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Abstract

In this thesisthe results from geophysical mappingnd coring campaigaof Lagoa das Furnas
are presente@pecificfocus is placed orhe origin of asubaqueous volcanamnemappedmn the
southern part of the lakkagoa das Furnas a crater lakavithin the Furnas volcanic centre
which islocated on the island &ao Miguelin the Azores archipelagdhe Furnas volcanic
centrehas a long history adarthquakes and vole activity. The areas relativelywell-studied,
except forthe lakefloor. Therefore, digh resolution geophysicahd geologicamapping survey
was conducted at Lagoa das Furr@gdescarsonar was used to map the surface of the lake floor
and single beam sonamas usedo acquire subottomprofiles. In addition to the geophysical
mapping, sediment surfasamplingand core drilling were carried ofallowed by geochemical
analyses of the retrieved materilhe mappedlata permtiedachaacterisatiorof the floor of
Lagoa das Furnas and reweddeveral volcanic features includifignarolicactivity anda
volcanic conein the southern part of the laka order to unravethe origin of tls cone several
methodswere applied, includingndyses of tephrandmineralscollectedfrom the conetself
and fromnearly deposits ofwo known eruptions Furnas | and Furnas 163®edimentological,
petrological, geochemical and geochronological studies of pyroclastic deposits éroomé¢h
suggest subaqueousruption linkedto the Furnas 163€ruption The chemistry of glass and
crystal fragments sampled fronettone suggestsat it is compsedof more evolvednagma
than that of the maiRurnas 1630implying that the lake cone l&ely a producbf the last
eruptional phaseéAccording to historical records, two of thriedkes were lost due tHg630
eruption. The results of this study show thatrémaaining lake is most likely Lagoa das Furnas
and consequently did exist before the 1630 eruption.
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1 Introduction

1.1 Background

Sao Miguel is the most populated island in
the Azores archipelagavith ca. 150,000
inhabitants Three active volcanoesn Sé&o
Miguel have erupted within the past 500
yearsand the majority of the inhabitaritge
close tothem One of these, thd~urnas
volcang is regarded as particularly
dangerous with five explosive eruptions
within 1,100 years(Moore, 1991b Even a
small eruptiorin the Furnas aresould cause
fatalities(Guest et al., 1999

The Furnas area hasbeen subjected to
several gelogical studiesBooth et al. {978)
made a tephrochronology studyand
produced isopach and isople maps of
tephra distributions duringhe past 3,000
years Moore (1991 made an overall
geological study of Furnasiowever,there
are no systematigeologicaland geophysal
studiesof the crater lakes in S&o Miguel
Bottoms of crater lakesworld-wide are
generallyless studied than their surrounding
landscapse simply becausethe water body
prevents directmapping. Though, there is
strong incentive to investigate and ntoni
crater lakes from a hazard mitigation
perspective.Lakes situated incalders are
located above one or more magma chambers.
Hot magma and storage of large volumes of
water makes an explosive and dangerous
combination. It can not only generate

phreatomgmatic eruptions and lahars with
devastating consequeng¢eas during the
large volcanic event that took place 1630 in
Furnas(Cole et al., 1995 but also flooding
when large amounts of water drain during an
eruption. This may cause serious damage
dowrslope from the crater lakeas when
Aniakchak crater lakein Alaska rapidly
drained because of caldera failure
(Waythomas et al., 1996

Geochemical investigations and monitoring
of crater lakes are not too uncommon
becausethey are onsidered a potential
geohazards;e.g. seismic and fumarolic
activity have been monitored at Roa
Volcanoin Costa RicgRowe Jr et al., 1992
gas discharges have been analysed at Mt.
Ruapehu, New Zealan@hristenson, 2000
and temperatures and pH have been
monitored in a nely formed crater lake at

El Chichd in Chiapas(Casadevall et al.,
1984). Some geochemical investigations of
Llagoa das Fur nabken camied e r
out, as well From theseCruz et al.(2009
showeda high content of CQin the water
Ferreira et al. (2005 monitored the
fumarolic activity on the northern shore of
Lagoa das Furnas and showédht CO,
represente®4 to 99.6mol % of the steam
discharges

Seismic and volcanic activés in crater
lakes are widespread and common
phenomenarlhe bottom ofa cratermay thus
contain cluesabouta number ofvolcanic
and tectonicprocesses affecting the area.
These includealderaformation, collapse of
the calderafloor, dome or coneformation



activefaultings, fumarolic activityandactive
gas seepagesLake bottom andbr sub
bottom structures mayhusprovidevaluable
information about the volcanic centes a
whole Furnas valley has changed
appearance during history. Historical
documents reveal that more than one lake
body existed in the Furnas area before the
1630 volcaic event, and studies of the lake
bottom may reveal additional information
about how the present Lagoa das Furnas got
its form.

Sedimentcoresof deposis in a crater lake
may provide an archive of past historical
volcanic activity (Barker et al., 2000and
geophysical mapping using sonars may
reveal geomorphological struces on the
lake floa and within subbottom sediment
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stratigraphy(Ulusoy et al., 2008Morgan et
al., 2003. The aim of this licentiate project
is to apply coring and geophysical mapping
to characterize the bottom and dutittom of
Lagoa das Furnasand to investigate the
occurrence oftectonic events and volcanic
activity that occurred since the Azores
islands were first inhabitedn November
2012 a geophysial mapping survey was
conductedandsediment cores were retrieg
from the lake floorin June 2013 and May
2014 In this thesis the results from
geophysical, sedimentological, petrological,
geochemical and geochronological studies
from the crater lake of Lagoa das Furra®
presented
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Fig. 1. Bathymetric map of the Azores archipelago. The right inset shows the location of the agthipahe
North Atlanic Ocean Major tectonic lineaments are shown with white lines and the dashed white line
uncertain boundary(Yang et al., 2006 Mid Atlantic Ridge (MAR); Terceira Rift (TR); Azores Gibralti
Fracture Zone (AGFZ)East Apres Fracture Zone (EAFZ)Yhe red circle shows the presumed location @
hot spot(Gente et al., 2003and the small white circle shows the Azofeiple Junction(ATJ). Bathymetry is

from EMODnet: http://www.enednethydrogaphy.ai/.
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1.2 Geologicalsetting

1.2.1 Atlantic setting

Lagoa das Furnas located on Sdo Miguel,
the largest island in the Azores archipelago
(Fig. 1) The Azores archipelagaomprises
nineislands. The western grou@orvo and
the smallest islandlores, is located on the
North American plate west of the Mid
Atlantic Ridge (MAR) which has a
spreading of ca. 20 mm//ogt and Jung,
2009). Graciosa Pico, Terceira, Faial and
Sado Jorge belong to the centratogip. Sao
Miguel and the oldest island Santa Maria
form the easern group together with the
Formigas islets Volcanism and earthquakes
on the Azoreanarchipelago are directly

African lithospheric plates meetwith
presumed hot spot interacti¢g@ente et al.,
2003. At the plateau, the lithospheric plate
boundary includes several additional
complex tectonic features.n® of the more
significant is Terceira Riff a hyperslow
spreading zonwith plate separation of ca. 4
mm/a (Vogt and Jung, 20041t startsfrom
the Azores triple junction (ATJ) arektends
along or alongsidethe islands Graciosa,
Terceira and Sao Miguellt is widely
accepted, according to Vogt and Jgag04)
that he ATJ hasmade a jumpfrom the
intersection ofEast Azores Fracture Zone
(EAFZ) andthe MAR to its present location

(Fig. 1).
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Tectonic lineaments in Sao Miguel

|

Sao Miguel

Fig. 2. Sdo Miguel islanctonsists of ig volcanic centres. Boundaries from Geological map of S&o Mig
(Moore, 19914 Lines represeing faults, inferred faults and volcanic alignments, modified f(@armo et
al., 2019.The inset shows the tectonic lineaments in Sdo Miguel. A is the Terceira rift axis and B
alignment of Agua da de Pau, Furnas and Nordeste volcanic centres, modifie(Bm@mnet al., 200% The
topography is from the global land elevation model (DEM) generated from the Shuttle Radar Topo

Mission (SRTM(Farr et al., 2007.

related to their tectonic setting in the North
Atlantic. The islands are situated on the
Azores Plateau, which rises aboybd0 m
above the surrounding seaftodhis plateau
is formed at the Azores Triple Junction
where the Ndh American, Hrasian and

1.2.2 SaoMiguel setting

The Terceira rif axis crosses the western
part of S&o Miguel where it trends N8W
(Fig. 2), whereas irthe central and eastern
pars of the island, the rift trends \®,
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parallel to EAFZ(Beier et al., 2006Moore,
19919. This is expressed as a series of
trachytic volcanic centres linked by rift
zones The island comprisea total of six

site of at least fiveeruptions mostly withn
the caldera,during the past ®00 years
(Booth et al., 1978 A major eruption
occurred ca. 5,000 years ago and ikey
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Fig. 3. Map ofthe Furnas crater complex with the major tectonic and volcanic features marked. The locati
the dome of Pico do Gaspar and the dome from the 1630 eruptichaven.The fissure zones froAchada das
Furnas frontLagoa das Furnasnd permeat¢he caldera(Carmo et al., 201 The mosdensely populated part:

of Furnasarea are check marked in yellow

volcanic zones Sete Cidadesis the
westernmost of these zones.idtan active
trachytic stratovolcanowhich has hadat
least 17 explosive eruptioruring the past
5,000 years(Guest et al.,, 999 (Fig. 2)

Further east,Regido dos Picoshich is
sometimegeferred to ag he Awali

is an 18 km longrift field with numerous
mainly alkali-basaltic cinder conesThese
link to thenext volcanic centre, AguaedPau
which isalso called FogoThis has been the

St

4

marker horizorinthe areac al | ed HAFogo
(Walker and Croasdale, 197East of Fogo

is Achada das Furnasa fissure zone
dominate by alkalibasalt cinder coneard

links with the activeFurnasvolcanic centre

The easternmost volcanic centre, Nordeste,

isrne Igngen activeNordeste ishetween 4 to

0.95 million years old and is the oldest

volcano centre in Sado Miguel (Abdel

Monem et al., 1976



1.2.3 Furnas setting

The Furnas trachytic volcano centre is
located approximatel00 m above sea level
andis about100,000 yearsld, making itthe
youngesbf the active volcanos on the island
(Moore, 1991b. The centre is transected by
several WNWESE trending faults which
extendfrom the Achada das Furnas rift zone
(Guest et al., 1999(Fig. 3). It consists of
two craters with edifices that are not well
developed; the outer calderstabout 300
and the inner caldergs about 1012,000
yearsold (Guest etl., 1999. The formation

of the inner caldera wasrobaly followed
by an eruption related collapse thatuld
have formed the crater lake Lagoa das
Furnas(Guest et al., 1999During the past
5,000 years at leqdO0 intra caldera ertipns
have occurred of trachytic characterand
formed pumice rings andlomes on the
caldera floor (Booth et al., 1978 Mafic
eruptions hve only occurred a the flanks
of the calderaFurthermore,three areas of
fumarolic activity are found in the caldera
Oneis foundon thenorthern shore of Lagoa
das Furnasand probably related tdhe
nearby fault The other two areas ar®und

in Furnas village andl km southeast of
Ribeira QuentéMoore, 1991l

1.3 Hazards in Furnas

At times,volcanismhas plagued the islands
situatedalong Terceira Riftzone(Malheiro,
2006 Lourenco et al., 1998Searle, 198D
For example,the Furnasvolcano has had
eight trachytic eruptions between 200

years BP and 320 years B.FPhis gives a
mean dormant time of ca. 370 ygawrhich
meansthe next eruptionmay be ovedue
Moreover, the mean dormant time for the
last five eruptions betweenl,100 yearsBP
and 320 years BPis approximately 175
years which meanthat an eruption is now
long overdugMoore, 1991h. Mathematical
calculationby Jones et ak1999, basedon
Poisson distribution of theruptionsfor the
last 5,000 yearsshow that therisk of an
eruption before 2099 is 53 %ith a 95 %
confidence interval.

Besides volcanism the Furnas area is
particularlyvulnerable to geohazards related
to landslidesand degassing(Guest etal.,
1999. The steep walls of the caldera enclose
both the lake and the villageof Furnas and
Ribeira Quentewhich limits evacuatn
routes for peoplein the case of volcanic
eruptions, flooding or mass wasti(fgg. 5)
The Furnas area has therefore been closely
monitored with respect to geohazards over
recent decade¢Baxter et al., 1999Gaspar et
al., 2004 Ferreira et al., 2005

1.3.1 Earthquakes

The Azores archipelago isn area ofhigh
seismic activity (Senos et al., 1998 One
major earthquakeoccurred in 1757 and
killed more than 20 percent of the population
on SaoJorge Island. The laegt event during
the 20" century occurred at Terceria Island
1980; the magnitude was 7and caused
manyfatalities An earthquaken 1998 had a
magnitude 5.8nd causedseveredamage in
Faial and Picg¢Senos et al., 1998



Sao Miguelhashigh seismic activitfGuest
et al., 1999. The area between Fogo and
Furnas is the mosteismicallyactive on S&o
Miguel (Gomes et al., 200§Fig. 4). Several
catastrophic earthquakes hawecurred in
the Furnas areduringthe last five enturies.
One of the mostdevastating occurred in
1522 and destroyed the former capit¥ila
Franca daCampq ca. 10km west of Furnas
Furthermore, more than A0 earthquakes
were registered in the CongreFogo
seismogenic regiqrca. 7 km west of Furnas
between May and December 200%he
strongesthad a magnitude of 4.3. Even
though the ednquakes were of smaller size
they trigged more than 250 landslides
(Marques et al., 2007

1.3.2 Landslides

The Azores ardocated in a mild maritime

climate zone. The average temperature is

17.8°C and the annual average rainfalthia
Furnasareais 2220 mm(Cruz et al., 1999
The soil inS&do Miguelis unconsolidate@nd

containstephraand pyroclastic rockéVoore,
19911. During longperiods of rainfall, the
soil canbecomesaturated and landslislean
occur either spontaneouslygr to be trigged
by earthquake¢éVvaladao et al., 1999

Several major landslides have occurred in
Sao Miguel.For examplethe devastation of
the former capital Mla Franca do Campo
(1.3.3) was caused by an earthquake
triggered landslideThis landslide killed the
entire populatiorof nearly 5000 people. Sdo
Miguel was also plaguedwith heavy rain
storms in October 1997, which most likely
contributed to theandslides that killed 29
people in Ribem Quente, situated inhe
south flank of Furnas (F&g3 and5). Houses
and bridges were destroyed and the area was
isolated for more than 12 houfgaladéo et
al., 1999.

The risk of landslidesiasbeen mapedfor
Sao Miguel Islandshowing thatthe highest
risks occur alongthe southern shore of
Furnasfacing the ocearalthoughpractically

all slopes inthe Furnas area are identified as
high-risk areagValadéao et al., 1999Strong
seismic activity is expectecprior to a
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Fig. 4. The epicentre distribution of earthquakes in Sdo Miguel between 1986 and \ZG0&ranca do
Campo ignarked with a white circleThe image is modified from Gomes (2006).



volcanic eruptionat Furnas, whichcould
cause landslides possibly isolating
communities in the Furnas ar@auest esl.,
1999.

the

l A Degreees
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Fig. 5. Slope map of the terrain of the Furnas area a
the evacuation roadsThe crosshatched areas are
populated and the stripes shows an area that
particularly at risk for landslides in Furnas and S&

Miguel (Valadao et al., 1999

1.3.3 Flooding

The water rechargearea of the Furnas
calderameasuresa. 33.2 krhand feeds the
streams ofRibeira dosTambores Ribeira
Amarela from Lagoa das Furnas dRitheira
Quenteg(Cruz et al., 1999 The outflow from
Lagoa das Furnas basin passFurnas
village and ends at Ribeira Quente ket
south shore. The water contentLiagoa das
Furnas is ca. 13,00800 nt. A small barrier,
ca. 7.4 m abovéhe Lagoa das Furnas water
surface, separates the lake from the valley

that leads to Furnas Village. This barrier
could breachdue to an earthquakeor a
landslide without seismic activity if the soil
is saturated and cause serious flooding in
Furnas village and Ribeira Quer(tBuest et
al., 1999.

1.4 Two historical eruptions in
Furnas volcano

When the firs settlers discovered the
archipelago of the Azorem the early 18
century Santa Maria was therst island to
be inhabited bythe Portugueseduring the
autumn of 1431 (Guest etal., 1999. Séo
Miguel was sightedrom Santa Mariandan
expedition wassent tothe islandin order to
release animalsfor grazing Sometime
between 143@and 1443 thereturned tdS&o
Miguel and wereme t by o0tongues
and earth tremorgDias, 193§. A priest
enteredhe valley and sawapourrising and
three lakes later namedlLagoa Grande,
Lagoa Berrenta and Lagoa Obscukdost
likely, the describederuptioncorrespond to
the lateseruption from Gaspar Don{&uest
et al., 1999

The most recenéruption in Furnass from
1630and causedbout 195casualtieslt was
an explosiveeruption ofsubpliniancharacter
with a dome building ending phase
describedin detail by Cole (1995).At the
time ofthe1630eruption people were living
in the Furnasvalley and athe northern and
southern coast of Furnas. The villages
nearest tothe caldera werePovoacgéo,
Ribeira Grande Ponta da Garcand Vila
Francalocated at the southern shgFreg. 6).
Several firsthand observatios from the



eruptions havebeen recordedManoel da tremors werengoing for about two months.
Purificagdo describesii ¢ | oofi fires from The consequences for the villages in the
t wo of t h evioléna tkem@son a n dalley and south of Furnas were devastating,
Mondaythe 2" of September 1630 between in Povoacéd only one functional house

8 pm and approximately 10 pm. He remained and in Ponta da Garga one house
describeda short time ottalmnessafter the and one chapel was leflodo Goncalves
tremors andround 11pm amxplosion blew Homem also states tht 115 ded from a
away anfielevatiord between two lakefFig. pyroclastic surge inPonta da Garca

6). That was the start of the latest eruption in  (Goncalves, 1880 Furthermore, he

Furnas where ashes from the eruption describes that At he er ufg
Aiturned t hefordha gexttheee nidgrhitedd t wo thaitdkego a ald and
days(Da Purificacéo, 1880 continued t o have cl ear

_ _ describes in detaiiboiling water with smoke
The narrative oPedro da Ponteonfirms the

FURNAS
CALDERA

SAO
MIGU

%Lagoa do
< Fogo

Vila Franca

EL

Ribeira Quente
S Ponta
da Garga

Fig. 6. On the left a map of the surroundings of Furnas volcano modified from Wallensteir{2€105). On the
right a painting of the eruption in Lagoa das Furnay Manuel Carreiro with direction from VicteHugo
Forjaz.

witnessng of tremors and a subsequent and fandiien:ad er i al thrger eads

eruption onthe night between thé'®and 3 gapsion the south flank near the shore
of September which was ongoing until _
Friday the & (Da Ponte, 1880 Moreover It seemslikely that the reportedLagoa

Grande in fact is the presentLagoa das
Furnas and Lagb Barrenta and Lagoa
Obscura weré¢he lakes in the valley that was

Pedroda Pontewrites that 75 people died
when thg h a r v etmdaald loufoin the
fields. Another witness Jodo Gagalves ) T
Homem describesthree explosive active lost due to the eruptio This is further

days with ash fall and a new eruption phase described inmore detail inthe manuscript

with tremors t halgislaid e | I}/IorerFr&)@altii:ew%tiona,eHe restripted to
was i n (Gomgales 1880 These the flanks of the volcano and basaltic dykes

are exposed along the coast and form



offshore basaltic reefGuest et a] 1999.
The gaps described by Jodo Gongalves
Homem were most lilely dykes with lava
flows on the flank of Furnas volcano.

1.5 Earlier geophysicalstudiesin
crater lakes

Subbottom sonars are needed for
penetrating the sediment stratigraphy and
sidescan songd6SS)for making amosaicof

the subbottom But, crater lakesare often
located in remote areas and can be difficult
to accessNevertheless, severgeophysical
studies havebeen made and listed by
Newhall et al. (1987. They list only 14
crater lakesvhere seismic reflection studies
have been undertakebetween 1971 and
1986 For example ageophysical and
geological survey was made by Poppe et. al.,
(1985 in Laguna de Ayarza in Guatemala.
This caldera lakesi similar to Lagoa das
Furnas in that it is a twin lake, but differs in
that it is double the sizeRowerful airgun
sonar penetrated the sediment stratigraphy at
least 170 m revealing a chaotic caldera
collapse. Even though the geophysical study
was made ¥ airgun sonar the signal was
attenuated by gas in some areas in the lake.
An airgun sonar together with a sidescan
sonar were used fanaking animage ofthe
lake floor and for collecing subbottom
profiles in Crater Lake, OregoifiNelson et
al., 1986.

Moreover, more modernmultibeam sonars
have the capability to acquire both high
resolution mosaics of lake floors and high
resolution sukbottom profiles The survey

on Crater Lake (Oregon2002 was likely
one of the firstsurveys with multibeam
technique in a crater lakéBacon et al.,
2002. They reveakd landforms in striking
detailandalsonew features were discovered.
Lake Albano wasnvestigated bynultibeam
bathymetric stvey in 2005 whichprovided
e.g. detailed 3D mays and information of
earlier unknown morphological features
(Anzidei et al., 2006



2 Methods This description of applied methods
compkements that of the manuscrigly
adding addition technical details and the

2.1 Geophysicalmapping fundamentals of the used mapping and
coring techniques.

In November 2012 a geopsigal survey was
conductedof Lagoa das Furnasising a
sidescan sonar and single beam echo sounder

The survey was complemented by sediment A single beam echo sounder was used for

by divers.A small vessel (~ 1.5 m x 4 m)  profiles. Echo sounders are capable of
was used to accomplish bdtire geophysical penetrating the subottom sediment

mappingand the sediment coring (Fig..7) stratigraphy. The penetration is a result of

:IU?ID A B-'n}?”} A fj[}?rn

2.1.1 Acoustic mapping methods

Fig. 7. The image shows an illustration thfe samplingmethodsn Lagoa das FurnasModified from SGUThe
Geological Survey of  Sweden http://www.sgu.se/oragu/verksamhet/kartlaggning/maringeologisk
kartlaggning/utrustningfor-kartlaggningavw-havsbottnen/A (GPS satelliteB (geostationary satellite for SBA!
correction)and C(Hemisphere 10GPS antenna) shothie SBAS GPSystemD (sidescan sonamnd E(single
beam sonar) are acoustic sonars used to thagake floorand uppermost subottom sediment stratigraphy (F
1). The maximum openirangle a, applied for tgshevnBshdws s diverrpenstratimg
the lake floorwith plastic pipe ands is aportable gravity samplerK shows the handheld drill machine wi
electrical generato(J), L and M showvthe drill rods and core barrekespectively.
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the used frequency of the sound lobe and
acoustic chracteristics of the geologic
material. The reflected signal is proportional
to the amplitude from the transducer and the
magnitude of the acoustic impedance
contrast. Acoustic impedance contrasts
within the sediment stratigraphy will give
rise to reflectons of the transmitted sound
lobe, which continues to propagate through
the subbottom stratigraphy until ibaslost

all its energy. The sound lobe wilbse
energy before reaching the shbttom
material, when traveling through the water
columnmainly through &oustic absorptian
The pressure amplitude will be absorbed
depending on the twway distance and the
frequency of he sound lobe approximately
by:

(The fllowing theory is mainly based on
synopsis on signal theory provided by
Mosher and Simpkin(1999. While the
presented equations are from standard
acoustic theory, they are here presented in
the forms gien by Mosher and Simpki

(1)

whereP; is the pressure amplitude received
from the source amplitud®, at a distance.

| is the absorption coefficient aridis the
frequency of the sound lobe. From this
equation it is clearly seen that longer
distances from the acoustic source as well as
higher applied frequencies will yield lower
pressure, resultingn weaker echoes from
targets. Large acoustic characteristi
impedance contrasts betweesubsequent
geological layers implystronger echoes.
Seismic reflection is the reflection of a
sound lobe between two media with different
impedance and the size of seismic reflection
is determined by:

‘ (2)

where' is the reflection coefficient, is the
acoustic impedance/ is the compressional
sound speed aridthe bulk densityThefirst
strong echoed signal is usually representing
the seal/lake bottom since there is commonly
a large acoustic characteristic impedance
contrast between the water and bottom
material. Moreover, geologic characteristics
of the lake floor will influence the size of the
seismic reflection. A rough lake floor will
scatter the sound lobes and reduce th
echoed signals more than a flat lake floor.
Slope angles of the bathymetry will also
reduce the strength. A highcidenceangle
(Fig. 7) of the beam will decrease the size of
the returned signal and is normally
compensated for in the post processing of
the acoustic data. The reflection coefficient
‘* is therefore reduced by:

© CA@D o)

®3)

where* is thereducedreflection coefficient,
his the depth3 is the incidence angkend_

is the wave length of the sound lobR.is
called the Rayleigh coefficient and describes
the size of scattering. Wave lengtls based
on the frequencyfY and the velocityY) of
the sound lobe according to:
0 Q _ 4)

The vertical resolutio, R, of the received
signals isoften estimated to abouff't and is
called Rayleigh Criterion.
Yo = ()

This means that the physics of sonars with
near singular high frequency of the sound
lobe is capable of providing a higher
resolution (Equation 5) portrayal of the sub
bottom stratigraphy but the signal will on the

other hand attenuate (Equationahd scatter
more (Equation 3). Consequently, low
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frequency lobes will penetrate more, though,
with a lower resolutionTo overcome this
dilemma another type of sonar can be used.
Chirp sonar ppduces a signatthich sweeps
from a lower to a higher frequency in a pulse.
The difference between the higher and the
lower frequency is called the bandwidth. The
frequency range is anywhere between 400
Hz and 20 kHz. The resolution, R, othirp

is decided bySchock et al., 1989
Y — (6)
whereV is the sound velocity and B is the
bandwidth. This type of sonar yields a higher

resolution and a deeper penetration
compared to sonars with constant frequency.

The sidescan sonamits fan shapedboeams
downwards and tdhe sides and istowed
behind the boat and is sometimes called a
At o wf(kigs R.O0The frequency used in
sidescan sonar is higgenerallybetween 50
kHz to 1000 kHz which results in high
attenuation in the water column afihited
penetration in the subottom. Earlier
models printed out the mosaic directly on
scrolling papers but sincthe late 1980ghe
computer has beeable toprocess sidescan
data and . correct towfish instability

(Oppenheim and Cobra, 1988 he returned
echoesto the transducein sidescan sonars
aresometime<alledbackscatteandwill be

in this paperSidescan sonar issed to get a
high resolution picture of the lake/sea floor
and to identify objects on the lake/sea floor
e.g. Lee and Kin{2004. It is also used for
classification of the top sediment on the lake
floor, called acoustic seabed classification,
e.g. Collier and Browii2005.

2.1.2 MD 500 sngle beamecho sounder

We useal a portable 28 KHz Meridata MD
500 hydrographic echo sounderfor
bathymetric data and to acquire gadittom
profiles (Fig. 7). The 28 kHz transducer of
this high frequencygub-bottom profilerwas
mountedon an aluminiumpole attached to
the sarboard side of the boafhe pole was
mounted vertically in order to point the
transducer with arangle of0° towards the
lake bottom In order toachieve accurate
depths,a sound vebcity probe was used to
measure soungelocity profiles of the lake
water at stations spread out over the survey
area. From these stations, a harmonic mean

Fig. 8. Boat and thesidescan sonar (A) with the computeeseiving the sulbottom andsidescan sonar

backscattedata (B)
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