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ABSTRACRESUME

The northern edge of the Iranian Central Desert has provided valuable evidentgrfonal Pleistocene
human settlements. Mirakonstitutesone of the largesbpenair lithic scattersin the region consising
of eight natural moundsFieldworkwasinitiated in 2015 by thgoint IranianFrenchprogramat Mirak 8
Preliminary results have demanated at least 3successivphases of human occupatiauring theMIS3
an upper layer with clear Upp&aleolithicaffinitiesand amaximum age of 28kya lower layer with clear
Middle Paleolithicaffinitiesthat dates around 47kyand anintermediate layemwith mixedcharacteristics
that can be seen as an intermedidaleolithicphase whichdates betweer28+2 and 3812 kyt the time
that UpperPaleolithiccultures originated in the Zagros Mountains, cultures with clear Miédlieolithc

affinities persistedhearby alonghe northernedge of the Iranian Central Plateau.

Lenord duDésertCentral Iranien fournt des preuves derésence humaine ka fin du Pléistocéne.
Mirak constitue I'une desplus granes localitéspalédithiques de plein airde la région avec huit
monticules naturelsen 2015 le programme conjoirfranco-iraniensa initié la fouilleet I'étude
pluridisciplinaire deslép6tset du matériel archéologiqude Mirak 8 Les premiers résultats deois
saisons de fouillesjv J<p vS 0 %o @u moins 3 phases successidagccupation humaine
pendant |eMIS3 : umiveausupérieurd gffinités Paléolithiquesupérieur avec un &ge maximum de
28ka, unniveauinférieur ffinitésPaléolithiquemoyen, autour de 47k, et unniveauintermédiaire
avec des caractéristiquasixtesvu comme unPaléolithique intermédiairedatéentre 28+2 et 38+2k A
I'époqueou les cultures dPaléolithique supérieuse sont différenciéedansle Zagros, des cultures
avecdes affinitésPaléolithigue moyerévidentes ont persisté 1« § o[ S surk Pakfcournord

du Plateau central iranien.
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1. INTRODUCTION

The wide area extending from the Zag®@aucasus to Central Asia is historically acknowledged as a key
region for understanding prehistoric human settlementim the first human dispersal int&urasia
during theEarly Pleistocene to thelpperPleistocene (Zeitoyr2016) including the transition from Middle
Paleolithic to Upper Paleolithic cultures (e@oon, 1951BecerraValdivia et al. 201 HeydariGuran and
Ghasidian 20L,™McBurney, 19640tte et al. 2009, 2011Smith, 1988. However, despit¢he discoveries

of numerous Paleolithic sites in this region amwad interest inthe transitionfrom Upperto Middle
Paleolithi¢ to date, few archaelogical assemblagdsave been obtained usingccurategeological and
chronological frameworksThese are mainlyconcentrated on the mountainous areas, especially the
Zagros (Figure)land dated to the MIS3 (see BecerMaldiviaet al.,2017 for the current chronological
framework). Some of them includeShanidar (Solecki, 1953)arwasi (Braidwoodind Howe, 1961;
Tsanova, 2013), YafteH@le andFlannery, 1967; Otte et al., 2011), Gar Arjeneh (ldotdFlannery, 1967;

Otte andBiglari,2004), Ghae Khar (Shidrangt al.,2016 Young and Smith, 1956Guilvaran and Kaldar
(Bazgiretal., 2014,201Z}uS ] § oX 7idBedf Ghasidaret al.,2017; Heydariet al.,2004).

Cther sites have been discovered in the Zagandalongits easternfringesduring the last decadeéviost

of these sitedackan adequatechronological framework, such as Maarik and Qaleh Bozi (Biglari, 2000
Biglariet al. 2009 Jaubert et al., 2008, 2008k well as ZavyelQalehGushehand Hblabad(Heydai-
Guran, et al., 2015%everal operair sites have been discover@uthe Central Alborz and the northern
edge of the Iranian Central Desert: the Upper Paleolithic site of Garm Roud (Berillon et al., 2007, 2016)
dated from the end of the MIS&nd the suface sites oMirak (Rezvani, 1990; Vahdati Nasab et al. 2013),
Moghanak and Otchunak (Berillon et al. 2007; Chevrier et al. 2006, 2010), Delazian (Vahdati Nasab and
Clark 2014), and Chak Jam Yahdati Nasab and Hashemi 201Bhe locationand culturalaffinities of

these sitessuggestthat the northern fringes of the Iranian Central Desedould have constituted a

corridor usedduringUpperPleistocene huntegatherer dispersals (Vahdatadab et al., 2013).
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In that chronocultural context, or interest focused on thepen-air site ofMirak, which is located 1&m
to the southof the outskirts of the city of Semnan (Fig. Byst mentioned by Rezvani (1990)irak was
officially surveyed in 200By one of the authors (HVNis partof the Palelithic Survey of the Iranian
Central Desert Project (PSICDP) (Rezvani and Vahdati, [2648) This surveycollecteda large lithic
assemblage from the surfagd eight natural moundsvith evident Middle Paleolithic affinitiedléke-
based blank production, an abundance of prepared eng@ipeau de gendarmgatforms, a significantly
high value for the Levallois index, the presence of tools typical Bf} pes E] v[ $). @nhjscdreeC
artifacts with Upper Paleolithic affinitiesere found at the sitewhich suggests eithethe presence of
Upper Paleolithitechno-complexand/or the presence ofransitional lithicindustriesat the site(Vahdati
Nasab et al. 2013Mound 8,though not the largesiound in Mirakexhibitsthe greatest volume ofithic
scatters on itssurface and surroundingdMoreover, the presence afelatively densearchaeological
material visiblein spoil heapsaroundone of the clandestineo }}§ & *$ud@dsisome archaeological
deposits oMiddle andUpper Paleolithic affinities were stihi sity buried andprotected by the mound.
Based orthe foregoing there was a needor a systematic excavation inighvicinity Basedupon our
preliminary observations, Mirak appeared to be potentially very infative. Therefore, three seasons of
excavationat Mirak 8 were conductedunder the framework ofjoint IranianFrenchcollaboration(May-
June 2015, Julugust 201&nd OctobeNovember 201). The followingoresentsthe preliminaryresults
of theseexcavationsconcerninghe nature of archaeological deposis Mirak, their cultural affinities
and their geologicaland absolute chronological frameworkFinally,these original datgprovide new

perspectives with regards to the human settlements of tegionduring the MIS3
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2.RESULTS AND DISCUSSION

2.1. THE EXCAVATION ANBRDS

The excavation at Mirak 8 exposedn area coverin@6émz2in total, divided betweerthree main sectors
(Fig. 3): 19 m2 on the Northern slope of the mound, 12 m2 on the Eastern slope ahahitine Southern
slope delimited based on geoarchaeological prospecting. The excavation was carried out by squares with
the surface area of 1 m? each, mgiboth contextual and arbitrary levedxcavationtechniques The
conventional 5 cm depth was adopted for eaatbitrary archaeological level taking into account the
depositional settingsand each excavated archaeological find was collected and referenabé 3D
frame of the moundDry and wet sieving of sedimentsexe usedvhen possible in order teample micre
artifacts. Theexcavation exposed an excavated surface totali@m? (North sectord m2; East sectorl0
m2; South sector, 5 m2).

The three campaigns o&xcavationyielded 6266 finds including2709 objects precisely collected in the
stratigraphic context andpreadbetween 4 and ™ below the top of the stratigraphic sequenddese
archaeological materials are mainly composed of lithitifacts (see below), but rare and extremely
altered fragments of bones and teeth of large mammaisre alsorecovered; @ sign of human
intervention on these altered materia$ could be identifiedThe determinable teeth fragments belong to
equids No remains bsmall fauna were found either excavationcontexis or in the sieved sediments.
We focus here on the results tiie excavatioron the easterntrench where the archaeological density
appeared to be the highesThreemainsuccessivarchaeologicatoncentrationswvere clearlyidentified

in stratigraphic contexfLayers 13) (Fig5).
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2.2.DEPOSITIONAL SETTANGCHRONGTRATIGRAPHIC FRAKRWOF MIRAK 8

2.2.1.The Mirak stratigraphic sequence

Mirak is located in a dry mudflat (53°25'53; 85°28'10" N ca. 1035 masl) thaxtends (E}u ~ uv v][e
piedmontalong the southern flank of thalborz Mountains to the northern edge of the Iranian Central
Desert,also known aPashte Kavir This area Hengs to an elongateQuaternary drainage system,

which is characterized glluvial fans andedimentarypediments,with widespread saline playlake

systems downstream.

Geomorphologicaliéldwork ha revealed a pedesedimentary succession represented &9 mthick
alluviataeolian record made up of two main sequences (Sequence I: alluvial basal complex; Sequence Il
windblown deposits) (seEig. 4 fothe synthetic stratigraphy andescription). Sequence | can be divided

into 6 lithostratigraphic units from the base upwards (Uni4; $hicknessca.5 m). Horizontal bedding of

silty clays (Units 8, 6 and Were observed in the stratigraphyl.his stratigraphic column also includds a
least two bodies of very fine sands (Units 7 and 5) and a deflated horizon (Unit 4a); these three units
contain the three main archaeological assemblages (3 to 1 respecti@elglience hccumulatedon a
pediplain that was flooded repeatedly as a consence of shallow sheet flooding and channel overflows.
Indeed, horizontal bedding prevails in the very fine sand units (Units 7 and 5), but current ripple marks
and internal planar cross bedding occur as well (lithofacies Sr and Sp according to Miall h838hole

units are distinguished by intense pedtpositional weathering resulting both from thepetition of
decreassin the level ofthe water table and increasein the rateof evaporationaseviderced byFeMn
concretions, iron hydroxid@recipitaes, calcareous nodules, gypsum crystals and desiccation cracks.
These( SpPHE « E ¢} ] 8§ 8} sz A 0}%u v3 }( ZUGDASe]} SuZpyEstaffve[ ~ U
2014). The upper limit of this alluvial pedocomplex is marked by a major disctyitimhich corresponds

to the contemporarydeflation surface oDashte Kavir Sequence 1l of Mirak 8 mound can be divided into

4 lithostratigraphic unitsrbm the base upwards (Units@ thicknessabout 4 m). The first part of this
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sequence consists olcareous aeolian sand deposits (Unit 3) reworked by a hydromorphic horizon (Unit
2)top ward The uppermost part of Sequence Il is composed of another aeolian sand deposit (Units 1 and

0) affected by the development of an Enti§diISDA

2.2.2.Luminescence dating

Samples for luminescence dating were collectgid sampleswere taken fromthe northern section of
Sequencsl and llandtwo samples from the lower part of theastern section osequence | . Preliminary
dating results, including andlcal data, are listed in Table 1 and plotted in their stratigraphic position in
Fig. 4 (see also Supplementary Material for details on the implementeeguos). OSL and po$R IRSL
measurements were performed on mutirain aliquots (See SM for methaldgical details). Overall, the
OSL ages are coherent with the stratigraphy and the {aliguot dispersion in equivalent doses for each
sample is very low; this allows to considethe OSL ages to provide accurate, reliable ages. As a result,
the agesrange from 5043 to 2842 ka in the Sequence | that containghitee primaryarchaeological
deposits, with a maximum age of 28+2 ka lfayer 1, dates between 2812 and 382 Layer 2 dates
between 47+2 ka and 47+4 kar Layer §samples MK 16/2 and MK/j, which correspond to the Last

Glacial cycle. The ages range from 1.2+0.2 to 0.6+0rlSequence I

2.2.3 Formation of themound ofMirak 8 and context of archaeological deposits

Based on the available data, it seems tBatjuence kt Mirak Mound 8 may have formed as a response

to climatic changes during the first half of the Last Glacial (probably during Mii8ywas more humid

than the Upper Pleniglacial (MIS 2 age equivalent). The recbttesetransitional periods are less well

understood in the context afhe northern Iranian paleoclimatic and chronostratigraphic framework for

the Last Interglacial/Glacial cyclee(the Lake Urmia core: Djamaliet,diidé V 0"« E }E& « }( E}ESZ

Iran: Kehl et a]2005andFrechen et al2009). Human occupatiors Mirak were contemporaneous with
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the aggradation of a covered pediment incised by anastomosed channels. This periagpaasntly
characterized by rapid flooding event®(sheet floodor crevasse splay deposits) that burieald®lithic
deposits If the increase in rainfall events explathe accumulationof sedimens depositedduring flash
floods, we do not exclude the influence of episodic uplift upstream as pointed out by Kehl (2009).
Nevertheless, no stratigraphic evidenaktectonic effect has been observed. Aggradation of the alluvial
cover ended with a major aridification marked by an aridisol development, perhaps indicating the end of
the Last Glacigleriod. The scenario of a lorgrm drying coincided with a sedimeanty hiatus, between

the units 4 and 3, which, separated the Pleistocene desiccated flat from the Holocene sand dune
(sequence Il). The Holocene history of Mirak is defined by at least two phases of calcareous dust deposits
interrupted by the temporary devepment of a perched water body on the first aeolian mound. The
formation of this hydromorphic horizon (Unit 2) in arid environment implies a groundwater flux from the
bedrock and its resurgence by a perched spring.

The study of the excavated sedimemggidently indicate thatin contrast to the current arid desert
situation, the northern part of the Iranian Central Desert at least for the studied regioia bachpletely
different climae duringthe end of Pleistocene. During the first half of the LasicalPeriod(MIS 4/3)

the climateof the region was cold and humid. This cold and humid period was characterized by a slow
alluvial aggradation interrupted by rapid flooding events. Twihefarchaeological layers dirak 8are

dated tothe chronologial intervalbetween50 + 3 kaand 28 * 2 ka, which correspaid thesehumid
climate conditions. Moreover, the different nature of sediments of the archaeological lapers
compaisonto the upper and lowersterile sediments ims that during each of these occupational
events (which might have lasted hundreds of years), the sitesit@ated ondry land possibly surrounded

by streams and marshe€oncerning the Holocene sequence (Sequence 2 in Mirak 8), the current study
of Mirak8 demonstrate that the mounds in Mirak cannot be seernemsnants of a more extensive deposit

that has been eroded awdyut correspond to Holoceneebkha or shadowlunes. In Mirak 8, it results in
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at least two phases of calcareous dust deposits interrufitedhe temporary development of a perched
water body on the first aeolian mound. The tv@SL ages derived from the very top of the mound
(MK15/1: 0.6 = 0.1ka) and where the mound meets the flatland area around it (MK15/4: 1.2 + 0.2 ka)
indicate that the drmation of themound ofMirak 8 tookapproximately800-1600 years. Therefore, the
mounds of the site were formeat a relative rapid paceAs mentioned above, such hydromorphic horizon

in arid environment implies a groundwater flux from the bedrock aadéesurgence by a perched spring.

In that general pattern of dune formation, the vegetation may have played an important role in the
formation of the mound by fixing the calcareous sands and consequently the preservation of the

underlying Pleistocene seqnee as originally proposed by Vahdati Nasab et al. (013

2.3.LITHICAND CULTURAL AFHIBST

2.3.1.The lithic assemblage

The lithic assemblage presented here consists of 2313 piecestimaasternmostexcavationat Mirak

8. More than 85% of these artifacts are maafevarieties of chert (i.e. chert, flint, and jasper). Other raw
materials are tuff, sandstone, siltstone, and rarely, microconglomerate. Within this assemblage, 976
pieces are typologically indeterminable fragnt or splinters most of which have very small dimensions
and their technetypological identification is problematic, if not impossible (see Jayez & Vahdati Nasab
Tii0 (JE& u}E%Z}o}P] o Z & & E]+8] » }( AZ § ]+ }ve] @avebdan 3 Eu]v
excluded from our analysis which leaves 1337 chipped stones to present, including 212Tabip&)(

which are flakes mostly with less than 1 cm dimensions (see, 3023: 32).

The three identified levels occurred in distinct stratigraphidsjralthough some vertical dispersion are
observed within each level that may be related to some taphonomic agents (work in progress); (Fig. 5)
however, the general state of preservation of the lithics is very good whichi¢ésgtifat, if taphonomy

has inpacted the deposits, the impact has been limitéd that respect, Level 1 appears to occur in a
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deflated unit; this may explain the wider dispersion and lower density in objects than those observed for
levels 2 and 3. In addition, few artefacts were l@thbetween these three main archaeological deposits,
usually in roots whole or vertical brakes. Apart these very few pieces (around 30 among 2313 artefacts),

the artefacts appear to depict three main archaeological deposit.

ThelL1 lithic assemblagappeas to be an industry oriented toward a blatdadelet production fromat
leastcarinated elementdNo coreshavebeen found andather tool types are undeepresented Carinated
burinsarefoundexclusively in L@Fig.6: 1-3) which are usually found inthesooo "« PE}s pE]PvV
(see: OlszewslkdndDibble i666U TiiTe }E N & JOISZewskil993 Svlecki1958) techne
complexes The characteristic artifadypes of this assemblage include blades, blatde and their
associated fragments (Fi@.4); although Arjeneh (ForYves) points andamelles Dufour as major
components of both Central Zagros and Southern ZagppetJPaleolithidithic industies (see Conard
and Ghasidian2011; Ghasidiaet al.,2017; Hole 1970; Hole and Flamny, 1967; Otteet al.,2007) are
not observedin the current assemblage dflirak. Amongthe platform rejuvenation flakes in this
assemblage is one large core tablet (Bi$) which indicates the large dimensions of préio coresfrom
which the blades were produceéinally, Levalloiousterian tools are completely absent in this layer.
As a whole, this layer showgppkr Paleolithicaffinities. However this assessmeninust betakenwith
cautiort indeed, the densityof artifacts is low (see Table2) and the assemblage was preserved in a
deflated horizon and thus may not be fully representative of the original

The L2 lithic assemblages characterized byhe mixed presencef Upper Paleolithidndustries with
charageristics ofprismatic bladebladelet productionand Levalloigviousterian flakebased production,
the technological structure of which shows also a moderate percentage of cores an(Ttable 2) Few
blades and bladelets aegther plain oregularly retouched or notched@ble4,Fig. 7: 45). Semiparallel

arrises (flake scar ridgese presenon the dorsal face of some blades (Fig3). TheMousterian industry
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artifact-typesare dominated by the Levallois technique (for Mousterianifadt-types see e.g., Geneste
1985). They mostly indicate recurrent reduction strategy with radial/centripetal preparation7bigj.
Levallois flakes with facetted amthapeau de gendarmgatforms are present as well as the byproducts

of Levallois redction strategy in the form of core preparation elements. Bladelets and some of the blades
have been made via prismatic reduction method. It is worth mentioning that Levallois blade cores are rare
in the Mirak assemblage. Regarding the tddiable 4), mongthe interesting specimens is one elongated
convergentbladewith facetted striking platform and inverse notching/retouching (Fidgl). As a whole,
Layer 2 appears to present a mix of characteristics usually assogiittetboth Upper and the Middle
Paleolithic industries.

In L3,cores and tools are well represented (twiceragschas in upper layers). tét of the cores are
Levallois coregFig. 8: 11)If the debitage composition of the layersdensidered L3 lithic assemblage,
with less than 5%lade and bladelet products, indicates an industry based on flake produetionmber

of them being relatively elongateg@able3). This assemblage inclusiMousterian industry artifactypes
similar to L2with the daminance of Levallois technique with ity recurrent reduction strategy with
radial/centripetal preparationRegarding the tools éble 4), LevalloisMousterian tools such as various
scrapers(Fig.8:8, 10 are present in high quantity in L3 as well as some pdifig.8:2, 57); they are
comparable to those found in the Zagros Mousterian (see Djli883; Dibbleand Holdaway 1993;
Lindly 1997).Sometools have basal trimming which might be attributed to the hafting methods @ig.

1, 8. There arealsoLevallois points with retouch dmoth faces and facetted striking platform (Fig9).

As a whole, L3 has clear MiddRaleolithicaffinities.

However,the vertical distribution and field data (such as postdepositional reworking) shows that some
pieces cannot be precisely allocatedliyers 2 or 3; among these piecesie carinated scrapeas well

as aprismatic core (Fig: 3), here vertical between L2 and L3 respectivelye usually consideredsa



266 typical implement of per Paleolithidndustry of Baradostian/Zagros Aurignacian (see Olszewski and
267 Dibble 2006; Otteet al.,2007).

268

269 2.3.2.Phase®f human occupation

270 In contrast to whahasbeen claimedreviouslyabout the Middle Paleolithiaffinitiesbased on the study
271 ofthe surface collection of théthic industries in Mirak (Reani and Vahdati Nasap010; Vahdati Nasab
272 etal, 2013), the data derived from thiaree seasons of excavations at Mir8kas clearly identified the
273  presence olestiges of at leaghree main arhaeological layers

274  Theupper layeri.e.L1, has clealUpperPaleolithicaffinities, with some resemblance (carinated burins)
275 withtheso 00 « PE}e HE]Pv ] vandBiltbld iHAPU Tiife JE ~ E }+8],v_ ~Koel
276 1993 Solecki 1958 technecomplexes. Yet Arjeneh (Fewitres) points andamellesDufouras major

277 components of both Central Zagros and Southern ZagppetPaleolithidithic industry (see Conard and
278 Ghasidian 2011; Ghasidiah al.,2017; Hole 1970; Hole and Flamny, 1967; Otteet al.,2007)are not

279 observed in the current assemblage of Mirdkconfirmed Mirak would more closelyresembles Garm
280 Roud whichdatesto around 33kya (Berillon et al., 2007, 201&hevrier et al., 2006However, the low

281 densityof artifactsin L1and its evident reworkedature doesnot allowa precise determination ahis

282 upper assemblagand needscautionin its interpretation.The UppeiPaleolithicaffinities are consistent

283 with the OSL dating that gives a maximum age&f2 kya and with the presence of a large Upper
284  Paleaolithic operair site i.e.Delazianat a very close proximity (2km northeast of Mirak, see Vahdati Nasab
285 and Clark2014).

286 The lower layeri.e.L3 has clear Middlé>aleolithicaffinities; with regards tolLevalloisMousterian tools

287  (various scrapers and points), the assemblage is comparable to those of classical Zagros Mousterian sites
288 (see Dibble1993; DibbleandHoldaway 1993; Lindly1997). Interestingly, this assemblage dates between

289  47+2 kyaand 47+4kya, whichalthoughcompatible with the general chronological framework of Middle



290 Paleolithicassemblages in the Middle East, appears very recent compared to the NRialdielithidknown

291 in the Zagrosand earlier tharthe early UpperPaleolithicassemblges of the ZagroBecerraValdivia et
292 al., 2017)

293 The intermediate layeri.e.L2 might be the most controversial one, representing a mixture of industries
294  with both Middle and Upper Paleolithaffinities, in a chronological framework that dates it besm 28+2
295 and38+2 ky. Based on thipreliminary chronological framework, L2 appepeossibly contemporary from
296 the Early Upper Palaeolithic of the Zag(@gcerraValdivia et al., 2017where facetted platforms or
297 sidescrapers have been identifiéelg. Tsanova, 2013)Jowever, nore studies are ongoing, including the
298 technotypologyof the intermediate layer, as well as a refthehronology based on recent OSL samples
299 that should allow us refining our understanding of the nature, the chronologytlh@dontext of ths
300 intermediate human occupationsat Mirak. However, to our knowledgedespite some potential
301 resemblances with the Early Upper Palaeolithic of the Zaguzt, mixture of industrielsas no equivalent
302 to date within the regional contexof the Iranian Central Plateaand together with its chronological
303 framework points the complexity of the cultural evolution in a wide area between Zagros and Central Asia.
304 Finally,beside this general patterrg carinated scraper and prismatic corewhich are typical of the
305 Baradostian/Zagros Aurignacian (see Olszewski and Dibble, 2006; Otte et al., 2007) have been collected
306 betweenthe lowest layes (L2 andL3)and could not be allocategreciselyto one of these levels
307  Although,as mentioned abovehis may be related to some pedepositional reworkindased on field
308 data and vertical distributiorthis pointsto the originality of the lithic industries of Mirak, almtie cannot
309 excludesome potentialaffinities of the D | E Ibpver lithic assemblagewith early UpperPaleolithicor

310 late MiddlePaleolithicculturesof the ZagrosFurtheranalysis of the lithic assemblage will address these

311  potential affinities.
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3.CONCLUSION

In summary Mirak provides unique data in the area between the Zagros and Central Asia, depicting
successive phases of human occupation in the Iranian Central Plateau during the late Pleistocene,
anchored in a precise geological and chronological framework, in comtdrasevious studies, which had
relied solely on surface finds. Althougautionis needed fromthe lithicsanalysisandthe distributionof

the finds at leastthree mainarchaeologicalyerscan be identified in Mirak.8These layerappear to be
culturally and chronologicallgistind, correspondngto at leastthree main phases of human occupation
Theupper layer (L1ith a maximun age of 28kg, shows some Upper Paleolithic affinities, although
poorly preservedThe intermediate layefL2)indicates characteristics similar to botbpper and Middle
Palaeolithic industriethat can be seen as an intermedid®aleolithicand dates between 28+2 and 38+2

kya; it appears very original in the Iranian Central Plateau context. The lower layer (L3) hddidt#ar
Paleolithic affinities and dates around 47kya; it would represent a very recent Middle Palaeolithic industry
compared to what is known in the arealthough further investigations are needed and in progress, Mirak

industries points the complexity d¢iie cultural evolution in a wide area between Zagros and Central Asia.
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FIGURES' CAPTIONS:

Figure 1. Map ofome of themajor Paledithic sites inthe studied area Carte des sitepaléolithiques

majeurs o & P]J}v [ Su

Figure 2. Northern Iranian Central Desert and Mirdk 8 Nord dudésertcentral iranien etd bute

Mirak 8

Figure 3. Topographic map of Mirak 8arte topographique de Mirak 8

Figure 4. Synthetic stratigraphy of Mirak 8 in 2016 and location of the OSL/IRSL dating. 0. Topsoil with

platy structure Yegetalized surface of the mound.. Light brown sandy silt with massive structure
(Entisol develped on calcareous windblown depokit®. Convoluted light grey sandy silt including
lenses of reworked wintlown deposits (unit 1)hydromorphic horizan 3. Brown clayey silt with
massive structurec@lcareous windblown deposjtgla. Pale green siltyay with polyhedral structure
(non-calcareous floodplain finesiwydromorphic horizon 4band 6. Greyish green silty clay with
prismatic structure and FkIn oxide coatingsnoncalcareous floodplain fingss and 7. Pale green silty

sand with current ripfes (Sr) and internal planar crossbedding (Sppal{ow water deposits and minor
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channel fill}; 8. Dark greyish green silty clay with prismatic structure includifigr-exide coatings,

very fine sands and small pebbles of grey sandstooe-¢alcareouslbodplain fines and crevasse splay
deposit3; 9. Dark brown silty clay (Sketch by G.Jamet). This synthetic stratigraphy was built up on the
basis of the correlation between three vertical sections (North, East & South trenches) and 14 sediment
logs from ager surveys and clandestine holes.

Stratigraphie synthétique de Mirak 8 (2016) et localisation des &ges OSL/IRSL. 0. sol arable & structure
plate (surface végétalisée de la bute) ; 1. silt sableux brun clair a structure massive (Entisol développé
sur des @p6bts calcaires soufflés par le vent) ; 2. silt sableux gris clair volumineux comprenant des
lentilles de dépdts remaniés par le vent (unité 1) (horizon hydromorphique) ; 3. silt argileux brun a
structure massive (dépbts calcaires soufflés au vent) ; gglessilteuse vert pale a structure

polyédrique ; 4b et 6. Argile silteuse vert grisatre a structure prismatique et revétements d'oxyde de Fe
Mn ; 5 et 7. Sable silteux vert pale avec des ondulations de courant (Sr) et lits entrecroisés planaires
internes (Sp) (dépbts d'eau peu profonds et remplissages mineurs des chenaux) ; 8. argile silteuse vert
grisatre foncé a structure prismatique comprenant des revétements d'oxyde de FeMn, du sable trés fin
et de petits cailloux de gres gris (dép6bts fins et cragsaion calcaires de plaine d'inondation) ; 9. argile
limoneuse brun foncé (dessin de G. Jamet). Cette stratigraphie synthétique a été construite sur la base
de la corrélation entre trois sections verticales (tranchées Nord, Est et Sud) et 14 diagraphies

sédimentaires provenant de levés a la tariére et de sondages clandestins.

Figure 5. Mirak 8Vertical distribution of the archaeological finds, Eastern sector; pecks of high density
(black arrows). The projection of finds in the BA&st vertical planéighlights the three main
archaeological concentrations observed during the excavation. They represerthaisutntal slope,

with a slight dip upwards near the periphery of the mound. The upper assemblage depth (L1) is around

100 ++ 20 cm above the refence level. The intermediate assemblage (L2) is the thickest with a depth



570 around 20 +/ 30 cm below the reference level. The basal assemblage (L3) is around 125t below

571 the reference level.

572  Mirak 8- Distribution verticale des objets archéologiquéecteur Est ; pics de densité (fleches noires).

573 La projection des objets dans le plan verticat@stst met en évidence les trois principales

574 }v Vv3E §]}ve & Z }o}Plcp e} s EA s+ 0}E+s =« (}pu]loo X Ap Z}E]IIVS 0 |
575 unl P E % v P A E+ 0 Z U3 % E - 0 % E]%Z E] M u}vsS] po X >[ e
576 environ 100 #20cmad sepe g V]A p E (EvVv X>e*suo0P Jvd EGu ] ]E -~:
577  épais, a une profondeur d'environ 20--80 cm en dessous diiveau de référence ; au centre de la bute

578 ~0]Pv ¢« K~ WeX >[ e« u 0 P % E}(}v -12dm sous le nivda@e référicnce. |

579

580 Figure 6. Lithic artifacts from L1-31 Carinated burin Twisted blade 5. Core table{drawings by M.

581 Jayek

582 Industrie lithique de L11-3. Burins carénés4.Lame torse 5. Tablette(dessins de M. Jayez).

583  Figure 7Lithic artifacts from L2. 1. Mousterian point on Bla@: End scraper3-4. Bladelet fragments

584 5. Notched blade fragment6 Recurrent cernipetal flake corgdrawings by M. Jaygz

585 Industrie lithique de L2L. Pointe moustérienne sur lame2. Grattoir terminal; 3-4. Fragments de

586 lamelles; 5. Fragment de lame avec encocltte Nucléus récurrent, centripéte a éclafglessins de M.

587 Jayez).

588 Figure 8Lithic artifacts from L3. Notch-denticulated; 2. Convergent point/scrapér 3. Prismatic core

589 (L2L3); 4. Levallois Blades. Déjeté point 6-7. Mousterian point on elongated flak&. Exd scraper

590 with basal trimming on the ventral fag®. Levallois point 10.Side scraper and notched 1.Levallois

591 flake core grawings by M. Jaygz

592 Industrie lithique de L3L. Denticulé; 2Pointe/grattoir? convergent Mucleus prismatiquéL2L3); 4.

593 Lamelevallois 5. Pinte déjetée; 6-7. Pointes moustériennes sur éclatallongé; 8. Grattoir terminal
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597

avecretouche basale sur la face ventral@. Pointe levallois 10.Grattoir latéral et encoche 11.

Nucleus levallois a éclédessins de M. Jayez).
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Table 1. Summary of quartz OSL and feldsparIFolRSL data

Quartz OSL Feldspar postR IRSL
Sample  Depth* Dose rate Age Dose rate Age
n D (Gy) J N De(GY) J
(m) (Gy.kd) (ka) (Gy.kd) (ka)

MK15/1  0.65 20 1.2+0.2 2.18+0.05 0.6+0.1 15 4.4+0.3 2.51+0.07 1.7+0.1
MK15/4 350 18 2.9+0.4 2.39+0.04 1.2+0.2 15 7.6+0.3 2.72+0.07 2.8+0.1
MK15/5  4.10 25 92+4 3.29+0.07 28+1 15 118+4 3.62+0.09 32+2
MK15/6 455 25 95+6 3.37+0.06 28+2 14 116+3 3.70+0.08 31+1
MK15/8 5.70** 25 135+6 3.60+0.05 38+2 14 197+4 3.93+0.07 50+2
MK15/7  6.20 25 159+6 3.16+0.09 50+3 14 249+9 3.49+0.10 714
"~ MK16/2 -1.10 19 123+4 263+0.08 47+2 15 193+8 2.99+0.08 65+ 4

MK16/3 -1.18 20 156+11 3.32+0.10 47+4 15 454452 3.68+0.10 123+17

* compared to the top of the stratigraphy
** MK15/8, sampled in S2 at 4.60m below the top of the S2 stratigraphy

Notes. Ze[ ]* 3Z A & P <plJA o vd }e v Zv[]*e 8Z vuu E }(u ~pE

Table 2. Technological Structure of Mirak Chippet&Assemblage (L=Layer; Lithic density=total
guantity of chipped stones/excavated volume if)m

L1 % L2 % L3 % Sum

Core and frags 0 0 12 1.8 27 4.2 39
Tools 10 182 | 121 18.7| 225 355 | 356
Debris 0 0 13 2 12 1.9 25

Debitage 45 81.8)| 502 775 | 370 584 | 917




Sum 55 100 | 648 100 | 634 100 | 1337
+Indeterminable Fragment{ 13 496 467 BB/
Lithic density 9.5 101.7 237.8 1603
609
610
611
612
613
614
615 Table 3. Debitage composition of Mirak Chipped Stone Assemblage (L=Layer)
616
617 Debitage L1 % L2 % L3 % Sum
618 Bladeletsand Fragments| 4 8.9 21 4.2 4 1.1 29
619 Blades and Fragments| 3 6.7 41 8.2 15 4.1 59
620 Flakes and Fragments| 33 73.3 | 326 64.9 | 258 69.7 | 617
621 Chips 5 111 | 114 227 | 93 251 | 212
622 Sum 45 100 | 502 100 | 370 100 | 917
623
624
625 Table 4. Tools composition of Mirak Chipggdne Assemblage (L=Layer)
Tool Type 11 % 12 % L3 % i]”
Flake Tools:
Multiple Tools 1 10 5 4.1 13 58 19 5.3

Scraper and Notchet 0 5 12 17



Scraper and Burin 0 0 1 1

Scraper and
Carinated Burin

Simple 0 0 3 3
Transverse 0 1 0 1
Carinated 2 0 0 2

Double 1 3 13 17
Side 1 19 50 70
End 0 9 6 15

Convergent 0 6 11 17

Déjeté 0 0 5 5

Round 0 0 2 2

Carinated 0 0 1 1

Transverse 0 0 1 1

A A

Levallois 0 3 2 5

Mousterian 0 6 3 9

Déjeté 0 0 1 1
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656 SUPPLEMENTARY MATERIAL
657
658 OSLtMethods and references

659 Samples for luminescence dating were prepared following standard procedures to extrh¢080n

660 grains of both quartz and-teldspar. OSL and peBR IRSL at 290° C (pIRIR290) measurements were

661 performed on multigrain aliquots (several hundred grains weneasured for each aliquot). Standard

662 SAR protocols (see for quartz: Wintle and Murray 2000; fieldépar: Thiel et al. 2011; Buylaert et al.

663 2012) were implemented (see e.g. the protocols used in Guérin et al. 2015). Gamma and beta dose rates
664  were detamined from high resolution gamma spectrometry; the measured concentrations in

665 radioelements were converted in dose rates using the factors from Guérin et al. (2011), modified for the
666 effect of water after Guérin and Mercier (2012) and for the effect afrgsize attenuation after Guérin

667 etal. (2012). Cosmic dose rates were determined after Prescott and Hutton (1994) based on the

668 thickness of sediment overburden.

669 For two samples (MK15/6 and MK15/8), an important disequilibrium in tseri¢s was obserde

670  which might be linked with the abowaentioned level fluctuations in the water table and/or the

671 presence of iron hydroxide precipitation. Without further information about the nature (leachiftlof

672  or uptake of?°Ra) and timing of the disequilibriu(@uibert et al., 2009), the ages presented in this

673 study were calculated assuming a linear uptake model, which seems to be the most parsimonious
674 hypothesis and corresponds to a midway scenario (and set of ages). It should be noted here that

675 humidity of the sediment was determined from measurements at sampling time; this pregant

676 moisture content was considered to be representative of that during burial (except for sample MK16/2:
677 the measured water content was 5£2%, which seems a bit low compared toathees; arbitrarily, we

678 used 10+5%. Ongoing work should in the future allow refining the water concentrations for all sediment
679 samples).

680 Quartz OSL andf€ldspar postiR IRSL ages are in agreement for all samples (with a slight

681 overestimation of Keldspar compared to quartz, which is common since the resettingfefdspar

682 postIR IRSL signals is much slower than that of quartz OSL) but four (the two oldest samples, MK15/8
683 and MK15/7 as well as MK16/2 and MK16/3 which are belong to eastern sectiéor the four latter

684 samples, assuming that quartz OSL was totally reset before sediment deposition, the residual doses for
685 the Kfeldspar postiR IRSL correspond to 49 Gy ,74 Gy, 54 Gy and 282Gy for samples MK15/8 ,MK15/7,
686 MK16/2 and MK16/3, respectivelfhese relatively high residual doses(especially for MK16/3), in

687 comparison with commonly reported values of-28 Gy for well bleached samples (e.g., Buylaert et al.
688 2012) indicate that light exposure of the sediment prior to burial was insufficierdntptetely reset the

689 Kfeldspar postiR IRSL signal. This observation might be the result of the aberoned shallow

690 water deposition during flood events. In any case, tHeldspar postiR IRSL ages should be regarded as
691 maximum ages. Neverthelesscbua poor bleaching of the-fi€ldspar signal does not necessarily imply

692 that quartz OSL was not fully bleached (Murray et al. 2012) since the reset of quartz OSL during light
693 exposure is several orders of magnitude faster than that-f@itSpar postiR IFSL (Buylaert et al. 2012).
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In fact, Guérin et al. (2015) already observed such high residual dos86 &) for Keldspar postiR
IRSL signals from samples for which magigiin quartz OSL was wéleached, as indicated by the
comparison with radiocadn ages.
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