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Abst餓ct：As　part　of　the　European　Community　prolect，，TOMAVE“and　the　Italian　national　project
“
z
4
6 zo窺α即痂6S伽みヴ孟勉くセのoJ吻η％16α勉o　z476α”，airbome　geophysical　measurements　were　carried

out　in　active　volcanic　regions　in　Italy　namely　on　Mt。Vesuvio　and　on　the　islands　of　Vdlcano　and　Lipari．

In　this　paper　results　of　magnetic　and　gamma　ray　measurements　are　presented，including　some　first

results　of　modelling　of　anomalous　magnetic　regions，Moreove蔦differences　in　the　anomalous　magnetic

field　of　the　campaign1999at　VUlcano　Island　to　a　previous　mapping，done　l5years　ago　by　AGI2were

calculated　to　get　an　idea　of　the　change　of　the　magnetic　field　with　time　in　that　area．

1．　亙ntrod腿ctio簸

　Southern　Italy　is　characterised　by　several　active　vo1－

canic　regions　like　Mt．聡suvio，Campi　Flegrei，Etna

and　the　Eolian　Islands．Some　of　them　are　surrounded

by　some　of　the　most　densely　populated　areas　in

Europe　like　Napoli　and　Catania．Therefore　it　is　very

important　to　understand　the　structural　and　geological

settings　of　these　areas　in　view　of　possible　hazards　in

the　future．

　In　the　frame　of　the　European　Community　prolect

TOMAVE　（ENV4－CT－98－06971Supper　and　Seiberl，

2000），different　potential　field　methods　were　applied　to

investigate　the　physical　structure　of　the　volcanic　ar－

eas，including　airbome　magnetics，VLF　and　gamma

ray　mapping　at　Mt．聡suvio，Campi　Flegrei　and　on　the

Islands　of　VUlcano　and　Lipari（Fig。1）．The　correspond－

ing　airborne　and　ground　geophysical　（geoelectric　and

magnetic）measurements　were　carried　out　between

l998and2000．Within　this　paper　mainly　results　of　the

airbome　research　program　will　be　discussed。

　The　pulpose　of　the　airborne　surveys　was　to　map

the　geophysical　anomaly　structures　of　these　areas

from　a　regional　point　of　view　and　to　correlate　them，

inclu（ling　other　potential　field　data，with　recent　vol－

canic　activities　to　find　significant　geophysical　anomaly

pattems　caused　by　these　activities，Moreover　these

data　sets　should　provide　a　basis　for　future　research

activities　including　volcanic　hazard　monitoring．Also　a
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Fig．1　Geographic　overview　showing　the　location
of　airborne　survey　areas　in　Italy．
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trial　marine　magnetic　survey　was　carried　out　near

the　Island　of　VUlcano　in　June　1999．

　In　spring2000gravity　measurements　were　ca「「ied

out．along　the　same　profiles，covered　in　l999by　geoe－

1ectrics　and　magnetics　on　the　Island　of　VUlcano　in

the　frame　of　an　intemational　co－operation　with　Japa－

nese　geophysicists　from　the　Geological　Survey　of　Ja－

pan・

ergy　ranges（e．g．：In　the　uranium－window，the　Bi－214

peak　at2．2MeV　was　also　included）．In　Figs．2a　and

2b，these　three　windows　are　marked．

　　Tb　demonstrate　the　malor　differences　in　the　geo－

chemical　distribution　of　the　above　mentioned　three　ra－

dioactive　isotopes　between　the　research　areas，

averaged　sum　spectra　of　the　Mt．V6suvio　area（23500

single　spectra）　and　of　the　VUlcano　area　（2500　single

　　　　　　　　　　2．　丁血e　Airbome　System

　The　measurements　were　done　using　an　Ecureui1

350helicopter　rented　from　a　local　company．

　N＆vigation＆nd　F丑ig肚t　P＆撫Recording

　The　coordinates　of　the　flight　hnes　were　recorded

using　a　Global　Positioning　System（ASHTECH－GPS／

GLONAS）．This　system　was　supplemente（l　by　an　infra－

red　video　camera，which　records　the　surface　signature

on　videotape　along　the　profile　path．Unfortunately，due

to　an　unknown　and　unidentifiable　noise，positioning

with　GPS　was　not　possible　in　a　large　area　to　the

west　of　Mt．Vbsuvio．In　this　case　the　recordings　from

the　infrared　camera　had　to　be　used　to　reconstruct　the

flight　paths　via　topographic　maps．This　caused　much

more　work　during　data　processing　and　delayed　the　pro－

duction　of　the　final　maps．This　noise　has　also　ham－

pered　the　planned　detailed　survey　of　the　central　part

of　Mt．Vesuvio（planned　line　spacing300m）．
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　　Mag鷺etic　Me＆s置eme簸ts

　　For　magnetic　measurements　an　optically　pumped

magnetometer（Scintrex　CS－2）was　used．The　record－

ing　rate　of　the　instrument　was　lO　samples　per　sec－

ond．

　　The　magnetic　sensor　was　fixed　in　a　shell，which

wasdragged30mbelowthehelicopteL

　　Gaしmm＆R＆y　Meaしs麗eme齪s

　　Due　to　the　small　helicopter　used　for　the　measure－

ments　in　Italyl　only　one　single　Nal　crysta1　（4．4　1i－

ters）was　used．The　crystal　detectors　were　placed

inside　the　helicopter　itself．The　energy　of　the　gamma

radiation　is　measured　using　a　spectrometer　with256

chamels　to　provide　spectral　data　in　the　range　from

O．4to3．O　MeV（chamels1－255）．Channe1256is
used　to　record　the　cosmic　background　radiation　（3．O

to6．O　MeV）．Usually　the　energy　windows　of　potas－

sium，uranium　and　thorium　are　considered　in　the　in－

terpretation　of　data．Since　there　were　no　calibration

facilities　available，no　equivalent　geochemical　concen－

trations　were　calculated．

　　As　only　one　Nal　crystal　was　used　in　these　air－

bome　surveys　only　relative　low　countrates　were　re－

corded．1b　improve　the　performance　of　the　system，

different　window　settings　for　uranium　and　thorium

were　used　in　comparision　to　the　usual　published　en一

Fig．2a　Summarised　gamma　ray　spectrum　（23500
single　spectra）after　Compton　correction　from　the

Mt。Vesuvio　area；rectangles　indicate　energy　win－
dows　used　for　data　processing；
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Fig．2b　Summarised　gamma　ray　spectrum（2500sin－

91e　spectra）after　Compton　correction　from　the　is－

land　of　Vulcanol　rectangles　indicate　energy　win（10ws

use（l　for　data　processing；
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spectra）are　shown　in　Figs．2a　and2b，respectively．

Most　striking　is　the　relative　high　uranium－concentra－

tion　in　the　top　soils　of　the　Mt．Vbsuvio　area　in　com－

parison　to　that　one　on　the　Island　of　Vhlcano．Also

the　potassium　concentration　is　somewhat　higher　at

Mt．V6suvio，whereas　the　thorium　distribution　is
rather　similar　in　both　survey　areas。

　　VLF　Measurements
　　The　so－called　VLF　method（Vbry　Low　Frequency）

was　used　as　a　supplementary　method．The　VLF
method　is　based　on　observations　of　electromagnetic

fields　in　a　frequency　range　of15－30kHz　transmitted

for　communication　with　submarines．The　passive　re－

ceiver　coils，contained　in　sma11shells，were　dragged

along20mbelowthehelicopteLTheresultsare
used　to　delineate　electrical　conductive　bodies．An　in－

stallation　useful　for　the　VLF　method　is　the“Gradi－

ometer”configuration．　Thereby　two　sensors　are

towed　along　at　a　vertical　distance　of2to3m，in－

creasing　the　resolution　of　the　data．As　the　VLF－

signals　were　too　low（transmitter　too　far　away　high

cultural　noise），no　meaningful　data　were　recorded．

　　Ground　E組uipment

　The　ground　equipment　consisted　of　a　GPS　refer－

ence　station　and　a　variometer　recording　the　earth

magnetic　field　during　the　survey　flights．Due　to　the

Iarge　cultural　noise　near　the　base　station　　for　the

flights　on　Mt．V6suvio，data　from　the　magnetic　obser－

vatory　at　LラA（1uilla　were　used　in　this　case．

　　3．　Airbome　Me＆surements　on　Mt．Vbsuvio

　　In　the　Mt．Vesuvio　area，31profiles　in　north－south

（iirection，8tie－lines　in　east－west　direction　and　one

profile　following　the　geoelectric　profiles　measured　in

1998，were　surveyed．Profile　separation　was　approxi－

mately600m．As　already　mentioned　above，no　posi－

tioning　with　GPS　was　possible　in　an　area　to　the　west

of　the　volcano　itself．

　3．1　　Results　of　Magnetic　Measurements

　After　applying　corrections　for　daily　variation，IGRF

and　heading　error　and　adjusting　some　minor　mis－

match　of　adjacent　pro五1es（micro　levelling）a　map　of

magnetic　data，reduced　to　the　pole，was　produced
（Fig．3）。

　The　magnetic　anomaly　map　is　dominated　by　the

large　anomaly　of　Mt．V6suvio　with　an　amplitude　of

about2000nT　Only　small　anomalies　of　maximum
lOO　nT　exist　in　its　vicinit第except　the　one　near　Pom－

peii　with　an　amplitude　of250nT　and　a　southem　mini．

mum．This　anomaly　probably　indicates　remanent
magnetization。Due　to　the　high　number　of　anthropo－

genic　magnetic　sources，the　data　in　the　densely　popu－

1ate（1　area　around　the　volcano　is　rather　noisy．　It　is

difficult　to　distinguish　here　between　cultural　noises

and　anomalies　caused　by　geologic　sources．

　　A　double　minimum　can　be　recognised　in　the　moun－

tainous　area　of　Mt．脆suvio：a　Iarge　magnetic　low　can

be　observed　in　the　north　of　the　Mt．Somma　complex，

which　is　overlapped　by　a　smaller　minimum　in　the

Valle　dell　Gigante．

　　In　the　south　of　the　cone，　a　smaller　minimum／

maximum　structure　strikes　WNW－ESE，parallel　to　the

coastline．This　anomaly　could　be　correlated　with　a

fault　zone　known　from　seismic　surveys　（Bruno，

1998）．Sulprisingly，the　expected　NE－SW　and　NW－SE

regional　fault　system　is　not　clearly　visible。

　The　general　anomaly　pattem　shows　a　rather　con－

centric　anomaly　spread　around　the　Mt．V6suvio　cone．

More　detailed　information　can　be　obtained　looking　di－

rectly　into　the　profile　data．The　mountainous　area

shows　multiple　maxima　and　minima　that　are　not　so

apparent　in　the　gridded　plot。These　anomalies　could

be　interpreted　further　in　more　detai1．

　3．2　］R＆diometric　Res腫lts

　　Processing　of　gamma　ray　measurements　was　a1－

ready　described　above．Once　again　it　should　be　men－

tioned　that　only　one　Nal　crystal　was　used　in　the

instrument　and　only　flight　altitudes　of　minimum150

mwerepossibleindenselypopulatedareas。Dueto
these　circumstances　very　low　count　rates　were　re－

corded．

　Fig．4a－d　shows　the　results　of　the　gamma　ray　map－

ping．Around　the　summit　of　the　volcano　a　large　anom－

aly　can　be　realised　（至ue　to　the　outcrop　of　recent　lava。

Moreover　a　lineament　anomaly　of　low　amplitude　ex－

ists　reaching　from　the　summit　towards　ESE。The　tho－

rium　content　is　very　lov馬　showing　no　prominent

anomaly　in　the　Vesuvian　area　except　one　low　on　the

eastem　flank．Interpretation　of　this　data　is　in　work　in

co－operation　with　rock　physicists。

4．　Measurements　over　the　Islands　of　VUlcano

　　　　　and　Lipar量

　At　the　Eolean　Islands，19profiles　were　measured

covering　the　Islan（l　of　Vα1cano，the　westem　part　of　Li－

pari　and　the　submerged　westem　flank　of　Lipari．The

separation　of　night　lines　was250m。

　Fig．5shows　the　results　of　the　aeromagnetic　sur－

vey　after　applying　corrections　for　main　field（IGRF80），

heading　erro苅　daily　variations　and　micro　levelling．

The　data　has　been　reduced　to　the　pole。The　anomaly

pattem　shows　many　different　anomalies　which　may

be　targets　for　further　interl）retation。　Here価only　the

main　features　will　be　discussed．Several　magnetic

maxima　can　be　recognised　in　the　westem　part　of　VUl－

cano。

　The　region　of　Piano　shows　a　large　NW－SE　trend－

ing　structure　correlating　partly　with　topographic
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heights　of　Vα1cano（e．g。Mt．Sarazeno）。Also，three

smaller　anomalies　can　be　seen　off　the　shoreline　to

the　south　of　Vhlcano．

　　The　caldera　of　Fossa　shows　a　minimum　halo　stmc－

ture　with　a　maximum　at　the　eastem　rim　of　the　crater．

　　伽01arge　anomalies　can　be　observed　towards　north－

west　in　the　open　sea．The　one　further　to　the　north

correlates　with　a　known　active　volcanic　zone．This

magnetic　structure　extends　further　north　to　the　S．Ca－

Iogero　geothermal　area　on　the　Islan（i　of　Lipari，show－

ing　some　smaller　anomalies　like　the　one　at　an

ancient　crater　near　Mt．Mazzacaruso．A　second　anom－

aly　in　the　southem　part　of　Lipari　corresponds　with

Fossa　di　M．Giardina．

　　Another　anomaly　structure　can　be　seen　on　the

southern　nank　of　VUlcanello　and　in　the　sea　to　the

northeast　of　it．

　　One　might　expect　that　due　to　the　geodynamics　of

this　area，corresponding　changes　of　the　magnetic

anomaly　pattem　may　occur　with　time．Therefore　data

from　previous　airbome　measurements　by　AGIP（Bar－

beri，1994），measured　in1985，were　digitised。Tb　com－

pare　the　two　data　sets，the　new　data　set　obtained　in

1999wasupwardcontinuedto900maltitudeasthe
average　flight　altitude　in　the　AGIP　survey　was　lOOO

ma．s．1．Thereafte葛thenewdatawassubtractedfrom
the　AGIP　data（Fig．6）．

　　A　decrease　of　the　magnetic　fie1（i　during　this　l5

year　period　can　be　recognised　in　the　Piano　area　on

Vdlcano　and　in　the　NW－part　of　Lipari，whereas　in　the

central　area　a　general　increase　in　the　magnetic　fie王d

can　be　observed　along　a　NW－SE　　striking　structure．

As　the　survey　Iines　were　not　the　same　in　both　sur－

veys　and　measurements　were　carried　out　at　different

altitudes，one　has　to　be　careful　in　looking　into　this　re－

sult．Despite　of　this　fact，changes　of　the　magnetic

field　may　be　monitored　for　further　structural　investiga－

tions．But，in　our　mind，detailed　information　can　only

be　derived　if　the　survey　is　done　on　nearly　the　same

I）rofiles　and　at　the　same　altitude．So　further　investiga－

tions　are　needed　to　verify　time　dependent　changes　in

the　magnetic　field　caused　by　a　change　in　volcanic　ac－

tivity　in　that　region．

　　Additiona11y　marine　magnetic　measurements　were

conducted　in　the　West　of　Vhlcano．Three　profiles

were　selected（10cation　see　Fig．5）to　investigate　a

magnetic　structure　in　the　SW　of　VUlcano　using　two－

dimensiona1（2D）mode11ing．Profile　A　was　chosen　to

pass　a　deep　drilling　site　for　calibration　purpose．This

drilling　is　situated　at　the　foot　of　the　south　nank　of　the

“Fossa　di　Vulcano”crater　and　reached　a　depth　of

about2200mb．s．Latmaximum．
　　Because　of　the　rough　topography　on　VUlcano　and

strong　variations　of　the　magnetic　anomaly　in　volcanic

areas（some100nT），it　was　necessary　to　reduce　the

influence　of　the　near－surface　strata　（topographical　cor－

rection）．For　that　reason　a　layer　with　a　maximum

thickness　of1200　m　under　the　highest　peak　of　the　is－

1and　（Barberi，1994）and　a　susceptibility　of　κ＝0．01

SI－units　was　assumed．This　assumption　is　based　on

the　results　from　drilling　data（Barberi，1994）and　field

measurements　of　the　magnetic　susceptibility（Gehring

ααZ，，2000al　Gehring6渉α」．，2000b）．

　　Magnetic　bodies（6sterreiche葛2000）with　depth　ex－

tents　from　approximately　l200m　down　to3000m　be－

10w　surface，preselecting　a　magnetic　susceptibility　of

O．06SI－units，were　obtaine（1using　a2．5D－Talwani　a1－

gorithm　（Shuey　and　Matthews，1972；HUb1，1993）．

These　model　parameters　correspond　well　with　the　re－

sults　of　Barberi（1994）and　the且ndings　in　the　bore－

hole．Especially　the　high　temperature　gradient　found

in　the　Iatter　one　limited　the　depth　to　lower　boundary

of　the　magnetic　bodies　to　approximately3000m．

　　The　reason　for　choosing　a　maximum　depth　of3

km　to　the　lower　boundary　of　the　bodies　was　that

magnetic　bodies　normally　loose　their　ferrimagnetic

characterisation　at　temperatures　of　about　600　。C　（Cu－

rie　point　temperature）which　is　reached　in　that　depth

in　this　area．The　results　of　the　calculation　along

these3profiles　are　shown　in　Figs．7，8and9．

5．　　Co簸c亘腿siolls

　Within　a　two　years　project，different　airbome　geo－

physical　methods，supplemented　by　a　detailed　terres－

trial　geophysical　program，were　carried　out　by　the

Geological　Survey　of　Austria　and　the　Institute　for　Me－

teorology　and　Geophysics，University　of　Vienna，in

volcanic　regions　of　southem　Italy　namely　Mt．Vbsu－

vio　and　the　Islands　of　VUlcano　and　Lipari．

　　Detailed　aeromagnetic，and　radiometric　mapping　was

done　in　all　areas．　In　the　Vbsuvian　area　the　results

are　dominated　by　the　large　anomaly　of　the　Mt。

Somma－Vesuvio　complex　itself，showing　a　smaller

anomaly　with　northem　minimum　in　the　Valle　dell　Gi－

gante　area，superimposed　on　a　large　positive　anomaly

with　northem　minimum．The　shape　of　the　anomaly　is

circular　with　an　extension　to　the　South．The　results

in　the　surrounding　lowlands　ar6dominated　by　high

frequency　anomalies　partly　caused　by　anthropogenic

noise　showing　a　diffuse　star－1ike　anomaly　pattem

with　its　centre　at　the　cone．Remarkable　is　a　smaller

anomaly　in　the　Pompei　region　with　a　southem　mini－

mum．But　it　is　hard　to　decide　if　it　is　caused　by　geo－

10gic　sources　or　cultural　noise．A　more　detailed

consideration　of　these　anomalies　should　be　subject　to

further　investigations．The　results　of　the　radiometric

tnapping　also　show　high　concentrations　of　potassium

and　uranium　centred　at　the　cone．

　　The　magnetic　mapping　of　the　VUlcano－Lipari　area

gives　a　much　more　detailed　picture　of　the　anomaly

pattem　in　comparison　to　the　results　of　the　AGIP　sur－

vey　done　in　1985。The　anomaly　pattem　of　the
Vdlcano－Lipari　region　shows　many　medium　to　small
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Fig． 9　Modelling　results　of　the　magnetic　anomaly　along　profile　C　on　Vulcano　Island

　　（see　Fig．5　for　location　of　profile）．

sized　anomalies　representing　the　response　of　compli－

cated　magnetic　structures．Vbry　interesting　are　two

anomalies　in　the　open　sea．One　of　them　correlates

with　a　zone　of　current　fumarolic　activity　whereas　the

sources　of　the　other　is　so　far　not　known．Also　re－

markable　are　small　but　elongated　anomalies　at　the

southem　flanks　of　VUlcanello．They　also　correspon（1

to　fumarolic　activity　in　hot　areas　like　another　one　at

the　region　of　Bagni　Thermali　di　S．Calogero　on　Li－

pari．As　mentioned　above　the　anomaly　pattem　in　the

Vdlcano－Lipari　area　is　very　complex．First　attempts

were　made　to　discuss　the　origin　of　these　anomalies

within　this　project．

　　The　dif〔erences　in　the　magnetic　field　pattem　be－

tween　the　present　and　the　former　survey　done　by

AGIP　may　be　indicators　for　the　geodynamic　behav－

iour　of　the　volcanic　area．Although　the　data　were　not

measured　along　the　same　flight　paths　lines　and　at

the　same　altitudes，it　can　be　concluded　that　at　least

some　changes　took　place　du血g　the　period　of　the

last15years．Monito血g　this　change　could　be　very

important　information　forecasting　dangerous　volcanic

hazards。Periodical　mapping　of　the　magnetic　field（and

of　other　parameters，e．9。geoelectrics）are　suggested

for　further　research．
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南イタリア火山地域における物理探査

Robert　SuppER，Klaus　MoTscHKA，Wolfgang　SEIBERL　and　Maurizio　FEDI

要　旨

EC（European　Community）の共同研究丁OMAVEとイタリア側の研究「ナポリ火山地域での空中磁

気探査」によって，イタリアの活火山地域（ベスビオ火山，ブルカノ島およびリパリ島）において空中

物理探査を実施した．本論では，磁気探査と放射能探査の結果について地磁気異常の予備的な解析結果

を含めて記述する．さらに，ブルカノ島における1999年の地磁気異常測定結果とAGIPによる15年前

に行われた測定結果とを比較し，当該地域における地磁気異常の時間変化について検討する．

　　　　　　　　　　　　　　　　　　　　　（要旨翻訳：大熊茂雄（地殻物理部））
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