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ences were determined. Landscape studies of the ancient population life support zone showed that relatively safe lo-
cation and provision of the ancient population by various economic lands and natural resources were determined by
the complexity and high diversity of the landscape structure formed at the junction of the valley-slope complexes of
the Sukhona and the Uftyuga flowing into the Sukhona. Geochemical studies of alluvial-soil sediments in the multi-
layered settlement of Berezovaya Slobodka II-I11, containing cultural layers from the era of the final Paleolithic to
the early Iron Age, made it possible to characterize the climatic conditions for the formation of cultural horizons, to
estimate the periods of ancient anthropogenic influence and draw conclusions about the character of the reservoir and
the periods of the river terraces formation.
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Annomayus. B craTbe naercs xapakrepuctuka janamadTos, chopmupoBaBiuxcs B 0acceiine Bepxueii Kambl B
paHHeM royolneHe. Pedb naer o mepBhIX HaANOWMEHHBIX Te€ppacax U CaMbIX JPEBHUX MOMMEHHBIX reHepaunusx. B
Oacceitne Bepxneit Kambr n3BecTHO 35 Me30MUTHUSCKUX MaMATHUKOB. B Xozme kaprorpadupoBaHus paiioHa Hcclie-
JIOBaHMH OBIJIO BBIAEIECHO 3 ydacTKa ¢ OOJBIION KOHIEHTpAIUeil ME30JIUTHUECKHX ITAaMSITHUKOB U Y4acTOK, TIe PaH-
HETO0JIOLIEHOBhIE CTOSTHKH HeM3BeCTHHI. K mepBoii rpymie otHocsaTes: paiion Bepxueit Kamsr okono a. JIEkmapToBo u
1. Kazanneso, crapuanoe o6pazoBanue YanrkuHckoe 03epo u HivkHee TedeHne p. Kocwl. Ko Bropoit — Bepxussa Ka-
Ma B nipefenax [aitHckoro u Kocunckoro paiionos Ilepmckoro kpasi.

AHanu3 MeCT pacIiojoKeHHs ME30JUTHYECKHX MaMSITHUKOB MOKa3al HaJIMYWe 3aBHCUMOCTH OT C(OPMHUPOBAB-
IIMXCsI IEPBBIX Teppac U Hanbosee IPEeBHUX MONM KPYITHBIX BOJHBIX apTepuil. B To ke BpeMs 3Ty 3aBUCHMOCTh HE
CTOUT IIPEyBENNYNBaTh, T.K. 3a4acCTyIO JIFOAM CEJIMINCh HE HEMOCPEICTBEHHO Ha Oepery KpynmHOW peKH, a Ha oIpe-
JISTICHHOM PAcCTOSIHUM — Ha 0oJiee MEJIKHX PeYKax M pydbsix. [103ToMy nepcreKTUBHBIM OyIeT SBISATHCS MTOMCK HO-
BBIX ME30JINTHYECKHAX NAMSATHUKOB B OTAAICHHH OT OOJIBIINX PEK, PSAAOM C MAICHHKUMH PEYKaMU MM PydeHKaMHu.

Knrouesvie cnosa. Bepxuee Ilpukambe; ME30JIUT; apX€OJOIMYECKUH NaMSATHHUK; MaJeOpYyCIOBOM aHalU3; MOU-
MEHHasl TeHepalys; HaJANoHMEHHas Teppaca; KOPEeHHOH Oeper; paauoyriepoAHbIH aHaIN3; TOJIONEH; KPaTKOBPEMEH-
Hasl CTOSIHKA, CTOSIHKa-MacTepcKasi; 0a30BbIi Jlareps.

ITon Bepxaum [IpukambemM Mbl TOHUMaeM 0acCEHHBI
pex Kambl B €€ BepxHeM TeueHuu, Bumeps:, KosBbl u
Kocel B npenenax ceBepHoil wactu Ilepmckoro kpas u
Komu-Ilepmsnkoro oxpyra. OTOT pernoH cram oOBeK-
TOM UCCJIEJOBAHUM B CHJLy TOT'O, YTO OH B MEHBIIEH CTe-
MIEHHU OKa3ajcs MOABEPTHYT N3MEHEHHSAM, CBSI3aHHBIM CO
CTpOUTENBCTBOM KpyHHbIX ['OC 1 BOJOXpaHUIUIL B CO-
BeTckoe BpeMs. IOxxHoW rpanuuell pailoHa uccienoBa-
HUS SBISIETCS TEPPUTOPHUS Y COJIBCKOrO paiioHa, B Ipe-
Jlerlax KOTOpOro HaxoauTcs BepxHuil 0bed Kamckoro
BoJoxpanmuiia (puc. 1).

Ilepuon nepexona OT NO3HENEAHUKOBBSI K TOJIOLEHY
M caM TOJIOIIEH B MCCIIEAYEMOM paifOHEe XapaKTepHu3oBa-
JIMCh 3aMETHBIMH M3MEHEHUSMH HPUPOAHBIX JaHAmag-
TOB, YTO OTPA3WIOCh Ha M3MEHEHHHM PEYHOTO CTOKA U
KoH(purypanuu pycna p. Kamer, a Bcien 3a 3TUM — HOSIB-
JIGHWEeM W JalIbHEHIIe MUrpanueil Me30JIHUTHYECKOTO

HaceneHnd. VIMEHHO B MO3THENICAHUKOBRE PEKH PErHo-
Ha, ¥ B IEpBYyI0 ouepenp — Kama, HCHBITaIN 3aMETHOE
Bpe3aHHE, BCIIEACTBHE HYEro IOBEPXHOCTh HBIHEITHEH
MIEPBOIl Teppackl MepecTaja 3aTaluInBaThCS MOJIBIMHU BO-
mamu. Mensutace u KoH(urypanus pyciaa Kamer u ee
MIPUTOKOB, 00pa3ys HapsAay C OBICTPOTOKAMH YYaCTKH
«cnokoitHoi» Boasl [1, c. 110]. IIpensrcTBus k 3acerne-
HHIO POBHOM, OJIM3KOW K peKe M OTHOCHUTEIHHO HEBBHICO-
KOM MOBEPXHOCTH MCYE3JIH, YTO MOBIHSIO HA 0COOEHHO-
CTH PaCcCeNEHUs IPEBHETO YEI0BEKa B ME30JIMTE.

B Gacceiine Bepxneit Kambl n3BectHo 35 mezonutu-
YECKHX NaMATHUKOB [2]. BonmbIIMHCTBO HAaxomuTcsl Ha
Oeperax p. Kambr mu6o ee nmputokoB. YacTh MaMATHUKOB
pacmiosiaraercst mo Geperam crapudHbIX 03ep. OHU TOXe
(opMHpOBAIIICH KaK MPUOPEKHBIE, T.K. BO BPEeMs UX OC-
HOBaHMS HBIHCIIHHE CTApHUIbl SBISUINCH OCHOBHBIMH
pyciamu pex.
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[Ipu npoBeneHun xapTorpadupoBaHus yAajloch BbI-
JIeIUTh HECKONBKO PaliOHOB KOHIEHTPALUU ME30JIUTH-
YECKUX MaMATHHUKOB. DTO y9acTOK BepxHel KaMbl oko1o
1. JIékmapToBo u 1. Kazanmeso, crapuaaoe oOpa3oBaHne
YairkuHCKOE 03epo U HibkHee Tedenne p. Kocsr (puc. 1).
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1-yyacmok Bepxved KaMu okono
8. Nexmapmobo u 3. Kazanuebo

2 - cmapuyHoe odpa3obanue
YawkuHCckoe 03epo

3 - HuxHee meyeHue p. Kocw

PucyHok 1 — KapTa paiioHa nccnenoBaHuii

Ob6pamaer Ha ce0s1 BHUMaHUE OTCYTCTBHE IaMSATHH-
KOB KaMEHHOT'O BeKa HemocpencTBeHHO Ha Kame B mpe-
nenax ['aitnckoro u KocuHckoro pailoHOB, B TEX MeCTax,
rae Kama TeueT B IIUpOTHOM HAIlpaBJICHUH C 3amaja Ha
BocTOK (puc. 1). DTO HeNb3s CBSI3aTh C IUIOXOW M3Yy4YeH-
HOCTBIO JJAaHHOTO PETHOHA, T.K. OH HHTCHCUBHO HUCCIIEIO0-
Baiicst B 1960-¢ IT. B CBA3M C IIPOEKTOM CTPOUTEIHCTBA
Bepxuekamckoir 'DC m maMsaTHUKH 0Oojee ITO3THHUX
3MoX (B MEPBYIO OYepelb CPEIHEBEKOBHIE) M3BECTHHI B
6onbmrom Kosmuectse [3-5].

B pannem rosonene pycio KaMbl ObI710 3HAUUTENBEHO
6oee M3BIIMCTHIM M3-32 MEHBILIETO, YeM ceifdac, KOJIu-
YecTBa OCAIKOB — KPYThIE M3IIyYMHBI pycia ITOAXOIIIN
TO K JIEBOMY OOPTY JIOJMHBI, TO K TIPABOMY; Y BBITYKJIBIX
0OeperoB M3ITYYHH B UX HIDKHUX KPBUIbSX BO3HHUKAIH 3a-
TOHBI, TJ¢ yI00HO OBLIO MPOBOAMTH XO3SHCTBCHHEIC pa-
0OTHI, CBSI3aHHBIC C BOJOW (CTPOUTEIBCTBO JIOJOK U UX
OTCTOH, 3200p BOJIBI), HE OTACAsICh OIIACHBIX COOBITHH Ha
peKe — MOJIOBOINH, JIEAO0X0I0B, OBICTPOTOKOB. [1pu 3TOM
caMH TIOCEJICHHSI PacIojlaralich HEMoJanéKy, Ha Hes3a-
TOTUIABIIMXCSI Oeperax HHU3KHUX HAIIOWMEHHBIX Teppac
(KazaneBo) wim Ha kopeHHOM Oepery (JIEkmapToBO).
OpnHako MHTEHCHBHEIE OyyknaHusi pycia Kamel compo-
BOXKJIAJIMICh Pa3MbIBAMU HE TOJILKO MOMMEHHBIX Oeperos,
HO M YCTYHOB 3THX Teppac. [loaToMy BecbMa BEpOSITHO,
YTO YacTh MaMSATHHKOB, PACIIONOXCHHBIX HAa TEPBOUA —
caMo¥ HHU3KOW Teppace, ObUIa YHHYTOKEHA B PE3yJIbTaTe
cMmenieHui pycia Kampl. CTOUT OTMETUTH, YTO B Tede-
HHUE BCEro TOJIONCHA Ja)Ke BBICOKWI KOPEHHOH IpaBbIit
6eper Kamer B ipenenax ["aiiHckoro paiioHa paspyraert-
cs B pe3yibTare BOJHOM 3pO3HUH, U3-32 YEro CTpaiaroT
cpenneBekoBblie ropoauma Ycrun |-11, Kpacnas I'opka.

Kpowme Toro, B paitone c. Kacumoska Kama B Hauane
TOJIOTIEHa BOOOIIE yXOAMiIa OT MPaBoro Oepera BIEBO 110
p. HenzbBa-bopTom, Ha cnenyromem stane — no o3. Hax-
Thl, 3aTeM IO JpeBHEIl IoNuHe, HaclaexyeMod ceifuac
p. Tummep — FOxnas KenbT™ma, 1 BHOBb COEUHSIIACH C
HBIHCIITHUM PYCJIOM B paiioHe ycTbs p. [IunbBa (puc. 1).
Orta HH3WHHAs OOJIOTHUCTasT MECTHOCTh W ceWdac He
OueHb MPUIOJHA AJIS JKU3HU. 371eCh apXEOJOrMUecKHe
MaMATHAKA BOOOIIE HE H3BECTHBI.

Me3zonutudyeckue NaMmsITHUKH, U3BECTHbIE B KocuH-
CKOM paiioHe, mpuypodeHsl He k Oepery Kawmel, a k ne-
BoOepekbio p. Koca (4 mamsrauka) (puc. 1). Oum pac-
I0JIaral0TCsl Ha HEBBICOKOM NEPBOM Teppace Ha IMPaBOM
Oepery p. Jlomor — mpuroka Kocrl, B cocHOBOM 060py.
Pa3zHOOOpa3HbIil KaMEHHBIH WHBEHTApb, W3y4YCHHBIN Ha
crosiake Koca |, a Taxoke oOHapy>KeHHBIE TIPH PACKOTIKAX
OY@KHBIC SIMBI U HEOOJIBIIOE MOANPSMOYTOIBHOE >KH-
JIMIIE CBUIETENBCTBYIOT O TOM, YTO CTOSIHKA MOTJIa OBITh
6a3oBbIM sarepeM [6, ¢. 19-25]. OcranbHble MAMITHHKH
HYKIal0TCS B UCCIIEJIOBAaHUSIX.

PaiioHOM ¢ camol BBICOKOW KOHLIEHTpaLuend Me305I1-
TUYECKHUX CTOSIHOK sBiAeTcsl ydacTok Bepxueit Kawmbl
okouo 1. JIEkmaprtoBo u a. KazanieBo (puc. 2). 3nech Ha
o0omx Oeperax pekd pacroyiaraercs 8 TaMATHHKOB JII0-
xu me3zonuta [7, ¢. 225-227]. Ilpu stom KazanieBckue
CTOSIHKM HaXOJATCS B OTJAJICHUH OT COBPEMEHHOTO PyC-
na Kampl, Ha G6epery ctapuilbl, pacnojarasch Ha MepBoOi
Teppace, BbicoToil He Oomee 10 m. JIEkMapTOBCKHE ke
CTOSIHKHM HaXOJISITCSl Ha BBICOKOM JIEBOM KOpEHHOM Oepe-
ry. MslI moaraeM, 4ro B 3moxy Me3onura Kama mpore-
Kana kak BOmu3u . Kasanueso, Tak u BOmm3u 1. JIEK-
MapTOBO, Jlesiasi OOJBIION N3rHO.

Jpyrum paiioOHOM KOHIICHTPAIIMH ME30JITHUECKUX
MaMSATHUKOB (5 CTOSHOK) SIBJISICTCS JICBBIN (BOCTOYHBIH)
Oeper Tak Ha3piBaeMoOro YamkwHCKOTO 03epa, pacrosio-
KEHHOTO B 8 KM K ceBepo-3amajny oT I. bepe3nuku. 1ot
paiioH B HacTosIee BpeMsl aKTHBHO HCCIIEyeTCsl aBTO-
pamu [8, p. 209-218; 9, c. 15-19; 10, c. 83-89].

PexkoHCTpyKIIMS UCTOPUM pa3BUTHUA NOMMEHHO-PYyC-
J0BOTO KOMIUIeKca p. Kambr Ha ydacTke Mexay ropoaa-
Mu ConmukaMcK U bepe3HuKH, TMpoBeIeHHAsS METOJaMH
MAJICOPYCIOBOTO M PAJAHOYTIEPOJHOTO aHAIW30B, Jaja
BO3MOKHOCTh YaCTUYHO BOCCTAHOBHTH ITOJIOKEHHS PYC-
na pexu KaMer 3a BpeMst (pOpMHPOBAHUS TTOMMEI, T.€. 3a
nocienane 9—10 TeIcaY JeT.

Ha stom yuactke coBpemeHHoe pycio Kamsr pacrio-
JIOXKEHO BJIONIb TIPABOTO BBICOKOTO KOPEHHOTo Oepera,
TOTa KaK JIEBBIH Oeper peKu NpeACTaBiIeH ABYMS IMOH-
MEHHBIMH MacCHBaMH, BepXHUM — COTMKaMCKUM U HIK-
HuM — [learoxuHckuM. MaccuBbl OTAEIEHBI PYT OT ApY-
ra m or Oepera 1-i HaaNONMEHHOH Teppachl, Y3KUMH
MOWMEHHBIMH NPOTOKaMH, TI0 KOTOPBIM TPH HOPMAaJIEHOM
MOATIOPHOM ypoBHE BoJbI B Bojoxpanmmume (HITY)
MPOUCXO/UT CTOK BoAbl. [Ipn cpaboTke BOJOXpaHMIUIA
MPOTOKH NPEBPAILAIOTCS B 3a00I0YEHHBIE JIOXKOWHBI.

Haubonee npeBHeH MOBEPXHOCTHIO, OTHOCSIIECHCS K
ToiiMe, SIBJISIETCS] TIOBEPXHOCTh 7-i TeHeparyu, GopMupo-
BaBmieiics 9000—8200 kain. set Hazaa. OHa coXpaHHIACh
b B OAHOM MecTe B mpefenax CoiaukaMcKoro moi-
MeHHoOro maccuBa (puc. 3). OpHUEeHTHPOBKa MOWMEHHBIX
TPHB U JIOXKOMH Ha HEH, 3aJI0)KEHHBIX BO BpeMsi 00pa3oBa-
HUSl TIOMMBI, HaIlpaBJieHa MOJI OCTPHIM YIJIOM K JIEBOMY
Gepery — yeryny 1-ii HaanoiiMeHHOHM Teppackl. [[pyroit
nH(OPMAIMHU O TOJNIOXKEeHUH pycyia Kambl B 310 Bpemsi, K
COXAJICHHIO, HE COXpaHWIOCh. [loaToMy HaM TpyaHO Cy-
JIUTHh O TOM, Kak Onm3Ko/naneko k oepery Kamel pacrona-
TaJIICh M3BECTHBIC HAM ME30JINTHIECKUE CTOSHKL.
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PucyHok 3 — KapTta naneopycnoBbIx reHepaLmii MUKpOpermoHa YallkMHCKoe 03epo C HAHECEHHBIMU CTOSIHKaMMU.
Apxeonormyeckue NaMsATHUKK: 1 — CTOsIHKA 3anocesnbe; 2 — noceneHne 3anocenbe;
3 — YawkunHckoe 03epo X; 4— YawkuHckoe o03epo V; 5 — YawknHckoe 03epo XI

Camapckuii HayuHblii BecTHHK. 2017. T. 6, Ne 3 (20) 195



JIpryaruna E.JI., 3apeukas H.E., YUepnos A.B., lemakos /I.A., Murpouun E.H.

Kynbtypsl 1 nangmadrer Bepxuero Ilpukambst B paHHEM rosoneHe

07.00.00 — ucropuyeckie HayKd U apXeoJIOrHst

Me3sonuTHyeckue moceIeH s pacnoiaraiuch Ha Hajl-
NOHMEHHBIX Teppacax, U 3TO PacIioj0XeHHE NMEJIO CBOU
ocobenHoctu. B wactHocTH, cTosHku Yamkuuckoe O3e-
po V u 3arocenbe HaXoAATCS Ha Kparo HbIHE HEBBICOKOM
(2-5 M) mecuanoii (60poBoit) 1-if HaaMOWMEHHOM Teppa-
col [11]. Crosaka Yamkurckoe O3epo X Takxke pacrio-
J0’KEHa Ha 3TOH Teppace, OAHAKO €€ IIEHTpaIbHAs 9acTb
npuypodeHa K O6epery Oe3pIMSHHOTO pyd4bs, BIIAJAOIIe-
ro B 03epo [12, c. 117-120]. Cxoxee MOJI0KEHHUE 3aHU-
MaeT 3aIocellbCKOe MOCENICHUE, PaCIoJIOKEHHOe Ha
npaBoM Oepery 3arocensckoro pyubs. HakoHen, cTosH-
ka Yamkuackoe Ozepo X| HaxoauTcs Ha BTOpOH Han-
MOWMEHHOI Teppace, BBICOTOH 11 M, B IeCHOM MaccuBe
B 0,06 kM oT coBpeMeHHOTO Gepera o3epa [13, c. 68-72].
B ycrymax Teppachl IPOCIIEKUBAIOTCS JIOKOWHBI, KOTO-
pBI€, BEPOATHO, HCIIOIB30BAINCH JPEBHUM UYEIOBEKOM
JUISL TIOAX0/10B K pyciy Kamel; B ero mpenenax cymie-
CTBOBAJIM M OBICTPOTOKH OCHOBHOT'O MOTOKA, M 3aBOJH Y
BBIIYKJIBIX OEperoB B HIDKHHUX KpPBUIBSIX M3TyduH. OTMe-
YEHHbIC HAMHU DPA3JIMUUsi B PACIIOJIOKEHUHM MaMsTHHKOB
MOT'YT OBITH CBSI3aHBI KaK C XPOHOJIOTHYECKUMH (pa3BH-
TBIH, TO3THIUA ME30JIUT), TaK M C THITOJIOTHYeCKuMH (Oa-
30BBIH J1arepb, KPAaTKOBPEMEHHas CTOSHKA, CTOSHKA-
Mactepckast) paznuausiMu [ 14, c. 92-99]. Mer monaraem,
YTO JaJbHEHIINE MCCIIeIOBAaHNS ME3OJIUTHYCCKUX MaMsT-
HHKOB B JAHHOM PErMOHE — MPOBEIECHHE PaJUOYIIIepOI-
HOTO JIATUPOBAHKs, YTOUHEHHE TUIIOB NMaMsSTHUKOB — 03~
BOJISIT HAM IPOBECTU HEOOXOAMMYIO KOPPEIISIIHIO.

W Hamocnenok XOTenoch Obl OCTAHOBHUThCS Ha pac-
TIOJIOKCHUH CaMOTO CEBEPHOTO ME30JMTHYECKOTO Ia-
MSTHHKa pernoHa. OTo bepe3oBckast cTosHKa, pacmoo-
JKCHHas1 HA HEBBICOKOM MBICY, Ha OEpery OJXHOMMEHHOTO
o3epa (puc. 1). Ozepo chopMHUPOBATIOCH B OOIIHPHOM TIe-
peyriyOieHHOl maneononuHe, nepecekaromeil Ilewopc-
ko-KaMckuii Bogopasesn, BO3MOXHO, elle 0 MakCHMyMa
nocienHero ojeneHenus. B moboMm ciaydae, 6epera bepe-
30BCKOT0 03epa yke c(HOPMUPOBAIUCH K MOMEHTY IOCe-
IIEHHUS €r0 YeoBeKoM B Me3onute. [1o-Buaumomy, 03epo
HAaXOIWJIOCh Ha MYTH MUTPAIMi JPEBHUX JIOJeH u3 Oac-
ceitHa Kampl B Oacceiin [Teqopsr 1 0OpaTHO.

[IpoBeneHHbIe HCCIIENOBAHNS MTOKA3AIN HAJIWIHE 3a-
BUCHMOCTH PacIiOJIOXKEHHUsST ME30JIMTHYECKUX ITaMSITHH-
KOB OT C(POPMHUPOBABIINXCS MIEPBBIX Teppac U HauboJee
JIPEBHUX IOHM KpYIHBIX BOJHBIX aprepuil. B To xe
BpEMsI 3Ty 3aBUCHMOCTb HE CTOMT IPEYBEIHYHBATH, T.K.
3a4acTyIO JIIOJM CEJIWINCh HE HEMOCPEICTBEHHO Ha Oe-
pery KpynHOH pEeKH, a Ha ONPE/IeICHHOM PAaCCTOSHUM —
Ha 0Oojlee MEJKHMX peukax M pY4bsX, YTO IMO3BOJISUIO UM
n30eraTh KaTakJIM3MOB, CBSI3aHHBIX C MOJOBOABIMU. [1o-
3TOMY MEpCIEKTUBHBIM OyIeT SBIATHCS MOUCK HOBBIX
ME30JIUTHYECKUX MaMSTHUKOB B OTAAJICHUU OT OOJIBIIUX
PeK, PSZIOM C MAJICHbKHMHU peUKaMU HITH pydeilkamu.
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CULTURES AND LANDSCAPES OF THE UPPER KAMA REGION IN THE EARLY HOLOCENE
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Abstract. The following paper gives a description of the landscapes formed in the Upper Kama basin in the Holo-
cene. First of all, the authors describe the first river terraces and the most ancient floodplain generations. In the Up-
per Kama basin, 35 Mesolithic sites are known. During the mapping of the study area, 3 micro regions were identi-
fied with a large concentration of Mesolithic settlements and territories with early unknown Holocene sites. The first
group includes: the area of the upper Kama near the village of Liokmartovo-Kazantsevo, the old-channel formation
of Chashkinskoye Lake and the lower stream of the river Kosa. The second one is the Upper Kama in the Gainy and
Kosinsky districts of the Perm region. The analysis of the Mesolithic sites locations showed dependence of the first
terraces on the most ancient floodplains of large water arteries. At the same time, this dependence should not be ex-
aggerated because people often settled on smaller rivers and streams.

Keywords: Upper Kama; Mesolithic; archaeological sites; palaeochannel analysis; floodplain generation; flood-
plain terrace; root bank; radiocarbon analysis; Holocene; short-term site; base camp.

VK 902.034/902.3

Cmamebsi nocmynuna e pedakyuto 18.05.2017

HOW TO MAP SUBMERGED STONE AGE SITES USING ACOUSTICS
(SOME EXPERIMENTAL RESULTS)
© 2017
Gron Ole, researcher of Department of Geosciences and Natural Resource Management
University of Copenhagen (Copenhagen, Kingdom of Denmark)
Boldreel Lars Ole, doctor, associate professor of Department of Geosciences and Natural Resource Management
University of Copenhagen (Copenhagen, Kingdom of Denmark)
Hermand Jean-Pierre, professor of Acoustics & Environmental Hydroacoustics Laboratory
Université libre de Bruxelles (Brussels, Kingdom of Belgium)
Rasmussen Hugo, engineer
Danish Nitro-Electro (Copenhagen, Kingdom of Denmark)
Dell’Anno Antonio, doctor, associate professor of Department of Life and Environmental Sciences
Universita Politecnica delle Marche (Ancona, Italian Republic)
Cvikel Deborah, doctor, researcher of Leon Recanati Institute for Maritime Studies
University of Haifa (Haifa, State of Israel)
Galili Ehud, doctor
Israel Antiquities Authority (Atlit, State of Israel)
Madsen Bo, candidate of sciences
Museum of Eastern Jutland (Randers, Kingdom of Denmark)
Nermark Egon, head of laboratory of Department of Geoscience
Aarhus University (Aarhus, Kingdom of Denmark)

Abstract. A central problem for maritime archaeology has been to find survey methods that facilitate efficient and
precise mapping of Stone Age sites on the seabed down to the lowest sea level (approximately — 140 m) during gla-
cial periods, as well as sites embedded in sea-floor sediments. As predictive landscape modelling has proved to be
inadequate for this task, a different approach based on direct detection is required. The observation of an acoustic
phenomenon associated with man-made flint debitage — but not naturally cracked pieces of flint — has opened a win-
dow for development of an alternative and efficient direct mapping method. This paper discusses the development of
the idea, as well as experimental documentation of the principle on which it is based. It includes a preliminary analy-
sis of how far away on each side of the transducer flint debitage emits an acoustic response, and consequently the re-
quired distance between sailing lines for a comprehensive survey to be undertaken at a specific depth.

Keywords: Maritime archaeological survey methods; high-resolution seismics; subbottom-profiling; chirp tech-
nology; marine acoustics; acoustic damping; geo-acoustic layer characterisation; resonance phenomena; submerged
Stone Age sites; flint knapping technology; interdisciplinary studies.
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