize classes for further mineral separatddfe measured the grain density of

the bulk sample using a hydrostatic balance, qaidformed a hydrodynamic pre
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concentration of the dense fraction using a Gemeni shaking f@@rocessd different
grainsize classes separatgily orderto concentrateletrital gains according to their density

and minimize the effect of grain size (Malustaal, 2013).Dense fractions recovered after
hydrodynamic preoncentration were #m merged together and purified in sodium
polytungstate (2.90 kg/dfp andthe dese mineral concentrate was weighweith a high
precision balance. The dense fraction was further refined using a Frantz magnetic separator
and liquid diiodomethane (3.32 kg/dm Quantities before and after each separation step
were carefully weighed, anthe percentage of apatite grains in the final concentrate was
determined by poirtounting under the microscope to get fimal apatite concentration in

the selected graisize window.We added to this value the amount of apatite which is
expected to b#ost in the coarser and finer grasize classes, as modeled by MinSORTING,

and weused the dense mineral concentration and the bulk grain density values to check the
sample for selective entrainment effects. If these values are close to reference values in
eroded bedrock (cf. Malusét al, 2016, their Fig. 6), apatite concentratioreasuredin

sedimenits fully representative adipatite fertility in bedrock

Samples from théNeogeneo-Quaternary basin fillvere first processed with a jaw
crusher and a disk milin the laboratories of CNIRGG in Pisa and then sieved and
processedike the modernsandsamples butwithout measuringlense mineral concentration
and bulk grain density values. Mineral concentration in ancient sedimentary rocks is in fact
strongly affected by differential mineral dissolution during diagenesis, which preciudes
reliable estimate of mineral fertility in the source rock starting from sandstone samples
(Malusaet al, 2016)

Apatite grains wer@reparedor irradiationaccording tahe External Detector Method
(Hurford, 1990) and were irradiated in the TRIGAI reactor at Oregon State University
Fissiontracks were countedat 1250x magnification using the FTstagguipped Olympus
microscopeat Milano-Bicocca UniversityApatite grains were fully characterized not only in
terms of spontaneous and induced trdeksities, but also in terms of grain size, grain shape
and presence of crystal defects and fluid inclusitve used the software Trackkey (Dunkil,
2002) to calculate grain ages, BinomFit (Brandon, 2002) to deconvolve the resirtjiey
grainage distiputions into individual age components, and Radial Plotter (Vermeesch, 2009)
to displaygrain ages and check samples for potential relationship between grain age, grain

shape and grain size (Malustal, 2013; 2016)For polymodal samples, it is importaio
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assess if minor age components are possibly missed whenever the number of analyzed grains
is not large enough. For each sample, we thus determined the size of the smallest population
fraction that was not missedth 95% of certitudeeither under thaypothesis that graiage
populations are not uniformly distributed (Andars2005) or under the more conservative

hypothesis that all graiage population have similar size (Vermeesch, 2004).

4. Results

Apatite fertility, dense mineral concentrationdaoulk grain density values yielded by
tributary modern sand samples are summarized in TalResults of AFT counting and the
relative parameters used to calculaiagle grainages according to the zeta calibration

method are reported in Tal8e

4.1.Modern sand samples

Apatite fertility values ranges from 120 to 734 mg(Kgble2 andsupplementaryig.
1SP. These valueare higheiin the hanging wall of th&ediz Detachmer(average fertility
= 550 mg/kg)than n its footwall (average fertility = 185 mg/kd)ig. 3b). Grain density
valuesin thesesample are in therange of 2.6 + 0.1 kg/dn? (supplementary Fig2SF), which
excludesany major impact of selective entrainment oapatite concentratioin modern

sediment

AFT ages yielded by modern sand samples are shown in the radial plots4fMagst

of thesesamples yielded polymodal graage distributionswith individual age componest
summarized in Tablé, ranging from 2 to 110 Mdn the light of the number afated grains,

we can be 95% certain that no population fraction smaller thdR % was missed in

polymodal samplefrom most of the tributaries, and that no fraction smaller than 3% was
PLVVHG LQ VDPSOHV 0 WR 0 FROOHFW H®GK DADMRR@I WKH $C
2005) No apparent relationshifg observedoetween grairage and grahsize or between

grainrage and grakshape(supplementary Fig3SH, which atteststhat thesegrain age

distributions argoorly vulnerable to hydraulic sortingffects
Individual age components are youngersemples collected ithe footwall of the

Gediz Detachmenthan for thosein its hangirg wall (Fig. 4), consistent with available

bedrock dataKig. 3). In samplesollected onhie southern margin of tHmsin(Fig. 5), the
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youngest age population gets progressively younger from the east (~9 Ma) to th{edvest
Ma), where tributaries drain thideetachment surface atige footwall units. In the main trunk
river, the abundance ddpatite grainsvith AFT age <5 Ma, which are derived from the
footwall of the Gediz Detachmenincrease from 2% in sample M3 to %4in sample M4,
and decrease again to 3% in sample M5.expected, these youngadite grainsare not

found in samples M1 and M&hich arecollected upstream of th@ediz Detachment

4.2 Samples of thé&Neogeneto-Quaternary succession

AFT grain agesn samples fronthe Neogendo-Quaternary sedimentary sequerce
shown in the radial plots of Fig. They either show unimodal or polymodal grain age
distributions, with individual age components summarized in Fignd in Tabled. In the
light of the number of dated grains, we can be 95% certain that no population fraction smaller
than 3 % was misseith polymodal samples (Andexs, 2005).Major peaks recognized in
each formation get younger upsecti@ng., from 29.4 2.5t0 16+ 140D LQ WKH $ODUHE
Fm), as expected in the case of progressive unroofing of the source area. This trend also
allows usto exclude any major perturbation of the AFT sigdak to burial and post
depositional annealinig the lowermost strata of the basin.filostdepositional annealing, in
fact, would produce an oppositgetrend with decreasing AFT ages with depth (Nalat
al., 2011, their Fig. 3).7KHUHIRUH WKH $)7 DJH SHBNwdl@sW&KH $OD.
youngest age populations of the overlying formatiaras) be safely used to constrdire
maximum depositional agén these samples, majorgvenance changes between different
formations are marked kthe addition of older sets of peakdso decreasing in age moving
upsectionFor instance, aajor age peak at 32#6.9/5.7 Ma first appears in the lowermost
VDPSOH RI WKH DeBpvdgfedsNely Roumy@igsection reaching 17:85.9£3.9
Ma in sample F%Fig. 7).

A late Miocene age peak first appears in the upper gfatthe altilik Fm (sample F5)
(6.3 +2.6/1.8 Ma)and also characterigéhe whole Gediz Fm. Older age peaks additionally
found in samples F9i.e. 21.1 +5.54.3 Ma and 36.2 +19.8/2.8 Ma) point to anew
provenancechange, ath to a larger source area for théaletepe Fmcompared to the

underlyingGediz Fm(Fig. 7).
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5. Discussion
5.1AFT age pattern derived from detrital data

Available kedrock AFT data in the Menders Masgifblished in previous woske.g.
Gessneet al, 2001, 2013; Ringt al, 2003; Thomso& Ring, 2006; Buscheet al, 2013)
were collected along transectdjus leaving wide area®f the massif devoid of low
temperature thermochronologic constraints. Our detrital AFT dataset oaditional
thermochronologic constraints to the exhumation history of the massif owaten area
SDPSOHV FROOHFWHG LQ WKH RIEX® and IDXHY HDX3) Wdudé&E X WD U L k
detritusderived fromrelatively small ad lithologically uniform aregsvhere minerafertility
variations are expected to bminor. They yielded single grain-age distributiors not
dependenton grain size and grain shape, and thporly vulnerable to hydrodynamic
processesAs a consequence, these detrital AFT age distributions are expedadithfully
reflect thecoolingage patternof the source areas mediated by the hypsometry of the
drainage.

Tributary sampledrom the northerrmargin of the grabeshow not only grainage
populations consistent with available bedrock datain the basine.g., theyoungest peaks
in samples DXland DX32, but alsogran-age populationsnuch olderthan expectede.g.,
sample DX3 and older peaks in samples DX1 and DX2). These ptjrrlatiors may
suggest thabedrock units exposeadithin the drainagevere not completely reseit leastin
places during nappestackingin the CenozoicSuch older grakage populations are also
observed in tributariedraining the southern margin of theaben particularly in thoseub
basinsdraining the hanging wall of éhGediz Detachmentsamples SX1 and SXandthe
klippenatop thedetachment surface (sample SX5 and probably sample (Se8)ig. 2)

Samples from the southern margih the gaben additionallyhighlight progressive
cooling-agevariations along strik€rig. 5). Samples SX3 to & from catchments draining
the Gediz Deachmentand itsfootwall, yielded very young AFT coolingges (Pliocene or
younger)attesting to fast PliQuaternary exhumation as also indicatecdhtsylable bedrock
AFT datawithin the drainagée.g.,Gessneet al, 2001; Buscheet al, 2013) The youngest
AFT age populations get progressively older moving towards the hanging wall Gethe
Detachmentwhich consiss of metamorphic rocks of the Cine nappeaching9.3 + 2.8 Ma

in sample SX1This suggests thdahe western portion of the soetim margin(Salihli area)
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including the Salihli granodiorite and the mylon#ig-ultracataclasticGediz Detachment

have experienced aleeperPlio-Quaternaryexhumation thanWKH $OD U0 HMdltHat DUHD
bedrock AFT ages measured theSalihli granodioritecannot be safely extrapolatatbng

strike to the whole southern margiof the Gediz GrabenThis younger and localized
exhumation evenmay correspond to the increase of the exhumation rate and of the slip rate
on the Gediz Detachment betweem 4 and 2 Ma suggested by Buscéesl (2013).The

tectonic causes for the localization of this latter exhumation event might be related to linkage
of the active fault segments bounding the southern margin of the modern Gediz Graben
alluvial plain as a matter of fackentet al (2016)suggested that the present day topography

of the southern margin of the basin is the resuihtfraction andinkagebetweerthese fault
segmentsoccurring between 2.6 and 2 Mahat produ@d an enhancedplift in the Salihli

areain the QuaternaryThe exhumation pattern at the southern margin of the Gediz Graben
supports the hypothesis, based on field observations, that the eastern part of the southern
margin is at the hanging wall of the Gediz Detachment lansl the detachment surface is not

exposed along the whole strike of the basin margin.

By considering the geothermal gradient of ~70° C/km obtained after temperature
measurementén wells in WKH $ODUHKLU DUHD .DUDPDQGHUHVL
detachment(cooling agefrom sample SX4cooling rate = 58.6 + 14.6° C/M&hows an
average exhumation rate 6f84 = 0.21km/Ma (mediatedover the last ~2 Ma), whilés
hanging wall(cooling agefrom the youngest age peak of sample Sédoling rate = 18.7 £
4.2° C/Ma)shows an average exhumation rat®df7 + 0.05<m/Ma (mediated over the last
~9 Ma) at the transition zone between these two domains at the southern margin of the basin
(cooling agdrom the youngest age peak of san®k2; cooling rate =12.3+ 3.6° C/Ma)the

average exhumation rated27 + 0.06 km/Mdmediated over the last ~6 Ma).

The two latter exhumation evenfiate Miocene and PliQuaternary)ikely involved
only the northern margin of théentral Menderes Maisthus suggesting that the structures
that controlled theGediz Grabenand theBuyuk Menderes Grabeto the Swere not
responsible for the exhumation of the whGlentral Menderes Massibut only for localized
exhumation at its northern and southerargins(see also Gessnet al, 2001; Ringet al,
2003). As a matter of fact, sorearly Miocenebedrock AFT ages predating the formation of
the Gediz Grabemnd the activation of the structures controlling its evolution are preserved in
the central parof the Central Menderes MasdiGessneet al, 2001; Ringet al, 2003).In
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the light of these considerations, we consider unlikely any model claiming for a complete

exhumation of th€entral Menderes Massas a whole sincthelate Miocene

5.2 Short-term erosion pattern based on moderrsediments

Units exposed in the footwall of th@ediz Detachmerftave, on average, lower apatite
fertility than units exposed in the hanging wall (185 mg/kg vs 550 mg/kg). Therefoes,
detritus from both the hamg wall and the footwall units is admixed in the main ritke
young (<5 Ma) AFT ages specific of ti@otwall units are expected to lbederrepresented
by a factor of 0.33n the detrital AFT recordThis iscrucialwhen grain age distributis are
usedto perform sednent budgets starting from singigain analyses, to constrain the erosion
pattern on shoiterm timescales using the confluence sampling approach (Matuah
2016). In this perspective, we compared shglegrainage distribution in modersediment
samplesvi3, M4 and M5 all including apatitegrainsderived from the footwall of th&ediz
Detachmen{AFT age <5 Ma)with those of upstream tributari¢€SX1 to SX5 and DX1 to
DX3), taking into acount both the ske of subbasins contributing specific graage
populationsand the average apatite fertility in each-basin.

For sample M, we found that the erosion rate the detachmenarea andin its
footwall is ~3.5 times higher thahe erosion rate the rest of the drainagéor sample M5,
which also includg detritus fromthe Northern Menderes Massthe AFT age distribution
suggestsnsteadthat this latter area might be eroded at rates that are only 15% slower than
those characterizing the fowll of the Gediz DetachmentThis is in line with the
observation that thélorthern Menderes Massdrea also includesNeogenecontinental
basins, whiclareexpected to berocedat much fasterates thanthe underlyingnetamorphic
rocks These relative erosion rates can be converted into absolute values by usfiggthe
derivedmeanerosion rate of 110 £ 10 mm/ka calculated for @exliz Detachmerdrea by
Buscher et al. (2013) By integrating thiscosmogenialerived erosion ratanto our
calculations we obtainan erosion rate of 31 + 2.8 nmka/for the Menderes metamorphic
basemenin the hanging wall of th&ediz Detachmentand a rate of 93 £ 8.4 mkal for the
Northern Menderes Massdrained by the Gediz rivetNoteworthy, the sa undergoing
fastershortterm erosionis the same area that experienced fast exhumation in the Pliocene
(see section 5.1)he erosion rates observed today #aetoo low to explain the Pliocene
coding-ages of the footwall unitsyhich may be instead adoed to tectonic exhumation in
the footwall of theGediz Detachmer{Buscheret al, 2013)
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5.3 Constraints on the paleo river network

Along the modern river trunisamples display polymodal graame distributions. e
youngest AFT age population in samples M4 (14364£2.7 Ma) includes ~35% of dated
grains, wheream the upstream sample M3 the young&BT agepopulation 14.3+5.4£3.9
Ma) includes ~21% of dated grains. This percentage is similar to that observed in the
uppermost sample of tHessil basin fill (sample F9Xxollectedclose to sample M3 and a
similar position within the grabemhich shows a young AFTage populationte8.3+3.4£2.5
Ma including~21% of dated grains. Thmolymodalsinglegrain-age distribution observed in
samples M3 and F&ee Fig. 4 and Fig. 6vhen compared to the unimodahglegrainage
distributions observed in the older samples F8 to de@jgets that the modern drainage
network was already establishddring the deposition of the Kaletepen, even though we
cannot safely excludthat samples F8 tB66 may be exclusively derivd from the southern
side of the graben because colledteal far from the paleo river trunlat the time of Gediz
Fm depositionHowever,the hypothesis of a drainage reorganizatsoalso supported by the
unconformable relationshipgservedoetween the Gediz Fm and the overlying Kaletepe Fm
and by a major change in thedsaent transport direction from transvergaNNE directed)
WR ORQJLWXGLQDO KLJKOLJKWH & Boxk@tD2009 RIMBEUDIGkQW DQDQO
2011)

The apatite grains dated imrsples F8 to Févere necessarilyerodedfrom an area
characterized today by similar even younger AFT agess a result of progressive erosional
exhumation.The only nearby potentiaource area for the Gedn is thus represented by
units at the southern margin of the basiine underlying sample F5 adidnally includes an
older grainage population at 17:85.1+3.9 Ma, possibly derived from hanging wall units on
the southern side of the graben. Provenance from the northern side of the graben can be
safely excluded, because graige population observad modern sediments are older than

those observed in sample F5.

Provenance in the lowermost part of the sedimentary succession is more difficult to
assess. Onlydetritus in sample F2 and small part of the detritus in sample F3,
corresponding to the pkat 15.4 Ma, can be safely ascribedterms of provenancéo the
southern part of the graben. All of the other populations in sarkglds3 and R are either

consistent with a provenance from the northern side of the graben, or from its southern side
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5.4 AFT constraints on the depositional age of the basin fill

Our dataset providenew constraints on the depositional age of the basinTiile
lowermost sample analyzedin this work(Fland F2 ERWK EHORQJLQJ WR WKH
yielded unimodal single grain-age distributions and peages decreasing upsection, from
29.4 + 2.5 Mato 160 £ 1.4 Ma This trend indicates negligible postiepositionalAFT
annealing As a result, the 16 + 1.4 Ma age in sample F2presents thenaximum age for
the deposition of the sampled layesf the Zeytingayi membeR |1 W KH $RID Uftdik&L U
%RINXUW DOUHDG\ VXJJHVWHG D PLGGOH OLRFHQH D.
Fm baed on well log data interpretation. These observations are consistent with th
activation of extensional detachment tectonics on @ezliz Detachmentat ~14.5 Ma
(Rossettiet al, 2017). Even though sample F2 was not collected from the very base of the
$ODUHKLU )P LQ WKH OLJKW RI WKHVH FRQVLGHUDWLRQV Z
the underlying part of the formatio@ur results thus improvine existing but rather wak
age constraintsbased on the palynological associatievhich suggesteda lowermiddle
Miocene age of0-14 Ma for the deposition of this formation (Izt& Yazman, 1991;
6 H\ L WERSc@tX1992; Edigeet al, 1996).The maximumstratigraphic ageR1 WKH $ODUHKL
Fm can bethenbracketed between #61.4and 14 Ma.

The lack of postlepositional annealing in the lowermost part of the succession
excludes major AFT age rejuvenation also in the overlying formatidfence the lower part
R1 W K Hk ADn@\st l62 younger than the youngest peak found in samplE5EB+Q. 1+
5.7 Ma), whereasts upper part must be necessarily younger than 6.3 + 2.2TMgse new
FRQVWUDLQWY RQ WKH DO iNeLddly Mxidtihg Bgé HetdrbhiRddiohNriEXEOH - D\
literature for these deposits relies on the Eskihisar sporomorph associatiid (48) of
Benda& Meulenkamp(1979, 1990). By contrast, our datalicatethat the upper part of the

altilik Fm cannot belder than thdvlessinian

Finally, detrital AFT age data from the Gediz and Kaletepe fdicate an age of
deposition younger than 6.2 + 0.6 Mar the upper part of the basin fill, which further
supportsour correlationbased on field evidence, between the lower part of the Gediz Fm and
the Gobekli Fmdefined by Emre (1996) in the Salihli ay¢lhat wasascribedto the Mio-
Pliocene boundargDacian)(Emre, 1996).
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5.5 Schematic evolution of the Gediz Graben

To summarize our results, Fi§.schematicallyillustratesthe evolution ofthe Gediz
Graben Previously published bedrock AFT data (Gessteal, 2001; Ringet al, 2003;
Thompson & Ring, 2006), together with our detrital ages from the northern modern
tributaries, show that the northern margin of the basin was already exhumed tthering
Oligocene or Early Miocene at ehlatest, so did not experienftgther relevant exhumation

during the evolution of the graben.

Geophysical data highlighted the undulated nature of the basement of the Gediz Graben
(Gureret al, 2001, 2002), with basement Isw&nd higls alternatng along the strike of the
EDVLQ ORUHRYHU LIWoL % R | thheX Gadiz Graben évolyddHae WindeG W K D
independent subasins that eventually linked in peddiocene times. Howeverin the
evolutionary model in Fig. 8 we dieled to schematically represent the Gediz Graben as a
laterally continuous sedimentary basin, simbespitethe different parts of the basin might
have experienced lateral differences during sedimentatiois, segmentation did not
influenced the early ages of exhumatigrand the margins of the basin show a coherent
alongstrike exhumation history until thiast Plio-Quaternarymore localized exhumation

event.

The detrital AFT ages recorded in the lower part of the stratigraphic sequence (i.e.
$ODUHRLDMQ G ORZHU siDggasthaDtheNsouPce areas of thekposits were not
undergoing major exhumation by the time of the first phases of basin formation (i.e. Middle
OLRFHQH & BdakuatL2009; this study. Fig8, STEP 1).The age of this phase is
constrained by our new detrital AFT dadadis also consistent with the activation of ductile
extensional deformation on tiig&ediz Detachmerdt ~145 Ma (Rossettet al, 2017). Since
there are no evidences for major active kagigle faults bounding the basin during middle
Miocene, it is likely that in its early stages the Gediz Graben developed as-baamgi.e. a
saglike depression reflecting the flaamp geometry of the detachment at depth).

During the Late Miocene, a ajor phase of exhumation invold¢he southern margin
of the basinThisis recorded in the detrital AFT ages of all the upper part of the Nedgene
Quaternary sedimentary sequence (Bg. 6 7 (3 VWDUWLQJ IURP WKH PLG(
This phase corresponds to a major structural and stratigraphic reorganization of the basin that

is controlled by the brittle highngle normal faults bounding the southern margin of the basin

This article is protected by copyright. All rights reserved.



in a halfgraben settingthese structurded to the exhumatio of their footwall and produced
VLIQLILFDQW DFFRPPRGDWLRQ VSDFH DW WKHLU KDQJLQJ
and Gediz Fm between Late Miocene and d&re. These normal faults rooh a blind
detachment shear zone at depth, that at theg Wwas not exposed at the surfgee (e.g.

Gessneet al, 2001; Buscheet al, 2013; this study) and was ratliaformingunderductile

conditions untitthe Messinian (Lipset al, 2001).

The last exhumatiopulserecorded in the southern margin bylbbedrock and detrital
AFT data (Gessnest al, 2001; Ringet al, 2003; Buscheet al, 2013; this study) occurred
duringthe Late PliocenexEarly Pleistocene and involved only the western part (Salihli area)
of the margin, wheréhe Gediz Detachmerductile-to-brittle shear zonés presently exposed
as well asrocks at its footwall, including theower Miocene Salihli granodiorite (Fig,
STEP 3).Also this phase is related to a new major structural and stratigraphic reorganization
in the basin, with the activation of normal faults bounding its northern margin and changing
its geometry from halfraben into symmetricJ U D E H Q & BokWu,12009).This change
is attestedby variations in paleocurrent directions between the Neogene sedimentary
IRUPDWLRQV DQG WKH XQFRQIRUP D E& BoRMry 200DOheégJ .DOHW
Dilek, 2011) and by a reorganization of the drainage pattern hightighy AFT grairage
distribution in sample F9.

The differential exhumatiorrelated to this phaskkely produced a differential uplift
between the eastern and the western seetothe southern margiof the Gediz Graben
which is reflected by many predehay features such as topography, shemn erosion
pattern and rocks exposed at the surfaClee western part of the margirs in fact
WRSRJUDSKLFDOO\ PXFK KLJKHU WKDQ WKH HDVWHUQ SDlI
located in this area represemtithe highest elevations reached in the predapMenderes
MassiffV WRSRJUDSK\ 0R UterR Yerbsion \pakein FigK®R BTNEP 3 and
supplementaryig. 1SF shows higher erosion rates in tli@ediz Detachmerdrea, whichare
likely related to the highest relief produced by the l@stonic event. Basement rocks
outcropping in the eastern sector of the basin margin do not show any ductile deformation
clearlyrelated to the Neogene extensional phase that generated thelhassyggesting that
in this portion is exposed a higher crustal level than the in the wesigor;Sinally, in the
$ O D u &téaLdde visible in outcrop the oldest sedimentary units oGtz Graberfill

which might have been more uplifted in the iBlalarea above th&ediz Detachmentas
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QRZDGD\V LQ WKHasiGiead lidded, thud ixplaining the differences in the

outcrop exposure of theratigraphic sequence between the two sectors (se@)Fig.

6. Conclusion

In this work,our comprehensivdetrital AFT approachcombining analysis of modern
river sediments, analysis of fossil sedimentary successions, and mineral fertility
determinationsallowed to reconstrudhe exhumation history of the northern margin of the
Central Menderes Massithe Neogeneto-Present evolution of th&ediz Graberand the

modern erosion pattern of theargins of the basin

The main results can be summarized as follows:

x Three main exhumation events with different spatial relevhage been identified in
the study eea i) a Late Oligocene zEarly Miocene regional event related to the main
exhumation of the wholMenderes Massifi) an Late Miocene event localized at the
southern margin of the basicontrolled by highangle normafaults rooting on the
detachmentind recorded in the Neogene sedimentary fill of the grabgra more
localized PlieQuaternary event that involved only the western part of the southern
margin (Salihli areaand broughthe Gediz Detachmerdnd its intrusive footwall to
the surfacen WKH % R]GD+ DUHD

x The differential uplift related to thelatter exhumation event may explain the
differential exposure in outcrop tie stratigraphicsequencdetween the western and
eastern sectors of tlseuthern margin of thieasin.

X The exhumatiorpattern at the southern margin of the Gediz Graben supports the
hypothesisbased on field observationhat the eastern part of the southern margin
(Alasehir area) is at the hanging wall of the Gedtachment, whichs thus not
exposed along the who#trike of the southerbasinmargin.

x Comparison between past/present andH@mg/shortterm erosion rates suggest that
the major exhumation events during Miocaa&uaternary times have been
dominantly assisted by tectonic unroofiragher than erosig as already suggested by
Buscheret al (2013)

x The modern short term erosion pattern closeliects the PlieQuaternary localized
exhumationevent, with erosion rateghree times highem the area of thé&sediz

Detachmenthan in therest of themargins of the Gediz Graben.
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x Detrital AFT ages in the Neoget@ Quaternary sedimentary succession allowed to
refine the maximum age for basin formation to the middle Miocene, and rejuvenate
WKH DOWLOLN )P WR WKH XSSHU OLRFHQH

X Major reorganizations of the drainage pattern occurred at the transition beh&een
$ODUHKLU )P DQG WKH DOWLOLN )P DQG EHWZHHQ WK
This variations likely correspond to major reorganizations in the architecture of the

basin duing its evolution.
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Figure captions

Figure 1. Tectonic map of SW Turkey showing the main grabens within the Menderes
Massif, and sketch map of the Eastern Mediterranean (inset). Acronyms: NAF, North
Anatolian Fault; EAF, East Anatolian Fault; DSF,ddeSea Fault; HA, Hellenic Arc; CA,
Cyprean Arc. Redrawn and modified after 1:500.000 scale geological map of Turkey, Izmir
and Denizli sheets (MTA, 2002a,b); subdivision of the structural nappes after Gessner et al.
(2013).
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Figure 2: Geological map of th study area (see Fig. 1 for location) with location of the

detrital samples used for AFT analysis.

Figure 3: a) Shaded relief image of the study area (see location in Fig. 1) with analyzed
samples from modern rivers in this study and literature bedrédkdata (in Ma) on bedrock
samples (from Gessner et al., 2001; Ring et al., 2003; Thomson & Ring, 2006; Buscher et al.,
2013): yellow dots indicate bedrock AFT (literature) from the hanging wall of the Gediz
detachment; red dots indicate bedrock AFT (@tere) from the footwall of the Gediz
detachment; blue dots indicate the location of samples from modern rivers analyzed in this
study. b) Block diagram and stratigraphic succession of the Gediz Graben showing the
location of analyzed samplasd the aveige apatite fertility values measured in the hanging

wall and footwall units.

Figure 4. Radial plots showing the downstream changes of the apatite fissionsinabé

granDJH GLVWULEXWLRQ IRU WKH PRGHUQ ULY HidivggeGHW UL W
populations (in Ma) after deconvolution using the software Binomfit (Brandon, 2002).
Numbers in brackets (for polymodal samples with P(%)<5) indicate the size of the smallest
population fraction that we can be 95% certain that was not missed thedeypotheses of

Anderen (2005) and Vermeesch (2004).

Figure 5: Along-strike cross section along the southern margin of the Gediz Graben with
single grainage trend observed across the Gediz detachment in modern sand samples
collected on the southeside of the Gediz Graben (same data as in Fig. 4). The youngest
exhumation event, attested by the red bells, is only recorded in the footwall of the Gediz
Detachment. See SF1 in Supplementary materials for the location of the trace of the cross

section.

Figure 6: Stratigraphyof the southern margiof the Gediz Graben and radial plots reporting
the single grainage distributions of the analyzed samples from the NeogeQeaternary

sedimentary sequence (B). Red lines indicate the graage populationsafter
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deconvolution using the software Binomfit (Brandon, 2002). Numbers in brackets (for
polymodal samples with P(%)<5) indicate the size of the smallest population fraction that we
can be 95% certain that was not missed under the hypotheses of eAn(®#)85) and
Vermeesch (2004)Please note that the stratigraphic columns repreékenportions of the
stratigraphic sequence that are presently expiosedtcrop in the two sectors tife southern
margin of the basin, which do not necessarily coincidéh wlite complete stratigraphy

preserved irthe distalpart of the graben.

Figure 7: Trend of grainage peaks along the NeogdoneQuaternary stratigraphic
succession (data as in Fig. 6). Major peaks get younger up section within each formation, as
expectedand provenance changes between different formations are recorded by the addition

RI ROGHU VHWV Rl SHDNV 7KH UHG EHOOV ILUVW DSSHDUI

Miocene (TortoniarMessinian) exhumation event.

Figure 8: Schematic blockliagam showing the geologic evolution of the Gediz Graben

since the beginning of the formation of the basin. STER Middle Miocene: no major
HIKXPDWLRQ HYHQW DW WKH EDVLQ PDUJLQV LV XQYHLOH
ORZHU DOWLOLtebbrd hstead &ldeF Bvents affecting the Menderes metamorphic
basement; sediment provenance is likely from the southern margin, and possibly from the
northern margin of the basin. STEP+2ate Miocene: a major exhumation phase affecting

the southern malgQ R1 WKH EDVLQ LV UHFRUGHG LQ WKH XSSHU TC
phase, detrital contribution are exclusively from the southern margin of the basin. STEP 3

Late Pliocene to Present: the presgay drainage pattern is established at thisestagthe

southern margin of the basin, exhumation is slower in the eastern part than in the western
part, including the footwall of the Gediz Detachment and the Salihli granodiorite; modern
erosion rates show the same pattern, but lower magnitude, indi¢hat exhumation was

probably dominated by tectonic unroofing rather than erosion. Keys: thin blue lines with
arrows indicate sediment provenance in each step (dashed when uncertain); large white
arrows indicate longerm exhumation rates; yellow arrowsdicate modern sheterm

erosion rates (arrow length according to rates). In STEP 3, exhumation rates are averaged

over the last ~2 Myr in the footwall and the last ~9 Myr in the hanging wall (see section 5.1).
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Table captions

Table 1: Location of theanalyzed samples.

Table2: $SDWLWH IHUWLOLW\ LQ VDPSOHV IURP WKH PDLQ ULY

Table 3: Results of AFT counting. Ages are calculated with the External Detector Method
(Hurford, 1990). Value of the Z parameter of the analyst (R. Asti): 302.28.12. Rhes,
spontaneous track density (Xitfacks per crf); Ns, number of spontaneous tracks counted;
Rhoi, induced track density in external detector Gdtacks per crf); Ni, number of induced
tracks counted; RRd, induced track density in extel detector adjacent to dosimeter glass
(x10° tracks per crf). These data were used to calculate AFT ages with the zeta calibration

method.

Table 4: Apatite grainDJH SRSXODWLRQV RI VDPSOHV IURP WKH PF
(M1-5), its southern (SX5) and northern (DX®) tributaries and from the Neogete
Quaternary sedimentary succession of the Gediz Grabe#){Rbe and error are expressed

in Ma.

Supplementary figure captions

Supplementary Figure 1SF:Apatite fertility map and short tergrosion pattern of the study
area (the size of the cubes is proportional to the relative (hondimensionafeshodrosion

rate of each subarea). Red line show the location of the schematisectiss in Fig. 4.

Supplementary Figure 2SF:Dense MineraConcentration (left) and Grain Density values
(right) in samples from the northern (DX) and southern (SX) tributaries of the main river.
Dense Mineral Concentration is always <10% and Grain Density is always <2.70 Kg/dm3:
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these values show that the araly samples are not affected by anomalous enrichment of

dense minerals due to hydraulic effects during transport.

Supplementary Figure 3SF:Diagrams showing the relationship between AFT geajas

and grain size (top) and between AFT grages and graighape (bottom) in the detrital
samples collected in the modern rivers. No apparent correlation raised in the correlation
between these parameters, showing thasihgle grainage distributions are not vulnerable

to hydraulic sorting effects.

Supplementry table captions

Supplementary Table 1ST:Fertility values, detrital apatite partitioning and drainage areas
IRU VDPSOHV IURP WKH PRGHUQ $0ODUH kteroh érbistah pattekny HU XV

determination (see Supplementary Fig. 1SF).

Sample| Lab Code River Site Lat. Long. Alt. (a.s.l.)
M1 DTR6 o " Z] Ro] N 38°18'09.9" E 28°39'27.2] 175m
M2 DTR7 o " Z] b v uE | N38°26'04.6'1 E28°27'55.4] 128 m
M3 DTRS8 o " Z] z "]o}A | N38°28'37.8 E28°18'09.1| 107 m
M4 DTR9 o " Z] Salihli N 38°30'29.6" E 28°09'02.7| 89m
M5 DTR13 Gediz Yeniharmandal| N 38° 38'22.4" E 27°32'32.6] 31m
SX1 DTR1 S tributary Kestanelik | N 38°16'18.9'1 E 28° 22'53.21 1147 m
SX2 DTR2 S tributary < (E R|N38°21'09.01 E 28°18'43.2] 586 m
SX3 DTR3 S tributary Karadut N 38°24'45.2"1 E 28°17' 25.2| 423 m
SX4 DTR5 S tributary j § 1 N 38° 24'00.6" E 28° 13'25.91 769 m
SX5 DTR4 S tributary Damatli N 38° 25'13.7"1 E28°12'27.4] 572 m
DX1 DTR12 N tributary Tarkmen N 38° 25'58.3"1 E28° 32'01.1"| 212 m
DX2 DTR11 N tributary Matarli N 38° 24'41.9" E 28° 30' 03.01 166 m
DX3 DTR10 N tributary Gulpinar N 38° 29'50.0" E 28° 26'13.8] 346 m
F1 ALAO4 o” Z]&E Guldere N 38°18'51.8" E 28° 26' 18.21 919 m
F2 DTRALAL o ” Z]&E Guldere N 38°18'49.4" E 28° 26' 15.8] 936 m
F3 DTR CATZ Caltilik Fm. A"MTRUIC | N38°21'16.4'1 E28°24'15.21 711 m
F4 DTR CATY Caltilik Fm. A"MTRUIC | N38°21'16.4'1 E28°24'15.21 711 m
F5 | DTR RE2b | Caltilik Fm. Kocayar N 38° 26' 18.4"1 E 28° 14'59.11 204 m
F6 DTR RED1 Caltilik Fm.| Degirmendere| N 38° 24'48.2'| E 28° 17'55.21 360 m
F7 DTR YELY Gediz Fm. Kocayar N 38° 26' 19.5" E 28°15'04.4| 228 m
F8 DTR Y2 Gediz Fm. Kocayar N 38° 26' 33.7'1 E 28° 15'09.6] 225 m
F9 DTR YEL3 Kaletepe Fm Erendali N 38° 26'42.8'1 E28°17'40.01 202 m
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Apatite size distribution Apatite

. Textural parametrs selected relative dense grain coarser  ip selected finer Fertility

Sample River Site Drainage Area meansize  sorting  skewness | Window amount mineral density window >63 Rn
(km?) (phi) (phi) (phi) (Fm) (%) (%) (kg/dm?) (%) (%) (%) (ppm)
SX1 Kestanelik Kestanelik 7 2,63 1,26 -0,06 63-500 61,47 1,3 2,59 7,3 78,5 14,2 312,0
SX2 Ozan Karada R 56 2,40 1,27 -0,05 63-500 55,55 1,8 2,61 10,2 78,9 11 734,0
SX3 Dariyeri Karadut 21 1,70 0,98 0,19 125-500 28,97 1,4 2,62 2,2 70,7 16,7 179,0
SX4 Kisik j s 1 17 2,50 1,20 -0,14 63-500 56,56 0,6 2,50 6,6 80,7 11,6 259,0
SX5 Karanohut Damatli 28 1,90 1,14 0,04 125-500 41,66 0,8 2,63 15,9 63,2 20,9 120,0
DX1 - Tirkmen 31 2,57 1,24 -0,11 63-500 59,34 4,5 2,60 7,6 79,2 13,1 563,0
DX2 - Matarli 29 1,83 0,85 -0,08 125-500 40,59 5,0 2,69 10,2 77,5 12,2 569,0
DX3 Sarikaya Gulpinar 22 2,00 1,42 -0,11 63-500 49,79 9,1 2,64 19,5 72,4 8,1 577,0
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Sample| Lab Code | N° Crystals| Rhos | Ns | Rhoi Ni Rhod vS§E o P 2 P (%) | U (ppm)
M1 DTR6 30 6,914 | 233 | 20,267 | 683 | 10,76 55.3+5.4 18,7 | 92,87 29,72
M2 DTRY 31 5,093 | 412 | 18,171 | 1470| 9,49 39+44 81,73 0 29,6
M3 DTRS8 96 3,205 | 585 | 19,326 | 3527 | 10,82 27.8+2.3 128,33 1,29 26,25
M4 DTR9 99 2,751 | 603 | 17,705| 3881 | 10,62 274+ 2.6 249,141 O 23,27
M5 DTR13 99 3,298 | 984 | 17,587 | 5248 | 10,09 30.1+25 213,81 0 25,87
SX1 DTR1 39 1,837 | 252 | 17,784 | 2440 10,56 19.2+24 114,16( O 26,96
SX2 DTR2 39 2,818 | 445 | 24,224 3825 | 11,36 26+24 403,64 O 32,93
SX3 DTR3 30 1,127 | 146 | 10,054 | 1303 | 10,42 344+7.1 271,741 O 12,28
SX4 DTR5 33 0,114 | 34 | 11,853| 3537 | 11,29 2+05 79,78 0 17,67
SX5 DTR4 27 2,384 | 293 | 67,836 8337 | 10,36 6.9+1.6 436,21 0 99,99
DX1 DTR12 30 1,804 | 206 | 8,835 | 1009 | 10,29 32.4+3.4 30,64 | 38,24 10,27
DX2 DTR11 29 2,722 | 494 | 10,623 | 1928 | 10,89 42.7+4.3 74,75 0 12,69
DX3 DTR10 15 2,271 | 57 | 5,299 | 133 | 10,69 68.9 + 11.7 7,58 [ 90,99| 6,89
F1 ALAO4 100 1,849 | 343 | 10,496 1947 | 11,02 29.4+25 82,81 | 87,95 14,92
F2 DTR ALA1 80 1,682 293 | 17,687 | 3081 11,09 16+1.4 72,67 | 67,89 23
F3 DTR CAT2 99 4,227 | 749 | 23,499 | 4164 | 11,22 31.9+27 205,02 0 33,04
F4 DTR CAT] 98 2,899 | 396 | 18,997 | 2595 | 10,49 245+ 2 96,28 | 50,15 30,31
F5 DTR RED2 100 0,856 | 292 | 12,595| 4295 | 10,96 122+1.2 172,02 0 15,5
F6 DTR RED] 100 0,401 | 113 | 9,524 | 2682 | 10,02 6.4+0.7 101,43 41,35| 14,11
F7 DTR YEL] 96 0,59 | 173 | 16,22 | 4759 | 11,16 6.2+ 0.6 100,99( 31,78 | 18,55
F8 DTR YEL2 99 0,727 | 208 | 12,821 | 3668 | 10,22 96+1 129,63 1,79 171
F9 DTR YEL3 99 2,5511 918 | 20,975| 7549 | 10,16 20.3+1.7 241,76 0 29,2
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Sample| Age Error | % Age Error % Age Error %
1% population 2" population 3" population

SX1 9.3 3.3/-24 | 445 25.5 9.1/-6.7 47.6 47.6 | 23.5/-15.7 7.9
SX2 6.4 2.2/-1.6 | 445 40.8 7.3/-6.2 55.5 - - -
SX3 3.8 2.4/-15 | 314 32.2 13.9/9.7 42.4 | 1104 | 56.3/-37.4 | 26.2
SX4 0.5 1/-0.3 61 4.8 4.1/-2.2 39 - - -
SX5 2.4 0.6/-0.5 | 69.8 16.7 3.6/-3 30.2 - - -
DX1 26.8 10/-7.3 | 62.6 441 | 23.7/-154 | 37.4 - - -
DX2 35.7 | 6.8/5.7 | 828 80.8 | 27.5/-20.6 | 17.2 - - -
DX3 68.9 +11.7 100 - - - - - -
M1 55.2 +54 100 - - - - - -
M2 33 8.1/-6.5 | 83.2 749 | 31.6/-22.3| 16.8 - - -
M3 143 | 5.4/39 | 20.9 32.2 5.9/-5 79.1 - - -
M4 116 | 3.4/-27 | 354 375 7.1/-6 64.6 - - -
M5 6.6 5.7/-3 4.6 26.1 5.71-4.7 70.5 48.8 | 19.3/-13.8 | 24.9
F1 29.4 +25 100 - - - - - -
F2 16 +14 100 - - - - - -
F3 154 9.1/5.7 18.2 321 6.9/-5.7 74.4 84.5 | 35.1/-24.9 7.3
F4 24.5 2 100 - - - - - -
F5 6.3 2.6/-1.8 45 17.5 5.1/-3.9 55 - - -
F6 6.4 +0.7 100 - - - - - -
F7 6.2 +0.6 100 - - - - - -
F8 7.4 6.3/-3.4 | 775 17.3 | 31.8/11.2 | 225 - - -
F9 9.3 3.4/-25 | 233 21.1 5.5/-4.3 61.3 36.2 | 19.8/-12.8 | 15.4
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[1 Neogene Sediments
Neogene Volcanics
[ Neogene Granitoids
[@7#] Lycian Nappes

[A7&] Bornova Flysch Zone
[3X] Tavsanli Zone
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[#] Cycladic Blueschist
[®7%] Sakarya Complex
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[ quaternary Alluvium
Neogene-to-Quaternary Sediments
- Gediz Detachment Shear Zone

[E] salinli Granodiorite

- Metamorphic Basement (Footwall)
- Metamorphic Basement (Hanging Wall)

Yenipazar

Yesilkavak
°

=r==r=_Normal Fault _A_ Foliation
= == Normal Fault (Inferred) /" Lineation
= = = Undeterminate Fault (Inferred)

=g Detachment Fault

s Drainage Divide

Samples for Detrital AFT Analysis
@ Modern Sediments
@  Ancient Sediments
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