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2 CRUISE SUMMARY

SHIP:URANIA START: 1999-06-31PORT DEPARTURE: CIVITAVECCHIA
END: 1999-08-04°ORT ARRIVAL: CIVITAVECCHIA
SEA/OCEAN:
1. Atlantic Ocean
2. Azoreslslands
3. GibraltarStrait
LIMITS: NORTH: 39 SOUTH:37.5WEST: -29.5EAST: -36.5
OBJECTIF:
STUDY OF THE TECTONIC AND PRESSURECONTROLS ON THE GROWTH OF GIANT VOLCANIC RIDGESIN THE AZORES REGION
(ATLANTIC OCEAN)
COORDINATING BODY: IGM CNRBOLOGNA (ITALY)
CHIEF SCIENTIST(S):
1. Dr. MarcolLigi IGM-CNR
PARTICIPATING BODIES:
1. DEPT. EARTH SC.-UNIVERSITY OF OXFORD
2. SOUTHAMPTON OCEANOGRAPHYCENTRE
3. UNIVERSITY LISBON
4. UNIVERSITY ALGARVE
5. CENTRO RICERCHEMARINE AMBIENTE - ENEA
6. CIEMAT - MADRID
DISCIPLINES:
1. EarthSciences
DATA TYPES:
1. SIDESCANSONAR
2. MAGNETISM
3. VERTICAL AND SWATH BATHYMETRY
4. OCEANOGRAPHY
5. WATER SAMPLING
6. METEREOLOGY
WORK DONE:
1. TOBI RUNSAZORES
2. TOBI SWATH BATHYMETRY
3. CONTINUOUSMAGNETOMETRY BATHYMETRY
4. 1CTD5XBT AZORES
5. 6 CTD/WATER SAMPLING GIBRALTAR

6. CONTINUOUSMETEREOLOGICALDATA
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3 INTRODUCTION AND GEOLOGICAL ENVIRONMENT

The Azoresarchipelago(seeFig.1) lies in the areaof the Triple Junction([1], [2]) betweenthe North-
American, Euroasiaticand African tectonicplates. It is characterizedy an irregularly shapedvolcanic
plateauandis formedby nineislands dividedinto threemajorgroups.Volcanismin thisregion of extension
hascreatedgiantlinear volcanicridges,notablythoseforming the Islandsof S. Jorge andPico. Theseare
someof the largestsuchvolcanicridgesactively forming anywhereon earthand representan important
modeof crustalformation,analogougo thatobsenedat mid-ocearridges. The Azoresareais alsounique
for having somary active volcanicridgesover a wide rangeof waterdepth.
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Figurel: Locationof the Azoreslslands.Also shavn the plateboundariegheavy lines)andthe mainfrac-
ture zones(datataken from http://www.gsj.go.jp/dMG/free/plates/Intrbtml, compiledby NOAA Global
Relief Dataon CD-ROM (93-MGG-01,original digitizing performedby PLATES projectat the University
of Texas, editedfor plotting with GMT [14] by KensakuTamaki, OceanResearcHhnstitute, University of

Tokyo).

A joint Italian (CNR) and British (Univ. of Oxford) projectwas presentediuring 1998to studythis
distribution to testtheoriesfor how volcanicmorphologyvarieswith pressuregdueto effectsof variablegas
exsolutionfrom themagmaandaddressheinterplaybetweenvolcanismandtectonicsn thegenesi®of the
ridges.Themain practicalobjective of work at seawasto mapthe structuresvith TOBI (the TowedOcean
BottomInstrumeniof the SOC,SouthamptonUK)([3],[4]), in orderto resole their origin, in particularby
resolvingrelationshipdetweerrecentvolcanismandmajorfaults.

Our otherobjectveswere(a) to locatehydrothermakpringsanddeterminewhat geologicalstructures
favourthemin particulartheirrelationto historicalsubmarinesruptionsandfaultsobsenedin TOBI images,
and (b) to contribute to the generalunderstandingf volcanic and submarindand slideshazardsin the
Azoresregion.



Figure2: R/V Urania,CNR, operatedy SO.PRO.MAR Spa.

Fundingfor the TOBI operatiorandpersonneasprovidedby agrantfrom the EECunderthe EASSS
(EuropearAccessto SeaFloor Surey System)scheme.SinceTOBI hadalreadybeendeployed on R/V
Uraniaduring the 1998 TIVOLI cruise,the Italian researchvesselhasbeenconsideredo be suitablefor
theinstallation. A requesto CNR for Uraniaship-timewas submittedand approred, anda cruiseof 35
days(AZz99) wasscheduledor july 1999. The EEC fundingalsoincludedtravel andsubsistanceostsfor
researcherandgraduatestudentsnvolvedin post-cruisedataprocessingndtrainingat SOC.In orderto
allow aswide experienceof TOBI suneying aspossible participationof researcherBom severalEuropean
Instituteswasplannedjncludingresearchersf Portugues&Jniversities.Participationincludedall research
aspectsfrom dataacquisitionto interpretation.

Takingthe opportunityof thetransitto Gibraltar asapartof a collaborationagreementvith the ENEA
(Centrodi RicercheAmbienteMarino of La Spezia,ltaly), two daysof the cruisetime were devotedto
water samplingin the Gibraltar Strait within the framewvork of the EC MAST Il ProgrammeCANIGO
(CanarylslandsAzoresGibraltar Obsenations). The oceandomaincoveredby the CANIGO Projectin-
cludesthe sub-tropicalNorth Atlantic gyre andthe Mediterranean-Atlantiexchange.The main objective
of the oceanographicesearchwasto contribute to the generalunderstandingf water fluxestroughthe
Straitof Gibraltar by the analysisof tracemetals,metalloidsandradionuclidescontentin the watersam-
pled collected. In addition,the datacollectedwill allow improvementsn estimateof exchangedetween
the Atlantic andthe Mediterranearsea,solving the fine structureof the surficial Atlantic inflow anddeep
Mediterranearmutflow.
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Figure3: Navigationdata.

R/V Urania(Fig.2) left Civitavecchia30-jun-1999on schedule . Water sampleswvere collectedby the
ENEA teamin the Mediterranearand Atlantic watersaroundthe straitandon 5 july the teamwasdisem-
barkedin Portimao(Portugal).Shiparrivedin the Azoresl. 8-jul-1999,andstartedo work with TOBI after
ashortbathymetricandCTD suney.

During thefirst leg, we had 10 daysof continuousTOBI, chirp Sonar bathymetryandmagneticdlata
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collection,southeaswf Pico,S. JoigeandTerceiralslands.Thefirst leg endedl 9-july-1999with a portcall
in Horta(Faiall.), wherea partialchangewserof the scientificcrew occured Weatherconditionsweregood
for almostall of thefirst leg.
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Figure4: Locationof the stationsof the CANIGO sampling.

The secondeg started21-jul-1999andendedate 28-jul-1999,whenthe shipheadedo Civitavecchia,
docking4-aug-1999

Whilst passingTerceira28-jul-1999, the ship passeccloseto the eruptionof the submarinevolcano
CerretaWe obsenedvapourjetsandfloatinglava blocks.

Fig.3 shaws the navigation dataincluding the transits. Fig.4 shavs the locationsof water samples
collectedby the CANIGO team. Fig.5 shaws the navigation dataof the two legs, alongwith the areaswve
originally intendecto surwey with TOBI.
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Figure5: TOBI PlannedareasactualnavigationlinesandCTD/XBT stationg(blackcircles).
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Hereaftera descriptionof the equipmentandof their usageis given, alongwith detailsof the general
setting,performancesindresults(Chapterd). Chapters presentshe Oceanographisettingandthe prob-
lemsencounteredhn the soundvelocity dataacquisitionand processing.Chapter6 describeghe sidescan
sonarandswath bathymetrydataprocessing.

4 MATERIALSAND METHODS

A descriptionof the equipmentpf the dataacquisitionandof the processingechniquesisedcanbe found
hereafter The cruisewasbasedprimarily on the TOBI sidescansonarsureying. The planningof surey
lines wasbasedon bathymetricmapscreatedusingall available data. Among thesewere datafrom Hy-
drographicCharts(digitized by the DefenseMapping Agengy, USA), transitsfrom the NGDC databases,
transitsfrom IFREMER cruises(courtesyof Dr. M. Cannat,cruise SUDACORES),and high resolution
datafrom recentsurweys (courtesyof the on-boardPortugues@eam). GLORIA long-rangesonarimages
originally publishedby R.Searld1] werereprocessedtthe SOCandwereusedfor planningandnavigation
of TOBI aswell.

Much of our initial efforts were aimedat processingof the navigation datasincethis would later be
requiredfor mosaickingof the sidescarsonarimagesandswath bathymetry This led to the meiging of all
theavailableinstrumentatiata(exceptthe side-scarsonardata)into asingle,self-consistenfile. Additional
dataincludedthe surfacemagnetometeaindthe TOBI ancillary data(threecomponenmagnetometetem-
peratureandconductvity data). Thisfile is producedrom anintegratedprocedureof filtering andmetrging
of navigationand TOBI data,jointly with the offsetdatatables.

4.1 POSITIONING AND NAVIGATION

The ship’s NAVPRO 5.4 Navigation Software by CommunicationTechnologyof Cesengltaly) wasused
([5]). Theprimary positioningsensomwasthe FUGRO DGPSMod. 3000SeaStarThesystenmwasusedfor
ship’s guidanceon the plannedlines, andfor datalogging of varioussensorsamongthemgyrocompass,
Atlas DESO 25 echo/soundemeteostation, magnetometerHPR transponder In addition, it exported
ship’s positiondatato the Chirp sonarcomputer

Figure6: HPR

The systemperformedquite well within the technicalspecsandwithout ary problemto be reported.
The availability of differential GPSsignalsby the FUGRO 3000recever rangedfrom goodto excellent,
andprovided ship’s positionto metric accurag for mostof the acquisitiontime (DGPScorrectionswere
unavailablefor only shortperiods). Acousticpositioningof the TOBI vehiclewasaccomplishedy using
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the ships’ Simrad-konsgbeg HPR-1507systemanda long-range(6km) transponderwhich wasmounted
45dey. belov TOBI'sdepresso(Fig. 6).
The NavigationandDataAcquisition Systemhadthefollowing majorsettings:

o A W N R

. DatumwWGS84

. OutputpositionPOS1

. AcquisitionCycle 10 seconds.

. ProjectionDirect Mercatoron 38 N (for ship’s guidance)

. Speedf Soundfor DEPTH 1 and2 1500m/sec

Table2 andFig. 7 shavsthe offsetsof principalinstrumentslt is worth to notethatthe POS1 position
is recordedn multibeamfiles, aswell asin the NAVPRO binaryandASCII files. Thefinal coordinategor

everyinstrumentshouldberecalculateciccordingly

COORDINATES
POINT ALONG (Y) | ACROSS(X) | DISTANCE | BEARING
POS1 0.0 0.0 0.0 0.0
GYRO -2.0 -2.0 - -
DEPTH1 12/100Khz -0.2 -3.25 35 266
DEPTH2 33/210Khz -0.2 0.45 0.5 114
CHIRPSBP -11.0 -2.35 11 192
HPR1507 -1.7 -2.4 -3 235
STERN -43.7 -14 44 182
TOBI CABLE LAYOUT | -45.9 -1.4 46 182
MAGNETOMETER -225.7 -10.0 226 183
Table2: Offsetsfrom primary navigationsensoi(POS1)
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Figure7: Offsetsfrom primarynavigationsenso(POS1)

4.2 TOBI SIDE-SCAN SONAR

AlthoughTOBI’'s maininstruments a sidescarsonar a numberof otherinstrumentsarefitted to make use
of the stableplatform TOBI provides.For this cruisetheinstrumentomplementvas:

1. 30kHz sidescarsonar(Built by IOSDL) with swath bathymetrycapability2. 7.5kHz profiler sonar
(Built by IOSDL) 3. Threeaxis fluxgatemagnetometer(Ultra ElectronicsMagneticsDivision MB5L) 4.
CTD (FalmouthScientificinstrumentdMicro-CTD) 5. Gyrocompas$S.G.Bravn SGB1000U)6. Pitch&
Roll sensol(G + G TechnicsagSSY0091)



An AutoHelm ST50GPSreceier providesthe TOBI logging systemwith navigationalandtime data.
An MPD 16049 tonneinstrumentedsheae provideswire out, load andrateinformationboth to its own
instrumentbox andwire out countsignalsto thelogging system.

The TOBI systemusesa two bodiedtow systemto provide a highly stableplatform for the on-board
sonars. The vehicle weighstwo and a half tonnesin air but is madeneutrally buoyant in water using
syntacticfoamblocks. A neutrallybuoyantumbilical connectghe vehicleto the 600 kg depressoweight.
Thisin turnis connectedria a conductingswivel to the mainarmouredcoaxialtow cable. All signalsand
power passthroughthis singleconductor

For this cruisethe SOC TOBI winch system,purchasedising Europearfunding, was utilised. This
systermcombinegow, launchandumbilical winchesontoonecontainer sizedbaseplatenablingonedriver
to controlall operationsThewinch wassecuredo the aft deckusingthe mountingbedframedesignedy
andmanufcturedby SO.PRO.MAR. S.p.A.- theship’s ownersandusedfirst on the TIVOLI expeditionin
1998.During the suneys thewinch wascontrolledby a remotestationin the mainlaboratory

In orderto accuratelynavigate the TOBI vehicle the ship’s Simrad HPR short baselinepositioning
systemwasused. The HPR1507transpondebeacorwasfitted to the depressoweightin orderto reduce
ary acoustidnterferencewith TOBI. AppendixA presents detailedreportonthe TOBI operations.

TOBI is a deep-toved multi-sensorsonar systemdevelopedat SOC (SouthamptonOceanographic
Centre)([3,[4]). The systemcomprisesa two-sided30kHz sidescarsonar a 7.5kHz sub-bottomprofil-
ing sonar a setof scientificinstrumentymagnetometeand CTD), anda rangeof vehicleattitudesensors
(pitch, roll, andheadingfrom a gyro-compass)The undervatervehicleis towed with a 200 m umbilical
behinda depressoweight. The depressois attachedo the surfaceshipvia themain0.68” armouredcoax
cable. This towing methodpreventsship inducedheave influencingthe vehicle. The vehicleis usually
'flown’ at heightsof betweer200to 500 m above the seabedAll signalsto andfrom thevehiclearesent
via the single coaxconductor Signalsare processean the ship andloggedonto magneto-opticatlisks.
Thesidescarsonarhasatotal rangeof 6km andahasa seabedootprintrangingfrom about4 x 7mcloseto
thevehicletrackto 42 x 2 atfar range.The profiler sonarcanpenetrataip to 70minto soft sedimentsand
hasa verticalresolutionof betterthanim.

Although originally designedor acousticallyimagingthe deepoceanfloor, the TOBI systemhasde-
velopedinto a highly versatileinstrumentusedby both scientificagenciesndcommerciacompanies.

Figure8: Deploymentof the TOBI tow fish



421 TOBI TECHNICAL SPECIFICATIONS

SYSTEMHIGHLIGHTS

. 6000mdepthcapability

. 30kHz sidescarsonarwith 6km swathrange

. Swath bathymetrysystemusessidescarransmitsignalfor afully co-registereddataset.

. 7.5kHzsub-bottonprofiler sonargiving up to 70mpenetratiorinto soft sediments

a A W N R

Tri-axial fluxgatemagnetometeandgyrocompassombineto give local magnetidield measurement
andorientation.

BRIEF TECHNICAL SPECIFICATONS

1. Mechanical

(a) Towing methodTwo bodiedtow systemusing neutrally buoyantvehicleand 600kg depressor
weight.

(b) Size4.5mx 1.5mx 1.1m(lengthx heightx width).

(c) Weight2200kgin air.

(d) Tow cableupto 10kmarmouredcoax.

(e) Umbilical 200mlong x 50mmdiametey slightly buoyant.
() Tow speedl.5to 3 knots(dependendntow length).

2. SonarSystems

(a) SidescarSonar

i. Frequeng 30.37kHz(starboardB2.15kHz(port).
ii. PulseLength2.8ms.
iii. Array Length3m.
iv. OuputPowver 600Weachside.
v. Range3000meachside.
vi. BeamPattern0.8x 45 degreefan.
(b) BathymetrySonar

i. Transmitterusessidescarsonar
ii. Recever6 hydrophonerraysin 2 housingsfor eachside.
iii. Array Length3m.
iv. DetectionSingleandmulti-phase.
v. RangeUp to 3000meachside.
(c) ProfilerSonar
i. Frequenyg 7.5kHz.
ii. PulseLength0.26ms.
iii. OutputPover 500W
iv. RangeUp to 70mpenetratiorover soft sediment.
v. Resolutionessthanim.
vi. BeamPattern25degreecone.

3. Standardnstrumentation

(a) Magnetometebltra ElectronicsMagneticsDivision MB5L.
i. Ranget/- 100,000nTon eachaxis.



ii. Resolution0.2nT.
iii. Noise+/-0.4nT.
(b) CTD FalmouthScientificlnstrumentsMicro CTD.
i. Conductvity
A. Range0 to 65 mmho/cm.
B. Resolution0.0002mmho/cm.
C. Accurag +/- 0.005mmho/cm.
ii. Temperature
A. Range-2to 32 Celsius.
B. Resolution0.0001C.
C. Accurag +/- 0.005C.
iii. Depth
A. Range0 to 7000dbar
B. Resolution0.02dbat
C. Accurag +/-0.12
iv. HeadingS.G.Brown SGB1000UGyrocompass.
A. Resolution0.1degrees.
B. Accurag Betterthani, latitudelessthan70 degs.
v. Pitch/RollDual Axis Electrolytic Inclinometer
A. Ranget/- 20degrees.
B. Resolution0.2 degrees.
vi. Altitude Takenfrom profiler sonar
A. Rangel000m.
B. Resolutionim.

4.3 MAGNETICS

IGM’s GEM SystemdMod. GSM-19MD OverhauseEffect Magnetometewasused([6]). The sensomwas
towedat a constanbffsetof 185m from ship’s stern.Datawererecordecat therateof about0.1 Hz by the
NAVPRO navigationsystem.

28°00W  27°40W  27°20W  27°00W 26" 40W

38" 40N i 38" 40N

N
™S>

™

38° 20N 38° 20N

38° 00N 38° 00N

28°00W  27°40W  27°20W  27°00W 26" 40W

0 1000

-500 500

depth

nT

-1000 C—— 0

-1500 -500

-2000 -1000
0 10 20

progressive distance (km)

Figure9: Exampleof unfilteredmagnetiqthick) andbathymetricdata



Theinstrumentperformedwell for thetotality of thecruise.

The magneticdataof the survey werecollectedby the NAVPRO navigationcomputeralongwith date,
time (UTC), DGPScoordinatesgyrocompassyathymetry(DESO25). A proceduravassetto make afirst
displayof the databy meansof:

1. positioningof the sensoraccordingo the offsetandgyro;
2. computingof the IGRF-95[7] anomaly

3. displayof magneticandbathymetryalongtheline;

This sened primarily for datainspection.An examplecanbe seenin Fig. 9. The TOBI vehiclecarried
a 3 componentmagnetometethatacquireddataat 1/8th of TOBI data(4 seconds)For aninitial checkwe
usedthe dataextractedfrom the headeiof TOBI data.

4.4 SUBBOTTOM PROFILING

On almostall the suney lines, sedimentprofiling wascarriedout usingthe ship’s DATASONIC DSP-661
Chirp 2 Profiler. Triggerratesvariedfrom 2 to 4 secondswhile chirp pulselengthwasmaintainedat 120
ms. Dataweredisplayedon anEPC9600andrecordedn Magneto-opticatisksin SEG-Y format,which
will beusedoff-line for post-processing.

45 COMPUTING CENTER

With two 10/100MB EthernetHUBS we establishedh star topology network of computersfor swath
bathymetryand generalpurposedataprocessing. Among them, PC’s running Linux and Windows OS,
two SUN workstationgWS) runningSolaris2.7 OS,SGI O2 runninglIRIX 6.3. The SUN WS weredevot-
edto TOBI dataprocessingwhilst the LINUX WS wereusedfor NFS disk andprinter spoolingservices.
Theshipnavigationcomputemwasalsoconnectedo the network.

Duringthe60dayscruise we canreportjustafew crashesf somemachineswhichrecoreredsmoothly
aftertherebootor file systemcheck.
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Figure10: ComputingCenteranddataflow paths



5 OCEANOGRAPHIC SETTING AND SOUND VELOCITY ANAL-
YSIS

At the startof the cruisea CTD stationwas done SW of Terceiral.. SomeSippicanXBT probeswere
launchedSouthof TerceiraandPicol. andNW of Terceiral. andN of Picol.

Fig.5showvsthe positionof the samplingstations.The dataareplottedin Fig.11whereaslable3 shovn
time, dateandpositioninformation.
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Figurell: CTD andXBT data.Temperature@ed, Salinity blue, SoundVelocity gray

STATION | DATE TIME LAT LON
CTD.01 1999-07-09| 02:40:50| 3829.10 -2731.175
T7.01 1999-07-16| 15:50:24| 3820.1 -2650.4

T7.02 1999-07-17| 02:12:27| 3830.33 -2717.53
T7.03 1999-07-18| 16:14:00| 3833.42 -2712.18
T7.04 1999-07-19| 02:47:00| 3852.76 -2728.60
T7.05 1999-07-19| 10:23:43| 3852.76 -2821.3396
T7.06 1999-07-27| 23:28:32| 3830.1477| -2645.9419

Table3: DateandPositioninformationof CTD andXBT stations.

Oncecollected,the XBT datawere editedto updatefile headersand to remove bad and suspicious
dataandimmediatelyput into the database.The depthreadingswere correctedaccordingto [8]. A few
proceduresverethenpreparedor the browsingandplotting of the data,alongwith the proceduregor the
creationof the velocity profilesfor the sonarreprocessingTheselastaccountedrimarily for the present
cruisedatafor the upperlayerdown to 700-800m. After this depththe profileswereintegratedwith the
bestavailabledatafoundin the historicaldatabases.

Two of the XBT launchedSE of Terceirapresente@nanomalousemperaturgrofile. Thesedatawill
befurtheranalysecandcomparedvith the TOBI CTD datato checkthistemperatur@anomaly
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6 TOBI SIDE-SCAN IMAGERY AND SWATH BATHYMETRY -
DATA ORGANIZATION AND PRE-PROCESSING

The processingon boardwas mainly aimedat (a) verifying the positioningdataof the tow-fish, and (b)
picking the phasewraps (swath bathymetry)from the TOBI data. Oncemagneto-oticatartridgeswere
filled, they wereimmediatelycopiedonto CD-ROM, which couldthenbeportedto the SUNWSfor memging
with navigationdata. The memedfiles werethenusedfor pre-processingf TOBI images.Thenavigation
datawereusedto producenavigationmapswhich werethenusedasbase-mapfor mosaickingprintoutsof
thesidescarsonarimagesby hand(for preliminaryinterpretatioraboardship).

6.1 NAVIGATION PROCESSING

The tow fish was positionedby the meming andfiltering of a) ship’s POS1data, b) HPR Acoustic po-
sitioning dataon the tow-fish depressofrange,depthfrom POS1,bearingfrom ship’s heading),andc)
cablelength,tow-fish depthandazimuthasmeasure@ndrecordedy the TOBI dataloggers.To do sowe
developeda modelof the cable. Theattitudedatadatawereusedappliedin the following sequence:

1. analyzethe catenaryproblemanddevelop the cablemodel (2nd orderaproximationof the catenary
equation)

mergethe nav data(shipandtow-fish) into a singlefile
smooththetow-fish nav data(5 min moving average)wire out, depthandheading)

smooththe ship’s heading(5 min moving average)

o M 0D

medianfilter the HPR data(bearinganddepth)basedn thediscrepeng betweerobsenedvalueand
themodel’s predictedvalue

o

resampleat 1 min rate
7. smooththe HPR's range bearing(11 min window)

8. calculatethe besttow-fish position using ship position, filtered HPR rangeand bearing(in caseof
lack of HPR datathe modelpredictionis used)

6.2 THE CABLE MODEL - RANGE PREDICTION USING VEHICLE DEPTH
AND CABLE LENGTH

Whentowing the sensoyrthe cablemayassume shapewvhich canbedescribedy thewell known catenary
formula([9]).

Herafterwe will describehe procedurdor calculatingthe besttow-fish positionby thewire-outlength
anddepthof the sensor

In Fig.12the analyticalsketchof the problemis presented.
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Figure12: Analytical sketchof the tow-fish positionproblem.Notethatthe the catenaryis schemationly
andnot to scale.Notealsothat acousticvariability andrefractionof ray pathsleadsto errorsin range(Sr)
anddepthderivedby the SimradHPR system.

The catenaryequationcanbewritten as:

2(z) = %[ez/h_,_e*m/h] +b:ahcosh(%) +b 1)

whereh is thevehicledepth,aandb areparameter$o be determinedaccordingto the boundarycondi-
tions. We assumehat:

{ z(x) = —h withz =0 @)

z(x)=0 withz=r

Thecablelengthis :

I(r)= /OT 1+ [ (2)] dz (3)

In orderto obtainan analitycalexpressiorof Eq.3,we approximatehe function z(z) of Eq.1by a2™?
orderTaylor expansion:

~ 1 9%z 2 1 az?
Z(m):z(w)—z((])—}-gw _01' —(ah+b)+§T 4)
Giventheboundaryconditionsin (2) we obtain:
a= 2rL; 5 ho o 2
{b:_h(1+%2):>z(w)=r_2(w =) ®)

GiventheEq.3thelengthof the cableis

12



, r 2 .

Leta = thereforeEq.6becomes:
} (7

ﬁa
UsingEq. 7 we areableto calculatethe cablelengthgiventherangedistancer andthevehicledepthh.
Giventhecablelengthl, andvehicledepthh, in orderto solve theinverseproblem we usethe Newton-
Rapsoriterative method thatis:

2

1 (" 1 2h + V72 + 4h?
l(r)za/ \/a2+m2dm:§{\/r2+4h2+—1n *
0

r
2h

fr)=1(r) =1l =0 (8)

Thevalueof r canbeobtainedby:

R ()
e 1) 9)

wherey indicatesthe y;, iteration,and

, r 1 1 2h + V12 + 4h?
ffry)=z{————=+In|—m| +
2| Vr2+4n2  h

2

L _oh— 2+ aR?

Vr? 4+ 4h?

1
2h(2h + V12 + 4h?)

} (10)

startingwith thetrial solutionr(®) = h. The corvergenceof suchaproximationto the desiredsolution
r canbe evaluatedby the Banachs contractiormappingtheorem:

|,,.J'+17,,.J'|

theiterationis terminatedvhen——_ = is sufficiently small.

6.3 SWATH BATHYMETRY PRE-PROCESSING

TOBI hasrecentlybeenmodifiedto make measurementsf theseafloobathymetryacrosghesonarswaths.
The systemessentiallyworks by trying to resole the angleat which the soundtravels betweenTOBI and
the seafloor so that we can usethat angle, the travel time of the soundand the depthof the vehicle to
computethe bathymetry The backscatteredignalfrom the seaflooris recordedon two horizontalrows
of hydrophonegone pair on eachside of TOBI) (Fig.13) andthe acousticangleis found from a slight
differencen travel time (or phase)pf the signalreachingthe two rows of hydrophonesOnedifficulty with
this methodis that the differencein phaseof signalsbetweenthe two arraysdoesnot represent unique
angle(causedy thetwo hydrophonerraysbeing8 wavelengthsapart)anda majorpartof ourwork atsea
wasto resole the anglecorrespondingdo this phasedifference. This was doneusing software originally
written by a studentat the University of Leeds,UK, ([10]) basedon the MATLAB (©packagd11], and
further softwarere-writtenby Tim LeBasof the SOCto incorporateit into the PRISM software package
([12]). At seawe upgradedhe method(including alsothe software employed by [10]) to allow manual
identificationof the phasewraps(linesin the datawherethe measureghasedifferencechangedy 2pi)
andproducedinitial mapsof the bathymetryfor the easternsuney area(southeasof Pico, S. Joige and
Terceira).Theseweremosaicledusingthe samePRISM-basedystemusedfor thesidescarsonarimagery
The initial resultsshav that the port sideis poor over most part of the surwey, while the startboardside
hasgenerallyhigh quality measurementsver the inner half of the swath. We expectthe final datato be
incompletebut will have sectionsof muchhigherresolutionthattraditionalmultibeamsonardata.
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Figure13: Phaseneasuremersketch.

6.4 MAPPING AND MOSAICKING

Theinvestigatedaireaconsistednainly the seavardtips of thelslandsof Faial, Pico,S.JogeandTerceira.
The investigatedareasweredividedinto 6 subareasasshavn by Fig.14to help the navigationandsonar
dataprocessingndthe procedurdor handmosaickingat the scalel1:60000.
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Figure14: Areasinvestigatecandmosaicled

Duringtheoperation®nboardanattemptwasmadeto processheside-scarsonardatawith the PRISM
software. This wassuccessfulthoughat anintermediatdevel. The LAN files producedoy PRISM were
usedby the ENVI [13] packagdo make automatednosaicks.
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6.41 HAND-PRODUCED TOBI MOSAICKING

Thereasonindor the productionof unprocesse@OBI mosaicss twofold: 1) to usethe mosaicasa quality
controldevice, 2) to begin familiarizationwith thedataand,if appropriatébegin initial interpretation.

The productionof the scaledprints for mosaickingfollows a sequentiabrderasdetailedbelow. Prior
to productiontheworking scaleof thefinal mosaicshouldbe determinedandthe width of the 6.0kmTOBI
swathdeterminedor thatscale(in this caseaworking scaleof 1:60,000meanthatthe swathwidth would
be100.0mm).

1. TheMO diskheadeinformation,andstartandstoptimesarechecledusingtheprogram’REPTEST".

2. Thedistancebetweersuccessie 1/2 hourperiodsalongthe TOBI trackline attherequiredscaleare
determineckitherby the useof softwareor directmeasuremerftom thetrackplots. The processing
PC hassoftwarethatrequiresthe inputtimesfor eachfile to be betweerfull 1/2 hoursmarks,e.g. if
adatafile beginsat23:16,thefirst input valuewould be the distancebetweerthe 1/2 marksat 23:00
and23:30hours. Thisis alsothe casefor the endof file. An asciidatafile is createdor eachof the
TOBI MO disks(usually16.25hoursin length),labeledto matchthe MO disk numberi.e. MO disk
No.197would have anasciifile createctalled”197.ana”

3. Theraw sidescardataaredownloadedfrom MO disk to the processing®C and scaledat the same
time usingthe programme&ERASDISK” andthe”.ana” files for subsequenteplaying.A numberof
parameteraireenteredsuchasfile namemodifier andthe offsetinto thefile in minutes,thegamma
andgain values(affecting the brightnessand contrastof the final print, for this cruisegamma=0.6,
gain=1.0),andfinally the desiredswath width in mm. Scalingis achieved simply by the repetition
of lines of sonardatauntil each1/2 hour time stampis the sameasin the ".ana” input file. The
outputfrom ERASDISKis writtento thePCharddisk asspecial’.scl” files. As theprogrammeeads
the datafrom the MO disk andscalest appropriatelythe final sonarimageis displayedon the PC
monitorasawaterfll display

4. Thefinal scaledsonardataarethenreplayedhrougha Raytheorthermalline scanrecordemsingthe
programméDISCCRAY".

5. The TOBI 7.5kHzprofiler datais replayedusingthe programme&PROFRAY”. This softwarereads
directlyfrom theMO disk,andusegheencodediepthandaltitudedatato correctfor variationin tow-
cablelength. Requiredinputsincludethe lengthof time requiredto be replayedanda "decimation
factor” (roughnessf the seafloottopography).

7/ RESULTSAND CONCLUSIONS

The TOBI suney was almostenterelydevotedto the centralgroup of islands(Terceira,Pico, Graciosa,
FaialandSaoJomge)whereseismotectonistudiesshav anextensionakegimewith structuresying parallel
to the TerceiraRidge. The TerceiraRidge,originally thoughtto be the westernmosboundarybetweerthe
Euroasiaticand African plates,is alsoconsideredo actasa slow spreadingaxis or asa leaky transform
fault. For this reasorthe surwey wasplannedandcarriedout alongthe TerceiraRidge,with a WNW-ESE
direction,andalongother parallelvolcanicridges. The high quality imagesgainedduring the Azzorre99
cruise,where submarinevolcanoesand associatedault systemswere spectacularlyrevealed,will throw
muchnew light on this poorly known area. Dataprocessingo be performedat the SOC during the next
few monthswill furtherimprove theimagesof thesestructuresaandwill make it possiblefor usto develop
anunderstandingf the relationshipbetweeronshoreandoffshorestructures At this early stagejt seems
reasonablé¢o be optimistic that the quality and amountof dataacquiredwill leadto several high quality
researchpublications.
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A TOBI OPERATIONS

This sectionwas preparedcby the TOBI team. TOBI was launchedandrecoveredfive times during the
cruise.Theloggingtimesarelistedbelow on Tah4 alongwith relevantcomments:

Thedisksusedandtheirrelevanttimesarelistedin Table5.

TheUraniais equippedvith asternmounteds tonnehydraulic’A’ frame. Theframehasthreelocations
for towing blocks. The mainsheae washungfrom themiddle positionvia a swivel andusedfor deploying
andrecoveringboththe TOBI vehicleandthe depressoweight.

The A’ framehasbeenconsiderablymodifiedsincethe TIVOLI cruisein 1998. The wider stanceand
taller crosspiecehave madethe launchingandrecovery of TOBI mucheasiettasks allowing the systemto
bedeployedandrecoveredin higherseastateghanpreviously. This givesafar greatefflexibility to theuse
of TOBI onthe Uraniathatin turn helpsthe planningof the scientificsurvey.

In calmconditionsthe TOBI vehiclecouldbelaunchedlirectlyin afore-aftposition.In otherconditions
andfor recovery a normalsidevays positionwasadoptedo give maximumcontrol over the vehicle. The
only problemencounteredvas that the sterndoorsreducethe effective width of the A’ frame and make
it difficult to position TOBI especiallyduring recovery. Particularcarehadto betakento ensurethatthe
umbilical cablewas not trappedbetweerthe vehicleandthe sterndoorsor unduebendingapplied. Data
RecordingandReplayDatdrom the TOBI vehicleis recordednto1.2Gbytemagneto-opticalM-O) disks.
One side of eachdisk gives approximatelyl6 hours 10 minutesof recordingtime. All datafrom the
vehicleis recordedalongwith wire out andship positiontakenfrom the GPSrecever. Datawasrecorded
usingTOBI programmd.OG.C.Theprofiler datawascorrectedor thedepthof thevehicleandreplayedn
programmd®ROFRAY.C. BLOWUP.C wasusedto generatdargeimagesof area®f interest.Datafrom the
M-O diskswerecopiedonto CD-ROMs for archive andfor importationinto the on boardimageprocessing
systems.

During the cruise scaledsidescanimageswere generatecht 1:60000using the TOBI sidescardata,
vehiclepositionaldatafrom the HPR navigation systemandreplay programme&£RASDISC.CandDISS-
CRAY.C. Theimageswereprintedout usinga RaytheonTDU850 thermalprinterandthenmanuallyover-
laid ontrackchartsto createmosaicsf thework area.

TOBI Watchkeeping

TOBI watchkeepingwas split into threefour-hour watchesrepeatingevery 12 hours. Watchlkeeperskept
the TOBI vehicleflying at a heightof between350to 400mabove the seabedy varyingwire out and/or
ship speed.Ship speedwasusuallykeptbetweer2.0 and2.5kntsover the ground,dependingon wire out,
with fine adjustmentsarriedout by usingthe winch. As well asflying the vehicle and monitoring the
instrumentsvatchleepersalsokepttrack of disk changesndcoursealterations.

RUN | START TIME & DATE | END TIME & DATE | COMMENT

0 08.30/190 Launchabortedafteropencircuit found.
1 21.30/190 02.30/191 Curtaileddueto electricalshort.

2 14.26/191 22.38/199 Endof runl. Noiseonrecord.

3 21.26/202 21.45/202 Curtaileddueto opencircuit.

4 02.06/203 18.04/208 Endof sciencecruise.

Table4: TOBI runs.
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M-O Number | File Name timestart | timeend | comment| profilerroll
690 TOBI.DAT 2130/190| 0230/191 1
690 TOBIA.DAT | 1426/191| 0145/192 2
691 TOBI.DAT 0145/192| 1755/192 3
692 TOBI.DAT 1755/192| 1004/193 4
693 TOBI.DAT 1004/193| 0213/194 5
694 TOBI.DAT 0213/194| 1822/194 6
695 TOBI.DAT 1822/194| 1031/195 7
696 TOBI.DAT 1031/195| 0240/196 8
697 TOBI.DAT 0240/196| 1849/196 9
698 TOBI.DAT 1849/196| 1058/197 10
699 TOBI.DAT 1058/197| 0307/198 11
700 TOBI.DAT 0307/198| 1916/198 12
701 TOBI.DAT 1916/198| 1126/199 13
702 TOBI.DAT 1126/199| 2238/199 14
703 TOBI.DAT 2126/202| 2145/202 -
703 TOBIA.DAT | 0206/203| 1758/203| no-data | 15
704 TOBI.DAT 1758/203| 1007/204 16
705 TOBI.DAT 1007/204| 0216/205 17
706 TOBI.DAT 0216/205| 1825/205 18
707 TOBI.DAT 1825/205| 1034/206 19
708 TOBI.DAT 1034/206| 0243/207 20
709 TOBI.DAT 0243/207| 1852/207 21
710 TOBI.DAT 1853/207| 1102/208 22
711 TOBI.DAT 1102/208| 1804/208 23

Table5: TOBI MO logs.
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