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Abstract

This thesis presents an analysis of quarry f
on t he app!l trceastoilaunt i o h bAYyh Li DAR surveys. Th
characterized 89 potenti al guartycsel aes empha:t

guarries associated with breccia stone mater.|

Euganei . A compar at irvees od nuali yomni sUAWe tLweDArR hainglh |
| oweees ol uti on Li DAR daéaat dedoastageésedi si gpati
enhanhbedidentification, visualization, and in
involved detailed UAV Li DAR sur veysr easnal uptoiionnt

digital terrain models (DTMs) ,tiadh oavmach gard @lry sni

The comparative study revealed substanti al i
and interpreting theresclpattii@an dcaodtnd.ex Fi futsy ngf
features were further analyzed theaughli st amnict

presumed modern quarries and a diverse range
s

upported by qualitative assessments of proxi
variety in foomi enguaizieesf Aismall er number o
surveys, which confirmed a high | ikelihood t
guarries.

Additionall vy, two prominent -dbeptclci aasgeuas r v d
demonstrate tshpeecvdl ce aofarl gsdlsutuisonn gL ihDAgfh dat e
studies examined the physical pgdhtahrasitzed st e
roles of the quarries, sugge<striimg telxatr alco ti o n
particularly for the collection of pozzolanic

Thi s research hi ghlights the significant a

nvestigations, particularly in forested envi
det ai lspcecsifi € studies. The resuresoboteoscore
sensing for uncovering subtle anthropogenic

hi storical guarry | andscapes.



Sommaril o

Questa tesi presenta un'analisi dell e caratt
con particolare attenzione all " applicazione di
identificato e caratt eatitzrzaavt eor s809 iplo tteenlzd rail li e vs;
specifica sulle cave caossdaddhuadteaailadtaanreibdar r algi o
centrald] e oriental:] dei Col Ii Euganei . un' a

ri soluzi bnBPAR gubbhbsa risoluzione disponibild@

significativi in termini di ri soluzione spaz
visualizzazione e | '"'"interpretazi ome hdelplreeva &
rilievi dettagliati con Li DAR UAV e | '"el abore
digitald@ del terreno (DTM) ad alta risoluzio

predesl e cave.

Lo studio comparativo ha rivelato notevoli n
sottil] dell e cave e nell"interpretazione del
Cinquanta delle cave intetatafalciatzratstenat st aver

rivel asddi sthirameil @enicave presunte moderne e un'

di fferenziazione statistica, supportata da val
sttrwn e, ha sottolineato | a variet”™ di forme e
di siti ~ stato verificato tramite rilievi sul
caratteristiche 1 dentikeinhtateada.remoto fosser

|l noltre, due i mportant. cave di breccia son:
di mostrare il vsapl eocrief idceal Iu tainlailzizsain dsoi tdoat i Li D,
studi di caso hanno esamidn atta ilbeu za aornaet tsepraizs tail «
i potizzat.i del |l e cave, suggerendo che entr aml
periodo romano, in particolare per | a raccol't

Questa ricerca evidenzia i notevoli vantaggi
particolare in ambient.i forestali, sia per |
dettagbkpati fscto | risulat ateil 4« cetltealiil eevamee nlt'oi |



per scoprire caratteristiche antropiche sotti

storici
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Chapter 1: |l ntroducti on

This chapter sertwed has rars eiamrtcrho dainat iacmn over
and soci al lksiescti asroyd e dTihcea tfeidr stto a broad overvi
t he obj edtnifueatschnechaide $1e ar gle,oldoflyg&or dhii r & udgiadn efii n al
the fourth which provides a condensed summar

activities.

1. RESEAROHERVI EW

The nhggeof this wdrektthirdoylig iy s 6 huintmtaoaneerdi a |
vehiUAYei DAR ¢ Weovceaydi shs,pbhahadaroasncoerqgquesaicises in
Euganetihe Euganeéamewiéwsthe effectiveness of
avail ablflhesadatsaar veys produced high resolution
all owing for the terrain to be reviewed and

anal yzed.

The effectivenrssy Dfit hp@DdRaphetdearl rl ayi nvsa rli iekde
Col Ii Euganei at identifying archaeol ogical f
Si nch2e0O06.d has since become a standard met hod i
sensvhrege its capabilities to assess rbemmnte, (
corr olbogr antuemder ous publ i ciant inounl st i affl eew bceoynit he€xrtuso ¢ h
and Sh2Cbase and ChawsBr 266201100 nRWd mBs DAR al
surveys have been utsrigniddan é oma U hwheedr ces €pni €l dboetsls t r
| arge area, often humdteadssettsqaar éi Kieldomé & @
produamicrgedi bly valuable datalnf orerecepbébleeaess the
private r e stemirsc h mda thir mduaglhoigry ¢ r htagasci cpugroadtuec e d n d h
resoldatiaormnd finmrtthhet d=ad e giohoene ¢@pebdVerat @5 met
met er , lannde tneorw Lrie/AR uspurramtewdsie chi st er o del | 6 Ambi
Ttel a DelioeTedeali t Mahroewc &@sviemg r edauwsai lnigt y and acces
Li DAR data forwhesbahab purpasgsbeen applied
and geomorphol ogi cal research.

11



Whimedern pl abieDAPRPustedeys are certainly \
anal ysis of ,bmaoad tleacrds cqgaupee § -0 B S D & w g eh@meses nbhei g h
adopted over Thwied¢ aapd e asscialdeei Dy amdveahhiedl e s
(UAsV, often reflragy edl towattefdominplse ssame pl ane m
sensors to be ahpagvliei esdi ntceex tpéryot diuoamdads & M watrigeern e d
surveys which were prewiioph@nreuandwey ssviaidh | e t
Gustavsemr bdLY8 elt miadl. e ws2kil) G veo®Rvitahé abi | ity o
t wo met hcekwoldAgles) ects have been conducted 1in
t ar geerteecaflsarogfer pld eagieomaolunt ed surveyowmher poiimtes
insufidncitédrettargepeadqgdiahsr est ed otdeurcreadi nqual i ty
t hat justified-rebel ef f(Boi tsiodaxv,eay@Bhad gglCal)est r an
Ultimately, the devel opmentt hef |talsits drecesaaar, clan
by t-rheet elr resDARt dmdd aRedi adne del e\hecnoeutrioggdeedar vai
resolUAVi eorvey to be conduct ed -dastseervre nCalalrig eB

tassess the distribution of quarries in the

Tharchaeol ogi cal and natur al significance
g o0 nuenont i:d ek arreeac elhavsd darmpeiai ar chaeometric and
investogati ame | astprs emaer déye areycraadtési ¥ eagofsni ttyh e
Padovahese pcogpeirc tws dleawe r,i entoys tofo ft owhiiccsh have
on the geograpahndcapr adviesnanceitofvntthr asbkbyteal es

publications expandowgt bus pndmreséandgegl ofi c s
throughout yYMarowtsanpémnr ads 20 26ch3 Qadrll)a)api t e
this, theregeemagincalul amg¢l &r chaeol ogi cal comp

comparatively have nbeempwundearonr d e drheh.ddlanc hyt

parti culmord,ertnh e xprleoi t ati on of volcanic brecci

Threeghosnvaraety defpobaamsg!i canted mep ec@armp gsed of
i rregul ar sciezreech tierdc It tosgged ahisermaxdoiy ahe Col | Euga
of stalree vol canic in nabmopephwushshl ghaamanodt sa
a highpguadl ayic additive f orThadeidsrtaruilb uct inoonr toa
guar rtiteesr eifsor ecampesfeenethdalsnods i c al rel ationsh

12



extr antdi oyret , Il i mi ted resear cThhihsa sp rbog eenc tf owauss e
t addr e spo tt enretsiea | i ndi gletso | uhd ounyg dighd/ebtechft | on of

breguiaaex emitnhientgt r,i baitkesi nterpreting their fun

1. PBJECTS VE

Thebjectives of this research are mul tifacet

modern quarrying activities 1n t hrees@ollutii o gla
Li DAR surveys. Thefispeftl y i thandae @ ioigde isidtger Se o n
to accurately identify, document, and map the

higkesolution UAV Li DAR data. This includes di s
assessing t heoinr ascpraotsisaitnhdea ddarddidonbmipde t ai | ed anze
ofa samptliedn pofphyei salt esmd mo rfpdod nign g adn atth e i
charact € hgessarirdigensb f Thhiesl i nvol ve s hayami rminmdg ftelad

t he igeusa.r r

Toevaluate the ebéeedtridsemlbuwstsi cof LUAWAR surveys
publicly amauhbédelLaDaPaenpatrati ve assessment o
i's refQlue riemMdcreased resolution amdst adbgsdac d ap
determine to wtahnt diegueemdrmhe mwdmced under st a
| andsmnapet he gener al di stributi otnhadf oqguatrhrey afl

available public data.

Addi t itohniasl lipjd,e@nteicfti ed mul ti pl e egxupadrirdy e ersal
understanding of the archaeol ogy and Tho sdepiyct
the benefits andreapbhbtibhi esDAR ttheahwhbkn pa

featur e dotcwomelnotcaattiioonns of densely | ocated br e
case wtiudi eeshengenprdato the identified quarry
archaeol ogi cal contextt hpefrreediesi mgquwanr rtyhien gf uancct

involvasiongritakedstlarvepwevhaushgeol ogical heéi ni
regti @mnest abluinsdhe ras tdlnedeersegrur ce ext r pattooul arti

t he RomaByi me/reisatgihgeatpr ovenance of material s ex

13



particularly volcanic breccia, and their role

guarryingpagcbevotbkedder patterns of resource

Lasthg, results of the analysis conducted ac!
survey iamnetdidegea owdefviicew of the casé opmnudidutearn o
devel opment of remote sensing met hodddinani es
anaglyuoafrry sites in forested and topographi cae

best practices for future UAV dn dDARKx smirnieryg

i mprovement in #&ddveytomesi hregedsoelaorgcyn. encompasses
of th€&EuGabbd, the results of ommesndwdor &nsahormp
archaeol ogi cal and geol ogi cal research in the
identifying gaps in the current understanding
needed.

1. BEOLOGI BACKGROUND

The Col | i Euganei i's a geologically wunique
spanning sever al geol ogi cal eras. The | andsc:
vol chinlilcs that rise above the surrounding pl a
tectonic activity, volcanic eruptions, and se

to a diverse array of stone ttiyxpoltogute sar ee agceho

specific to the nevpi aom.l |feamimqgr & htitsa geol ogi c &
Euganei a renowned and highly exploited sourc
the region's cultural and economic history.

Thmajgero | o gircneabt fi otnheea narbeea br oad | ya mxatt ergbead z ¢
perofmédrine sedimentation f oalrlionwee ds ebqyir roeoutcceedi ioc
sever al i mport amutr i sMjeostadzedt ify¢tpeoH foaghn tsAmmo nogt IRo s s
Veronksmesthamaea chtyerti leee dpsroensee nacneo uwod et 5§ i h Hi0lt3lba y
mi |l |l ion ,yeadsn a@bet apeobgBdnaone, an al most pu
carbdmamd 9@5mi | | i gn dweartso aagna @ mAcdr etahsee siena sheeac
shall ower byetslbgogedi ment héei onss&, fa emartloy Slcia

14



high i n cil5dy mirddmagfOaynaan h eangfduognda hesSami Imlaird n y e
agora&gionallycepeéeaiihghn gaomacd@tss oo f i mliaadd8 L | o
Thes e deeaprolsiietrs woaunldd ibnef |suheinfcteedd by t he foll owi

Il nter dbpe weed deposits of Euganean mar/l , t
beagn ard@umd | | i otnh ryceutbgfle s age margu@t iumrd eo fs a,t ur at e
creating submarine .dbpesi e pobi vtehloeskeh goafn & & B d |
mawinht il the major phasebtoof 3vOo Intialnliai oo na cyuepatrisb ya
effusi ve mawhmac ho cwausr rfeadr med i n magmati c chamb
million peacessThreated a distri beugeroane ntna gtehse

concendtr atthengt op.Thievie hemiathaimbre ropr b H aewieddambse r
| ava Bi gwhdmme athed pri mar ysvhisli bl ot ma taciyooni rc atl h e
vol cani ¢ deposdit tdeed ed mmd mtyaermry e diamartribartgaa k a g e

across t hlea vsau rAfsoandedseo fcrhaagnba remoff 6 i e d mpno stietrimosn o f
silica contentrhgbbhthgeldpapidbbdiathmg andepgeiccs a
formidgsthacgevbbgiaoak divers{Agt olffithandcCoCaol
2018)

Tanderstand the quarried areas surveyed 1in
breccias is essential. Through a combinati on
ma g ma, and the super cool eal aerfgfee catnso uonft tohfe fsru
of volcanic materi al and often ooclcduerrrCsde di me me
these discontinuous masses of primarily volca

of -fraened volcanighdelr iasnorrppeasi tpnhehtanic
whose composition ranges in the Colli Euganei
pregé&Smtdea and. LOfstteomt a93@8B) br ecci ae tagwe ldse pofs i tt
vol caniwvhidloémeware f dwomweratd evel s where cooling
fi-oeained matri x awomfd tame by ®ldesmmesd ntskeat Co |l | i E
make many deposits ipoealbl faoi ct aggpregatetsi on o0

Throughout theupNedgeameg pceornitad,bued t o expose
strata and erosionalslawdydbepgaint ishragpli ngr ¢« hes s

reg,ixmosing outcrops .M | Dieoh yfb i€ alyieadlr sandi | »c

15



deposits accumull atwg darr teharsonucgrheoausti ntghet he geol og
regiTbe. Quaternary paeerrioosda naddadseedd | artechittaifd/nu pn o e d
by glacial ewnwdlTketerogiliacial this period and

the presentisbthadsdapedoif chiefi EEOO@Ict . eat al |, 197
The resul't of these processes i s a region
enduring |l egacy of i1its complex geol ogi cal hi s

the quarried areas surveyed iamdt hits!| pzajfeon, o

br ecacnidast r ac,hywhiicc hh apvlaasyed a signi ficant rol e

1. Hil STORIBAKIKGROUND

The Col I i Euganei, with its rich geologica
activity since the Middle Paleolithic period.
natur al resources, parti crulmirlllyenfniiant st hfeorarteo
typol ogies became highly sought after, evol vi

prehistoric times to extensive quarryipre@akdur i |

with the exploitation of Euganean trachyte, e
Northern Italy. The region's strategic i mport:
peri ods, with its stone tmheebualgeobenggcekt et

Veni ce. Modern quarryingscparlaec td xctersa c tmtabr kg dp ebayk
20tenturies, ultimately |l eading to significan
the Parco Befblon&lgadei in 1989 to preserve |

|l andscape.

1. 4 PREANODPROTHOI STORCTI VI TY

Human activity within tbegasgeaninofdald bBeh &
pal eol i t. hiTch epserreigoicthe o 61 thyat ur al raw materials,
construction of stone tool s, atcocpeosgsr aapohiwcatveirs in
i deal | ocasebohl dmentbodarhmd (PeseddPBidr clod d @lcd g o
reseiatrlk@dn ea has wuncover ed mwlinei polfe wshiitcehs aorfe swe
Madonna, Mur al , Ceva(PeCigrgtad,L edimabzlzyosa rsa roodf sV ri st d
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t ypolfooguineds di spersed across in the regdatns of
t hr outghpeon ot 0 and pd(Rdli Isd gva tisie,dgOdDiec es and Per e
200DPhushe rcaqi dre ad e hdherteddh @ dpr omi nent | ocati on \
| t alsyt ofnoer maobeur ament, tool prodyctwiarm, tygmpadl o
evidence odfatsitnogn euMe suonltsitlh itZ0el Pler esani

Numeroatst iemenhe vicinitydadfeotmhe h@olBlrio nEweg
t hrough t.hel n rnoann yAgeeas es hav bk ecyoend n enoutnaulsidieyer @ d  t
particul ar tihmpboet owlceExitemul ti pl e excavations
documenting the settl ement and funetadycaptiamd
continuity of occupatibncdmrmponr atthieo nBrionntzoe tahgee
Bortol ami; eMe ad o @9 RAL2 2Fpsrtoevenanceérachgitesi ool u
withimattriex of dem®rtiaimiled agewerrsalwi thin the trac
sout hwestern Col | i Euganaebs edaustcivliiiabea teit amae che s 0
from thesvegbandibyg Maommani iGe an s t2d0MWebs f or me
Euganeanarnd acatyitfeg' teon ttuhrehe’rls eB6Een docuanent ed
Tri eBetrena(r d).Mmbewe Zi@abnbner aef y osnt ¢ lh&® a@raencampeadadidt i
exampl e @fr etf re@Aerintycderee | | | Betahianld. i so &2tltion4 )quue qual i
of mdt earni atlhe t begxitoenntanodf exportation and tr ad:ée
end of the I ron Age

Whil e the occupation, usien, tahned GCeoxlploir t AU g at
established throughout the prehistoric period
guesMajomirt s ebdissttoonrel cr es o hrave oawolt!| dthinosn ¢demt idf
baelutta di spersed extrdcfimoubeineesgungemr ehi st
l ack of focused Merse alridiueels ¢ toit th e itmipas ke i e psdt roi roi dc
beicnogncentr at edamdh meadenbdefreochuicsi ng ¢ des tdreumatnido rf
stoamedher eher est ablheawnimeyt extfr acperdonppwma r rpereiso c
(Meadsowet al. Rep@icdkltesd anthiced mdguirtiyng t he prehi st
does not <compar eantdo itsh obseesttth msautumgdeor lti Ilzaewd toefri pent e o
flints andf datuee itmatchgteonst riunmptaicand udf derntain

constructional stone.
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1. 4 REMANQUARRY I NG

Quarrying activities during the Ro man per
Eugatnheank sprteof etrheence of trachyte materials for
public and privat e raonda na rilthiffeaacstissr opwli adreleyt pa o) e
casaqatdfuocrtusmsdy i dagheesr,e t he compressive strengt
madter achyte an especi@®blytadnough2f0rleSt t 20 pAnat er i
great deal of att eqndv e@aarkoansa oalldskoe/ ibtehedd | agoaddi i & o
Via Aamdl thetat EnphadacGygpedri, Grandi,; and \
Renltautl. al 1 N9 % )h el tcaapseéemimnfs ul a, t he trachyte reso
arbey f pr edloesioruamte have been found at sites hu
Bel2®1,2) .

Theathyt ewistohui€Cre letlsh e lEaawg@ n B & tmiag rog iaenlde nernatc e
composwhiicom has al | owedr froese aprcchhwearsantce st udi
suspected. qbhlars yhas tepsoduced a considerabl e a
Euganean trachyte in the roman worl d and mor e
hi storic quarries withMant baenedC bQd2|a 6C0&,p gElrnaen d i(,C:
and VentZeRilGer mi 29 1EF®r, mi @ & r2a0bl 8 a ; Getr,mahar.i
2018 nenal ysi sscofoosamptesane t héMoqwarid v, siMoad e
Ol'i vet o, aMdan svVolnitcee Mame Diaché et iefi ed as the fourl
trachyte extraction for the wuse in construct
composition dGear mmioett r2cobd)8 eThite al i gmps owiehlanpee
research analyzingramaundraobytsemplréesf adts |
mortars, awtighavteeamogpeasrerdy sites of Monselice
Merds the pri mar y os iptrteordaucchey te x t a ratoitfTihaam tgse o(g4 aarpah,i
di stribution of these sites and thasr weeéel atais:
mul tiple quarries typicaldiyv ebseiinngsh iegdhetrestniafgiceod n
and transportation networ ks Foifr sRanyanm tghuaarxrn iras
appears to have beemi shbdievieddd kyhenegivdams ni
Monsel i cewapgrriametyitleypwz elbsute i s mostly absent i n ¢

frdmtavi whviorng e San DBDantel ©l amdt o appear to |

18



(Ger miena2dil@®8 hi s division of the terriyotkheof
establ i s<chrpdpuiti nof t he Republican perimg hby th
territori al | i mi Atseeaotfba t la &Bi ucoommompuanni et ,i els9 %2 ) . Co1
economic i mportance of qguasrmrs werspriimsi tolje tB@mam
infrastruamnad gzjpycjmdntosve reepnt i rely comparsreyd f r ¢
suggesting that the constructional demands r el
the simultaneous extraction of mat ¢rei alhsaitived m
| ocal commuiPiat ae@selmedh oams i nt er me dti raa n,emontdo s
stoo@garmateedr i al s et QDI@BI nar i o

Thesenanoeestudies also have providéed indi
transportation of the stone resourceespéctall
from dateabl e s am¥cleenst urrayn g8iOnEg %Eoe ot iur t ouegChE ,t hteh el
of monument al public work constFluevYi ainnitohud &
vicinity of Itihkee CoblEiiBaBedcghgaei andcBneetcai algouog:
and drain@agegued as t hestmomsda tha &kedslgyaniinan ¢h ol s e
whid eseries of aRomsAslrth@adswtr sand tshediikagrdaher iPw
believed to have f a&ami leivteant endb r teh(lad ¢ td Bamet p u soéc aadt fii
these fluvial rout es hsahsi pbwa eerc kc d gnf itohnee dBcabcyct ha i
guarried stone ®&mad alkHirkeenbiyatiaa a,v A2 84 higs tof publ i
relating to this di st rpirboytoiscend, gteroagmr sappohritcatp ms
channels during Romanpoitmas i hdsrautewedf tr an
eal ., 20148t . PiBd0an; eStefani & VincenZayraz20@b1
whose proximity to theesehat eRom&nhuydrewhBeusghanei
primaril yitartehd omeadldeahe ast evati on portions of
were selected baseRoman tfhleuwi alc ctersasn sbpedtrj ttaayt it on
2 071 .

19



® - ®

REGIO X

Opitergium
®

REGIO XI

e
lulia Concordia

Altinum
@

Vicetia

Bacchiglione

EucaNEAN
His ¢

Adriatic Sea REGIOVIN © . 5

REGIO VIl

REGIO VI
0 50 100 150km REGIOV
] ‘

Y ODSNNYAYINR2 SG It Hnmyoo RSGIASEYyBHIOZIYRANMER KNBESSE
TAS wnnpT {GSTFI yActaNPAJLASRNE I 2AGT su2nyhan TF yvR NYFIZ2 24NJ vocdadih | €
YR RANBOoszy 27F (NI ya&aLR2 NI SRcYdz (NI Bdze 2y (SINSKA f 26 yF NB2rt i
068 TNBY I NbTFIFOGa ONBRO YR AYTFTNFaGNHzOGdzNE 62NJ a | yR

The det er mhMoantOieo nt edafcc h y tae® ngeu aafr yt heRommman ut i
guaemsn t he CdqlZlair aBu et , 2@&yBracsonsi der abl e i mpl
orsever als uorfv eayreed2 § endotichthieg tOdsit e 1 mme dyi actfe avrieca sr
one, four, afniave,z eadn d sedvhe maet 3 )Higtrse faorcd ear 1 nc
t hatqutahriedeenst i f r ed eaarne Igdedaghr ap hi c adrleyg olimecl dt ed i
est abduarhreydi ngnadccadd svdilt huleas atl o r otwtsedsd ra fn gt rt ahnes pRoori

peri od.
Whil e research on the distribution of brecc
period has historically been | i prbeenbanceompa

have been conduct ed nsga mo fé hreo maainm coofn cirdeet ret itfoy
extrakche omost i mportaahemifc atlh ecsempboefsiatmgipd re san e
coll ected from the Via Degl: Scasgsingr XRE®ol 8§&
EDS, amke tXPEgy (Pi.Spmemosainpwkesms® ncl usi vel y ma
basomdt heir magheamiacnad tdraanctdaedieli @ i Dnag,hiha gquarrt yg

guarry icdemptlielxe leidn éoantdbeudy h-r e el ai gan Li DARMat a
this projlesctedd edphriwany tiicadi aated the site qua
from arBuald emigeE Pi | gr i m,i r2di2c4atheasTiDii&saghi quar ri
and pr etshuemanbildyer r egi &rurovfe yberde d,mmie & énnindsto @raito g le c $
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, further emphasizes the i mportance

validates multi pldesaalretaisoms utivkARdi n

ations for the procurement of stone

1. 4 MBDI EVAANIRENA| SSAQUARRY | NG

The quarries ofpatrhe cGollri yEuhasei of trach
onit i honed tMirdidd geh Ageest hef or t he s ame

@dposition of the hillwsthnrahatneetk
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man .peTh
rr mawii tom s
pul ati ol
bl i shed
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detailing research on specific quar
t o tthe WRoanaof dpteartahoddystmewve bl i dbsument

conatcrassi Padbamr epme ¢ § dcreentf aurhog
istbedcahesparcesved quality and
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2
di

L1 Euganei (Vergadur aldioglQidt)y HAafdi & isoapvimyittg | s
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ur ches,

maj or resource in bothatcidounr esg duhe!

éhe purposeknowns payneanseetnwg tdenevsar i et
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foat t asde(bearigagilFlasl RO 4|l Nnde Birea aag e
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exampl @ nehreeraesi nglrghet abtbowmdeéade cGumriung t he heigh

empl oyed usechgteohetructional stone.

For the purposes of this research, t he ke
intendseystism of Medi eval canals and drainages
the Po valleylttwohtténghouesthe flacilitate trade

communities with Venice andNebhdbel €£og ¢ Mediane:
of thasheier i fclosnsd ructi on, are important for wu
what periods resources of t he ColTlhie Ew®a meoist
influenti al f or tahreeh esaaBiteor nc aGallé dii hé& ecgha aceotnon ek S
Monselice, an@danBat tsaglait ® dT g¢aandaBtadt wgnadg | 1i 1a3 9C anka |
connected t he wa feerrnteo utros ePsaldhoBVInE abfrtodtgntdh a pur p o
transportaigng cuedplreal goods, and ¢Aioone). Ri@e2s20 ur ¢
relationship between Padova, Venieceonardttelde s
navigational canalhse osttmatrifteaur2d@dnrivel | aunhomot i ve

infrastructure surpassed it.

The quarrying of the hills for both trachyt
Based on thdardaarmhiynanues agfe i n Paatd dtRfae minur Wwe 6 E C
and the connection of ,ftuvsateasoanhaebl|l durongs $ |
sites belong to .t hAiddiperoincad |oyf, exhterraectiisord i kel
of this period and their ease of accessibilit

1. 4 MADERQUARRYI NG

The period of wasderhmr@atcherdizegt by i ncrease
stone materials, particularl y ‘tereancthuyFtyer,t hbeergmonrt
t heet hods by which stone materials were extra
sites werexc@awnviamadi lboy hand with the use of <chi
t het'clenttthrey use of dynamite to breabgétdaher wet
invention of t he ‘"o e htaolalyo weidr ef oirn qtulme r2@s t o
enterprises. I n the Copiti meruiglajmeof nhuaehypus

rhyolite, | ipragdftodreeusandn the production of ce
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Quarries of this period ar et haeinnhdefiaudhdiidade rtyhr o

f asseenlda reqae altera mp S

By the secon2d"crealttfuhrep fi niphaec t of t he quarr:
environment, | andscape, andbeclamer alo e mint dg e
1971 aMeegge Regi omaalse pab sleld/ 8 7rIbadenses to be
the pur poseasctoifviqgtuideresr ywergghom and est alkofshed a
the remaining lanctlav@&2 gauas rgf st hesCol | i Euganei
guaes of wwehsiéecihl |15&fctliiviees(t one mat eachyteypeBvar
t hese aeitpehwisteadetvieanweleyp i mgwradr yi ng at sel ect si
of historical restoration projects.

The region asbegaknwiwt htt h@afgo MRégioonal et d
Euganei, iregloeod®deahcpomp&ssing 18,000 hewhiacls o
est abpgricctheadt i ons f or etk er oaane ncau | tl uarnadls chaeprei,t a g
This has marked a drast,whbi char@lmahilaacerhietl iycsael
source of stone materials in northeoaet ebm alt teall

for its Dbiodiversity, natural beauty, history,
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Chapt®ur2ey Met hodol ogy

The foll owi nget hec vdheoisaurd@Ersprr a de s sreesg aurnddi enrgt &
the Li DAR and Orthophoteasd athar tc ool f,It edcttcasd aderesdeya
depict the methodology wutilized. Theswseercet i 0N s
selected for UAV survey, e@maceguiwhat, pmherwa nehtee |

proces$odgroamd truthing field surveys were coO

2. BURVEAREASELECTI ON

Th@AV project wasd ndesfagnedowhbfhhphesodunigon
(Digital El eaat achi Moaddl €) sofzed portion of th
deter mseeé e ttheem eh weeiemdry factors which influe
Firsthiage saurrevaesybshtalud deastern portion otfo t he (
i nvestthheg arteel ati onship between the quarried mat
usage acr oss airitc hreeegoil oong i aSeaelcPostdddl wesn veesd li g@it @a |
portions of the himht er ihalk #q utaM e b reald chit dsat solr gy e
rescoeusr €bl t heltaywa nre@ cwii deedvari ety of publicati
archaeokoeg@apbdd(i, Ventur2at a,GehinBdetal.®?iBg; 2000 ;
Germinario et al.,, 2018b t her eetdarod aa opl ot her materials f
geol ogi cal region which were a,l swhiaxter aetcedve
l ess attentilom pyrtthiossplah ¢ $ea g efpd oetsoae mat er i ¢
Lastpluy,l achiyl abl datad -MARer r s olvudiedhimyy st @eo
del I " Ambiente e dell a Watselrevdelwedadl iyt ordient &
featimreasy eas of Iimpneviesu s biEes relabnvsn edirgoet ihdhess@d dat a
val uablaec kb lushaet -ingt er resdeaoti oy moder mituaramgd s
f eateufrfeesct iIAdali yairgrea | e iad hvei & | bpeidxa taendd o heéen
DEMesanppobovide detailed informatiDmewalowatgifuarr
the sdeat adea d awbf chhe rppegsicamtrieasecqquicche d weatsd benef.i

froamji gher resolution Li DAR data coll ection.
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Based on these carndasiaf sieveas tstegpeaatr it e wer
hi gher resolutiont ddpghrasipATMRRgaed survey areas
t hr outghteewntt r al eand pearl$d famtdhec Col Iwna dBtd dheein eair e a s
survegiedighe nhil |l petdweéeprrt ik n@alnamuferrdarBeetst aodl i a
Ter meMont egr offit@xTer me
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2. DADATACQUI SI TI ON

The UAV survey conductesdphby stAracrhee etd@oh msall o
capture detailed topographical data of the qu
took place over multiple days between Februar
145 nd ¥2ebruary, ‘a5 ovdicf 5d6adhMar8h, for a tot al
Each flight adhered to t he armeacienstsaa rnyi nrge gau | vaitso
sight wi tThhitshe oohrsanmeahfent ghabdmebtdrabebhebatter
which typical iy alihaweg pefrl dq@dnicgehd t he t ot al

required.

The UAV used in the survey was the DJI Matr
for i1ts robust Thesidghtu rs@nedd patecdarsi @ampr oxi mat e
batteries at 6.3 kg, wi tWwith PRaAWl @k Kbkt apanait t
capabilities, this drone provided highly accur

lts RTK systepmeenabbednhvggation, which was v
acrtolse | ti ple flightsac@heavegrst neccaBRTOf meder s, w
the hori zoinsDafe tascrcsu,r amayki ng it suitable for t|

compl ex. terrai

The survey utilizedetD@dl pgeémaod ARR®e SBe B MUS

camer a. The L1 Li DAR sensor, with a detection

—+

o 480,000 points per second,-temabktedodetzail

cl ouds based on ,r eafnlde cekliewiastyijoans ¢dyrsettemioz ont al
and vactuchbltbyrand@ MScmOm iThhealZennuudsee P1 camer
a 45 MR afmel tseemapteuhieglol uti on i magery with a Gr
(GSD) odndancmehi absol ute accuracy of 3 c¢cm ho
under optimal flight conditions.

FI'ights were performed at a constant al tit.u
of 7.5 m/s, ensuring consistent data coll ecti
transect s, bal ancing compreheryi veGNS&SV arcaxgiea a\
ensured by wuwtilizing the dTriommee "' Ki niRINKA)t S yootdeem |
connectteldPa&®t ilons, resulting in precise positi
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accuracyy utilizing nROKdpooitt remqiumg et hdesuwuseey
(GCP) , a more accurate posit imonrriengo,prechehsodn g h a
and tomeraduowing the surveysa teabendlhlmpl et m
advanced UAV systemrecioslipdredseaemnddr shigmd met i
facilitated the coéesekcuipbponofeaspatrnbake, dat gho

2. BDAATAROCESSI NG
2. 3 Pal NGLOUPROCESSI NG

The data processing of UAV Li DAR data begar
generation of raw point clouds using DJI Terr a

the point cloud without apaplcyaitn g nan yF ofl drotwh enrg

of the raw point cloud, several software pl at:
and CloudCompar e. However, TerraScan was ul ti
capabilities, evint cmapa gememrt edhdciprocessing

TerraScan offers a variety of classification

classification of point c¢clouds, making it the

The processing workflow began with noise
enhance the accuracy of the point cloud. Terr:
empl oyed to identify groundadgausnwasilt Wahgke Tae

configuration was deemed adequate for this pr

compared with manual classification perfor med
was effecti vwae siurbsdlaaafg iatflly eproggrtoiuvonnd poi nt s, it
in areas with dense vegetation, | eading to | e

classification produced more consistent and h

obsergpdci hic | ocations, such as a modern ter
Area 2, but overall, the automated <cl assific
generating digital terrain model s.

Foll owing classification, digital terrain
met er-meDel5manerOc2l| sizes. Any gaps in the
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arest neighbor interpolation method. Whil e
ner, it was mostly concentrated in areas th
e difference Iin mesel bmmoeObeeWwkeni zhe ®wa?i
e higher resolution providing a more detail

The calculation of ground point density wa
vegetation cover, terrain characteristics,
spite these chall enges, tfhreonav2el atgoe 499 opuonidn t
ter, equivalent t-metDeB2ce¢lol 1. ARI5t pbough st Ipies d
s been produced by some other UAV ®ochaeol o
|l eux, Cal)idisd o reqnidgdiegdedd> Oggs ovleunt itohne scope of th
vemoerde than 8.5 square kil ometers. The prim
arries with distinct el emartd atdleagthangetor aod

ese features with | imited interpolation.

I n conclusi on, the wuse of TerraScandés aut
ficient processing of UAV Li DAR dat a, al | o\
del s acr oss Taheélaarag ep rloacredssdanpge .approach succ
at urreesmawiktahb & g o lainglihosruf fi ci ent , gbatadcpagnt h

r detail with-atrrea chialvlegngaegs of | arge

2. 3DZ WI SUALI ZATI ON

Raster wata wvieswsali zed andpesmumappgagednd:
ati alsodnaMayrse? s@@mM8evbenefit of this applicatl
cdlsS,t mbidaadiyuiodel sfand progdaws!| ppednshradl g
raveas!|l abl e for ,dwhwnclho aadl haswe giliosggiensrar i abi | i 1

alysis ,camahmmi liintiegsrati on and management, a
stomized scripting,Lozkd EpEOdIt,@on0BU4;g abndnalcE
D6 Dueberoefhithese programs are often utilize
ban pelnavninrionngment al science, and archaeol ogy.
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An addopesmosatciet,tivheeRel i ef Vi JRAWI zRAw&2s0oh Toc

us eéad prsotdauncdeavri dsiuzadd zati ons of topographic cha

ardaawvvesf{ifggue®@T\B)alal ocowsteor filsertiesboefi vp st a:

and conosrt rsaeitnttisngs ptrodheesal eartredsyadti visnoal.i

il eBach typology of visualization selects di
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el evdat apmramgke xdter ap onlaghidsed vi sual i zations utiliz
t hose which aref ptrhiemairdeéiyt iefmpd aotyieadn and Vvi sue
featkolk®&lajkgekOgtam)dwe2 @IVEkRFac t(dSrvPBpenné®essitive,
Si mpLloecBél i ef ( MbBB) ope gamdi enthgl e and mul ti
hi | | shYdi ng. a meamoaumrt od pdients kipsndv s sl e t o
archaeol ogy ffean uviesu avlhii zihng nKekalupt #Zhkgeki na
20Ll@peniksesimeiavseur es the amount of vimakbtinilgi iy
particularly wuseful i n ledredmpdcepmenaeantbédeattagegs
201BQmlet hwedse odubedu xlseanched dir ect igoinxse Ilws .t h
SLRMI | owsmaflor t opographibe wWhWwamghadstigoo eldi bgy of €
eval uat edoraiggiimalt. tThrei s i s particularly wuseful
| andscape withHeasie¢d 2t0d@Pioys aphyt wenty pixel s
assesSmepe. gradi ent itshesianpd wakta tome acshuaaegeo X e |
surrouannddi nhgass obvious applications in measurir
These visuali zarignesalaDdMgsadeetrbe were util|
guarry features.

2. 3OBTHWOSAP®DUCTI ON

Thaddi tsioumale of data coslbreceed, thrmulghan ée!
Li DAR acqeir®i siev ey aler hpuhrodiroegdesgp polfs | ng tThies s ur v e
all owed for the creation of ahsi gah sruepspoll eunte notna roy
data to evalwuate the r eAgni oonrst haenpds ephobtieanstliya la qlus
resolauvetrpilbaolt ogr apbheehit bbrlegaeaamaterdi cally correct
di stortopog rcafneyna logasno malainedbser ef ore provides
representat aaod .elfthdldeé stslandtaergeh t he processing ¢
mul tiple photographs to select fOnrtlhhoplyot gr &
is applied to archaeol ogi cadtodc umme sntaangaegbenmoemst
visuali aadi omtegration withmaewpgmaphi cal i nfo

Thipsojuect i s3ellt whee vMelt.a88shbapea soft ware dev
specifically for the processing ojgeomafger dat iar

Aersafrvey photos wemei Ppobeskkbs@dghna mul ti st e
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begi nnipnhgoawi ghwmermt t he pTbd9Ekcto&SPiGnapeaoduste
sparsel gt andard parameters were apimwluichd afsor
40,000 tie points, excluded ,stand oandaarpyt ipvoe nctasn
fitNonge poigdlsaactee dnndvieodved by tdhenpe opaicht om
with moder at el @eteipoiehn & upilritoegeisrsg t yp i arad |.Bfmiirrstlsan d
wer e fbiyl teorefdi dence and a coklhpamt,tadeseve walso u
producean @amtddhomosaic built wusing that as its
enabHRienddafl 9yt homosai csowé&€rEFekpbesedti both 2cn
Whil e the 2cm resolution was more detailed, tt

demanding orthomosaics for | andscape analysis
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Thedat aset s wer e benefici al i n theamd abil
cover agegufasn yeaah the ti me of tchoentdsAWheg ur ey,

why not , point c¢cloud density may have decrea:¢
project. Additi onaldley,r ebstsa nbaanryggeu eagntida psoagselalp h i ¢
influence iIinompobmet | spgaci®ensdue to variations

surroundi rfB®tlarndd.snc2afpte®p ot asaei al quarry sites h
in their vegetation, a marker tool f{déi gluuteurée
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Howeuwehtkcense ground vegetation,-depairdusmshdbt y i
overhead tree canopy dalmi miptheod tolye aypihs wald ad at av
that added to the uedeept andiiimged eéda spa a mfoyn exii ts

vegetation and forest canopies.

2. QUARRMEATUREENTI FI CATI ON

The methodol ogy for determining which feat
features amat whiat hwanlseontaht a notnist at i v el na nndo sgtu acl ai ste
revi eawombgi nathbebM uwoaflsi zati on t hat 2weBaé2l pwedu € ed
eatures to be eagirl y manefdfi earnt en tsiua tr eodi nfdri oarg tl hlaen
act tyhenoqydadrol ogi es are negative cuts in the |
topogvapha@iliotwieg for visualizations of SVF,
tdepict the |l ocations Ofitigdunac Ir gmlifaatefaasri, st ,i odesb rii

accessrampdepr ewsirensgi si blgawaalrliewi ng fber bot h

t heoretical I i mi tbaeofsttimeguqwdrerdi €d oar ech et mei gl
This was particul asrlloypetartwe efsor | arge, steeply
Smal l er features, thosenwloseveriarhameteuar
a standard to be established to both Iimit the
omsiteshaghriecaht er ant hropol ogi cal influence on
region. sdovweweér quarry features were identifie
extraction sites. These were selected based o
sl ope, and hill shhadd@rmecdhdoll d fodl Isdt week @nNiIAdnExpo

QGI S& portigpwarody hfthaecc a sl ope oafndhtanhbeasihn @6 ed
greater thanhéda. &olmeeersd @mdunmnd points for th

have | imitedtihretnertpel delagmtreed wasi.aepotenti al

2. bl ELSYRVE
For the purposes of f eat urree sdoobctuamennetda tfiroonm
Li DARt a, a seur gweeyr@sd n df uacetleddh e pot ent i al qguartr
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dentthd yextent and vi sfiibelld t do adfmetqieart g was r y
andauwsdiiqugeaas uy ¥ eyt umséa pfpemd,iwkhni ch were subdiwv
rveyorosddtisoctrhnebecont ext s of t he | ontoartpi hoonl oogfy , t
d phyhsaircaeclo ér it itei qqau drgruymmedrhdz Isrtioefe mat er i al
undl atat hen

A series of photographs coll ected on digite
ghlighting the generaudr rloodnadbinnogh , r ¢ h&t eqdu at o
ti,andmy splrws idefhlceguamnurcyhi mg t ool mar ks on the
se t havte depunassarivyersed | hi we g ®1i,® ihdira ehtiogdhaldyo u g h
at hhphonhggraphs werknamest cobsestedealiadi cal
eir | ocati onGaromilrecGEBordsetv hge pur poses of
ner adamal ysails of the mat ersitalh.l pH ®wleaelmsaosr, aatnddi ys

alysis of matawvibalabpeolvt dewar emonet speci fic
riabilities between quarexeespgtwiddni si rieli arg 1
mples taken from the Villa Draghi quarry si;
| n (30t plot enti al QQuabeweeesi oveategatefl at th

t h the e xnpaencyttauadie ma ifheihaa gud eerstf ir foime dt-h e s &li Wthi on
DAR wddtla be ismow@fstt, lyeantoer ¢ %t haha@aB8@d arrying ac
sed on theaprgstacesoband dedbolsi ad pdadtetasrue ke ¢
ulafertshe sameThmtsirtiead wlyipehasveqwea mroyt fceatfurr

mely parptabl eytacbegin with based on the DE

QGI S (seed)dsewavieinl] 2cmses but oher t dilepatd myoy

qu
s u

un

arry feansegetwatskbarmsoidke@osdarn i bheestsil pgpteed
ggesting that stihesgmar oy tbephbmalyagboege itnr utehe

confirmable without further research.
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Chapter 3: Resul ts

This chaptéep pseldemd gmamee atnuadeust adnt hr opi c
whi ch daemda ahd alnk as urhd bgllees oillnu tDIARM or orthapadot og
acquired from the UAVEasouh vreggiaon dfatsaswpeey.egsi
ar ounsdqg u8arbe lkoifl dreediessrican i bed based bandsasnadpec at

assocfiematedn e®ach <case, fgeuaat rurryei sn gu nbraetl i awitetidic dts ow
identifiedi ghsoligptpiomaphi col | ect ed,buddrleep iaclts o
the range of information the survey provides

Foll owowngr aifi¢eva,t ur es i dentified wiyhsnteach

are presengygeiddal ofzhei da®s ds c af peea taunrdle sqcurairprtyi ons
their physical and noheyvlredladcdiradbiuocioant et eansdsi
classificati omaer phmltegy,alandy petsher st aanrdear d t
di scussed to summareazceh tohfe tdhaeh ad uprrvoesyi iderae ai sa.n a
potenti al correlations of t hdeli sstpraitbiuatle da tatcrriobst
cohesive Legipneaasseaeadwhat degree dtiHd eqeati ae

frommote sensing.

3. BURVEAREA:BATTAGLIERETOVI ASCAGLI ARA

Of ll sae vseenp aarraevdee r e UAV surveys dimer bycbdbanduthe
comprehemngs e akcdoest mdj drhehi IdetfweematBastntsagl! i
and tShasdéd of Maomdueb sQlainvteiddol tmer tsiuo-lwgiprhgdi n g
fields, and vilhiageso LT DARL d @ &#h6cdkirtheeac todr es, mo

77 % tdhfe t odwrlevdBayriesa | sexhemmose ohesi ve represe
guarrying |l andscape of the Col |l Euganei

The ilagreaessenti al region for the study of
Col I|i Euganmos tt befreponaiitsatrgigastsc or d ihaewga itdoadll @ gi c al

survepetlhtbai (.ecqveavimaurl L D P b e mordecgmyatpee it esdar e al .
i n the regi oni.shfeh € sSPaoect vaababkat hoMoathtes ICir ot €
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ofBattagl,iwehi Tdar measf recamblgesds due tand trse ceexnttr
expl oitation

The | andscape is wehlel DEMrwbBieaoh eénaecmpass
formati ons Sopfe ctihftiiteearlteigyi,lon|l @®fn CateajsomuCasetast , M
the notrtéheasut,hern sl ope of Mont,e Mcentae t®a d tne |
and the Via Sc(asgelbiaagprtteeorqtd@e r go st h wentt jorf@ntgh ef i n
Monte Spinefrasse anas Mwoaltle &g olcaer dhe | dorstyisd reans

[o 200 400 600 800m|
. .

Quarry Groups Castellone

Via Scagliara
Modern

©  Spinefrasse Not Categorized

® Catajo

CA JdpinMBzikah f f WIKLIRBT | NBSI m ljdzZl NNASA O (532 NRGNA ohdgli SEN® dzLJa o |
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3. 1 Adsoc! AREEADT URE S

I n the pgeapnBaeskebngaeamipsthe goal prefdattme r e
on ltdheati on av dwél lanale s lo@leviodiMahg. bsher expe
f eadsuwurceh as malolaema wag eemenmathaly ea b hi emwlaevahni on
opbl ow ammekal sWhivliesivbaleuahlilneg ettatied edatesd eias ch ¢
progaeacepthef amaj.dcroasaimssch of t hea eastle DrEmo 4 th
Battaglt lme CRinallt ottdr &Giamganldt btalveBirmmgee@md ea j loa rCea s t
vi s.iThlie of patwisedthaerse watensobtuebhéd@deuey CE
and t heidri rieodgbheisexpl oitation and transport
the Col l(IAi ByglR@dedgt.a Tgat her esdirfrroaum dtimegy plhaei mgu
all ows for a clear determination on the size
roads, buitlhdei ntgepogamdhi c mani pul ati onorof ag
encr oameiaadtihe hadd sH|l opes.

Withhe terrai hem$edwesthd dlles ant hruwrmprogleanti ecd f
t quar raycitnigwietriieceesn ttihfrioeutglthi g le solitDARM data that
previ ous| yT huen dneotsetc t pperdo mi an e 1 dorf iodcsf @ It enge @éla edrmi@anh
bombi ngs that atrlee smpe giaan tihifr o8dld®deweniedeeont i f i ed
t hamve the mochphalktogr catatcsr s bombm@lesyf r a me
approxi mately 7 met ehoswewiede tdired el | me tsehrmaed evap ,
maj ority are | ocated on ™Mbetpoumieenrn eandesown
t Ve niBe®l otgrnaai thu n(h elgal.Wlei | e unrel ated to the obj
their visibility highlights thergsalutiyomfLitl
survey and t hientdaarbeasttmay dieels @darteld t o t hi s per
Veneto
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CAIdmNB21LIS al L) @gA&dz-t ATAy3 aSOSNIt Of dzadiSNB 2F 062Y06 O

GdzyySt 2y G(GKS az2dzikK at2LIS 2F az2yidSydz2g2 yR G2 (KS f

GSNN) 0Saz y26 6l yR2YySR YR 20a0dz2NBR o6& GNBS (

Most b@imahei mtheehaedscape that i s fdiosmt i ngt
guarrying acti WMutcihtelpd n ssagrchh uanteaalespeciall
hills, have somet fiomgn oMt d eamccrinaghapfi ggrehe
6). | ncastetee usage can be hypothesized either |

t he nm@hpyongd i cuantiifrogr med r owed pvliannetyianogd,s hpna s sciabsley
equal |l yslisipgahaetelssp def e abpulraenst ed i n a homogenous
i ndiimagnt orr.char d

Addi tional ant hhropogenic features across |
expected typologies in a continuously occupi e
and footpaths are clearly visiiblpessoacdosnyg loe
i nformation on the historical routes of acces
area. I n some <cases, these paths can be asso
extracting quarriaesde noaft emmoirael smoadnedr ni ng utahrer yc s i t
clearly distinguishable from the surrounding
materials to create an artificial sl opecor r an
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eat ur abd eddtnectthe regi on, while not strictly

howcases broad researglsappultii oot iLo DARoOtsanmtviey

3. 1 QPARRREATURES

This surveyedmosetg ihaefn quamntr i feat ur éng ghdent i
esollitDAR. ddtnab Ogoutaarlr ys weeraeg us el ect ed based 0
haracteristicé¢$i sblylees immag |lamen dfteya thuaradndg mi nor i ty

itestainingcomakt idqpdrarsyn efadbededs er represent the

Of tfheasteaurmisnori ty wer e o0 mgyaisnajugldavtaeydswpahsa thpoasr,t ¢

f
c
i

t

a
p
t

- < o ~ -

ield descriptigumy,axaamaeirdeyc demroeedf and geol og
ol l Ast ethi s region was the | argietstwasanst htolsiedu s
deal sampl e sspeat ifaolr aatntarliybsutse so nof reealcat ipor mit
o each ot her (saened stehcktTihoenna3ds.claOplut es col |l ect ec
vail adbilset ianngdui shabl e throuighckthei ogl hgpoedesi
ri mary quarrynfdace zmesr, plpaoloppyed quarry typol
bi stopavcghti (md nACiamm)d sA?2

The most easily dishenmadse haafb gvehigaho elpd ngi t

i ffer(efnitg,anaepdbe-AgiTheA® quarriseismitleanrd cthoa rhaacvt ee
ach other making them easily distinguishabl ¢
ndustrialln rtelveo |l @dliloin. Euganei, dhastei trditfbceng

hpehysi cal attributes, especial(tyabtlecomdaf yar
eatures gebhatgdngoathevities are typically h
heiiinadgdé e drotrimnaocofeses araoragaee § h e na nrtdemed, pl at f o
xtendtbesnatf ur(aQF hlLi.I0l6 sSlsopehe primary excepti
i si bl e abMamry sbaptattritagisentded ssatcdma ®r pol amediwder e
argest of t he nseiatred sycwdls ONeddBremamd aaty feat ures
uarrying act ihvigthilegs varsae btlyepiwaalhl y i mi t ed er os
ccess routes, | arge earthen ramps, and | evel
ndi cators ofMamoydewenr eacctonvposyed of | awigteh i rr e
i mi ted | i nepaeradkp o tghueasfeesy. e ST hael bseo ctoemmpdo ste@lt iotfi v e

ocnrave sect i opnpsr onxel ansautreil nygi 3me t tor Bi tmmedtbdmesnrte nhai ni
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guarry , fagetpureessent i ng a odhairnadcutsetrriisatliicz ealt tqgruiak
Ultimately, these assertions and the characte

research.

Quarry Original Max

QF ID ?_Z?]rgh'(:ri;e Face Max  Hill Slope  Elevation ?nr]i;’l V(()rlrl]gr)ne
Height (m) (%) (m)
1.06 178.4 10.1 41.2 51.5 22175 11766.6
1.14 112 7.2 52.6 86.5 1403.5 6608.9
1.15 261.9 9.5 54.8 113.1 5847.6  63990.8
1.17 278 17.5 43.9 61.9 2385.4 18696.8
1.20 157.3 215 61.9 81.2 3478.6  39972.3
1.22 251.6 135 45.9 69.5 3404.5 23163.0
1.23 52.2 4.4 47.8 48.7 1424 3076.4
1.24 194.7 13.1 48.9 48.7 2454.3  8522.7
1.25 87.5 14 59.9 34.8 1202.6  5781.6
1.34 215.1 11.8 38.4 59.7 5604.7 60353.1
1.36 57 9.3 45.4 36.8 1004.3  3871.7
1.38 71.8 10.6 46.1 36.3 1816.1  9305.4
¢ omnSdzl NNB TSI (G dzNB & AY !N\SSIV- M Rééflglgbl-(T,AI?JAI-éOY?E]@S{(S()GﬁSﬁ!
2F Lttt YSIFAadNBR I yNky®iSa 4SS | LWISYRAE

Of the perceived preaneldefouquaroiues dcemect
26 quamwryesictresated based on shared character.i
vicinity to eAG@haotdhAdgretseepp@edigunbrthesCatajo
region, the Viaes&cadg)lginafrcaurguamnm rtirees nort her n s
anglioxn the eastern sl opfad gufreppe-AgiTEpAdemaasns a
guarries were not <categorized, but further re
guarffies®. graujpgasgd on a qualitative analysi:
approxi mate si ze, mor phol ogy, and typology of

the analysis of these quarries in their respe

The Ce&tlaglouss et heviltadir dle8s tq uaarrawn o etahteu,rheisl | f
descendi ngndomwon tMoenteorth and deslcéeeinlde ngoutohwe
(fi BuraeppeAgdi XhA3majorlidagatodd tdie stehareastern &
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t heahdl hre char aaehdenoe bees ey ctahveaitred al ong t he
respective sl opes creating a variety of conca
' imited depth of excavati(ambihAes@adat henambeal os§
features in this region wereposcl bded mbue rtno i
The quantity and even distribution of these f
period of extraction and blaasneddh eomatvh g@iat i pmax i
hypothesis is thdftenheyydamne0a2fPdie i Abke saldpt i or
which should be evaluated by field and proven

Max Quarry

QF ID Elevation Face V(()rlrlljsr)ne Morphology Typology
() Length(m)

1.01 26.9 38.1 629.3 1517.7 Linear Open Pit
1.02 23.8 41.1 137.9 99.6 Semicircular Open Pit
1.03 53.1 66.2 484 764.6 Linear Slope Quarry
1.04 51.2 46.8 406 693 Linear Open Pit
1.05 48.9 46 199.4 237.7 Linear Open Pit
1.08 24 50.9 327.9 349.2 Irregular Open Pit
1.09 49.7 40.5 1347 6743 Linear Open Pit
1.10 48 27.1 389.1 438.2 Concave Open Pit
1.11 42.8 435 333.8 597.3 Irregular Slope Quarry
1.13 86.6 19 122.8 145.6 Concave Open Pit
1.21 41.3 15.3 75.3 70.2 Linear Openpit
1.14.1 72.6 20.6 150.1 127.3 Linear Open Pit
1.02.1 19.9 42.9 68.9 26.3 Linear Trench

ClFontwSE G 22 IANRAzZLISR ljdzF NNAS& 6AGK FgNAROGdziSad! @2 Ny

The other three groups were selected for s
relationships are indicafiagopenAtfxaa)dshier Man tgeu a
Spinefrassesmpruaupr yc dretagdiumses in the direct vic
the rest of the quaalrlyiengc axtt iond yofi nr & éet irwveqgl
' i mited but cohesivéoperar odemmind fe x tClagaredeul pp manreel h
near |l yyeguaht on itshoedl asemde geol ogi cal formati on
similar agoearssy gfoud @shead maxTmuan iea civaad ¢ minisa |
being quarried in thet badse, pleirk eoldy waltdise itma | ta
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on the high visibility of their access routes.
foquarry sobweisogusfhomgn®rgani zed and extensi Ve

guarrying activities)zbetween the sites (secti

3. S3URVEAREAR MONTRIUSSATO

Survey Area 2 was a smirnvoery lahkdtddi ofhi éognt atroe st.h el t
within théztgwanodfdi&gmameompasse,s sdMaht e hMasdsbat e
roud@gil ynet ers hi gher tthhaeo wsh hbeu iMluts trobmefn di dgephats
i ncorpoanatdeche driveway, walls, ahd wasuselue et

be surveyedspbscausea withtn theregoheaanddngl 0|

mor phyolddbgnt e Musasnadd oexpected geol ogi cal compo
formed through the exBdlolsatpifhioHUids qee® emegi malc
formation in comparison tohybéi.sucrobanmdi ng hi

CA JUnMBziKah f f AIKLIRETRENE DAY AS aldsaR F{i@2 12GSysl f odzi y20 &8
AdzNIISe SR Kozt BNET REPEHY SGENVE Gt @
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ThBEMBr ocdgoaend t-hes vlLygthiAdRnad atoaved f or detern
the hills shape to be established.walsn imarrtiigcuu |l
due steepky convex form makianlgontghe thsi lela sptaerrtni ch
ground el evashohssshowsgldowai tawp oicrad iltapedt esswsri fvaec
guarryingtead, on all si dessucafe stshaedg huislt Ime aeé i
el evati on, parnedsafrhceel moickredgincolviesstatmird tc ul t uraad t er
the prainmarypogenic I mpfacth i@Inmotriphohagwr e al on
construction obadhe hotel and its

Two potenti al g u a&xFr i2e.s0 1lwearreb ad 2dte@2t i 6 m et he
portion of ®N6&nNResOMuhses amhoos.t pwiotblta bd emaxXi mihm d wa
height o fa ndul.r & s mheatmeyrbsimed fdtrss . mor phol ogy i s comp
preseatcerrodce platform agasientstofi tsttao rtsh es csad u tr
presumed quarr.yQFf a2agd2ear s heoehst anot her guar
neighboring |Ilinear segmeidthe otargepar a sva 2the me & ¢
a maxi mumé6 hgisgHhdweoviees ,t d t he hill s morphol ogy
byagriculdamrat t wntdiatcwreiss necessary to compl ete

sites befor £unassqumrnrgiseéshei r

3. SURVEARES MONTHKIARCO

Areasadadentegbfont he Caalnldi eBwuwganmpeisses t he en
Mar,coits surrounding agr i cluodwselro @l sMoonétl ed $\Vee nadmad
OrsarBerawner arblarleah Bk aresrain visualized 1in
all ows for numerous hill slopes, agricultural

examined with preciTe @ahsalgesssd thd éed retvaatiitosn.pr

composition of rhyolitic breccia fbuimtedaltdo o
i nclaadawesmralchyti c laaneda trchryogbse banodg i & a | friatct ur e
Bell ati., 'h9t®mMpari son to the surr OAurnditnegi 5 e ol
an i slodcaateidon of brtheaied odepasiltisk,eland ocati on
|l ocated.
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CA JyeNTsiztkah f f WKLIREFOENBENBR F ABNYR aRYRK St 1 65t SR Y NI SNA &

GKS &AAE LRGSYyal f & dit NNEKFSK I dNB dzNJaljpdKIENISEIRE * R 6 SR Ay

Sipxot enti al quarry sidlelsshavfehewedente¥i edeidn
surveys. Of these six, four weroal do mfoitr Mbeed ctoa
from conQiFd2&dmpgeaoms to be a potenti al guarry
Mont e Marco tawa S emcenppdl eabhbna prominent chan

on its nort Daewket dveengseptaanttiioesnni | deposition and
guarrying activities tihtes ffiuenlcdt isounr,v ebyp ectitfdr v t
guarrying is the pra@Qf b3ieO @ aousata afdibors oigtt s/taf rocroma
t he bahsd |lofs|tolper evhereepotsseeabkenat ur al sl ope
150 metFeiresl d s urpreeryt iiadre nafiyfe@ beigtoisse dl ava but no
acti vihtei @egher f (@QFsgBapibypddidtshbodizadusf sgquarrsry
activities through dhkespartsiefflcezmumegtna gdmat ac
debris,ofdoubkdedcketsaiczheesd f r.Qm B8 he 1l gqaaraed rpda rOt3i c ul .

nteresting as both sites hadequaihmoynitfza csdest It w ho
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of rhyol i trihcy oblasteaccga od,mdiincdalc asttirnagt at hat bot h

the breccia materials and that excavation con

Quarry Max Quarry Survey

Results

QF ID Face Face Material Typology Morphology

Length(m) Height (m)

3.01 22.7 5.4 Ryl I__ava Open Pit: Depressior  Linear Valid
& Breccia

3.02 28.1 6.6 Rhyolitic L_ava Open Pit: Sloped Linear Valid
& Breccia

3.03 28.3 34 RhyO|IFIC Open Pit Irregular Uncertain
Breccia

304 666 48 Rhyolitic Open Pit: Sloped ~ Concave  Valid
Breccia

305 369 4.2 Melie Open Pit Concave  Valid
Breccia

3.06 143.7 4.6 Rhyolitic Lava N/A Concave Unlikely

¢l oom& 20 Syoal f |jdzr NNE FSI Gdz2NB | gNA O dzii SadzRIBS & ampsSe | NBI o

Whil e this represents the totial snhuonubledr boef |
t hat across mutchhameé Momoe, Mair miot ed i,pni sniaz & | tyo
on the western half of the hills northern and
be added to thilsi meseareht bact magl| geadures. or

3. SURVEAREA MONTALTO

Areafdcused primarily on the southernnd sl op
t hhet gh el evation vahisyrspggehing bedweéeéat of N
|t sapdamer se agreeod popgfiocxailmat ewlyi 618 shkeolivad @& posi t s
basal ti ¢, atrrdaicpheylt A yasb i tritci canhdE emgee meaanhy ol i ti c
obsidian, addsmexrxsesddda@redd s iifhe 1\8Il6ilaretyearse sotf f ¢
survey partiald ygawl@do gigc dililitesy rpegixomi ty to knov
quarrying | é@k(6e rMuoinnar)iQl,iavkd 18ao0l ogi cal 'intere
century perlite quarry ndafAd)ihckeqgcdeandmeyr foefa ttuhree
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higkesolution LiDAR datadeoiifRkcétadi add tobvsa {fioarl
anal ytshiesaorfeoamad, hi king trials, topoguoapghypfof |t
eroded drainages formedtonthaedetobheddnsmtadwer

hi storic agricultural terraces

’

0 50 100 150 200m} .

CA IigNTizikah £  MIKLIRSF | NBF n O020SNAy3I (KS NARIStAYyS 2F az2yidsS !¢
LR2GSyal f ljdzad NNBE FSI(dzNBa&a NB KAIKEAIKGESR 2F 6KAOK

A tot al of six potenti al guarry sites were
Two ofwettkheesmoder n quarries, both of which wer e

field surveysipeQFi #ferOoddm athtedg i2edvyan i rregul ar sh
guarry composed of mulepplyeconbaeeticonhs ohtloai
Al t oThese sdtspensedcabpiuheenmharteldeanvs & hof most o
guarry r &@mgitng 1f0r0o nme tagpras td rlroeevmerv ad li ewvngt t bn qu
basaeratund 88 rmnget eébrosu.l der s di spersed acramds t he
a serainedbdfalrdi ngs ,equd rpane rinteetnatlm,dayr2ed rraesphr esent af
t he extentacotfi adg uarbreyQIfmogeia tdizocnat ed directly abo
nort heaasddi tiisonaan wrotdbeer#mii mqeuaarr rgoncave quarry |
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col umnar perl itiwvi duahgd,rye@es awhne gyiuceal anfdor mat i on.
featur esblag ebadredercitng t he nrdo rtels tf,avdie QFf MQK 2H4 e
i ndi c aapirvoes peefct i ng met hod for det er rhiowievgert e
requifrieesl d nground truthing.

The other four features ar érdidsvperoned hacrsad:
of MontedABHo OQE in thesfdeestetenchawnal agy i cul t
40 4) andmrsilopel @ast Mont e Alrtldhwisean e@QRrr 450 i .l |
survey to document their true f maostpipera,r Lwt b
hi stori Thdwarerilesear gquaarijyehsthd facaxtesrses owft e
are detectable buhowduvecadzsar Quelvyst bl & quarry
portamdhsmay b@F mo.dledtme ,eaicegptaonearwictilr cud me
portiomuaof yi fm0 emebtecarmsg hiisg hmost. | WikteH d/etimaidre r
docume ntlsadt @ adnue rsiod d q u arcrt ychanngnwy t det.e oNhphedogi ca
i ndi cat orisndiog lptrfsuwicttatidakechceu r acy of tchaens eo nd sys e
accetslsredlugeH d (ab#feeys

QuarryFace QuarryFace

QF ID Length(m) MaxHeight(m) Material Typology Morphology  Confirmed
4.01 261.1 23.1 Perlitic  5oenpit  Irregular Yes
Breccia
4.02 48.9 7.6 Perlitic Open Pit Linear Yes
Lava
4.03 91.8 11.4 N/A Open Pit  SemiCircular N/A
4.04 59.4 5 N/A Open Pit Linear N/A
4.05 33.3 5.5 N/A Open Pit Linear N/A
4.06 57.6 155 N/A Open Pit Linear N/A

¢l onfr{SdzNIBSe ! NSI n t20Syaslgi 2 i 8zo Mk o 8 SING dziB 'S M &é SR Ay

3. SURVEAREA VI LLDRAGHI

Areao%ers apploli matehyes of Moinmme dil & toelsy
west iosfoltahteed Monte Castell o oanldhes otuhaskiIradG® |
northeasat oft &r e hondoesstt pprooimitn.e nTfth f eature of th
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the northeasthpblttesgeatem tibesuegeygepdwas c
aracteristics. -fratresrt | ye s alnwatl iysntshLaoDpARehstbartae
ltiple I arge, iTrrwguhanl yhehapddagnqmasroy ftfhg
e extent, mor phol ogy, and functiSecoafilkiehese
ea 4, the r dgli omivsabsb sgteaonltooghilectaal o rcthhydd i a

d | avd Beeépagiits 1976) . I't was al sqo laodataevd |1

pl oited regi on of Ro ma b a \@eamnriyni anrgi2dels8pbe c & la |
rmi narR01&lbForl .t hese reasons, area 5 was ¢c
derstanding the history of breccia quarryin

Asi de from potenti al guarry feaanrescekhen
albiftwisualization in most of the region an
rraces and fields have been identified in t
e Villa Dr aghbAis oasntd hoeharecl ays paerrei ondosw daennds etl hye f1

ter resolution Li DAR data was unabJveal uablve s
r understanding the agri cu.l tRioraads ,hitsiaaidlys ,a nfe

uvial eprosseoemt aae weélll

The most prominent quarry features of the

st from Villa Draghi wia ht hhmea xa prnuans ietl ee vait d e nc
atures ar umdailEbesnet Eesatures are particular
terconnenotredhohadgurs, and Maantyetahleamk eu nyt broerl naitte
e same peraodi.oifHdagweesnvrerry,i ntghi s i nformation i
e case study on the Villa Draghi quhhapt ers a
There were three other potenti al guarry f

nsing and have n¢ti glupfehdbeenarf e eQE Ssithtadpseydam |
eply conwiavledameapmarent maxi mumamgdaamyedat e
ntly sloping portioome Thing eimpat aiig | ap pDér aartgdh ¢
cess road and may b.e @QMBie5 .r & wlain dakdad wwesr rcyo n s |
ature but may warr amt apprarkeat EamvédsoODpogtino

tti nghitshaagpruigchul t ur al terraces, and apmpears f
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secwhooh could be bet wéfbenash?a gtleos ®3 amet dros ttiegt o
ot he roag@F %Siasktal i arge,ocronmtavwedteaturei de of
I'ts sl ope is not as extreme as a traditional ¢
hill side and tihse arpepgricoxni mat el Yheasnat ghe asand 0f umn
features owiddlokEdteocwoimmeg a fi el d survey.
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3. GQURVEARES MONTBORSARA

Area 6 is |l ocdMoadeolDesmetahahpdddfenaestad rosft Ar
its @lolsitéesstappr dkXxi mahient ySahreeesDTMs producresd i n t
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the Li DARncsammeEases thanofi0O0hmetedge |,i me scefctMaor
of the sloapdweand a | arger portion of the opp:
because, l' i ke Area 3, geol ogi cal mamplipy mlgi toif c
breccia formed through themeaekipngpsti be pDégidam!
under st andi rmogo ft hker edcicsitar i pwdriri es in the centr
formatisoms oamé g 0l baylicn d saivdae aocuhtyctriocp sl aovfa tand &
geol ogic8eltmadctuldd®76

25 50 75 100m
N .

CA IdyBdzikeh f f WIKLIRSFT ! NBI ¢ O2@SNAy3a | LIRNb2y 2F (GKS az2yiS hNJ
t20Fe2yad 2F GKNBS LRiG§Syoslf ljdzr NNBE TSI Gdz2NBa &adzNBSeS&dohyte cd

Three areas of potential quarrying activitdi
dapai orfitel d heeer sena.l | est ,o0fi st hoe<cat e@F ohh. @ he
Or sanidts composed boofwlh avppe grn e st @agsvenal meters
evidence of ywaarirsyibnge amtdiekipté amast ohi kel ythe
these depressions | saeaboadhiphg@sbenong oWEIbd eWdr
6. 888d QMe® e0OdDot h det er mi necdc etba pbheo | qgougayr, r ieexsp obsae
facesubandantiodl gamoehseanedboebdies di sp@EH sed a
6. PBovides t hédnfossnc taivd sl eansywct uawo small feat

in the featurebs primary depression at its ba
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hi storic qgquaaryowgl i oieretr astxh & arch y wloitthimed nlmamr e c c i

f eat ulrienexcedwamtdo t he hill si de.

Howe,vetrhere are unigue characteristics to b
functilojnhey¥i asesdropmeseommgl salnaddpehave sod wicgielslse
ot her than a narrow hiking trail, which is
composition of exposedgd sstvoenrey, heestpeehcoibaalnlgye ussto rQr
of rhyolitic |l ava interpnptasaedmoephbeoglye wbed
| argest portion of the exposed rock face is o
whil e darwti aignlewi dence,iosf cqounagxovya ddgefa e,.s savroda §
on the ridge top armelitghveithatshmrt edrge Hhor eapose
acrtolsg dges of either dpptesstiah. gRegagyeheas ur
a huge amount of mat eraindhebei nogi gemocbdr Acomr -

future review ofgeManotre h®@rl sogria ad n d hiatrsact er i st i

3. BURVEAREAX MONTI CELLO

Area 7 i sMofmotejulsand!| bnhi bl hobedt edAirre at He byl
aboowtd meters. 1t is the only geological for ma
and is surroundegdsnbayl | agdrridhd inkapgeersg, & dafnbel ddi ngs
flatl tag e@qeol ogi cal c o mp olsa ttliiatoiBee |i(l sa t)ai p,g ¥ embh € y
easternmost formati onThen darheea ewas rien ekod d @ t iEoung
survegtermine the extent of quarryinlgyiascithlve t i
i n ltmedreersol ut i omnldi DAR nahgpt & h et daitr g rominrda nigf fti hee

topographic variatieenaef relansmgrt otbdiasnadrfimcom

Ulti mabhel WAV survey was unable to detect
surrounding agricultural fields, but it was a
even the orientation of the plowedy rbeat uMWes h
identified, together with an access route al ol
sout hwest corner of the -Bprmati bocaOtdtHdHesect

route and spacsetdhequadtlyemacr®l ope. They have t
and size. Two arQF t7r.eOm2c ha nqgdu a7r.r0i5es and appear t
the quality of stone at the | ocation before b
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7. Ove)r e excavated and are similar irregularly
faces, el ongated, and access through trench <c
(QF 7.06) 1is |l ocated on theargeyt owexnt ppar tqiuan
removed an entire section of the hildl and mor

modern equi pment .
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Tledi fferences in both | ocation;5 mor plhFo | 70.g0y
suggest two separate phasesBaosfedq uoanr rsyiizneg aancdt in
t hfei r st f iappefheat or e ekhtcavated 'Huanbdd t2e0as hei &9 .
Additionall vy, across the entire ungqualricaecids tpa
l inear terraces, |l ess than @hbl emedtersheindert lae
topographic data shows that ,t mesidgleogea oins thremae
the western and southern slopes of Monticello
7.06Thi s eepwenmdiafcsarnaotthe t wo p,ehrde diidB e ecrgeqau aerdr vy i
post tcheeemi stori chagear dibeysa®rFe 7o.xxd usi on of t hi
terr,ana@nge tghueenpr esumed mod¥Vl ni maftiedrlyd QGkurA.ely6
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access to the privattaepgreapnsrntey twiel If ume tn eme

document t heir attributes.

Quarry Face  Quarry Face

QF ID Length (m) Height (m) Material Typology Morphology
7.01 90.5 7 Latite* OpenPit Semirectangular
7.02 114 1.2 Latite* Trench Linear

7.03 74.1 2 Latite* Open Pitsloped Semirectangular
7.04 83.6 8.8 Latite* Open Pitsloped Semirectangular
7.05 14.8 2.1 Latite* Trench Linear

7.06 99.1 8.6 Latite* Open Pit Concave

¢l opfr{fSdzNIBSe | NBI 71 LI0GSyaslft ljdzk NNBE FSF{idz2NB FgNAodziSad b2GS (K
y2i O2yUN¥YSRO®

3. BOMPARATANAELYSI S

Apri nmadrjyecti ve ofast hiosumeeeasnt amd toohiwghhat de
resolLutDiARncodtl @ ct ed throug@Golal UA¥ug2bemyr € no0ltd
would benefit the i dentifoftaguamnr y.dadGannse indeartiiir
that this region, as wletl &l ya,s H easregeeia epzotlr &t @ §oi nvse
Li DAR shroegh the Ilthldloaghgoher Renginane del Ven
and Mime st ero dell 6Ambi entee keldeMdreemmMpael aobeb
i's necessary. These can bEmeptuamd i o,t yeoomadk ceets sle dme
by refhueesavail ability alfl dwe sfeorLi & ARo dmd thised rs
t o detiefr nmadideii tgilkcsmdWUUAtVi osrur veys i n thesCaordd edEu
necessary for documentingon.he quarrying actiyv

To discern the epreowvtttd®efobddit Bbngluadayasi
through the UAV surveymweee cemphuetedoanghi DBAR
sitewiwerbhde in the.|l dlweser we mbksu e & ehtpdiad iabglde
(t opographiwervear ptagastemesoul d be i nterbputetwidt has
considerabl ydipooeftamadl ¢goh bd i adreinttyi fy the functdi
potenti alr guwamcrey nabhe ( datashsaadh ilcihtttolpeo gtra pmo c a
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i ndi cations oThipso orre4\Wilspiebdielnitti yd)le i dpigac e gt ®ash It ee,s
par tviadilyReh,odaesder mabheadnanbasstehe sevelmhisurve
indicates that without the aid of submeter re
to complete a topographic survey of quarry 1| o
asasbout 46% of potenti al guarry sites chosen f
UAV survey were only able to be dehethedf bnmt
heavily interpolated featurers wondeoutnatl ealy| d
di stingui shued ofumamntghe andscape at all

The primary influence on the results was |
especiall pftkeeé avat esoihapmege i n t he ftehaadturef ctom
surrowmmdiurg!| sTampds ecnehp &f er enctehols et wweheinch wer e
di sceverddear ti aldry nats ilohaeited getvialklieon change i n
guarr,y whaecreeqpateines avbf 4 medrea sgemrerl aelslsy i mo direl
Featur es owvdhmplhe tweelrye ovi oir blkclémed eetér$ & lelumtvibore o f
the small est sizes, eapeciteitek gd eerviadttni otinm eclhleenigygetn

guarry faces

These results ilhdwermteeshladt iwthhn |l lei DAR i s c
identifying areas of interests and identifyir
guarries, it is unable to accurately visuali ze

thaeven at 1 meter resolution essertfiiglursei 189
This validates the benefesal wtfi cacomndAV ts wnrgv eay ti
varied topography and dendengr omhred eamdtt roend yc
sites were able to be detected but every site
UAVs in LiDAR research for the remote sensing
series of p uobvl eirs htelde rpeasstaracadcade ( Ri sbRl and
2019; Lmielewski et al., 2021). The benefits ¢
with dense areas of evergreen has beehudiongl us
this work, that while | ess obstructed regions

surveys, forested environments where the i den
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greatly benefit by the increased accuracy of

et

al . | 2021; Schroder et al , 2021; Poirier
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However, the benefits are enhanced even fu

anal ysis goes beyond identifying areas of int
guarry visibility was so gacuwltd thheat mea sluarregde «c
through the remote sensing data alone. While
high quality in compari-sesototpoervUAVssurcay e

with 25 times modentesobdtigamrrsestbeulid be
assigned according to typologies under a vari
|l evel of documentation, statistical analysi s,

| anndape of the Collli Euganei

3. QUARRATTRI BUTES

Poteguaanties in Area 1 wermpatsal ectmod phoid o
typol ogical attri ktihtee o hihrg scer dcenra rtacc t deeati esrt micrse
ntdhe otslkear | dremhge | ar g e scto voefr itohjeh @a7r%uaist e yal s o

a
cont momddqgtunaer ry WobBtisekbse.ct ed afndecanakystsis
c
v

ontinuous, region of survey withwnulht iaplrel ree
ariability i n agdlolpoogir cadPplina g ahteesrei a3 & sampl es
i nteroueaeattnrgi balosas i dieaticnogmpl| et e field survey o
guarry sites has not been compl eted.

At trivoeuteesrestricted beait broesaksgurmeeabomalll
estidmateach of the sampled | ocations. These we
at a site, the estimated maxi mum hheeiegshiti noaft etdh
of the natural hill side (basthe omaxivieumgelse wod |
el evation gain from tihe bas e nd fatdidom dogfiadtanlre e ngduta

—+

ype (if fdieslt domsc&mbd@¥ ed) ury t r an, snpacerstta tniaa re dc aal
and finally a (apypeonAdiexaindahleZwo launme i dart rees| gtra mt
ecisions in the quarry process that |l ead to

Hypot heti cal vol umes gweirdet ep rpood uact eido n tthhreocung
application IQ@leS skent DRmaw@pM) t h  a nwe ipgohwter of 2
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vector poi nt Bpeerrecsqiieviecdaeetdart o f eac ht ogumrr adu cfee ad
i nterpol at2éde nrt a saved elrcwatteiaots inrgf aace covering the

represents an estimate of the el evaWhiolne osfe vteh

i nterpoimat asnsvefter experi mented with, | DP pro
uni formity of contour | ines produced in compa
essentially a method by mihnichumadme smaxiemumn sd
el evati omawmact oir sshusédr t he infl uence sofweeagchht v «

against the proxi mit.y Rroont hteh eksreqw nv wNisaudmega r v dpso |
QGIRast er GQGaol anelastuare t heetevheti ensecbél wetered

and those. interpolated

Measuring eevadmimanp ol at ed est iinsatteh,e wans yn eccod
attribute of a rgeuparrersye nfte atthgeu atarnuflea t shiezaea xotfe ntth eo |
extracted (BprpoenmAddl lkeA ddiitte onalbleyn e fviccliuanhe fwas me e
di fferences in perceived modermrrmeguarersy s impd sy
mor phol ogi calThelsaer adtsd rii dtuitda ®.Nn and wenrtdehatio

anal.yzed

3. $M2aTI STDCSTRI BUTI ON

To evaluate the extent t o whriecsho | auttti roinb uLti eDsA |

could be analyzed, Area 1, the | argest and mo
focus of this study. This ar enad epnrceamopdaesrsne sq uaa r
of fering a robust dataset for analysis. Wi t hi

providing aamftephesemeigabinds quarrying activiti
varied dataset, t he anal ysder iavierms daot ap uisnh itdhe
characteri zi nglhdguwsararnyad e/tsdi uschtweatislegsh pr oRRC@ame R (
Team, ) )20&mB8ddogamdetdeavily sdppoghed ppegi d&mca
purpose of sbhatdatacabkbtanal ysi s

Acorreplawaonct eateexpl ore the relationships
measured across thiesb®i tkatwipal esde |geucatrerdi east.t r i but
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size of a schwawerdy sfteaotnugreea o h r(led ragetr o nesf wwau tadgnurayr r y
face maxi mbmviaei gmt change within a feature, a
an expected and . unaud regtretisrd in lenig éyse s bske | =iott e @n

sampl ed quyuamray sft e@dptelnrodr | t he maxi mism oepleesviattiivoen
but I imited correl awhioh B80ggkbt otheseathar bat
mi norbut moseéef foent & Meeleextcanfta tagnd a Dr g ttamawi gati ona
canals on the easshtoewend baolrndoesrt onfo Acocerar ell at i on t
moderately positive correbasuopgwathgHdgr éati a
al so tend to be on thetéegstehehpohypaotoitbAt pe
negaal b@inoor r el att hde metcwaoquarry f gft gdliiwer e or

Max ENv .
06
— ®-00 00 .
Direction 02
Est QF H . .. . . 0
Max MinEN . .. .. 02
Jistance 04
- 0-00 00|
e . . . .. 08
Volume

Figuda@orrePhtotinarnsityrepredentcol oms strength and dir
correlations: dark blue indicates a strong positive ¢
negative correlation. The diagonal |I|line in the plot r

wi tths eil Se Appefnadri xamMMlexpl anation of attributes
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To explore potenti al groupings within the

number offhel edtbeomws .pl ot met hod was empl oyed t

clusters. This met hod-cilruwsdlewe sy aoda lamuwlea t(isrugn tolf «
numbers of clusters. The "el bow" poi ntshwher
significantly, suggests the opti mal number of
that two clusters provide an ideal bal ance bet
(fi gup&i | houette anal ysassevas tahesogpalriftoy mefd dlc
evaluates how similar each observation is to
values close to +1 indicatdidngngocadtc¢hgstpenirng
sil hanmatiyei s corroborates the el bow pfi guyeal s«
1p
hjumbe;ofCIuléters(I;] .: 7 . . ) ’ Nu;wberofiillusterg(k)

CAddzh®Bt 626 tf 20 o ftSDDI | oAWK MY IIRA 2GSz (1S NFELDe Y I €

The gap sutaitliiszteidc awsasa fi nal met hod to dete
This met hod compacrcesusttheer ovbasreiravteido nwittohitrhat e x
di stribution with no clustering. Csoungt greasrtys ttoh

three clustfegdrfare opti mal (
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Optimal number of clusters

0.451 .
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To visualize the clustering, Principal Com
di mensi onal (fitgylrfeef Thbef dasta two principal comp
18. 1% of the wvariance, respecti VEheg ,-dleuasptteurr i |

solution shows distinct s e ptawda tmemrsPi (dbfe avle@tn, t
indicating a goodhdeghes¢efr sepatabinoml so sho
t wo di memishieoncsl usters are more spatially | ogi

statistical t est s.
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