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FOREWORD

Dearparticipants,

The acquisition of research data is essential to conduct
scientific working. However, to get to the bottom of a

questiononaresearchvessel usingcomplexsensorsystems
and analyzing water samples is more than just collecting

data.ltisauniqueconnectionwiththehabitatunderstudy,
anawarenessofitsdimensionsandvariability,amomentof
true“understanding”. Anyonewhohasapplied, prepared,coordinated, evaluatedand
documented an expedition knows that the relatively short sampling period requires
carefulandlongadvanceplanning. Thisisonly possiblebecausemanypeople, partly
unnoticedareinvolved.Herelwouldliketoexpressmythankstothemandemphasize
theirimportance.

Among the essential principles of science, the persistent critical exchange and the
evaluationofresearchproposalswithinadisciplineplayanimportantrole.Forthefleet
ofGermanresearchvessels,sinceautumn20 17 thereviewandevaluationofthecruise
proposalsforallshipshasbeencarried outby ajointreview processinitiated by the
BMBF,DFGandHGF.AsamemberofthenewlyfoundedExpertPanelResearchVessels
(GPF)lampleasedtowelcomeyoutothe 1 “StatusConferenceResearchVessels2020
atmyhomeinstitute, thelnstituteforChemistryandBiology oftheMarine Environment
(ICBM)attheUniversityofOldenburg.Maythisconferencecontributetothesuccessof
marineresearchandoffermuchroomforinspiration. Sothatfutureexpeditionswewill
continuetoaskquestionsandfindanswersthatwillhelptoadjustoursocialactionsmore
specificallytowardstheprotectionofthisuniquehabitat.

OLIVERZIELINSKI

HeadoftheCenterforMarineSensorTechnologyatthelnstituteforChemistryandBiologyoftheMarineEnvironment
(ICBM),UniversityofOldenburg,andmemberofthe GPF
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KEYNOTE

COMPOSITION, FUNCTIONAND ENVIRONMENTAL CONTROLS
OF THE MICROBIOME IN THE EPIPELAGIC ATLANTIC AND
PACIFICOCEAN

InstituteforChemistryandBiologyoftheMarineEnvironment, Universityof
Oldenburg | Oldenburg, Germany
S.Meinhard

TheAtlanticandPacificOceancover~80%oftheworld’soceansandthusareextremely
importantforglobal elemental cycles and organic matter processing inthe context of
climatechange.Pelagicmicrobialcommunities,themicrobiome,arethemaindriversof
thesecycles.Bothoceansarestructuredintobiogeographicprovinceswhicharedistinct
inhydrographic, nutrientand plankton features (Longhurst2006). Despite quite afew
investigationsofthe microbiomeinboth oceans (Sunagawaetal. 2015, Loucaetal.
2016),theircentralandratherremoteregionsandinparticularlatitudinalgradientsare
stillscarcely studied. Therefore, we carried outsystematicinvestigations of south-north
transectswithRVPolarsternintheAtlantic(ANTXXVIII/4,-5)andRVSonneinthePacific
(SO248/-254) from beyond the austral to beyond the northern temperate zones,
covering 1 10°latitudeandthemajorbiogeographicprovinces(Fig.1).

o 08 1 15 2
Annual chiorophyll-a (mg m ")

o5 s
150°E 160°E 170°E 180°E 170°W 160°W

Fig.1:StationsofcruiseswithRVsPolarsternintheAtlantic(leftpanel)andSonneinthePacificOcean(rightpanel).
Colors of the stations in the Atlantic illustrate biogeographic provinces and the background annual mean
concentrationsofchlorophylla (https:// oceandata.sci.gsfc.nasa.gov). Stationsinblueinthe Pacificwerevisited
duringcruiseSO248andthoseinredduringcruiseSO254.
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In addition to extensive analyses of the composition and functional diversity of the
microbiomesbyampliconsequencingofthe 16SrRNAgeneandmetagenomics, water
masses were characterized by hydrography, nutrients, biogeochemical and microbial
bulkparameters(Simonetal.2012aand2012b,Simonetal.2016and2016).

In both oceans biogeographic provinces were well characterized and distincton the
basisohydrography,inorganiautrientsnitrate phosphate silicatejandbiogeochemical
properties(Fig.2:Bacterioplanktonbulkgrowthrateat20andéOmdepth, mixedlayer
temperatureanddepthacrosstheAtlanticOceanbetweené2°Sand47°N).parameters
suchasbacterioplanktonnumbersoflowandhighnucleicacid content, growthrate,
turnover of amino acids, glucose and acetate also exhibited variations, not reflecting
biogeographic provinces but rather regional and large scale features related to
availabilityofsubstrates, stratificationandtotemperaturegradients(Figs. 2, 3).
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Fig.2:Bacterioplanktonbulkgrowthrateat20and é0mdepth, mixedlayertemperatureanddepth acrossthe
AtlanticOceanbetween62°Sand47°N.

The composition of the microbiomes in both oceans reflected well the distinct
biogeographicprovinceswithdifferentlineagesof Alpha-and Gammaproteobacteria,
FlavobacteriaandCyanobacteriaconstitutingthemajorcomponents, butshowingalso
differentpartitioningsofsublineagesindifferentprovinces(Fig.4). Anin-depthanalysis
of the microbiome in the Atlantic at 20 m depth on the basis of metagenomic data
identifiedintotalmorethan20,000andateachstationbetween 10,000and 14,000
prokaryotic species, demonstrating a huge diversity. Also, the functional diversity
exhibiteddistinctbiogeographicpatterns.Genesencodingenergymetabolism,cofactors
andvitamin,e.g. wererelativelyenrichedinwarmandpermanentlystratifiedprovinces
whereasgenesencodingtransporters,aminoacidandcarbohydratemetabolismwere
relatively enrichedinthe coldestsouthernmostregions. Genesencoding carbohydrate
activeenzymes(CAZymes)clusteredintothreegroupswithtemperatureoptimaaround
5,15and25°C indicatingthatdistinctmicrobialcommunitieswerewelladaptedtothe
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consumption of this important class of substrates. Temperature was identified as the
strongest driver of the taxonomic and functional diversity of the Atlantic Ocean
microbiomewiththehighestdiversityinmid-latituderegionsaround15-20°Candlowest

valuesinthecoldestprovinces.
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Fig.3:Ratiooflargebacteriawithhighnucleicacid (HNA)overtotalbacteriainthePacificOceanfrom30°Sto
59°Nbetween20and500mdepth.
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Fig.4:CompositionoftheAtlanticOceanmicrobiomeat20mdepthinitsmajorbiogeographicprovincesbetween
62°Sand47°Nbasedon 16SrRNAgeneampliconsequences(APLR: AntarcticPolarPorvince; ANTA: Antarctic
Province; SANT: Subantarctic Province; FKLD: Southwest Atlantic Shelves Province; BRAZ: Brazil Current; SATL:
SouthAtlanticgyre; WTRA:WesterntropicalAtlantic; NAG:NorthAtlanticgyre;NADR:NorthAtlanticDrift).

Nitrogen(N)availabilityhadamajorimpactontheprokaryoticgenomicG+Ccontent
andtheN-contentofproteomicaminoacidsidechains.InseverelyN-limitedregionsthe

genomicG+CcontentandN-contentofaminoacidsidechainsweresignificantlylower
than in regions further south and north with higher N-availabilities. In addition,



N-acquisition genes exhibited a surprising biogeographic and taxonomic diversity
demonstrating a well-modulated microbial exploration of the various organic and

inorganicN-sources.

Thesedetailedtaxonomicandfunctionalanalysesoftheoceanicmicrobiomesshednew
lightontheirbiogeographyandonthefunctionalsignificanceofdistinctmembersinthe
cyclingoforganicmatterandelements.
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M95

CURRENTIMPACTONTHEFACIESANDSTRATIGRAPHYOFTHE
BAHAMASCARBONATEPLATFORM(CRUISEM95,CICARB)

InstitutfirGeologie, UniversitatHamburg | Hamburg, Germany
C.Betzler,S Lindhorst, T.Lidmann

Research Cruise M5 achieved allthe goals asformulated inthe cruise proposal: By
integrating swath echosounder, multichannel seismic, sedimentological, and
oceanographicdataithasbeendemonstratedhowthesedimentationalongtheflankof
Bahamian carbonate platforms is the result of the combined effects of downslope
gravitative and alongslope contour current processes. Contour currents shape a
periplatform drift at the foot of the Great Bahama Bank escarpment, which displays
along-slopeanddownslopevariationsinsedimentaryarchitecture.Sedimentsaremuddy
carbonatesandsthatcoarsenbasinward(Fig. 1).Thedriftwedgehasapervasivecover

of cyclic steps. In zones of lower contour current speed, depth-related facies belts
develop, whereasstrike-discontinuous sedimentlobes, scarps, andgulliescharacterize
areaswithhighercurrentspeed . Whileslopeinstabilitiesareacommonpatternalongall
Bahamiancarbonate platform slopes, different processes triggering slope failures and
theformationofchannelsandgullieswereidentified. AttheleewardslopeoftheGreat
Bahama Bank, extensive slope failures occurred primarily during sea-level lowering
following an interglacial. These slope failures created a slope morphology that
channelizesthe exported platform sediments during the subsequent highstand. Atthe
windwardslopeoftheCaySalBank,contourcurrentsandthelocaltectonicregimeare
responsibleforslopefailures.Duringsealevellowstands,downwellinginducesturbidity
currents. The interaction of turbidity and contour currents leads to the formation of
systemoffurrowsandslope-parallelsedimentridges.IntheSantarenChannel separating
GreatBahamaBank and Cay Sal Bank a carbonate driftforms, which recorded the
developmentoftheGulfStreamandoceanographic, climatic,andtectoniceventssince
theMiocene.Thenewdatadocumentthatthesignaturesofabottomcurrentflowinthe
SantarenChannelinitiatedabout 12.3Maago, asindicatedbythefirstoccurrenceof
sheeteddriftsandmoatdevelopmentatthenorthernpartoftheSantarenChannel.Data
alsoshowthatthreetypesofcarbonatemoundscovertheslopesandtoeofslopesofthe
carbonatebanksinwaterdepthsbetween285and685m.Theirdistributionisstrongly
related to the present current regime. Sedimentological analyses of cores recovered
duringthecruiseallowreconstructingdifferentdusttransportmechanismstothispartof
theCaribbean:finedustparticlesaredeliveredbythetradewindsandthegeostrophic
winds ofthe Saharan Air Layer, whereas coarse dust particles travel with convective

stormsystems. Inthiscontext,grain-sizedatafromtheterrigenousfractionofcarbonate
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driftsprovideameasureforpasicoarsedustransport,andconsequentlyforthefrequency
ofconvectivestormsystemsoverthedustsourceareasandthetropical Atlantic.

: flow
non deposition, winnowing ¢— contour currents

Fig.1.:Modeloftheperiplatformdrift(Betzleretal.,2014).Inareasothighalongslopecurrentspeeds,periplatform
depositsarearrangedinlobesinfillingshallowdepressions, whereastheyaredepositedinasedimentwedgein
zonesaffectedbyweakercurrents.Figure 1.Modeloftheperiplatformdrift(Betzleretal.,2014).Inareasofhigh
alongslopecurrentspeeds, periplatformdepositsarearrangedinlobesinfillingshallowdepressions, whereasthey
aredepositedinasedimentwedgeinzonesaffectedbyweakercurrents.
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Thislarge seismological experimentaimed atilluminating the earth’s deep subsurface
structure under the hotspottype volcano island of La Réunion in the western Indian
Ocean. Réunion is one of the most active volcanoes in the world. Volcanism in this
absolute positionhasbeencontinuously activefor65 millionyearsandhaserupteda
5500-kmlonghotspottrackthatleadstotheDeccanTrapfloodbasaltprovinceinindia.
Thistypeofvolcanismdoesnoffittheotherwisehighlysuccessfulexplanatoryframework
ofvolcanismbeingcausedbyplatetectonicprocesses, i.e.,originatingfromnodeeper
than ~100 km. Instead, hotspot-type volcanism is hypothesized to originate from the
deepestpossiblesource, throughhot,buoyant”plumes”ofmantlerockthatrisefromthe
earth’score-mantleboundaryat2900kmdepth.

Theexistenceandshapeofmantleplumesremainscontroversial asdoestheirsignificance
fortheearth’sheatbudget.Sharplyfocusedgeophysicalimagingoftheplumesandtheir
interactions with the oceanic lithosphere would go along way towards settling these
questions.Plumestendtooperateundertheoceans,whichuntilrelativelyrecentlycould
notbe instrumented with long-term arrays (duration atleast one year) of broadband

ocean-bottomseismometers(OBS).

The RHUM-RUM experiment has been the largest attemptto geophysically image an
oceanicmantleplumeandtounderstandtheresultsintermsofmaterialandheatflows.
With Réunion and the surrounding Indian Ocean, we instrumented a presumed type

exampleofavolcanichotspotunderlainbyadeepmantleplume.
p P Y p p

InacloseGerman-FrenchcollaborationfundedbyDFGandANR,RHUM-RUMdeployed
48Germanand9Frenchocean-bottomseismometersover2000kmx2000kmofdeep
seafloor(inOct.2012usingR/V“MarionDufresne”),andsuccessfullyrecoveredthem
inNov. 2013 usingR/V “Meteor”. We installed an additional 37 land seismometers
between2011and2015ontheislandsoflaRéunion, Mauritiusandthe Seychelles,
Madagascar and the lles Eparses. Pooling the scientific expertise, marine resources,
funding, andlocalinfrastructure of Germany and France, we could mountthe largest

effortsofartoimageanoceanicmantleplume.

Over20seniorscientistsandtheirgroupshave worked onthe RHUM-RUMdata, and
havesofarpublishedatleast36 publicationsininternational, peer-reviewedjournals.
12Ph.D.andM.Sc.theseshavebeenbasedontheRHUM-RUMdata. Wewillgivean
overviewofthescientificresultsoRHUM-RUM focusingontheknowledgegainedabout
mantle structure, with mention of serendipitous by-products in marine environmental
science.
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Project website, including two cruise blogs, media coverage of the experiment and
severalshortvideosaboutocean-bottomdeployments:www.rhum-rum.net/en/

Selectedmediacoverage:
Witze, Alexandra(2013). “Underthevolcano.”Nature 504,n0.7479(2013): 206.
http://www.nature.com/news/earth-science-under-the-volcano-1.14323

Choi, Charles (2013). “Mantle plumes.” Proceedings of the National Academy of
Sciences 110, no. 7 (2013): 2435-2435. Doi:10.1073/pnas.1300192110
http://www.pnas.org/content/110/7 /2435 full

Documentary film about the RHUM-RUM project, produced by the Université de la
Réunion (51 min, available in  French and English  versions):
https:/ /www.youtube.com/watch2v=t12N3bF50&feature=youtu.be
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Mud volcanoes (MV) are abundant within the eastern Mediterranean accretionary
systemsandtheNiledeepseafan. TheMediterraneanRidgeanditseasternextensions
havebecomeoneofthemostintensivelystudiedMV populationsonEarth.Incontrast,
untilrecently,littlewasknownaboutMVsattheCalabrianArc(Fig. 1).

Fig.1:(a)MapoftheeasternMediterraneanregionwithlocationofVenereMVintheCalabrianAccretionaryprism
(CAP); (b)morphostructuraldomainsofthe CAP; CE=CalabrianEscarpment; (c)detailedbathymetricmapofthe
lonian-Calabrianmarginshowingthelocationsofmudvolcanoes (blacktriangles). (Loheretal. 2018a)
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By multi-beam mapping and coring Ceramicolaetal. (2014) postulated 54 locations
representing mud volcano buildups in the CAP, but detailed investigations about the
activity of the mud volcanoes were missing. During R/V METEOR cruise M112 we
exploredall54mudvolcanoesforrecentorsubrecentactivity. Around 4,400 nautical
miles of the Calabrian Arc are mapped with the EM 122 multibeam and Parasound
systemstofindgasemissionsitesinthewatercolumn.Gasplumes(flares)wereexplored
inordertolocalizeactiveseepage.DuringCruiseM1 12thebathymetrywasimproved
fromaformer 100-mgridtoa30-mgridandahighresolutionbackscattermapofthe
samescalewhichrevealedmuchmoredetailsofdistinctseafloorfeatures(Bohrmannet
al.2015,Loheretal.2018b).

242

Fresh
mudfiow
deposit

Fig.2: AUV-derived bathymetry of Venere mudvolcano (MV) and samplinglocations. Afresh mudflow (outlined
inwhite) originating from the W summitextends down to the caldera floor. (a) Perspective view of Venere MV
(generatedin@QPSFledermaus?.3.2b;www.qps.nl).NotetwinconeslabelledasE+Wsummit,eachupto100m
highandringfaultsdefiningacalderaupto3kmacross. Watercolumngasflares(redtoyellowcolours;extracted
fromhydroacousticdata)upto260minheightwereobservedatfivesites, alongtheperipheralringfaults (Sites

1,2,4,5)andnearthe Wsummit(Site3); (b) Map-viewofVenereMVwithinsetoftheextrusionsiteofthefresh
mudflowattheWsummit(generatedinESRIArcMap10.3.1;www.esri.com).Redstarsmarktheflareoriginsand
whitecirclesindicatesamplinglocationswithwhitenumbersreferringtothelasttwo GeoB-identifiersof sediment
cores. (Loheretal.2018b).
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Atotalof 70mudvolcanoeswereidentifiedandimaged (Fig. 1), butonly Venere MV
wasseentoactivelyemanatesomegasbubblesfromtheseafloorintothewatercolumn
at5distinctgasemissionsites(Fig.2).Thoseflaresarewell-associatedwithseepsatthe
rimofthemudvolcanocalderaortherecentmudoutflowareaatthewesternsummit.
Pore fluids in freshly extruded mud breccia (up to 13°C warmer than background
sediments) contained methane concentrations exceeding saturation by 2.7 times and
chloride concentrations up to five times lower than ambient seawater (Loher et al.
2018b). Atflarelocationsalongring faultstothe peripheralsites (Fig. 2) active seep
manifestationslikechemosyntheticfauna, carbonateformationsandgasebullitionhave
beenfound(Bohrmannetal.2015).Thegasexpelledwiththemudontopofthesummit
shows a composition which is clearly thermogenic gas in origin, whereas the gas
compositionatthesurroundingseepsshowsamixtureofthermogenicwithbiogenicgas
(Loheretal. 2018c). The gas and pore water analyses point to fluids sourced deep
(>3km) below Venere mud volcano but do not indicate contact with chloride-rich
evaporatesduringtheirascent. Theconceptofanupward-branching plumbing system
(Fig. 3) was proposed, to accountfor co-existingmud extrusionand gas seepage via

multipleventsthatinfluencethedistributionofseafloorecosystems.

. 8
Peripheral § } Mud breccia flows
3 seep sites 9 i 3t WeSEEIT

Fluids sourced from >3 km depth

Fig.3:Conceptionalmodeloftheupward-branchingplumbingsystem.Gas-richmudbreccia(blackarrows)through
activeconduitofmainplumbingsystemfromdepthtothesummitofthewesternMVeone Gasdivertediaterallyfrom
themainconduitmigratesupwardandmaymixwithgasofshalloworigin.Gasdischargeoccursattheperipheral
seepsmaymixwithgasofshalloworigin(Loheretal.2018b).

Throughsedimentcoringandtephrochronology,agesofburiedmudflowdepositswere

determined based on the sedimentation rate and thickness of overlying hempelagic

sediments.Anaverageextrusionrateof27,000m 3/yearoverthelast~882yearswas

estimated. Mudbrecciaextrusionattheratescoevalwithcalderasubsidenceandgas
release, arebestexplainedbyexcess porefluid pressures persistinginthe subsurface
plumbing system. Instead of violent, short lived eruptions, the activity of Venere MV
consistsofastateofpressurizedactivitysustainingmoderateextrusionsovertimescales
ofhundredsofyears. Themobilemudflowsandongoinggasreleasein2015 suggest
thatVenereMVrepresentsoneofthemostactiveMVsonthe CAPevenwithrespectto

otherMVsintheforearcbasins. TheresultsoftheinvestigationofLoheretal.(2018q)
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supportathree-stageevolutionarymodelofVeneremudvolcanosince~4,000yearsago
(Fig.4).ltincludestheonsetofquiescenceattheeasterncone(after~2,200yearsago),
erosive events by may be turbidity currentsfollowing the Squillace Canyon downwards

(priorto~882yearsago)andmudflowsfromtheeasterncone(since~882years).
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Fig.4:Three-stageevolutionarymodelofVenereMVandsurrondedSquillaceCanyon.|)Mudbrecciaextrusionat
theeasternconeandtheperipheralseepage(~4,000-2,200years). Erosiveprocessesat>882yearsagocause
scours and seafloor furrows in old mudflow deposits, and the channel beds. Ill) Moderate but continuous mud
brecciaextrusionandperipheralgasreleasesince~882yearsatthewesternconeupto2016 (fromLoheretal.
2018a).
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DuringRYMETEORexpeditionM 1 1 3weinvestigatedthetectonicandvolcanicevolution
of the Azores plateau and the slow spreading Terceira Rift by means of 3.500 km
multichannelseismicreflectionandhydroacousticdata. Thecruisewasconsideredasa
pre-site reconnaissance survey for detailed petrological sampling during the follow-up
cruiseM128.

WeusedstructuralgeologicalestimatesindicatingtheageoftheTerceiraRifinucleation.
AlackofmagneticchronsinawidespreadareaatandaroundtheTerceiraRiftlimitsa
calculationonbasisofmagneticdata. Accordingtothesecalculationsthe TerceiraRift
startedrifingabout1-1.5Maago.Thisresultcontradictsolderstudies, whichsuggested
anonsetasearlyas 10Maago. Accordingtothepriorpublications, paleo-riftsfurther
southareconsideredtobetectonicallyinactive.However,ourseismicdataclearlyshow
growthfaultsthatpierceandoffsettheseafloor. Theverticalsuccessionoftransparentto
layeredreflectionsgiveevidenceofseveralmassdisplacementsalongtheriftaxes.

SdoJorgelslandintheAzoresliessouthofthesouthernshoulderoftheTerceiraRift,and
raisesaseriesofquestionsthatweaddressedinajointstudywithPortugueseandFrench
colleagues (Marques et al., 2018). The most probable mode of destruction of the
successivevolcaniccomplexesisthatamajorlandslideoccurredbetweenca. 1.2and
0.8Ma,whichwasresponsibleforthemajorlateraldiscontinuitybetweentheolderand
younger volcanic complexes. Vintage palaeomagnetic and the M113 seismic data
allowed for evaluating the effects of elastic rebound of the Terceira Rift's southern
shoulderonSaoJorgelsland. ltwasshownthatsouthwestwardtiltingoftheoldestlava
flowsoccurredbetweenca.1.2and0.8MaduetorotationoftheTerceiraRiftssouthern
shoulderduringelasticrebound.

Theformationorparticularsubmarinevolcanoesontheplateauwasofspecificinterest.
Basedonseismicinterpretationatentativescenariofortheevolutionofthoseconeswas
elaborated. 1. Thevolcanicacousticbasementforms. 2. Pelagicsedimentsdepositon

topofthebasement.3.Duetoincreasedvolcanicactivityduringarrivalofasmallplume
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headunderneathPrincessaAlicebankmagmasascendandcausethedeformationand
bulgingoftheunderlyingandsurroundingbasement.4.Theupwarddeformationofthe
basementalsoinfuencesthesedimentslocatedontopofthedeformedbasement. They
are deposited partly at the flanks and next to the convex bulging basement. Due to
deposition, theinternalparallel patternchangestoachaotic, overlappingone. 5. The
firstexplosivephaseoftheseamountstarts,formingasmallpileofvolcanicsedimentson
topofthedeformedbasement.6.Moreexplosivevolcanicphasesfollowandtheerupted
lavasanddisplacedvolcanic sediments makethe seamountgrow further. 7. Afterthe
explosivephases,explosiveeruptionspursue, leavingbehindamorechaoticlavaflow
signature. 8. Thetopoftheseamountforms, eitherduetoafinalexplosiveeruptionor
duetoasedimentlayerwhichcoverstheconeafterthelasteruptionphase. 9. Fissure
eruptionsoccurwithinthe areasurrounding the seamounts, leaving behindlavaflows
thateventuallycoverthebasementandmixwithpelagicsediments.10.Whenthedykes
cooldown, theeruptioncentralizestospecificpointsalongthefissures, creating small
volcanicconeslocated ontop ofthelavaflows. Duringand afferthe volcanicactivity
pelagicsedimentsdeposit. Bottom currents already starttoflow aroundthe seamounts
duringthedepositionofpelagicsediments, formingmoatsandcontouritechannels.With
the beginning of subaerial volcanism around 4 Myr ago, the sediment composition
changesand ahemipelagic sedimentlayer deposits ontop of the pelagic sediments,
which is also influenced by ocean bottom currents leaving behind moats as well as
contouritechannels. Thesevalleys formedbycurrents,arefilledupbyvolcanicsediments
whichsliddowntheflanks.

Theintegratedinterpretationofseismic(M 113 /1) petrologicalandmajorelement,trace
elementandisotopegeochemicaldata(M128)froma~1000mstratigraphicsectionof
submarine lavas exposed at the western Princessa Alice bank provide evidence for
intense water-rockexchangenotobservedanywhereinoceaniccrustsampledtodate
(Beieretal.,2019).Theimmobile,incompatibletraceelementsshowthatthe samples
formedfrom higherdegreesofpartialmelting ofamantle sourcethatislessenriched
thanthesourcethatgivesrisetotheislandstoday. Theextentsofmeltingtodayarevery
small,implyingachangeinmeltingregimesinceinitialformationofthePrincessaAlice
Plateaubasaltsthatcorrespondtoameltinganomalyinthe Azores. Theextremelevels
ofalterationmayresultfromacombinationofintensifiedmagmaticactivityduringinitial
formation of the Azores Plateau and the tectonic regime providing pathways for the
fluids. Sites for geochemical studies of waning hydrothermal circulation were also
selectedfromthegeophysicaldata(Schmidtetal.,2019).

InthestudyofRomeretal.(2018)wecombinedthebathymetricandgeophysicalwith
geochemicaldatafromFaiallslandandthesurroundingseafloor, providinginsightsinto
theinteractionbetweenameltinganomalyintheasthenosphereandextensionalstresses
inthelithosphere. Bathymetricdatareveallarge submarine volcanicriftzones onthe
westernflankofFaiallslandwithapreferred WNW-ESEorientationpartlyrelatedtothe
Capelinhoseruptionin 1957 /1958. Onthebasis of absolute ages, seismicimagery,
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anddireciobservationsofsubmarinelavaformationsaiCapelinhos arelativechronology
ofthemagmaticevolution oftheriftzoneswas developed. ltwas shown thatmelting
conditionschangedwithtimeandthatthedifferentmagmabatchesproducedfeddistinct
volcanicrifzonesandedifices. Theresultingmodelimpliesthatdykesefficientlytransport
meltsalongthevolcanicriftzonesatFaialoverlengthscalesof> 1 2kmwhileplumbing
systems paralleltotheriftaxesaredistinctoverasimilarlengthscale. Asprogressive
decrease in the plume upwelling occurs, volcanism appears to become increasingly
localisedalongtectonicallycontrolledlineamentsinthelast 1 Okaexclusivelyerupting
alongfissures, alignmentsofelongated conesand dykes. Hence, meltseruptedduring
the young volcanic activity on Faial focus along single rift zones, whereas the older
volcanismoccursmorewidespread.Theseobservationsmayalsobeapplicabletoother

intraplatesettingsthathaveasignificantextensionalcomponent.
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R/VMETEORCruiseM114(Fig.1)investigatedseafloormanifestationsrelatedtoasphalt
depositsontopofsubmarineridgesandknollsknownassaltdiapirsintheCampecheBay
oftheGulfofMexico.Thecruisewassuccessfulindiscoveringspectacularmanifestations
ofhydrocarbonemissionsattheseaflooratvarioussitesontopofthesaltdiapirs. Leg 1
focusedonlocatingandmappingofhydrocarbonseepsbycombiningship-basedhydro-
acoustics, deeptowedside-scansonar,andautonomousunderwatervehicle (AUV) SEAL
5000hydro-acoustics, whereasleg 2 focused on observing and sampling ofthe seeps
using the remotely operated vehicle ROV QUEST 4000m). We found numerous gas
bubbleemissionsatknollsandridgesinthewesternandnorthernpartofthestudyarea
whichareaccompaniedinmostcasesbyoilslicksattheseasurfacevisiblebySARsatellite
analysis(Suresh2015). Aridgewastermed UNAMRidgeafterdiscovery of prominent
hydrocarbonseepagewithamazingchemosyntheticcommunities.

Ovurinvestigationsshowedthatseafloorasphaltdepositspreviouslyonlyknownfromthe
ChapopoteKnoll (Bohrmann2016)alsooccuratnumerousotherknollsandridgesin
waterdepthsfrom1230to3 150m(Sahlingetal2016,2017).Inparticular thedeeper
sitesl ChapopoteandMictlarknollsjwerecharacterizedbyasphaldepositsaccompanied
byextrusionofliquidoilinformofwhipsorsheets,andinsomeplaces(TsanyaoYang,
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Mictlan, and Chapopoteknolls) by gasemission and the presence ofgashydratesin
addition. Molecularandstablecarbonisotopiccompositionsofgaseoushydrocarbons
suggesttheirprimarilythermogenicorigin(Sahlingetal.2017).

Relativelyfreshasphaltstructuresweresettledbychemosyntheticcommunitiesincluding
bacterialmatsandvestimentiferantube worms, whereasolderflows appearedlargely
inertfanddevoidofcoralsandanemonesatthedeepsites. ThegashydratesatTsanyao
YangandMictlanKnollswerecoveredbya5-to-10cm-thickreactionzonecomposedof
authigeniccarbonates (Smerzkaetal. 2019), detritus, and microbial mats, and were

denselycolonizedbychemosyntheticanimals.
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Fig. 1:RegionalmapofthesouthernGulfofMexicoproducedfromswathbathymetrydatadrapedover GEBCO
bathymetry. Indicated are oil slick origins asinferred fromoil slicks atthe sea surface according to Williams et
al. (2006), classified as definite (red dots) and probable (yellow dots) and gas flares recognized during cruise
M114(Sahlingetal.2016).Locationsofpersistentoilslickscorrespondwithseafloorridgesandknolls. Potential
areaofseepagecoversalargeportionofthe CampecheBight. Seafloorlocationsofhydrocarbonseepagesites
investigatedinourstudiesarealsoshown.

Combining data from AUV mapping and ROV navigation with powerful optical
mosaickingtechniques, weassembledgeoreferencedimagesoftheChapopoteasphalt
flows (Fig. 2). The largestimage captured anareaof 3,300 m 2withover 15billion
pixelsandresolvedobjectsatcentimeterscale. Augmentingthisopticalresolutionwith
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microbathymetry led to the recognition that very large asphalt pavements exhibiting
highlyvariedmorphologiesand weathering statescomprised aseriesof atleastthree
separateflowunits,oneontopofanother.
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Fig.2:MicrobathymetrymapofthecraterofChapopoteasphaltvolcanowithcurrentoutlineofseafloorasphaltby
thewhiteline(left). ThePhotomosaicandflowunitsofthe Chapopotemainasphaltfield.Photomosaicoverlainon
areabathymetry(middle). Extentofasphaltsshowninwhiteoutline. Theeasternlimitofthefieldwasinferredfrom
thebathymetryandremotelyoperatedvehicle (ROV)footage. Extentofthemainasphaltunitsandmicrobialmats
(right).Colorsindicatethreeproposedflowunits-insomeareasinferredbyabruptelevationchanges.Gravitycore
locationsshowwheretargetedasphaltcollectionsweremade(Marconetal.2018).

Fig. 3: Compositeillustration ofthe Tsanyao Yang Knollhydrocarbon seep system. (A) DuringR/V METEOR cruise
M1 14flaresabout3,000minheightoriginatedfromthe mainseepfieldontopoftheknolluptotheseasurface
(whitedotsareextractedwatercolumnanomaliesfromacousticmeasurments, whitedottedlineistheprojectedpathof
bubblesintheupper500m),whereoilandgasbubbleswereobserved.In201 1oilemissionsfueledextentoilslicks
attheseasurface(Suresh,2015).(B)Quantificationrevealedthatonlyaminorfractionoftheoilvolumeisrequiredto
generateanoilslickofsuchanextent.TheoilbubbleemissionsitewasdiscoveredattheseafloorduringanROVdive
in2015.Incontrast,gasbubblesreleasedfromtheseafloorcontainmainlymethanethatisrapidlydissolvedduring
bubblerisethroughthewatercolumn.Therefore, mostofthecarbonreleasedthroughmethanebubblesremainedin
thelowermostwatercolumnanddidnotreachthewater-airinterface(Rémeretal.2019).

The Chapopote asphalt volcano likely erupts during phases of intensified activity
separatedbyperiodsofreducedactivity. Afterextrusion,chemicalandphysicalchanges
in the asphalt generate increasing viscosity gradients both along the flow path and
betweentheflow’ssurfaceandcore. Thisallowstheasphalttoformpahoehoelava-like
shapesandtosupportdensechemosyntheticcommunitiesovertimescalesofhundredsof
years.OurstudyafTsanyaoYangKnoll(TYKillustratestheamountandfateofmainlyoil
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andmethaneemanatingfromtheseafloorstructureandrisingthrougha3,400mwater
column(Sahlingetal. 2017 ,Rémeretal.2019).TYKwasfoundtobeoneofthemost
active seepage structures at such a deep depth (Fig. 3). Concentrations of dissolved
methanewerehighlyelevated(30,000nmol/L)directlyabovetheseaflooremissionsite,
butdecreasedtobackgroundconcentrations(3-5nmol/L)withinthelowermost100m.
Theextentofalldiscoveredseepagestructureareasindicatesthatemissionofcomplex
hydrocarbonsisawidespread, thusimportantfeatureofthesouthernGulfofMexico.
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M115

LITHOSPHERICFORMATIONATULTRA-SLOWSPREADINGRATES-
CONSTRAINTSFROMM115ANDTHECAYMANTROUGH
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Thegenerationofoceaniccrustatultra-slow spreadingratesisfundamentally different
fromcrustalemplacementatfasterspreadingrates. However, duetotheremotenessof
mostultra-slowridges, theformationofcrustatthesemagma-starvedcentreswaspoorly
understood. The CAYSEIS seismic experiment conducted during M115 aboard RV
METEOR provided new seismic data of excellent quality to characterize lithospheric
formationatultra-slowspreadingratesattheMid-Caymanspreadingcentre(MCSC)in
theCaribbeanSea,whereoceaniccrustisformedatafullrateof~17mm/yr.
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Fig.1:BathymetricmapandlocationmapofseismiclinesshotduringM 11 5intheCaymanTrough,CaribbeanSea;
redcirclemarksMt.Dentoceaniccorecomplex.

43



Anumberofconclusionscanbehighlighted:

(i) Lithospheric emplacement along the median valley of the MCSC nur tures both
domainsofmagmaticaccretionandhencethinoceaniccrustandareasofmantle
tectonicallyun-roofedtothe seafloor. Shallow lowvelocity zones (LVZ) at3-5 km
belowseafloormayoutlinesettingsofvolcanicactivity. OnelVZisunderlyingthe
Beebe hydrothermal vent field, Earth’s deepest known black smoker vent field,
suggestingthathydrothermalcirculationisdrivenbymagmatism.

(i) SeismicdatafromtheMt.Dentoceaniccorecomplexcanbeinterpretedinter m
ofanevolutionarymodel,wherethemassifwasproducedbyapulseofon-axis
magmatismatca.2Ma,whichwasthenfollowedbyexhumation,cooling,and
fracturing. Alow seismic velocity anomaly 5 kmimaged below the Von-Dann
hydrothermalventfieldistaken asevidenceforeitheracrackingfrontmining
lithosphericheatorintrusivemagmaticsills, bothofwhichcoulddriveongoing
deephydrothermalfluidcirculation. Weconcludethatthetransientmagmatism
andvariablecrustalthicknessatultraslow-spreadingcenterscreateconditionsfor

long-livedhydrothermalventingthatmaybewidespread.

(iii) Mid-ocean ridgesspreadingatultra-slowratesoflessthan20mm/yrcaneither
exhume serpentinized mantle to the seafloor, or they can produce magmatic
crust.Yet,seismicimaginggenerallyhasnotbeenabletoresolvetheabundance
of serpentinized mantle exhumation, and instead supports 2 to 5 km of crust
flowingmostmedianvalleyofridgesspreadingasultra-slowrates.BasedonP-
to S-wave velocity (Vp/Vs) ratio derived from seismic tomography, CAYSEIS
provided for the firsttime evidence for the occurrence of wide-spread mantle
exhumation.WesuggestthathighVp/Vsratiosgreaterthan1.9andcontinuously
increasingP-wavevelocity,changingfrom4km/sattheseafloortogreaterthan
7 .4km/sat2to4kmdepth,indicatehighlyserpentinizedperidotiteexhumed
to the seaf loor. Elsewhere, either magmatic crust or serpentinized mantle
deformed and uplifted at oceanic core complexes underlies areas of high
bathymetry. The Cayman Trough therefore provides a window into mid-ocean
ridge dynamics that switch between magma-rich and magma-poor oceanic
crustalaccretion, includingexhumationofserpentinized mantlecoveringabout

25%oftheseafloorinthisregion.

(iv) Thedepthofearthquakesalongmid-oceanridgesisrestrictedbytherelativelythin
brittlelithospherethatoverliesahot,upwellingmantle. Withdecreasingspreading
rate,earthquakesmayoccurdeeperinthelithosphere,accommodatingstrainwithin
a thicker brittle layer. Data from the ultra-slow spreading MCSC illustrate that
earthquakesoccurdeeperthanalongmostotherslow-spreadingridges. Together,
the new MCSC data, a reanalysis of micro-seismicity from the Southwest Indian
Ridgeandaglobalcompilationofmicro-earthquakesurveyssupportthehypothesis
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thatdepth-seismicityrelationshipsatmid-oceanridgesareafunctionoftheirthermal-
mechanicalstructureasreflectedintheirspreadingrate.
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Fig.2:A)BathymetricmapoftheCaymanTroughanddeploymentofalocalmicro-earthquakemonitoringnetwork
ofOBSs(numberedsquares),showingtheVanDammandBeebehydrothermalvents(greendiamonds), epicenters
of0.4<Mw<3.2(circles, size scaledtomagnitude) of micro-earthquakesrecordedatastationgapof < 180°are
coloredmagenta, andgreycirclesareeventswithalargergap, OBSs). Thelocation ofthe axial volcanicridge
(AVR)isarrowed.Focalmechanismsareplottedinred.B)Mapshowingthegeographiccontextofthestudyarea.
C)Micro-earthquakesplottedasafunctionofdepth;colorsasinFig.2A.D)Histogramofthedepth-distributionof
well-locatedevents(magentaeventsfromA&C).
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M116/1

RESULTS FROM METEOR CRUISE M116/1 TO THE TROPICAL
NORTHATLANTIC
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R/V Meteor cruise in the tropical Atlantic Ocean departed the port of Pointe-a-Pitre
(Guadeloupe)onMay1,2015andreachedMindelo(CapeVerde)onune03,2015,
Figure 1. The Cruise M116/1 isacontribution to the DFG Collaborative Research
Project(SFB)754:“Climate-BiogeochemistryInteractionsinthe Tropical Ocean” with
themaingoaltobetterunderstandthesupplyofoxygentotheoxygenminimumzone
(OMZ)oftheTropicalAtlanticwithaparticularfocusontheroleofregionaladvection,
mesoscaleandsub-mesoscaleprocessesforlateralandverticaloxygenfluxes. Akey
method is the “Oxygen Supply Tracer Release Experiment” (OSTRE), where during
M116/1 thethird mapping of the tracer CF3SF5 using 82 CTD stations was done.
Mappingofthewatermassproperties,includingthedistributionsofoxygen, transient
tracers, nutrients and the carbonate system were done mostly along 11°N. A brief
detourallowed forthe measurementsfroma 1980scruise (TTO) tobe repeated. A
snapshotofthesynopticoceancirculationandmixingwasaccomplishedbyshipboard
ADCP observations. The measurements support the determination of isopycnal and
diapycnalmixingcoefficientsinthearea.TenArgofloatsweredeployed.Oneocean-
glider and one wave-glider were recovered. Finally, additional components of the
cruise were dedicated to zooplankton studies, nitrogen fixation experiments and

underwaysamplingofabroadrangeofbiogeochemicalparameters.

TheM11écruiseofferedtheopportunitytosample(withalightcarry-onmeteorological
instrument) central Atlantic W-E cross-section in the mineral dustoutflow of Saharan
dustforatmosphericaerosolandwatervapor.

The cruise was the third and final mapping cruise of the tracer SF5CF3 that was
injectedintheendof2012.Thecruisewasverysuccessful;mostsystemsonMETEOR
workedwellandallplannedobjectivesweremostlyreached.Thecruisewaspresented
in ablog by the artistand trained oceanographer Anja Wittwho participated the
cruise.Invariousexhibitionsherpaintingsbridgingscienceandartshavebeenshown
tothepublic.
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Fig.1:ThecruisetrackoftheM116/1cruise.
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BIOCHEMICAL PROCESSES IN UPWELLING ZONES OF THE
BALTICSEA
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Theobjective ofcruiseM 117 wastoobserve andinvestigate biochemical processesin
upwelling zones. Upwelled water is colder than surface waters and typically rich in
nutrientsand CO ,, which enhancesthe primary productivity of surface waters. For this
reason, thephenomenonofupwellingisofinterestinoceanandclimatescience. M117
aimed to understand potentially interconnected biochemical processes within upwelling
systems of the Baltic Sea. Research activities during M117 included (1) phosphorus
availability for harmful cyanobacteria blooms, (2) airsea CO , exchange, (3) marine
aerosolformation, (4)formationandtransportoforganicmercuryspecies,and(5)energy
turnover of zooplankton communities along food quality gradients. Above research
activitiesrequiredextensivebackgroundinformationaboutthedistributionsofnutrientsand
phytoplanktoncomposition,and, therefore,aboveresearchactivitieswerecombinedwith
IOW'slongtermmonitoringprogramoftheBalticSea.Thescienceteamidentifiedasingle
butwell-definedupwellingsystemoffshoreland Laterduringthecruise largecyanobacteria
bloomswerefoundandtheopportunityusedtoinvestigatetheblooms.

TheworkduringM117 showedthatupwellingregions(UP1toUP4)candevelopstrong
gradientsofaqueouspCO , inthetopsurfacelayercausedbyrich-CO ,upwelledwater
(Ribas-Ribasetal.,2019). Withinthegradient{UP 1toUP4)thedirectionoffluxeschanged
asupwelledwateratUP 1 causestheBalticSeatoemitCO ,-Attheoffshoreboundaryof
theupwellingregions,aqueousCO ,wasmuchlowerchangingthedirectionoftheflux.
With aremote-controlled catamaran, temperature anomaly between inthe upper 2 cm
layerand30cmdepthwasobserved Ribas-Ribasetal.,2017). Temperatureanomalies
wereseveraltenthsofdegreeintheupwellingregionwiththeupperlayerbeingwarmer
andthisphenomenonwasnotobservedoutsidetheupwellingregion.Asignificanthigher
enrichmentoffluorescentdissolventorganicmatter(FDOM)intheuppermostsea-surface
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microlayer was observed during upwelling. Upwelling water is potentially a source of
organicmattertothesurfaceocean,andthesurface-activefractionisaccumulatinginthe
microlayerformingasurfacefilm(Ribas-Ribasetal.,2017) Thesefilmsmaymodifyair-sea

interactionasshownbylowairseaCO transfervelocitiesintheupwellingregion.

With regards to gas exchange, it was also concluded that upwelling in summer
contributed to Hg °emission by the Baltic Sea, as “the upwelled water provides the
precondition for cyanobacteria blooms and thus for mercury transformation” and the
frequntlyoccuringupwellingusuallyaffectslargeareasofuptoafewhundredsquare

kilometres (Kussetal., 2018). Inthe upwelling system offshoreland, the total mercury

concentrationwasbetween0.15and0.20nglL Isimilartoopenseasurfacewaterand
the elemental mercury concentrationwas 11 ngm 3inthe cold upwelling plume and
increased at first with distance from the plume to about 15 ng m 3, and decreased

thereafter. Thiswasinterpreted asanongoing transformation in subsequentdayswith
distancefromthesourceandexposuretolightaswellassubsequentdilutionbymixing
andlossbyevasion.Inaddition,duringupwellingnutrient-depletedwarmsurfacewater
isreplacedbycolderwaterthatisenrichedwithphosphate. Duringmixingwithwarm
surfacewaterthiscontributedtogrowthofdiazotrophiccyanobacteria(Wasmundetal..,
2012)thatinturnlikelyalsosupportedthetransformationofHg(ll)toHg 0

Theconcentrationsoforganiccarboninaerosolsaswellastheconcentrationsofmethane
sulfonicacid,Na *,Mg #*andCa % (allmarkersformarineaerosols)werenotenhanced
during the upwelling periods or in the period when cyanobacteria were present.
Therefore, nodirectcorrelationbetweenenhancedbiologicalactivityintheoceanand
theorganicmatterobservedinthePM 1 aerosolparticleswereobserved.However, this
doesnotruleoutaconnectionbetweenbiologicalactivityandorganicmatterabundance
ontheaerosolparticles. Themissing correlationscouldbeduetoadelayinresponse
between biological organic matter production and its transfer to the aerosol particles
(Rinaldi,etal.2013;vanPinxteren etal.2017) Largequantitiesoftransferableorganic
carbon can be released during the decay phase of the bloom and are therefore not
directlycorrelatedtobloomingconditions(O’Dowd, etal.2015).Inaddition, seastate
wascalmduringtheobservationsintheupwellingregionsleadingtolowabundanceof
marineaerosolstypicallygeneratedbysea-spray.

The cellular C:Pratios of 94-154 of the filamentous cyanobacteria indicated a good P
nutritionstatus.IntheupwellingareasoflandandoffshoretheFinnishcoastthePstatuswas
evenmorefavourable(C:Pratiosof/ 1and43).IntheeasternandwesternGotlandBasin,
however, the surface waterwas DIP-depleted, and C:Pratios of the cyanobacteriawere
between 170-308indicatingalowerPcontentcomparedtothe “DIP-rich” stations. The
comparison of the C:P ratios with the respective polyphosphate (PolyP), adenosine
triphosphate (ATP), phospholipids (PL) concentrations shows that all of these three cell
componentsdecreasewithanincreaseintheC:Pratio.However,thedecreasesareslower
fromaC:Pratioof1 50thanfromaC:Pratiobelow150.licanthereforebeconcludedthat
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PolyP, ATPandPLarealsoaffectedwhenC:Pratiosofcyanobacteriachange. Incubations
experiments, conducted with cyanobacteria under deficiency of dissolved inorganic
phosphate, showed that PolyP content of the cyanobacteria increased and reached its
maximum after 24 hours before declining again. Cyanobacteria thathad grown under
sufficientDIPusedlitleaddedphosphateandthePolyPcontentincreasedonlyslightly. The
changeofPolyPconcentrationcouldbeshowninSEMandNanoSIMSforsinglecellsofN.
spumigenafilaments (Braunetal. 2018) collected fromthe experiments withthe natural
community. ltcanbeclearly seenthatPolyPisonly formedinvegetativecellsandnotin
heterocytes. Furthermore, Pislocatedinsidethecellandnot, likeN, alreadyonthecell
surface. Incomparisontovegetativecells, heterocytesstoreonlylitle P, whichisdiffusely
distributedinthemandnotaccumulatedasPolyPgranules. Overall, theupwelling system

offshorelandmighthaveprovidedfavourableconditionsforbloomsofcyanobacteria.

Furthermore, investigations during M117 suggest that a relatively small increase in sea
surfacetemperatureof4°Cmayrestrictemperatemesozooplanktonkeystonespeciesfrom
diazotrophicNbasedfoodwebsinthemixedlayerinfutureoceans.Forthefirsttime, strong
evidence was found that zooplankton species in suboxic waters below a cyanobacterial
bloom relied on alocal, mesopelagic food web. Together the data suggest that indirect
feedingondiazotrophsandmesopelagicfoodwebswillbeprincipalwaysofaminoacid
supplyforepi-and mesopelagiczooplanktonspeciesinfutureenhancedstratifiedaquatic
systems(Egliteetal 20 18) Thesupplyofessentialaminoandfattyacidsinmesozooplankton
attimesofunpalatable lipidpoorcyanobacterialbloomswasmainlycoveredbyfeedingon
mixo-andheterotrophicdinoflagellatesandflagellatesaswellasondetritalcomplexesin
andbelowcyanobacterialbloomsasrevealedbyamulti-tracerapproachcombiningstable
carbonisotopedatainaminoandfattyacidswithfattyacidirophicmarker, taxonomyand
environmental data. The continuous warming trend and simultaneous feeding of epi-and
ascendingmesopelagickeystonecopepodsmayleadtocompetitiononthepreferreddietof
keycopepodsbelowthethermoclineinhighlystratifiedsystems(Egliteetal. 2019).

The cruise M1 17 provided also additional insights in the evolution of the Major Baltic
Inflow,whichoccurredinDecember2014withtheintrusionoflargeamountofwaterfrom

the North Sea. Thisinflow caused astrong increase inthe bottom water salinity in the
easternGotlandBasin(GotlandDeep)byMay2015 butshowedaslightdecreaseduring
M117injuly2015.Inaddition,theoxygenconcentrationintheGotlandDeepincreased
byMay201 5withbottomconcentrationsof2.09mlL Jandthetypicalanoxicintermediate
layerwasfoundonlysporadically.AtthetimeofM 117 thewholewatercolumnwasoxic.
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HEAT BUDGET AND CIRCULATION VARIABILITY OFF ANGOLA
ANDNAMIBIA(BENGUELAHEATI&II)
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R/VMeteorcruisesM120andM13 1 carriedoutaphysicaloceanographyresearch
programwithabiogeochemicalcomponentintheeasternboundaryupwellingregion
off Angola and Namibia. The program was an integral component of the EU
collaborativeprojectPREFACE(“Enhancingpredictionoftropical Atlanticclimateand
itsimpacts”)andtheBMBFcollaborativeprojectsSACUS(” SouthwestAfricanCoastal
Upwelling System and Benguela Nifios”) and RACE (“Regional Atlantic Circulation
andGlobalChange”).Themajoraimofthecruisewas(1)todeterminethevariability
ofeasternboundarycurrenttransport,watermassesvariabilityandwavepropagation
alongthecoastalwaveguide;(2)toquantifyphysicalprocessescontrollingthemixed-
layerheatandfreshwaterbudgetintheeasternboundaryregion,includingthelossof
heatduetoturbulentmixing;and|(3)toinvestigateupper-oceanwatermassvariability
associated with the variability of the meridional overturning circulation along a
transatlantic transect at about 11°S. The work program of both cruises included
recoveriesandredeploymentsofmooringspositionedalongthecontinentalslopeof
AngolaandNamibia.High-resolutionhydrographic,velocityandturbulenceprofiling
wasconductedalong? sectionsbetween6°Sand23°Sand autonomousobserving
platformsweredeployedandrecoveryinthreekeyregionsoftheeasternboundary
upwelling systems. The observational program was complemented by underway
measurementsofclimate-sensitivetracegasconcentrations(CO ,N,O,CH ,andCO ,
isotopes) and measurements of the size distribution of aerosols. Additionally, a
capacity program for students and colleagues from southern African counties was

carriedout.

Forthefirsttimeever, velocity datadescribingthe variability ofthe AngolaCurrent
andeasternboundary coastalwavesoff Angolaarenowavailable. Analysisofthe
multi-yearvelocityobservationsofthe AngolaCurrentrevealedalternatingpoleward
and equatorward flow having periods of a few months with superimposed high-
frequency velocity pulses (Kopte 2017, Kopte et al. 2017). However, while the
strengthofthevariableflowisinagreementwithprevioussynopticmeasurements,the
meanpolewardflowisweakandamountstoonly0.3 Sverdrup (Kopteetal.2017;
Tchipalangaetal.2018).
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Fig. 1:LeftpanelshowsshiptrackofR/VMETEORcruiseM120includinglocationsofconductivity, temperature,
depth (CTD) and oxygen and microstructure (CTD/MSS) stations, mooring and bottom shield recoveries and
redeployments, glidersurveyareas, Argofloatdeploymentsandunderway-CTD (uCTD) profiles. Territorialwaters
ofdifferentcountriesaremarkedwithcolouredsolidlines.RightpanelshowsshiptrackofR /VMeteorcruiseM 131

(red line) with locations of CTD/LADCP (black dots) and Dredge/van Veen grab stations (green dots/circles),
mooring deployments (stars) and recoveries (circles), Argofloatdeployments (squares) and glider deployments/
recoveries(diamonds).AlsoincludedaretheexclusiveeconomiczonesofBrazil, SaintHelena,Ascension,Angola,
andNamibia(blacklines).Depthcontoursaredrawnat6000,5000,4000,3000,2000,1000,and500.

Themooredtimeseriesofcurrents, hydrographyandoxygenallowedadescriptionof
the variability of the boundary current circulation and water masses. During austral
summerthesouthwardAngolaCurrentisconcentratedintheupper150m.listrengthens
fromnorthtosouthreachingavelocitymaximumjusmorthoftheAngolaBenguelaFront.
During austral winter the Angola Currentis weaker, butdeeper reaching. While the
southward strengthening ofthe Angola Currentcan berelatedtothe windforcing, its
seasonalvariabilityismostlikelyexplainedbycoastallytrappedwaves(Tchipalangaet
al. 2018). The hydrographic sections combined with the shipboard meteorological
measurements and the autonomous measurements contribute fo determining seasonal
and interannual variability of the mixed layer heat and fresh water budgets (Lidke
2015).Oninterannualtimescales, thehydrographicdatarevealsremarkablevariability
in subsurface upper ocean heat content that apears to be related to Benuela Nifios
(Tchipalanga et al. 2018). Junker et al. (2019) used current observations of three
mooringsontheNamibianshelf(18°S,20°S,23°S)toexaminethealongshorevelocity
signalforsignaturesofcoastaltrappedwaves. Typicaltimeandlength scalesofthese
wavesrangebetween2and50days,and800to7 000km, respectively.ltturnsoutthat
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thewavepropertiesdiffersignificantlywithinafewhundredkilometersalongthecoast
whichislikelyexplainedbyvariationsinthebottomtopography.
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M121

TRACEELEMENTSANDTHEIRISOTOPESINTHESOUTHEASTERN
ATLANTICOCEAN:FIRSTRESULTSOFCRUISEM121(GEOTRACES
CRUISEGAO08)

GEOMARHelmholtzCentreforOceanResearchKiel | Kiel, Germany
M.Frank,E.Achterberg

DepartmentofPhysicsandEarthSciences,JacobsUniversityBremen | Bremen,
Germany
A.Koschinsky

ResearchcruiseM 12 1onRVMeteor(WalvisBay-WalvisBay,Nov-Dec2015)wascarried
outin the southeastern (SE) Atlantic Ocean. The focus of the cruise were trace metal
biogeochemical and chemical oceanographic investigations that also included physical
andbiologicaloceanographiccomponents. Themaingoalofthecruisewastodetermine
indetailthedistributionsofiraceelementsandtheirisotopes(TEls)inthewatercolumnof
theSEAtlantidnordertoconstrainTEkupplyandremovalmechanisms theibiogeochemical
cycling, and their interaction with the nitrogen cycle in the study region. The research
focusedonthreemainresearchtopicsthatcanideallybecombinedinthestudyarea. The
firsfocuswasthedetailedinvestigationofthedistributionoftheTEls, someofwhichactas
limiting micronutrients for primary productivity and diazotrophy. The TEl distribution is
affected by the distribution and mixing of the water masses of the Benguela upwelling
regionand their properties with respectto oxygen levels and exchange with the anoxic
shelves.TherelationshipsbetweenthesupplystrengthsofkeyTEls(e.g.Fe, Co,Mn,Mo)
thatdriveoceanproductivityN fixationandN-lossprocesseslanammoxanddenitrification),
wereassessedaswatercolumnN:Pratiosinthestudyregionshowstrongdeviationsfrom
the classical Redfield ratio, with potential consequences for productivity in downstream
regionsoftheAtlantic.Secondly,thefluxesandsupplypathwaysofTElsviadust{Namibian
Desert) sedimentsandmajorrivers,mainlytheCongoandOrangeRiverswereinvestigated.
Thethirdfocuswastheinvestigationoftheoffshoredistributionofthe TElsasafunctionof
majoroceancirculationandwatermassmixing.Thisisparticularlyimportantbecausesome
oftheseTEIsareappliedaspaleowatermasstracersbutknowledgeontheirpresentday
distributioninthestudyareaisscarce. Theseobjectivesareofglobalsignificanceandtheir
achievementprovidesimprovedunderstandingoftheroleofdiverseprocessesincontrolling

thechemicalenvironmentinwhichecosystemsoperateworldwide.

Thecruise wasofficially partoftheinternationally coordinated program GEOTRACES
(CruiseNumberGA08). Atotalof 51 fullwatercolumnsstationswere sampledforthe
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different dissolved TEls, which was accompanied by sampling for particulates and
radiumisotopes using in-situ pumps and by trace metal clean surface water sampling
usingatowedfish(Fig.1).

Fig.1:CruisetrackofR/VMETEORCruiseM 121 (GEOTRACESCruise GAO8)andlocationsofsampledstations
providedasblackdots.
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Fig.2:ExperimentsconductedalongthesoutheastAtlanticGEOTRACESGAO8cruisetrack(lefipanelldemonstrated
thatboth nitrogen and iron had to be added to surface waters to significantly stimulate phytoplankton growth
(example experiment in the right panel). Supplementary addition of cobalt (or cobalt-containing vitamin B12)
stimulatedsignificantadditionalgrowth (Browningetal.,2017).
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Oneofthehighlightspublishedsofararetheresultsachievedonnutrientandmicronutrient
co-limitationofbioproductivity. Thesedatademonstratedthatseparatenitrogenandiron
additiontoseawaterinthestudyareadidnotresultinelevateddiatombioproductivity,
whereasthecombinationofthetworaisedchlorophyllalevelsbyuptoafactorof40
andwasevenfurtherincreasedbyadditionofCo(Fig.2) . Thisfindinghasveryimportant
implications for the factors controlling ocean bioproductivity and their accurate
representation in biogeochemical modeling and was published by Browning et al.
(2017).
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Fig.3.NdisotopiccompositionsandNdconcentrationsoftheAngolaBasinandCapeBasinobtainedforCruise
M121, together with data from cruise ANT-XXIIV/3 (Stichel et al., 2012). Dashed lines indicate approximate
boundariesoftheprevailingwatermasses. ThefigurehasbeenadoptedfromRahlfetal.(2020).

RadiogenicNdisotopeshavebeenwidelyusedaswatermasstracersinthepresentand
pastoceanbuttheirdetailed watercolumndistributionandrelationshiptowatermass
mixingintheSEAtlantic,inparticulartherestrictedAngolaBasinhasbeenunconstrained
duetoanalmostcompletelackofdata. TheNdisotopedistributionsnowshowthatthe
near surface waters in the study area were affected by water masses charged with
dissolvedmetalsofacoastalplumeinthewesternAngolaBasinandbysurfacewaters
carryingsignatureofoldArcheanterrainsofsouthernAfricaintheCapeBasin (Rahlfet
al.,2020). AssupportedbyRaisotopemeasurements, theNdisotopeinputsfromthe
CongoRiverarestillclearlytraceableinthesurfacewatersmorethana1000kmnorth
oftheCongomouthwhereasthesubsurfacewatersdeeperthan200mdonotshowany
impactoftheriverwaters.ExceptinthecentralAngolaBasinthedeepwaterNdisotope

signaturesreflectwatermassmixing(Fig.3).

Afirstcomprehensive setof Cdelementaryandisotopicdistributionsinthestudyarea
was published (Guinoiseauetal., 2019) and showedthatwater mass mixing largely
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controlsdeepoceanCdisotopesignatureswhereasCdisotopefractionationinsurface
waterscanbemodelledasanopensystematsteady-state buffered by organicligand
complexation.IntheoxygendeficientzoneODZ, strongerCddepletionrelativetoPO
isassociatedwithashiftind 1"4Cdtowardsheaviervalues, whichisindicativeof CdS

precipitation.

The distribution of dissolved aluminum concentrations can be used as a tracer for
atmosphericdepositionfluxesandthedissolvedAldataofGA 1 1arepartofapaperon
animprovedreconstruction ofthe atmosphericinputsintothe Atlantic Ocean (Menzel
Barraquetaetal., 2019). The new data agree well with previous estimations in the
Atlantic butdeviate from atmospheric dust deposition model flux estimates in regions

influencedbyriverineAlinputsandinupwellingregions.

Furtherpublicationsonthedissolvedandparticulatedistributionsofothertracemetals,
theirspeciationandofRaisotopesarecurrentlyinpreparation.
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SOURCES AND DISTRIBUTION OF DISSOLVED MOLYBDENUM,
VANADIUM AND URANIUM IN THE SOUTHEASTERN ATLANTIC
OCEAN

DepartmentofPhysicsandEarthSciences, JacobsUniversityBremen | Bremen,
Germany
.Velasquez,S.Poehle K.Kunde*,A.Koschinsky

*OceanandEarthScience,NationalOceanographyCentreSouthampton, UniversityofSouthampton

Thespatialdistributionsofdissolvedmolybdenum (Mo), uranium (U)andvanadium (V)
were determined from 23 stations in the Southeastern Atlantic Ocean during the
GEOTRACES cruise GA11 (M121) to understand their possible supply and removal
mechanismsandbiogeochemicalcyclinginthestudyregion.Thesamplingsitescovered
areasofmajorexternalinputsourcese.g.dustfromtheNamibDesert,exchangewith
theWestAfricancontinentalmarginandwiththeoxygen-depletedshelfsedimentsofthe
BenguelaupwellingaswellastheinfluenceoftheplumeoftheCongoRiver.

MolybdenumandUareoftenconsideredtobehaveconservativelyintheopenocean,
whileVwasreportedtoexhibitconservative(Firdausetal.,2008;Sohrinetal., 1987,
1999) and nutrientlike distributions (Smrzkaetal., 2019) inseawater. However, itis
known that all three metals can adsorb on Mn-Fe oxide particles and form insoluble
precipitatesinanoxicregions. TheconcentrationsofMo, UandVfromthesstudysites
(Figure1)rangedfrom96to127nM, 10to 13nMand29to49nMrespectively,and
theirmeanconcentrations(Mo 109nM;U12.8nM;V36.7 nM)werecomparableto
publishedvaluesforseawater (Smrzkaetal.,2019). SimilarconcentrationsofMo, V,
andUin0.2pmand0.015pmfilteredsamplesindicatethatthesolublefractionsofthe
threeelementsdominatetheirabundanceinthe watercolumn. Verticaldistributions of
dissolvedMo,UandVwerehighlyvariableintheupper200mwithanearhomogenous
distributiondownthewatercolumn.Theupper200moftheshelfstationsintheAngola
BasinhavemarginallyhigheraverageconcentrationsofdissolvedMo,UandVthanin
intheshelfstationsinthe CapeBasin (Figure 2). Thismaybeindicative of desorption
fromMn-Fe-oxyhydroxidesorreleasefromthe sedimentscomingfromthe CongoRiver
(Audryetal., 2006; Algeo and Tribovillard, 2009; Ricklietal., 2010, Baveretal.,
2017).

OurresultsconformtothepresenceofhighunradiogenicNdisotopesignalsobserved
intheAngolaBasinduetoriverineinputandatracemetalenrichedplumeoriginating
fromthe Africancoast(Nobleetal., 2012, Zhengetal.,2016,Rahlfetal.,2019).



DifferencesinconcentrationsanddepthprofilesofMo,UandVindeepstations 1285
comparedtostationsalongthe28°Swest-easttransect(1289,1296,1304and1313)
illustratesignaturesofthemixtureofdifferentwatermassesinthewatersoftheAngola
andCapeBasins(Rahlfetal.,2019).OurdataimplythatdissolvedMo,UandVdo
notbehavestrictlyconservativeinthe SEAtlanticOcean. Theirconcentrationsvaryin
alimited range between distinct areas with specific environmental conditions (e. g.
impactofriverineinputlikeparticlesandsuspendedsediments,anddustinputintothe
waters along the shelf as well as oxygen depletion in the subsurface layer of the
upwellingregion).

i
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Fig. 1:SamplingstationsofcruiseM 12 1inthe SEAtlanticforwhichMo, V,andUdatahavebeenanalysedfor

thestudy;bluedotsrepresentAngolaBasinstationsshowninFigure2andreddotsrepresentCapeBasinstations
inFigure2.
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Fig.2:Plotshowinghigheraverageconcentrationsof Mo, UandVintheupper200mofAngolaBasin (stations
1219,1215,1203,1207,1180,1189,1175and1170,seeFigure1)comparedtoMo,UandVinthewatersof
CapeBasin(stations1157,1159,1345,1342,1339,1335and1318).Concentrationrangesforeachsampling
deptharepresentedusinghorizontalbars.
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TRACINGWATERMASSMIXINGAND CONTINENTALINPUTSIN
THEANGOLAANDCAPEBASINSWITHDISSOLVEDNEODYMIUM
ANDHAFNIUMISOTOPES
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P.Rahlf,E.Hathorne,G.Laukert,M.Gutjahr,M.Frank

Intheframeof GEOTRACEScruiseGAO8onRVMeteor(cruiseM 12 1), wedetermined
49 full seawater profiles of dissolved radiogenic neodymium (Nd) isotope signatures
(e,,q) and neodymium concentrations as well as 20 profiles of dissolved hafnium (Hf)
isotopesignatures (e ) andhafnium concentrations oftherestricted AngolaBasin, the
wellventilatednorthernCapeBasinandalongthecoastof AngolaandNamibia (Fig.
1). Radiogenic Nd and Hf isotopes are used to investigate water mass mixing and
provenanceaswellasexchangeprocessesbetweenseawaterandsediments.
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Fig. 1:DissolvedsurfacewaterNdisotopiccompositionsoftheresearchareawiththemostnegative eNdvalues
reaching-21at11°Eand17°S.

Nd isotope compositions of deep water masses in both basins primarily reflect
conservativewatermassmixing, exceptthecentral AngolaBasin, whichissignificantly
overprintedbyregionalterrestrialinputs(e | ,=-14)(Fig.2).BottomwatersoftheCape
BasinshowsomeexcessNdconcentrationsreleasedfromdetritalsediments, however,
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withoutsignificantlychangingtheirNdisotopiccompositionsrangingbetweens w26
and-10.5(Fig.2).GiventhatbottomwaterswithintheCapeBasintodayareenriched
inNd,non-conservativeNdisotopiceffectsmayhavebeenresolvableunderpastglacial

boundaryconditionswhenbottomwatersweremoreradiogenic.

Polarstern cruise ANT-JOIV/3 (Stichel et al, 3013) This ssudy.
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Fig. 2:Ndisotopiccompositions ofthe AngolaBasinand CapeBasin obtainedfor CruiseM 121, togetherwith
datafromeruiseANT-XXIIV/3(Stichelefal.,2012).Dashedlinesindicateapproximateboundariesoftheprevailing
watermasses. ThefigurehasbeenadoptedfromRahlfetal.(2020).

Highly unradiogenic eNd signatures of up to-17 in the upper water column of the
westernAngolaBasinareprimarilytheconsequenceoftheadmixtureofacoastalplume
originatingnear15°SandcarryinganunradiogenicNdsignal (e wg=-21)thatislikely
causedbythedissolutionoffe-Mncoatingsofparticlesformedinriverestuariesornear

the West African coast (Fig. 3). Theunradiogenice wgsignaturesofupto-17.7inthe
upperwatercolumnofthenorthernCapeBasin, incontrast,originatefromold Archean
terrainsofsouthernAfricaandareintroducedintotheMozambiqueChannelviarivers
likethelimpopoandZambezi.Thesesignaturesallowtracingtheadvectionofshallow
watersviatheAgulhasandBenguelacurrentsintothesoutheasternAtlanticOcean.

water depth [m]

25°S

Fig.3:NdisotopiccompositionsalongthecoastofNamibiaandAngola.Between10andand15°S.Unradiogenic
NdisreleasedfromparticlesandisadvectedwestwardintotheAngolaBasin.

NorthoftheabovementionedcoastalplumetheCongoRiverdischargesintothenorthern
AngolaBasinat6°S. WefindhighNdandHfconcentrationsofupto4000pmol /kg
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and54pmol/kg, respectively,inlowsalinitysurfacewatersofthe Congorivermouth.
Ndisotope compositions of the riverendmember seasonally vary between-15.6 and
-16.4andHfisotopecompositions(e |, Jvarybetween0.35and-1.4.REEsandHfare
efficientlyremovedbycoagulationatlowsalinitiesbutarestillenrichedinsurfacewaters
upto 1000kmtothenorthwestoftherivermouth(Fig.4).IncontrasttotheNdisotope
compositions of the surface waters that indicate close to conservative behavior, Hf
isotopesindicatesignificantinfluencebyexchangebyparticulatematter.Basedonmass
balancecalculationswefindthatupto 50 % ofthedissolved Hfbutmax. 2 % ofthe
dissolvedNdinsurfacewatersnearthemouthoftheCongoRiverplumeisreleasedfrom

suspendedparticulatematter,mainlyfromFe-hydroxides.
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Fig.4.NdisotopiccompositionsoftheCongoRiverplume,whichistracedupto 1000kmnorthwestward.
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PRESENTANDPASTCOLD-WATERCORALECOSYSTEMSINTHE
SEATLANTIC

MARUM-CenterforMarineEnvironmentalSciences, UniversityofBremen |
Bremen,Germany
D.Hebbeln,C.Wienberg,RVMeteorCruiseM 122participants

DuringR/VMETEORexpeditionM 122, hithertounknownoccurrencesofthrivingaswell
asfossilframework-formingcold-watercorals(CWC)havebeendiscoveredoffNamibia
and Angola, a region characterised by a distinct oxygen minimum zone (OMZ).
Especially the presence of vivid coral reefs off Angola (Fig. 1) shed new lighton the
adaptive capacitiesof thetwomain reef-forming CWC species: Lopheliapertusaand
Madreporaoculata, whichthrive inthe center of the Angolan OMZ underthe lowest
dissolvedoxygenconcentrations(<0.8mLL  )everobservedforCWC.

Fig.1:(a,b)Vividlopheliapertusa-reefsarepresentinthecenteroftheoxygenminimumzone(OMZ)offAngola
OMZ(~350mwaterdepth;ROVimages©MARUM).

Inaddition, withpartly>12°CalsotheobservedtemperaturesoffAngolaareclosetothe
assumed upper tolerable limit for CWC, especially for L. pertusa. As the occasional
advectionofslightlybetterventilatedwatersbytheactivityofinternaltidesgoesalongwith
highertemperaturesandviceversa(Fig.2) thesetwostressorsseemtobalanceeachother
tosomeextent.However, thewidespreadoccurrenceofvividl.pertusa-reefsindicatesthat
the presumed negative effects of hypoxic conditions and high temperatures on the
proliferationofCWCseeminglycanbecompensatedbysignificantlyenhancedfoodsupply
controlled by the local upwelling regime. These findings triggered new ideas aboutthe
interactionofmultiplestressors,byshowingthatoneenvironmentalconstraintprovidingan
optimalsettingmaybalancetheimpactofanotheroneprovidinganunfavourablesetting.
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Fig.2:Benthiclanderdataobtainedovera4-dayperiodinjanuary2016bythe NIOZ AlbexLanderat340m
waterdepthclosetothethrivingcold-watercoralreefsatthe Angolanmargin. Thedataclearlydocumenttheeffect
ofinternaltides.

Studying the long-term development of the Angolan CWC documented their almost
continuouspresencethroughoutthelastapproximately 35kyr, coveringcoldglacialas
wellaswarminterglacial periods (Fig. 3). Thisisin contrasttomostother CWCsites
known from the Atlantic, which almost exclusively reveal CWC occurrence patterns
pacedbylarge,i.e.,glacial/interglacial,climatevariability.Sofar,asimilarpatternas
observedoffAngolaonlyhasbeenfoundoffBrazil, highlightingthespecificroleofthe
SouthAtlanticforthebasin-widedevelopmentofCWCunderchangingglobalclimates.

Onevenlongertimescales, the CWC seemto benefitfrom fectonic activities off Angola,
resulting in vertical movements creating distinctmorphologies. A key feature isthe Anna
Fault,whichbordersasubsidinggrabenfeatureintheeasttoasaltblockinthewest (Fig.
4).Thisfaultaffectedthelocalhydrodynamicregimetriggeringthedepositionofacomplex
ContouriteDepositional Systemtotheeast. Atsomepoint, thecoralsstartedtobenefitfrom
theenhancedhydrodynamicsandbuiluptheAnnaRidge, acoralmound/ridgereachinga
heightof>100m(Fig.4) whichappearsintheseismicdataasacontortedtochaoticbody
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Fig.3:U/Th-datingresultsfromthe Angolanmargin largelybased oncorals collected from sedimentcore GeoB
20933-1plottedversuscoredepth.Alongseeminglycontinuousandundisturbedcoresectionsmoundaggradation
rates(AR)arepresented.
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Fig.4:Multi-ChannelSeismicprofileGeoB16-034crossingAnnaRidgeoffAngolainE-Wdirection.

OffNamibia,>2000smallercoralmoundshavebeenfoundbetween 160and260m
waterdepthinevenlessventilatedintermediatewaters(>0.5mLL ). Thesemoundsare
densely covered with coral rubble and dead coral framework, while noliving corals
wereobserved|(Fig.5).

Fig.5:ROVimagesshowingthe surface of cold-watercoralmoundsoffNamibia. (a, b) Dead coral framework
andrubbleentirely consistingofLophelia pertusa. The frameworkisintensely colonized by theyellow bryozoan
Metropriellasp.(ROVimages©OMARUM).

Nevertheless, thesemoundstestifythepresenceofenvironmentalconditionssuitablefor
CWCoffNamibiainthegeologicalpast. Datingof CWCcollected fromthemounds'’
surfacesaswellasofafullmoundrecordrevealthatformerlythrivingCWCvanished
fromtheregionapproximately 4.5 kyrago. Atthattime, latitudinalmovements ofthe
SouthernWesterliesresultedinastrengtheningoftheregional OMZ, mostlikelypushing
theambientventilationstatebelowalevelbearablefortheNamibianCWC(seeabstract

byTamborrinoetal.).
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Knownasbiodiversityhotspotsinthedeepsea, CWCreefscanprovidespace, shelter,
andfoodand, thus,attractmanyotherorganisms.However, thethrivingreefsofAngola
andevenmorethefossil butstillexposedreefsoffNamibiashowmuchlessbiodiversity
asknownfromotherCWCreefs, e.g.,intheNorthAtlantic. Thisismostlikelydueto

the overall very low concentrations of dissolved oxygen in the SE Atlantic OMZ.
Nevertheless, comparedtothesurroundingseabed, alsointhesecoralmoundsettings
the biodiversity is high, even revealing species new to science ase. g. , the mussel
Neocardiakandelin.sp.
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Cold-watercoral[CWCJecosystemshavebeenwidelydocumentedalongthecontinental
slopes around the Atlantic Ocean, but still new areas are awaiting their discovery.
FrameworksbuiltbycolonialscleractinianCWC likelopheliapertusa,havethecapacity
tobafflebypassingsedimentssupportingthedevelopmentofimpressivethree-dimensional
seabed structures known as “coralmounds”, which form over geological time scales.
Here,wepresentthediscoveryofanewlargecoralmoundsprovince, extendingovera
remarkabledistanceof(atleast) 80kmalongthenorthernNamibianshelf(~20-21°S).
Morethan2,000coralmoundsvaryinginheightbetweenafewmetresupto20Omwere
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detectedin160-27 Omwaterdepth(Fig.1)duringtheRVMeteorM 122cruise(Hebbeln
etal., 2017). The Namibian coral mounds (NCM) occur in three main areas: Squid
Mounds, Coral Belt Mounds and Escarpment Mounds (Fig. 1) Observation with the
remoteoperatedvehicleMARUMSQUIDandsedimentsamplingconfirmedthatoliving
L.pertusaisoccurringintheNCMprovince.

Squid Mounds

Fig. 1:(A)OverviewmapshowingoceanographiccirculationpatternsoffsouthwesternAfrica(ABF-AngolaBenguela
Front;AC-AngolaCurrent;PUC-polewardundercurrent; SACW-SouthAtlanticCentralWater;,ESACW-EasternSouth
Atlantic Central Water; mbsl-meters below sealevel). Spatial extentof oxygen minimum zone (dissolved oxygen
concentrations[DOCs]<1mlL  'in240mwaterdepth;dark-blueshading)isbasedonSchmidtandEggert(2016).
Corresponding DOCs atthe ABF are <2 mlL 1. Yellow square and arrow indicate the Namibian coral mound
provinceshowninB.”3B"and”3C"refertodatasetspresentedinFig.2, (B)and(C) respectively. (B)Bathymetric
mapshowingthedistributionofcoralmounds.

Uranium-series datings obtained from various surface coral samples revealed that L.
pertusa became regionally extinct at ~4.5 ka (Fig. 2), resulting in a simultaneous
cessationinmounddevelopmentwithintheentireNCMprovince.

Nowadays,intheareaoftheNCMtheBenguelaoxygenminimumzone(OMZ Fig.1)
causes very low dissolved oxygen concentrations (Hanz etal., 2019), suggesting a
possible cause forthe absence of living CWC. Their Mid-Holocene demiseisindeed
coincidentwithanintensification ofthe upwellingandthe northward migration of the
Angola-BenguelaFront drivenbyachangeofthewindstress(Fig.2) Higherproductivity
(andconsequenthighconsumptionofdissolvedoxygenthroughthewatercolumndueto
the high amountof decaying organic matter) combined with less mixing effect of the
Angola-BenguelaFronfintensifiedtheBenguelaOMZsincetheMid-Holoceneuntiltoday.
TheresultingextremelydepletedOMZoffNamibiarepresentedahostileenvironmentfor
theCWC, althoughuntiltheMid-Holocene, they have benefitted ofthe abundantfood
supply, whichguaranteedhighmoundaggradationrates(158cmk.y 1, Tamborrinoet
al.,2019).
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Fig.2:Uranium-seriescold-watercoralages(Ajobtainedfrom1 9surfacesedimentsamples(greensymbolsjcollected
fromvariousNamibianshelfcoralmoundsdifferentiatedintothreemoundsettings,andtheagerangederivedfrom
onegravity corefully penetratingone CoralBeltMound (green bar). Coral agesreveal apronounced periodin
moundformationrestrictedtotheearlytomid-Holocene. Thiscoincideswithenhancedinfluenceofwarmtropical
waters (indicated by high percentages of the tropical dinoflagellate Polysphaeridium zoharyi; Shietal., 2000)
(B), and weakened upwelling (indicated by low percentages of the planktonic foraminifera Neogloboquadrina
pachydermalleftcoiling];) (Farmeretal.,2005) (C), pointingtosouthwarddisplacementofthe Angola-Benguela
Front{ABF)duetosouthwarddisplacementoftheSouthernHemispherewesterliesSHW;indicatedbyenhancediron
contentsinChileanmarginsediments;)(Lamyetal.,2001).(D).M.-Mounds; DOC-dissolvedoxygenconcentration;
cps-countspersecond.LocationsforBandCareindicatedinFig. 1A.

Duetothefurtherincreaseinoceandeoxygenationexpectedoverthecomingdecades
asaconsequenceofongoingglobalclimatechange (e.g. Strammaetal., 2008),our
results from the NCM might serve as an example highlighting how marine benthic
ecosystemssufferfromsuchadevelopment.ForregionswithCWCsthatcurrentlythrive
underOMZ(Georgianetal.,2016;Wienbergetal.,2018) furtherdecreasingdissolved
oxygenconcentrationsmightwipeoutbiodiversityhotspotsengineeredbyCWCswithin
thecomingdecadestocenturies.
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Cold-watercorals(CWCs)coverdistinctpartofthewatercolumnoncontinentalmargins.
Several environmental factors, such as near sea-floor flow velocities, water mass
characteristics and carbon chemistry, are believed to set the ideal environmental
conditionsforCWCgrowth.Theseparameterrangesareusedinglobalhabitatsuitability
models, buthowtheseindividualfactorscontrolandlimitthedevelopmentof CWCsis
notyetfullyunderstood.

OurgoalistoinvestigatetheimpactofvaryingoceandynamicsonCWChabitatsand
toexplainwhyCWCshavesuchconfinedsettlingareas.Forthispurpose, high-resolution
physical, biogeochemical, and ecosystem data from seven CWCsites onthe eastern
margin ofthe Atlantic, from the sub-arctic to the subtropical southern hemisphere are
used. The southernmost sites on Angolan and Namibian margins, visited during the
MT122-ANNA cruise, add valuable information on the less-studied conditions of the
modernsouthernAtlanticCW(Csites.

Wefoundthatacrossallsites,adistincttidalflowisobservedandthathightideflowand

its relaxation are not symmetric. Living and healthy corals are concentrated at sites,
wherehightidecreateslocalupwellingthatallowrecyclingofsinkingmaterialwitheach
tidal cycle. This process links hydrodynamics to several environmental factors and
supports energy and food supply for filter-feeding corals. Our analysis provides new
insightson CWCoccurrencesinthemodernocean, andmighthelptounderstandthe
CWCgrowthanddistributionofachangingocean, inthepastandinthefuture.
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TheBenguelacurrent(BC)isanimportantplayerintheclimatesystem. lfeedscoldand
nutrient rich waters info the South Atlantic gyre, fueling high rates of phytoplankton
growthintheupwellingcentersoffNamibiaandAngola.ltsthermoclinewatersspread
andcooltheentireSouthAtlanticbasin. Theli/Mgelementalratioand 14Ccontentof
framework forming cold-water corals from north of today’s Angola-Benguela Front
(9°49.3'S;12°46.6'E,338m)nowrevealamassiveglacialupperthermoclinewater
cooling by up to 6.5 + 1.7°C and synchronous water mass aging by ~400 years
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(R=970x160years)ifcomparedtotheHolocene . Thesechangesarepersistentbetween
31'000t0 18'950yearsBP.Regionalseasurfacetemperaturereconstructionspointto
moderate<3°Cglacialsurfacewatercoolingcontrastingintensifiedregionalupwelling
andleadingtoanaugmentedverticakemperaturegradientandthusthermalstratification.
Toexplaintheobservationsweproposeasubstantialincreaseofthenorthwardadvection
ofcoldandagedmid-depthwatersofpolaroriginviatheBenguelaCurrent.Thisimplies
anorthwardshiftofthesouthernhemisphereHadleycellandablockingofwarmwater

leakagefromtheAgulhasretro-flexionduringthelastglacial.
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Madreporaoculataistogetherwith Lopheliapertusaoneofthetwomainreef-forming
cold-watercoralsintheAtlanticOcean. AlthoughtheinformationforM.oculataismuch
lessabundantthanforl. pertusa, resultsfromecophysiologicalexperimentsaswellas
from paleo-oceanographic records point outto high adaptation and accommodation
capabilitiesforthisspecies. Recentdiscoveries of M. oculata populationsinthe South
EastAtlanticalongtheAngolancontinentalmarginduringRVMeteorexpeditionM 122
revealedexceptionallargecoloniesofthisspecieswithheightsofmorethan1.2meters,
never documented before inany other area. Furthermore, these colonies thrive under
extreme hypoxicconditionswith averagedensitiesof 0.53 coloniesm-2 +0.37 (SD),
comparablefoaveragedensitiespreviouslydocumentedfromareaswithoutanyoxygen
constraints.Theseresultsarediscussedconsideringthespecificenvironmentalenvelope
off Angola and compared to previous results gained in the North Atlantic and
MediterraneanSea.
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And:SciencepartyM123

Asthewater problemsin parts of South Africain recentyears have shown, southern

Africaisverysensitivetotheimpactsofclimatechangeandthereforedependonaccurate

regional climate predictions (IPCC 2007). However, well-dated, continuous, high-

resolutionpaleorecordsarescarceandunevenlydistributed(NashandMeadows2012).
Thisisinpartduetothestrongly seasonalclimate with frequentepisodesoffluvial or
eolian erosion thatinhibitthe accumulation of long terrestrial sedimentary sequences
makingmarinerecordsparticularlyimportant.But,despitevariouspreviousexpeditions,
amongotherswithGermanresearchvessels, therewerehardlyany sedimentarchives
fromtheeastcoastofsouthernAfricabeforeMETEORcruiseM123.

Ourmain scientific objective of this expedition, the search for and sampling of sediment
archiveswiththehighestpossibleresolutioninnearshorewatersalongthe southandeast
coastsofsouthernAfrica,wasmetwithconsiderablereservationsbythereviewersofourfirst
proposal. Despitetheundoubtedlydifficultconditionsduetothewell-knownstrongcoastal
current(AgulhasCurrent),theclosecooperationwithSouthAfricanscientistsandtheirlocal
knowledgemadeitpossibletofindappropriatedeposits Asexpected,verysandysediments
predominateintheworkingarea,whichareneithersuitableforstudiestoreconstructprevious
climateconditions,norforinvestigationsofsedimentprovenance Byusingexistingmapsfor
thedistributionanddescriptionofthe shallowwatersediments, aswell asthe ship’sown
acoustic systems, it was possible to identify and sample a few patches of fine-grained
sedimentsinareasinfrontofdifferentriverestuaries. Theresultsoftheinvestigationstodate
haveallowednewinsightsintosedimentationdynamics,forexample,inconnectionwiththe
depositionofsedimentsintroducedintothelndianOceanbythelimpopo(Schiirmanetal.
2018).TheParasoundprofilesofthiscruise, whichhavebeenevaluatedandpublishedso
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far, revealasyetunknowndetailsofmorphodynamicsinindividualsectionsoftheshelf(De
Lleceaetal. 2017, Cawthraetal. 2019, Pretorius etal. 2019). The analysis of further

profilesisinprogressandwillbesubmittedforpublicationshortly.

FortheunderlyingresearchprojecRAiNthistripwasanessentialcomponentandacomplete
successwithregardtotheresults. Thus localrelationshipsbetweenmarinesedimentarchives
and samples from different potential terrestrial source regions could be identified for the
reconstructionofpaleo-environmentalconditions(e.g.Hahnetal. 2018 Milleretal 2019).

Lastbutnotleast, itshouldberememberedthatthistripalsohadthetaskofintroducing
studentsandyoungscientiststotheplanningandimplementationofmarinegeoscientific
techniquesandworkingmethods(students:scientists=13/12).Ascanbeseenfromthe
documentationandthe numberofqualifications, the expeditionwasalsosuccessfulin
thisrespect.
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Terrestrial signals in marine sediment archives are often used for paleoclimatic
reconstructions. It is therefore important to know the origin of the different terrestrial
sedimentary components. The proximity to a river mouth is often the key location to
deferminethesource.Especiallyinregionswithstrongoceancurrents, suchanassumption
might,however leadtoconsiderablemisinterpretations.Toinvestigatethesourceofvarious
terrigenous sediment fractions in southeastern Africa, a region with strong sediment
redistribution, we have performed an extensive comparison between terrestrial material
(pollen, plant lipids, defrital modes, and heavy minerals as well as bulk inorganic
geochemicalcomposition)frompotentialsourceregionsandthesamecomponentsinthe
adjacent coastal and continental shelf sediments. Onshore the proxy-indicators reflect
small-scale diversity in sampling locations and associated environments (riverbank
sediments, flood deposits, suspension loads, and soils). Nevertheless, the overall trends
reflectsignificantenvironmentalgradientsalongaSWtoNEtransect. Wenoteageneral
comparability ofthe studied parameters between the continental and marine sediments
regardless oftheir specificdifferencesintransportand depositional characteristics. We
propose that the influence of the Agulhas Current affects sediment deposition and
distributiononlyseawardofthemidshelfandthatpocketsofsedimentremainpreservedin
theleeofcoastalprotrusionswheretheyareprotectedfromerosion Thisstudyprovidesthe
essential prerequisite fo allow the attribution of temporal variations of compositional

changesinmarinesedimentcorestoenvironmentalchangesinsoutheasternAfrica.
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Climatevariability andits forcingsin eastern South Africa during the late Quaternary
remain poorly understood with data suggesting temporal variability and spatial
heterogeneity. To constrain the variability and the drivers of past climate, we explore
vegetation (C3/C4) and hydrological change using stable carbon and hydrogen
isotopesofplantwaxesandX-rayflorescence(XRF)analysisinmarinecoreGeoB20610-2
offshore the Limpopo River. We find evidence for two climatic phases: aniinitial arid
phase(c.7-3cal.kyrBP), followedbyawetterphase (c. 3-Ocal. kyrBP). Toputour
findingsintoaregionalcontext,weinvestigatealatitudinaltransectofsitesalongeastern
South Africa and divide the region info three distinct hydro-climatic zones, with
significantly different climate drivers. During the last ca. 3 cal. ka BP, wet climatic
conditionsdominatedthe northern summerrainfall zone (SRZ) and the southern South
Africanzone(SSAZ),whereasaridconditionsprevailedinthecentralandeasternSRZ.
In the northern SRZ the climate was driven by local insolation, where heightened
insolationresultedinmoreprecipitation. Thearidityduringthelastc. 3cal.kaBPinthe
centraland eastern SRZ and the increased humidity inthe SSAZ are attributed toan
equatorwarddisplacementofthesouthernhemispherewesterlies, theSouthAfricanhigh-
pressurecellandtheSouthindianOceanConvergenceZone(SIOCZ).FortheHolocene
wefindlittleevidenceforanIndian Ocean SSTcontrolonclimate. Theresultsforthe
LimpopoRivercatchmentregionhighlightthespatialheterogeneityofHoloceneclimate
conditions in eastern South Africa and indicate significant latitudinal differences in

climatedrivers.
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TheresearchcruiseM124(29.Feb.-18.Mar.2016)wasproposedtoacallforSouth
Atlantictransitcruiseswhichonlyshortstationtime.Mostobservationsduringthecruise
wereacquiredfromunderwaysystems,operatedduringtransitofthevessel Onaverage
every4°(about400km)amulitnet/CTDrosettestationprovideprofilesintheupper700
t02000mdepth.Themultineicatcheswereanalyzedunderthemicroscopeforplanktonic
foraminifera abundances and characteristics. Underway sampling was targeted to
estimatethe hydrographic (femperature, salinity) structure of the upper layer using an
underway CTD system as well as Expandable Bathythermographs (XBTs). The ADCP
surveyed upperoceancurrentsdowntoabout 1500 mdepth. Thethermosalinograph

recordedcontinuoustemperatureandsalinityatabout5mdepth.

ThemainscienceobjectivesofM 1 24were Diversity,ecologyandextentofthetransoceanic
geneflowin planktonic foraminifera between Indian, Pacificand South Atlantic Ocean;
Upperoceanmeridionalheat/freshwatertransportacrosstheSouthAtlanticAX 18section;
LongtermvariabilityinAntarcticBottomWatertemperature/salinityinthe VemaChannel,
and occurrence of persistent pollutants in South Atlantic surface waters. The cruise also
infroducedthe”MySciencecruise"concepfforBachelonoPhDlevelstudents TheMyScience
cruiseconceptisamixofhands-ontraininginoceanobservingactivities(e.g.4/8hwatch
cycle) but combined with work on the student’s-own science project. For M124 (in
combinationwithM133;SC:MartinVisbeck, GEOMAR, Kiel) about60applicationsfor
participationwerereceivedfromstudentsfromFrance, Togo, Argentina, Uruguay, Brazil,
South Africaand Germany. The proposals were evaluated considering scientific quality,
feasibility,genderandcountryandacohortof@studentswasselectedfortheM 1 24cruise.
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Fig.1:RVMeteorM124cruisetrackandsampling. Yellowdots:uCTDStations(0-450m), magentasquares: CTD-
rosette(0-2000m) blacktriangle:Multinet/CTD(0~700m) blueandblacklines:ADCPrecordings,whitestars:XBT
launches(0-700m).Symbolsfortheinstrumentgroupsareshiftedby 1 °inlatitude.

Unassigned diversity of plankfonic foraminifera from environmental sequencing
revealedasknownbutneglectedspeciesbyMorardetal (2019), Mostresearchon
extantplanktonicforaminiferahasbeendirectedtowardslargerspecies(>0.150mm)
whichcanbeeasilymanipulated, countedandyieldenoughcalciteforgeochemical
analyses.Thishasdrawnattentiontowardsthemacroperforatecladeandcreatedan
impression oftheirnumericaland ecologicaldominance. Drawing such conclusions
fromthestudyofsuch”giants”isadangerouspath Thereweretimesintheevolutionary
history of planktonic foraminiferawhen all species were smallerthan 0.1 mm and
indeednumeroussmalltaxa,mainlyfromthemicroperforateclade havebeenformally
described from the modern plankton. The significance of these small, obscure and
neglectedspeciesispoorlycharacterizedandtheimrelationshiptothenewlydiscovered
hyperabundant but uncharacterized lineages of planktonic foraminifera in
metabarcodingdatasetsisunknown.Todeterminewhoishidinginthemetabarcoding
datasets,wecarriedoutanextensivesequencingof 1 8 SrDNAtargetedatsmalland
obscurespecies. The sequencesofthe newly characterized smalland obscure taxa

matchmanyofthepreviouslyuncharacterizedlineagesfoundinmetabarcodingdata.

O Public databases @ MsMO8 (2008) @ SO-226 (2013) @ MsM3g (2014)
O M113(2015) @ M124 (2016) s Tara Oceans (2009-2012)

Fig.2:Morardetal(2019)showingthelocationofsamplesanalyzedinthestudy(M124reddots).

90



This indicates that most of the modern diversity in planktonic foraminifera has been
taxonomicallycaptured, buttheroleofthesmallandneglectedtaxahasbeenseverely
underestimated. Verticaldistributionof planktonicforaminiferainthe Subtropical South
Atlantic:depthhierarchyofcontrollingfactorsbylessaetal. (indiscussion),temperature
appears to be the best predictor of species composition of planktonic foraminifera
communities,makingitpossibletousetheirfossilassemblagestoreconstructseasurface
temperature(SST)variationinthepast. However, theroleofotherenvironmentalfactors
potentially modulating the spatial and vertical distribution of planktonic foraminifera
speciesispoorlyunderstood . Thisisespeciallyrelevantforenvironmentalfactorsaffecting
thesubsurfacehabitat. Ifsuchfactorsplayarole,changesintheabundanceofdeeper
dwellingspeciesmaynotsolelyreflectSSTvariation. Inordertoconstraintheeffectof
subsurface parameters on species composition, we here characterize the vertical
distribution of living planktonic foraminifera community across the subtropical South
AtlanticOcean, where SSTvariabilityis smallbutthe subsurface watermass structure
changes dramatically. Four planktonic foraminifera communities could be identified
across the top 700 m of the E-W transect. Gyre and Agulhas Leakage faunas were
predominantlycomposedofGlobigerinoidesruber, Globigerinoidestenellus, Trilobatus
sacculifer, Globoturborotalita rubescens, Globigerinella calida, Tenvitella iota and
Globigerinita glutinata, and only differed interms of relative abundances (community
composition). Upwelling fauna was dominated by Neogloboquadrina pachyderma,

Neogloboquadrina incompta, Globorotalia crassaformis and Globorotalia inflata.

Thermoclinefaunawasdominated by Tenuitellafleisheri, Globorotaliatruncatulinoides
andGloborotaliascitulainthewesternside,andbyG.scitulaintheeasternsideofthe
basin.Thelargestpartofthestandingstockwasconsistentlyfoundinthesurfacelayer,
butSSTwasnotthemainpredictorofspeciescomposition, neitherforthetotalfaunaat
each station nor in analyses considering each depth layer separately. Instead, we
identified aconsistentvertical patternin parameterscontrolling speciescompositionat
differentdepths,inwhichtheparametersappeartoreflectdifferentaspectsofthepelagic
habitat.Whereasproductivityappearstodominateinthemixedlayer(0-60m) physical-
chemical parametersareimportantatdepthimmediatelybelow (60-100m), followed
byparametersrelatediothedegradationoforganicmatter(100-300m) andparameters
describing the dissolved oxygen availability (>300 m). These results indicate that the
seemingly straightforward relationship between assemblage composition and SSTin
sedimentaryassemblagesreflectsverticallyandseasonallyintegratedprocessesthatare
only indirectly linked to SST. This also implies that fossil assemblages of planktonic
foraminiferashould also contain asignature of subsurface processes, which could be

usedforpaleoceanographicreconstructions.
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Fig.3:Lassaetal.:AveragelivingDepth(ALD)ofthemostabundantspeciesalongthetransectintheSouthAtlantic.
Depthgroupsarehighlightedbydifferentcolorfilling.Notethe ALDseparationaboveandbeneath 100mandthe
lowermixedlayergroupthatismoreevidentontheeasternside.
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ThemainscientificobjectiveofR /VMETEORcruiseM 1 25wastoinvestigatetheinfluence
ofchangesinoceancirculationandinsolationonthecontinentalclimateineasternBrazil.
ThehydrologicalkycleinthisregionstronglydependsontheintensityoftheSouthAmerican
SummerMonsoon(SASM) EspeciallyinNEBrazil precipitationisextremelyseasonalwith
along(8months)droughtseasonandashorirainyseason.Thelongdryseasonmakethis
region highly sensitive to changes in rainfall amount with potentially severe effects on
terrestrialecosystems, agricultureandenergysupply (?0%ofBrazil’senergyderivesfrom
water power). Considering that NE Brazil frequently experiences severe dry spells, the
paleoclimaticinsights gathered from the material retrieved during the M 125 cruise will

helptoconstrainpotentialimpactsoffutureclimatechange.

Thewesterntropical Atlantic(WTA) supplieswarmandsalinewaterstotheupper-limbof
the AtlanticMeridionalOverturning Circulation(AMOC) andmaystoreexcessheatand
salinityduringperiodsofAMOCslowdown(Schmidtetal.,2004).Tostudythelong-term
dynamics of the WTA, stable isotope and Mg/Ca analyses on the surface dwelling
foraminifer Globigerinoides ruber (pink) were performed on piston core M125-55-7
coveringthe past~330kyr (Houetal., underreview). TheMg/Ca-derivedseasurface
temperature(SST)recordindicatesthatthe WTAwasrelativelystableacrossthepastthree
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glacial/interglacial cycles. The observed variability appearsto be mostly driven by the
levelofatmosphericpCO ,concentrations,however, itsinfluencewasstronglydiminished
duringMarinelsotopeStage(MIS) 6. Arelativelystablecross-equatorialheatdistribution
overthepast~330kyrsuggeststhatglacial-interglacialvariationsinAMOCstrengthdid
notdrivepastWTASSTchangesatthesetimescales. ThezonalSSTeontrastwithinthe(sub)
tropical South Atlantic,ontheotherhand, displayedaclearglacial-interglacialmodeof
variability, which can be attributed to low-frequency fluctuations in the strength of the
southeastiradewinds. InthisrespecttheanomalouslywarmMIS 6 SSTsobservedinthe
WTAcanbeattributedtostrongtradewindsduringthistimeinterval.

X-RayFluorescence(XRF)corescanningwereperformedonthesamecore(M125-55-7)
toinvestigatewhetherlong-termchangesintheoceanicheatdistributionhadanoticeable
impactonthe SAMS. We utilized the XRF-derived Ti/Caratioand 518Oseawater (a
proxy for salinity) to trace rainfall variability in the Doce River drainage basin. The
generated data is the first continuous record of SASM variability covering multiple
glacial/interglacialcyclesfromtheeasterndomainoftheSASM.Thedatashowsaclear
precession beat, indicating thatinsolation-forcing is the unifying pacemaker of large-
scaleshiftsinthemonsoonalsysteminSouthAmericaandworld-wide(Trenberthetal.,
2000; Wangetal., 2017). These results is remarkable given the despite the spatial
complexity of the SASM. Glacial/Interglacial changes in the interhemispheric SST
gradient appear fo influence SASM intensity as well, however, to a distinctly lesser
degree than insolation. A persistent negative response of SASM rainfall intensity to
greenhousegasforcingcanbedetectedaswell.Basedonthisobservation,anincrease
in greenhouse gas concentration results in a weakening of the tropical atmospheric
circulationcellandadecreaseinSASMconvectionandrainfall. Thesefindingsindicate
thattheintensity of SASMrainfallintropical EBrazil willlikelydeclineinresponseto
increasinggreenhousegasconcentrationsrelatedtoanthropogenicactivities. Ongoing
workatHeidelberg University (PhD Thesis A. Hou) concentratesonextending the SST
andSASMrecordto900kyrsbymeansofforaminiferalandsedimentgeochemistryon
coreM125-73-3fromcentralEBrazil Thisrecordwillallowunprecedentedinsightsinto
thelong-termvariabilityoftheSASMandWTAduringthemid-foLatePleistocene.

ContinentalandmarinepaleoclimatearchivesfromNWandNESouthAmericarecorded
positiveprecipitationanomaliesduringHeinrichStadials(HS). Todeciphertheimpactof
HSonthe SASM, geochemicalproxydatahavebeengeneratedonpistoncoreM125-
95-3 collected off eastern South America (11°S), combined with results from an
atmosphere-oceangeneralcirculationmodelforSouthAmericanHSconditions(Campos
efal.,2019).Theobtained/KdatashowincreasesduringHS 1-6aswellasduringthe
YoungeDryas representingthesouthernmosirecordfromtheSouthAmericancontinental
marginthatunequivocallyrecordsHS-relatedpositiveprecipitationanomalies. Thenew
data suggests that austral summer precipitation increases only over eastern South
Americawhile the rest of tropical South America experienced precipitation increases

duringthewinter, challengingthewidely heldassumptionofastrengthened monsoon.

94



InterestinglytheenhancedcontinentalhydrologicalcycleduringHSappearstofuelcold
water coral growth onthe southern E Brazilian margin, asrevealed by coral-bearing
sedimentsretrievedduringM125(Raddatzetal.,accepted).

Recently generated Mg/Ca-derived SST data from core M125-35-3 (southern E
Brazil),coveringHS 1inhighresolution, furthersuggestthatstrongfluctuationsofthe
BrazilCurrentduringHeinrich Stadials (PhDThesisK. Meier,HeidelbergUniversity).
The SST variations are notably antiphased to those from northern South America
(TobagoBasincoreM78/1-235-1 (Bahretal.,2018). Thisfindingforthefirsttime
substantiatesanhypothesizedanti-phasingofBrazilCurrentandNorthBrazilCurrent
inresponsetoalterationsofthe AMOC strength. Thissee-sawbehaviorislikelythe
driver for the concomitant high-frequency variations in SASM intensity in E Brazil
(Strikisetal.,2015).

The strong spatio-temporal variability of the SASMin the Holocene becomes obvious
fromthecomparisonofthemoistureavailabilityrecordedinCoreM125-67-4 (closeto
theJequitinhonhaRiver)sedimentswiththespeleothem-basedmonsoonalrainfallrecords
fromEBrazil Thecombinationofthenewandpublisheddatathusarguesforasubstantial
variabilityoftherainfalldistributionwithageneraldryingtrendforcentral EBrazil. A
continuationofthistrendinthefuturewouldincreasetherisksof “mega-droughts”inE
Brazilwithpotentiallyhazardousecologicalandeconomicconsequences.

Theinfluenceofanthropogenicpollutionandmajorelementcyclinghasbeeninvestigated
inmarine sedimentsonthe E Brazilian continental margin. Inthe case ofthe strongly
polluted DoceRivershelfsuboxictoanoxicconditionswereobserved, possibly dueto
sedimentisolationcausedbytherapidmuddepositionfromarecentcatastrophicbreak
ofthetailingsdamofanironoremine. Major, minorandtraceelementdistributionin
coresfromthevicinityoftheDoceRivermouthsuggestatleasttwodistinctcontamination
events.Ongoing2 10Pbdatingwillenabletoestablishthetimingoftheeventsofheavy
metalenrichmentsinrecenthistory.Notably,theiron-richsedimentsalsoappeartoaffect
benthic faunal communities, as benthic foraminifera are showing a distinct red color
attributedtotheincorporationofFeintothetest.

Thesestudieswerefurthercomplementedbyin-depthproxycalibrations,e.g.byusing
benthicforaminiferal faunal assemblages to reconstructbottom currentvariability as
well as stable carbon isotopes on benthic foraminifera to assess the carbon pump

efficiency.
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Introduction
Increasingdemandforresourcesandgrowingchallengesofdiscoveryonlandare
encouragingthe searchforalternativesinthe oceans. Many countries are actively
exploring formetalsinthe deep oceans. Others (Papua New Guinea, Fiji, Tonga)
have leased portions of their EEZs for exploration of seafloor hydrothermal ore
deposits. Because the oceans cover more than 70 % of the Earth's surface, many
expectthemtocontainvastquantitiesofmineralresources.Evenamongskeptics,the
resourcepotentialofthedeepseaisconsideredtobehuge, butonlyatinyfraction
ofthe 360 millionkm  2ofocean floorhas been explored (Petersenetal., 2017).
Therearemanyunsubstantiated assessmentsofthe actualamountofresourcesthat
maybeavailableand,comparedtothelate 1970s, thereisfargreatersensitivityto

the potential environmental impacts of their exploitation, with increasing calls for

internationally binding standards and research-based management to ensure

protection of the oceans. In order to address the uncertainties of global metal

inventoryintheoceans,theEU-FP7project”BlueMining:BreakthroughSolutionsfor
the Sustainable Deep SeaMining Value Chain” looked atspecifictechnology and
research aspects regarding the nature and resource potential of marine minerals,
especially seafloor massive sulfides (SMS) along mid-oceanridges. As partofthe
project, the seagoing activities of the “Blue Mining” project focused on the slow-

spreadingMid-AtlanticRidgethatisknowntohostlargeaccumulationsofsubmarine

massivesulfides.
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Results

DuringcruiseM127 high-resolution AUV-based mapping (Fig. 1), including the co-
registration of magnetic and self-potential data, has been used together with
information derived from seismic reflection and refraction studies to determine the
localgeologicalcontrolsofcurrentandpasthydrothermalfluidflowinthearea(Fig.
2).They documentcomplextectonic patternsthatdrive fluidflowinthisarea. The
presenceofshortdetachmentfaultsandcorrugations,notvisibleonship-baseddata,
suggestsaneven more prominentrole ofthese tectonic processesinfocusing fluid
flowatslow-spreadingridgesthanpreviouslythought, asthese smallstructurescan
onlybeseeninhigh-resolution (meter-scale) datasets thatare usually notavailable
(Fig.3;Szitkaretal.,2019).

-
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Fig.1:High-resolution(2m)bathymetricmapoftheMid-AtlanticRidgesegmenthostingtheTAGhydrothermalfield.
Activeandinactivesulfideoccurrencesareindicatedwithredpolygons.

Thepresenceofadozeninactivessulfidemoundsofvarioussizes, topographyand
apparentage as well as the occurrence of thick metalliferous sediments covering
large areas between the mounds contribute to a substantial metal resource being
present within the TAG hydrothermal field (Murton et al., 2019). The sulfide
accumulationrateisaround500t/y,assumingepisodichydrothermalactivity,andis
comparabletothoseofothermodernseafloorventfields TheTAGdistrictis therefore,

notcharacterizedbyadifferentormorepowerfultypeofhydrothermalactivitywhen
comparedtomostotherventsites. Instead, ourobservationssuggestthattheoverall
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tectoniccomplexity atthe TAG segmentis unusualforaslow-spreading mid-ocean
ridge segment. This complexity and the resulting longlivety of the system confine
sulfideformationintoarathersmallareaoverlongperiodsoftime(>100.000years)

andareresponsibleforthesubstantialsulfideaccumulationatthissite(Graberetal.,

2020).
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Fig.2:Reduced-to-the-polemagneticanomalymapoverlainbybathymetryhillshading,conductanceforsixprofiles,
andhighlightedseafloormassivesulfidedepositsidentifiedfromtheAUV-basedbathymetryandverifiedwithvideo
footageorsampling. TAG=Trans-AtlanticGeotraverse.FromGehrmannetal.(2019).

The AUV-basedhigh-resolutiontopographyhasbeenusedasacomplementarydatasetto
investigatethecontrolsontheseafloorexposureofdetachmentfaultsurfacesandthegenesis
of corrugatedfaultsurfaces atdetachmentsin general. Our data provide evidencefora
blanketing of the detachment surface under an apron of hanging wall material if the
detachmentsareemergingfromtheseaflooratangleslessthan13° ltisthereforelikely,that
manymoderate-offset, hiddendetachmentfaultsmayexistalongslowmid-oceanridges, that
donoffeatureanexposedfaultsurface Overall cruiseM 127hasshownthathigh-resolution
AUV-basedmappingisapowerfultoolforinvestigatingimportanttectonicprocessesandthe
formation and evolution of hydrothermal activity over time. The combination of multiple
datasets (including seismicandelectromagneticdata) beingacquiredinasmallareahas
provided important ground truthing information and imaging of the internal structure of
inactivesulfidemoundsandthecomplextectonicpatternsatslow-spreadingridges.
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Fig.3:Schematiccrosssections;A-Dandtheirlocationona3Dbathymetricviewofthestudyarea.Onthesections,
thickblacklinesmarkthe detachmentfaultsandsurfaces (dashed: abandoned); thinblacklines, otherfaults. On
the left, atthe ridge axis, thin black lines symbolize dykes rising from transient magma bodies to volcanoes.
Redtrianglesrepresentknown hydrothermal systems projected on the section. Patternsindicate volcanicedifices
(horizontaldottedlines)andvolcanicdebris(randompoints).FromSzitkaretal.(2019).
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CruiseM-127"BlueMining@Sea"wasproposedtosupportthe”BlueMining” project
fundedthroughtheEU7  "Frameworkprogram.”“BlueMining” setsouttoadvancesea
miningtechnologyformarinemineralsinacombinedeffortofacademicandindustry
partners.Besidesproductiontechnology,theexplorationandimagingofmarinedeposits
formineralsisakey questionbothinscientificinvestigationsand economicanalyses.
“BlueMining@Sea"hasitsfocusonSeafloorMassiveSulfides(SMS), whichwerefound
atvolcanic plate margins and mid-ocean spreading ridges. They contain the worlds
largestreservoirsof Cu, Pb, Zn and precious metals. Individual drillholeshave been
usedtoestimatevolumesofresourcesandtheirlateralextent.Continuouslateralimaging
ofsuchdepositsismissingduetothelargewaterdepthandthinthicknessofdepositional
layers.Explorationactivitycurrentlyattractsactivehydrothermalventfieldsonlyandmost

probablyunderestimatesthestoragepotentialofinactiveSMSfields.

Among other technologies, high-resolution seismic applications, high-resolution AUV
bathymetry and near seafloor magnetic measurements were undertaken toinvestigate
thetechnologicalcapabilitiesandlimitsimagingSMSdepositsatmidoceanridges.The
well-known TAG hydrothermalventfield atthe Mid-Atlantic Ridge (MAR) was chosen
becausepreviousinvestigationsprovidedanoverviewofthydrothermalmoundlocations.
CoresamplinganddrillingprovidedaconceptualmodelofthemainventstructureTAG

mound.
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Seismic profiling was applied to provide high-resolution images and velocity depth
informationoftheventfields.Duetothecomplexseafloormorphology,3Dmultichannel
seismic measurements would be required to enable reduction of side reflections by
migrationprocessingofthedata. However, theavailableworktimedidnotallowsuch
time-consumingmeasurements. Aforeseendeeptowedstreamerwassuccessfullytested
onapreviouscruisebutfailedonM 127 duetoelectricalfailuresduringdeployment. A
2D surface streamer with short group offsets (1.5 m) was applied recording seismic
signals from a high-frequency Gl airgun and alarger volume G-gun cluster. Velocity-
depthmodellingwasbasedonocean-bottomseismometersthatweredenselydeployed
acrossseveralmoundstructuresatvariable offsets. Toensure closestand mostprecise
seafloor positionsrightatthe top of the structures a video-controlled deploymentwas
completed by active positioning using ROV HYBIS for the central stations. Additional
deploymentswereundertakenbydeepseacablewithUSBlguidedreleaseabout10m
above ground. The AUV ABYSS was equipped with a new self-potential device and
magnetometer.Diveswereundertakenat40to 100maltitudesabovetheseafloorand

providedhigh-resolutionmagneticdataacquisition.

Seismicand magneticdatasets were combinedtoinvestigate the block formationand
detachmenttectonicsatTAGhydrothermalventfieldatanewscaleofresolution. Wide-
anglereflectioneventsobservedbythedenselydeployedOBSallowedustoachievefirst
velocity depth models for the mounds in the TAG hydrothermal field (Murton et al.,
2019). Combined analyses of near seafloor magnetic and 2D multichannel seismic

revealedanewblockstructure(Szitkaretal.,2019).
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Fig.1:Overviewmapsofthe2Dmultichannelseismicprofiling(redlines). OBSdeploymentpositionsareindicated
byredstars. YellowboxesindicateMTstationstoberecoveredwiththefollow-upcruiseofRRSJamesCook
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Introduction

Thegrowingdemandforrawmaterial, fosteredbythetechnologicaldevelopmentsand
the shiftto greenerenergiesin the lastdecades, has led to the search for additional
sourcesforsomeofthekeyelements. Thefocusoftheindustrybutalsoofthescientific
worldturnedtotheseafloor.Theseafloormighthavethepotentialtobecomeasignificant
contributortoasecuremetalsupplyforsomeelementsinthefuture. However,wehave
onlyinvestigated afraction of the seafloorin a detail thatwould allow forareliable
assessmentofitsresources.

Seafloormassivesulfides(SMS),polymetallicores,formedathothydrothermalventsites
areonetypeofseafloorresourceconsideredforthefutureextraction. Theyformmainly
atactiveplateboundaries, andatvolcanoesinarcaswellasback-arcenvironments.
Largedepositstendtobemorecommonalongslow-spreadingandultra-slow-spreading
ridgesthatmake upthe majority oftheglobalmid-oceanridge system (Germanetal.
2016).However, wherethesedepositsfromandwhatcontrolsthelocationinalarger
perspectiveisnotwellunderstood.

DuringresearchcruiseM 127 onboardofRVMeteorinMay20 1 6westudiedthearea
ofTAGhydrothermalfieldontheslow-spreadingcentralMid-AtlanticRidgeat26°N.This
field hosts one large active mound, a few low-temperature venting areas as well as
severalinactivemoundswithvaryingsizes. Mappingtheentireridgesegmentwiththe
ship-bornmultibeamsystem (Figure 1a),aswellastheareaofthehydrothermalfieldin
high-resolutionwith GEOMAR's AUV Abyss 6000 (Figure 1b), gaveustheopportunity
tostudythestructuralcontrolofthehydrothermalfieldonalargerscalebutalsoinmore
detail.
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Fig.1:BathymetricdatacollectedduringcruiseM 127inthecentralAtlantic.a) Ship-basedbathymetricmap(30m
resolution)ofthe TAGsegment.b)High-resolutionAUVbathymetry (2mresolution)coveringthehydrothermalfield
attheintersectionofthevolcanicvalleyfloorandtheeasternridgeflank.

GeologicalSetting

TheTAGhydrothermalfieldislocatedat26°08’N, inthecenterofashortsegment(<40
km). This segment shows a strong asymmetry, where the eastern flank, formed by a
massifofthreeridges, protrudestowardsthewest. Theasymmetryismainlycausedbe
thehighlycomplexmorphologyandfaulipatternontheeasternridgeside(Figure2). The
majorfaults,boundingthethreeeasternridges,areenvironedbymultiple,smallerfaults
withvaryingdippingdirections PreviousstudieshaveproposedthatheTAGhydrothermal
fieldislocatedonthehangingwallsectionofalargeoceanicdetachmentsystem(Tivey
etal. 2003), wherethe permeability of the hanging wallisincreased by intersecting
faultsandfissures(HumphrisandKleinrock 1996).However,noclearevidencesuchas
corrugationsorshallowdippingfaultscanbeseenintheship-basedbathymetry. While
volcanoesaredispersedovertheentirearea,nocontinuousneovolcaniczonecouldbe
observed. Instead, thelocationof mostrecentvolcanismismarkedbyseparatedsmall

neovolcanicridges.Fouroftheseridgesoccuralongthe TAGsegment.

Fig.2:Geologicalinterpretationofthe TAGsegment. Theoverallfaultorientation (rosediagramupperleftcorner)
coincideswiththegeneraltrendofthespreadingaxis(indicatedbythedashedredline).
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StructuralcontroloftheTAGhydrothermalfield

Theeasternsectionofthesegment, hostingtheactiveandtheinactiveSMSdeposits, was
mappedbythe AUVin2mresolution. Thehigh-resolutiondatasetshowsmorphologically
distinct areas and lineaments populations (Figure 3). The valley floor is characterized
volcanicterrains,whicharepartiallydissectedbyfaults, whileotherareasremainintact.
Axis-parallelfaultsandobliquelystrikingfissuresarethemostprominentlineaments. These
populationsoccurincorridorsandwell-definedareasthatarecausedbytemporalchanges
inthedominatingstressregimeandmaylocallybedrivenbyshallow, propagatingdikes.
TheactiveTAGmoundislocatedontheboundarybetweenareasaffectedbyaxis-parallel
faultingandanareacharacterizedby obliquefissuring. Theinactivemoundsalsoalign
alonganareawhichisdominated by intersecting faultgenerationsand directions. The
low-temperaturemoundsoccurontheedgeofmajorfaultscarps.However,alsorelatedto
faultintersections.Therefore, theoccurrencesofSMSmoundsrelatedtoastructuralcontrol
arestriking. Thepresenceofa600mwidecorrugatedsurfaceinthenorth(onlyvisiblein
AUV-baseddata)increasesthestructuralcomplexity ofthe hydrothermalfieldand might
confirmtheformergeophysicalstudies, implying thatthe highly dissected hanging walll
enablesfocusedhydrothermalfluidflowoveraprolongedperiodatafewspots, defined

bytheintersectionoffaultandfissurepopulations.

Fig. 3: Structural interpretation of the TAG hydrothermalfield. The strike of lineaments can be groupedin three
distinctpopulations.(CS=Corrugatedsurface).

REFERENCES

GermanCR, Petersen S, andHannington MD, Hydrothermalexploration of midocean
ridges: Wheremightthelargestsulfidedepositsbeforming2ChemicalGeology2016,
420,114-126.

107



HumphrisSEandKleinrockMC, Detailedmorphologyofthe TAG ActiveHydrothermal
Mound: Insights info its formation and growth. Geophys. Res. Lett. 1996, 23,
3443-3446.

Tivey M, SchoutenH, andKleinrock MC, A near-bottom magnetic survey of the Mid-
AtlanticRidgeaxisat26°N:Implicationsforthetectonicevolutionofthe TAGsegment.
J.Geophys.Res.SolidEarth2003,108(B5), 13p.

ACKNOWLEDGEMENTS

ThisstudyisbasedondatacollectedduringresearchcruiseM 127, whichwaspartof

theEU-fundedproject”Bluemining:BreakthroughSolutionsfortheSustainableDeepSea
Mining Value Chain” under grant agreement No. 604500. We would also like to
gratefully thank the AUV team of GEOMAR for their performance and level of

professionalism,withoutwhichthecollectionofthisdatawouldnothavebeenpossible.

108



M128
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Submarine oceanic plateaus are formed by large volumes of magma erupting within
relativelyshorttime periodsoffewmillionyears (Kerr,2014). Theiremplacementmay
havealargeimpactonregionalandglobalecoystems (Coffin &Eldholm,2005).The
mechanismsthatcontroltheascentoflargequantitiesofmeltaretransportedthroughthe
oceanicandcontinentalcrustarepoorlyunderstoodandtheextenttowhichpre-existing
and syn-tectonic fault systems control the ascent of magmas may be spatially and
temporarily variable. The amount of excess melt produced underneath large igneous
provinces likely results from thermal or chemical intraplate melting anomalies or a
combinationofthese(Morgan, 1971,Bonatti, 1990, Farnetani&Samuel, 2005).The
formationofoceanicplateausisbelievedtoreflectthearrivalofamantle plumehead
underneath or close to an active spreading axis and to cause shallow melting inthe
mantle (Cannatetal., 1999, Genteetal., 2003). The temporal and spatial changes
associatedwithchangesinthemeltingregimeofthemantleplumewillresultindistinct
geochemical changes directly observed in the composition of the rocks erupted. The
formationoflargesubmarineigneousprovinceswillalsoactasanecosystembarrierin
whichshallowwaterecosystemsmaydevelopinareasthatotherwisecommonlydefined
bydeep-seaecosystems.

TheAzoresareideallysuitedtoimproveourunderstandingoftheformationandevolution
of submarine large igneous provinces and the impact of structural features on the
formationandascentofmelts. TheAzoresPlateauissituatedatthetriplejunctionbetween

the Eurasian, Africanand AmericanPlates (Fig. 1) andisbordered by the seismically
inactiveEastAzoresFractureZoneinthesouthandtheslowspreadingTerceiraRiftaxis

intheNorth.ThescientificorogrammeofRVMeteorcruiseM 1 28AzoresPlateauduring
July201 étargetedresearchquestionsrelatedtothea)tectonicandstructuralevolution
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ofthe Azores, b) structuraland magmaticprocessesrelatedtotheemplacementoflarge
igneous provinces, c) processes of magma evolution and crustal transport in intraplate
regimes that are situated in an extensional stress field, and d) large igneous provinces
acting as stepping sfones for marine organisms as aresult of the reduced water depth
comparedtothenormal oceanfloor. Theresultsfromthe petrological, geochemical and
hydroacoustic post-cruise programme have shown thatthe length scales over which the
magmaticprocessesinfluencethecompositionofmagmasvary.Chemicakhangesobserved
onscales of ~30 km or more reflectchanges in the larger scale melting regime of the
mantle,i.e.decreasingdegreesofpartialmeltingoverseveralmillionyears(Romeretal.,
2018) produce melts that are distinctively enriched in their incompatible trace element
ratios. We interpret this to be an effect of a decreasing influence of the mantle plume,
whereaschangesof 15-20kmmayberelatedtothetransportofmeltsatcrustallevelsin
magma systemsand dykes. The stressregime observed at <15 kmaround asubmarine
intraplate edifice is influenced by the local magma plumbing system underneath the
volcanoes(Romerefal.,2018).Ourresultsalsoshowthattheinitialcompositionofmagmas
thafformthebasisofthelargecentralvolcanoesobservedtodayarealkalineincomposition
indicativeforrelativelylowdegree mantle meltsthatarefocussed alongstructureswhere

lithosphericextensionisstrongestRomeretal.,2018,Romeretal.,2019).

40.00°N

39.00°N

38.00°N

Fig. 1: Mainworking areas of cruise M 128 Azores Plateau and main structural features of the Azores Plateau
includingtheTerceirariftaxisandEastAzoresFractureZone. FocusareasofpublicationsbyBeieretal. (2019),
Romeretal.(2019)andRomeretal.(2018)aremarkedwithredsquares.

FewofoursamplesrepresenttheearlieststagesoftheemplacementoftheAzoresPlateau
at10-13MarevealedfromAr-Aragedeterminationsandmayberelatedtothearrival
ofamantleplumehead (Cannatetal., 1999,Genteetal., 2003, Beieretal ., 2015,
Beieretal.,2018,Beieretal.,2019) evidencefortholeiiticmeltsfromsuchamagmatic
stageremainssparse. OurnewresultsfromthreestratigraphicROV profilesalong the
TerceiraRiftinthenorthernpartofthe AzoresPlateausuggestthattheopeningofslow
spreadingriftsystemsoccursperiodicallywithphasesoftectonicdominanceandphases
ofpredominantmagmaticactivity,respectively.Thethreeprofilescoveragesfrom13-12
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Mainthewesternpartofthe TerceirariftbetweenTerceiraand Graciosa, to 2.02 o
1.55Maeastof Terceira, and ~7 Mato 5.5 Ma southwest of SGo Miguel covering
almosttheentireagespectrumavailableintheAzores. AlongtheEasterAzoresFracture
Zoneinthesouthernparioftheplatform werecoveredperidotitesthatarecompositionally
andpetrographicallysimilartoalteredmid-oceanridgeperidotitesatthesouthernpart
of the Azores Plateau implies that the area covered by the intraplate lavas may be
smallerthanpreviouslythought.InthewesternpartofPrincessaAliceBankwedidfind
evidencethatthe duration of magmaticemplacementinlarge igneous provinces may
leadtothehighestwater-rockratiosobservedinoceanicenvironmentssofar(Beieretal .,
2019). We proposethatthe duration ofhydrothermal activity ratherthantemperature
during water-rock interaction processes can drastically change the composition of
intraplateoceaniccrustandmaychangetheelemental fluxesfromtheigneouscrustto
theseawaterduringemplacementoflargeigneousprovinces. Wedidnotfindevidence
foractivehydrothermalsystemsatwaterdepths>300masproposedpriortothecruise.
BacterialmatsatSerretaRidgewestoflerceira,however,implythathydrothermalactivity

wasactiveduringandaftereruptionbutisrelativelyshort-lived(<15-20years).

WeconcludethattherocksamplesrecoveredduringM128AzoresPlateaucoveralmost
theentireevolutionaryhistoryofthisrelativelysmalligneousprovince. Theprocessesof
magma ascentand evolutionvary ondistinctlength scalesthatareinfluenced by the
strong structural regime inthe Azores. The occurrence of tholeiitic, depleted magmas
remainsambiguousindicatingthatthemajorityofmagmasfromtheAzoresareenriched
andalkaline.
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ThemarineecosystemontheshelfintheupwellingoffMauritaniaandSenegalisofgreat
scientificandeconomicinterest: (1) Asthe highesteutrophicregionaltropicalecosystem
worldwide, whichadditionallyisstronglyaffectedbythe CO ,senrichedupwelledwaters, it
isatextbookexampleofnaturaleutrophicationandacidification;itisascenarioforthe
changesexpectedforthefutureseas. (2)ltisoneofthemostproductivefisheriesgrounds

onearththatatthesametimeshowssevereconsequencesofoverfishing.

Theexpeditionfocusedonbiogeochemicalprocesses, trophicnetworksandproductivity,
andtheinteractionbetweenshallowwaters, theshelfandtheopenocean.Fromatotalof
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95 shipstations, the physical water profiles were assessed até8 stations usinga CTD.
Differentsizefractionsofplanktonwerecaughtwithavarietyofnets:43verticallytowed
multinet-midicasts,60obliquehaulswithmulitnet-maxi,24neustonand63GULF-nethauls
togetherwith4dinghyoperationswithatowedcatamaranfomeustonandringtrawlows.
Tounderstandtheinteractionsbetweenprotistsand phyto-and zooplankton, 6long-term
experimentsweresetuponboard. Forclassifyingsedimentsandmacrobenthosindepths

of <200 m, 8 box corer and 40 van Veen grab samples were collected. Moreover,
underwayCO ,measurementswereperformedtoestimatethepCO distributionanddaily

collectionsofdust(withadustsampler)wererealised.

REFERENCES

Ekau, W,Bachmann,J,Bahlmann,E,Balde,B,Bérner,G,Brohl,S, Flotow,S,Heimbach,
THornidge AK,Howes,C Klenz,TMartens, W,Mawick, M iller,C,M iller,PNdiaye,
M,Otto K,

Reymond,C Rixen,T,Sinner,A,Sleymane, AK,Sloterdijk,H,Taviani,M, Tiedemann,M,
Wenta, P, Wickham, S, Wischnewski, F(2016)RV-MeteorM129cruisereport: https://
doi.pangaea.de/10013/epic.47318.d006

114



M129*

ASSEMBLAGE STRUCTURE OF MESOPELAGIC FISHES IN THE
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Mesopelagidfishesplayavitalroleinoceanecosystemsduetotheirhighbiomass position
inthefoodwebaspreyforuppertrophidevelssuchastunaandpredatorsofzooplankton,

as welltheir role in the ocean’s biological pump by transporting carbon from surface
waters fo greater depths through diel vertical migrations. The aim of this study was to
compare the community composition of mesopelagic fishes between the Canary and
BenguelaCurrents. Theseareasothighprimaryproductivitynotonlyhavesectionsthatare
associatedwithanoxygenminimumzones butalsohavemayhaveseenshiftsinbiological
activitytakeplacesuchaschangesinthebiomassandcompositionofmesopelagicfishes,
duetohighfisheries pressure during the lastcentury ontop predatorsand achanging
climate. Forthis study, mesopelagic fishes were collected using arectangular midwater
trawl(8m ?)ontheR/VMeteorM129cruiseinthe CanaryCurrentandonthe Meteor
M153cruiseintheBenguelaCurrent. Sampleswerecounted, identifiedtospecieslevel,
andcombinedwithoceanographicdatainordertocomparethecommunitycomposition
fromthedifferingsamplingregionswiththehydrographicalmeasurements.Resultsshowed
that while the Canary Current was dominated by bristlemouths, Cyclothone sp.
(Gonostomatidae), theBenguelaCurrentisdominatedbyavarietyoflanternfishspecies
(Myctophidae). While Myctophids were animportant partof both systems, the species
compositiondifferedgreatlywhichmaydemonstratethatmyctophidsmayhaveeffective
niche-partitioning, with each species playing an important role in its habitat. Because
mesopelagicfishesmay become animportantfisheries resource, itisimportanttogain
information on not only the abundane but also species composition of mesopelagic
changes, inordertoseehowthesemaychangeinthefaceoffishingpressureaswellas
expandingoxygenminimumzones. Thisstudyshedslightontheassemblagestructureof
thesefishesinsomeoftheworld’smosthighlyproductiveregions.
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And:theshipboardpartiesofM119andM130

Theresearchcruiseswerepartofthecollaborativeresearchcenter (SFB) 754, Climate

— biogeochemistry interactions in the tropical ocean” funded by the Deutsche
ForschungsgemeinschaftandtheBMBFcooperativeproject’RegionalAtlanticcirculation
and global change” (RACE). A regional focus of the SFB 754 related physical-
biogeochemical investigations was the oxygen minimum zone (OMZ) in the eastern
tropicalnorthAtlantic.Here themeasurementprogramaimedaiadvancingquantification
oftheoxygenbudgetintheoxygenminimumzone.Furtherobjectiveswereinvestigating
theroleofzooplanktonanditsverticalmigrationforfluxesofparticulateanddissolved
mattertotheOMZaswellasadvancingquantitativeunderstandingofnitrogenfixation

inthenear-surfacelayersofthetropical Atlantic.

Asecondregionalfocusofthemeasurementprogramwasinthewesterntropical South
Atlantic. Here, the cruise focused on providing shipboard and moored velocity and
hydrographicobservationstoinvestigate long-termvariability ofthewesternboundary
currenttransportsandT-Scharacteristics.Incombinationwithdatafrompreviouscruises,
the research objectives were to relate the variability of the North Brazil Undercurrent
(NBUC)andEquatorialUndercurrent(EUC)transporttoAtlanticMeridionalOverturning
Circulation[AMOC)changes, tovariabilityoftheAtlantic’ssubtropicalcell(STC)aswell
astotropical Atlanticclimatemodes.

Weachievedmajorscientificprogressinmostofthecruiseobijectives.Hydrographicand
oxygendatafromthecruiseswasusedincombinationwithdatafrompreviouscruises,

to analyze the decadal variability of the ETNA OMZ and associated changes in the
oxygen budget. Along 23°W section between 6°N and 14°N from 2006 10 20135,
oxygendecreasedwitharateof-5.9+3.5 pmolkg "'decade 'withinthedepthrangeof
the deep oxycline (200-400 m), while below the OMZ core (400-1000 m) oxygen
increased by 4.0+1.6  pmolkg "' decade "' on average. Within the improved oxygen
budget,thezonaladvectiveoxygensupplystandsoutasthemostprobablebudgetterm
responsibleforthedecadaloxygenchanges(Hahnetal.2017).
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Meteor 119, Mindelo - Recife, Sep. 8 - Oct. 13, 2015
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Fig. 1: Bathymetric maps with cruise tracks (red lines) of R/V METEOR cruises M119 (left) and M130 (right)
includinglocationsof CTD/LADCPstations,mooringrecoveriesandredeployments, multinetandphotosynthetically
activeradiation(PAR)profilestations. Territorialwatersofdifferentcountriesaremarkedwiththinblacksolidlines.

The dataalsoadvanced understanding ofthe role ofthe interannual variability of the
North Equatorial Undercurrent (NEUC) in ventilating the OMZ of the eastern tropical
Atlantic.Burmeisteretal.(2019)foundthattheNEUCtransportvariabilityisdominated
bysporadicintraseasonalevents.Someoftheseeventsareassociatedwithhighoxygen
levels suggesting an enhanced but rare eastward oxygen supply by intraseasonal

variabilitythatareresponsibleforlocaloxygenmaxima.

The cruise also contributed to the census of low-oxygen eddies in the ETNA. Locally
increasedoxygenconsumptionwithineddycoresenhancesthetotaloxygenconsumption
intheopenETNAandlikelycontributestotheformationofthe shallow OMZ atabout
100mdepth(Schitteetal.2016).

Top-to-bottom velocity measurements at CTD stations with lowered ADCPs or by using
moored observation were carried outin the equatorial region and atthe continental
slopeofftheBraziliancoast.Thelong-termmooringattheequator,23°Wwassuccessfully
recoveredandredeployedduringbothcruisesnowprovidinganunprecedenteddataset
oftheequatorialcirculationsinceDecember2001.Usingmooringdataandidealized
numericalsimulations, itcouldbeshownthattheequatorialdeepijets(EDJs), whichare
suggestedtoimpactsurfaceconditionsandclimatebyupwardenergypropagation,are
maintained againstdissipationinthe deepequatorial ocean by the meridionalfluxof
intraseasonal zonal momentum, i. e. energy for the EDJs is provided by downward
energy propagation of intraseasonal waves (Greatbatch et al. 2018). Tuchen et al.
(2018)analyzedthedeepintraseasonalmeridionalvelocityfluctuationsattheequator.
Elevatedintraseasonalkineticenergywithperiodsbetween30-40dayswasobserved
downto2000mdepth.ThefluctuationsarebestdescribedasYanaiwaves,whichinturn

supplytheirenergytotheequatorialdeepjets(Greatbatchetal.,2018).
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Recent evidence from the analysis of the mooring data from the equator, 23°W
revealedthatsemi-annualandlongertimescaleequatorialcurrentvariabilityisclose
tobeingresonantwithequatorialbasinmodes. ThisworkwasexpandedbyKopteet
al. (2018) who showed that the equatorial basin modes also affect the eastern
boundarycirculationoffAngolaasfaras12°S.

Thecompleterecoveryandredeploymentofthe 11°SmooringarrayoffBrazilduring
thesecondpartofthecruiseensuredthecontinuationofthetransporttimeseriesofthe
Deep WesternBoundary Currentandthe North Brazil Undercurrentasanimportant
contribution to the Atlantic Meridional Overturning observing system. The western
boundarycurrentmeasurementsareanintegralpartoftheTropical AtlanticObserving
System (Foltzetal. 2019) and of global observations of boundary current systems
(Toddetal.2019).

ArecentanalysisoftheSTCfromobservationsrevealedfindthatthethermoclinelayer
convergenceisdominatedbythesouthernhemispherewatermasstransport(9.0+1.1
Svfromthesouthernhemispherecomparedto?.9+1.3Svfromthenorthernhemisphere)
andthatthistransportismostlyconfinedtothewesternboundary(Tuchenetal.,2019).
Comparedtotheasymmetricconvergenceatthermoclinelevel ,thewind-drivenEkman
divergenceinthesurfacelayerismoresymmetric,being20.4+3.1Svbetween10°N
and10°S.

Another focus of the cruises was the role of zooplankton and particles for oxygen
consumptionandbiogeochemicalcycles. High primary productivity intheequatorial
Atlanticwasfoundtofuelasubstantialfluxof particulate mattertowardsthe abyssal
ocean.Theincreaseinparticleabundanceandfluxatdepthsof300to 600matthe
Atlanticequator could be attributed to faecal pellet production by zooplankton and
nektonmigratingverticallywithinadailycycle. Thesnowfallofparticlesisfocusedin
the equatorial ocean likely due to the presence of off-equatorial large-vertical-scale
eastward jets at 2°N/S producing potential vorticity barriers that strongly reduce
lateral mixing between the equatorial and off-equatorial ocean atdepth (Kikoetal.
2015).

Additionalstudiesthatwerenotpartoftheoriginalcruiseproposalfocusedonepi-and
mesopelagic communities of macrozooplankton and micronekton (a project of the
ClusterofExcellence“Future Ocean”)oronthequantificationof N2 fixation. During
M119,thegelatinous, flux-feedingpolychaeteofthegenusPoeobius (Christiansenet
al.2018)andtheorangebackflyingsquidSthenoteuthispteropus(Mertenetal.2017)
were studied. Observed elevated abundances of Poeobius sp. in anticyclonicmode
watereddiesshowedthatasingle zooplankton speciescancompletely interceptthe
downwardparticlefluxbyfeedingwiththeirmucousnets,therebysubstantiallyaltering
thebiogeochemicalsettingwithintheeddy.
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MESO-TO SUBMESOSCALE DYNAMICS AT THE BENGUELA
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L.Umlauf

ThecruisewithR/VMETEORtookplacefromNov 15toDec 11,2016, departingfrom
WalvisBay (Namibia), headingwestwardontheNamibianshelfandperformingazig-
zaggingtrackuntilthevessels'departuretowardCapeTown(SouthAfrica). Anupwelling
filamentwasidentifiedinasatelliteSSTimage (Fig. 1a)andsubsequentlysampled.Data
was obtained using several underway systems (e. g. Scanfish, ADCP, underway-CTD),
autonomous platforms (gliders, drifters) and station-based measurements (CTD, MSS). A
catamaranequippedwithanADCPandathermistorchainwasdeployedandiowedinthe
wake of the ship to study the uppermost layer of the ocean without the ship induced
turbulence.Themulti-platformapproachallowedustoidentifythefilamentformationasa
processwheretwomaineddieswithopposingrotationorientation, oneoriginatingfrom
theAgulhasregion,drawcold-wateroffshoreandallowstocharacterizeenergytransfer
frommeso-toturbulentdissipation scales. The underway systems capture the horizontal
andverticalvariabilityacrossthefilamentsandtheupwellingfront.

~ Walvis Bay

23%

——— UCTD transect |
Catamaran transect
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Fig.1:CruisetrackofM 132, withstationsandinstrumentsused.
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Fig.2:a)SatelliteSSTimageshowingthefilament, transectsanddrifterdeploymentsintwomaingroups:Northern
(red) andsouthern (blue). b),c) depthdependence of temperatureandsalinity acrossthefilament, d) Lagrangian
moments sn(t) of relative dispersion for northern deploymentand rescaled plot (inlay), e) FSLE as a function of
separation distance & for the northern deployment, f) Northern deployment: second order longitudinal structure
functionversusseparationdistancefromraw (fullredcircles)andfiltered (opencircles) drifter-trajectoriesandfrom
numericalsimulations(POP-model) (fullgreencircles)andskewedPDFofvelocitydifferences(inlay).
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Fig.3:(a)OverviewmapoftheBenguelaupwelling systemwithsatellite seasurfacetemperature (SST, incolor),
seasurfaceheightanomaly (SSHA, blackcontourlinesat0.0 1 mintervals), andwindfield (arrows), allfromO1
December2016.Thestudyareafortheinvestigationsismarkedbyablackrectangle, andthemainshiptransect
by ablack line. The white arrows shows a second filament that is subject to ongoing research. (b) Expanded
view of study area with satellite SST from 06 December 2016. Also shown are ship-based SST measurements
(coloredmarkersjandnear-surfacevelocities(arrows)alongtheshiptrack. Theredarrowindicatesthewindspeed,
averagedoverthetransect.
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SURVEYINGTHESOUTHATLANTICGYREAT34  .5°S

GEOMARHelmholtzCentreforOceanResearchKiel | Kiel, Germany
M.Visbeck,P.Handmann

MARUM,CenterforMarineEnvironmentalSciences | Bremen,Germany.
M.Siccha

ThecruiseM133SACROSS(SouthAtlanticCrossing)lefttheportofCapeTown(South
Africa)on 15thDecember, 2016 andreachedthe portof Stanley (Falklands)on 13
January,2017.M133wasamultidisciplinaryoceansurveyofthe South Atlanticgyre
roughly along 34.5°S. This transect is covered by the international SAMOC moored
array and also the path of the internationally agreed AX18 XBT line. Most of the
measurements were based on using underway methods including near-surface water
sampling for the determination of SST, and SSS as well as shipboard ADCP current
observations. Moreover, an underway CTD allowed to sample the upper 300-400 m
everyhour.Chemicalanalysisofsurfacewatersaswellasatmosphericparameterswas
of scientific interest to both, compare different regions with each other but also to
documentlong term trends. Atthe western and eastern boundary current regime full
watercolumnwatermasspropertiesweremeasured. Upperocean 10-700mplankton
assemblages allow improving the calibration of sediment proxies. Water samples for
laterdlab-basedbiodiversityanalysisweretaken.TheM 13 3cruiseofferedtheopportunity
tosample (withalightcarry-onmeteorologicalinstrument)anAtlanticSouthernOcean

cross-sectionforatmosphericaerosolandwatervapor.

Thecollectionofsinglecell-foraminiferatogetherwithenvironmentalsamplesduringthe
cruiseM133contributedioaneffortofglobalsynthesisofthecrypticdiversityofplanktic
foraminifera.Specifically,thecollectionofsingle-cellforaminiferaareusedtoproducea
collection of barcodes, which is part of a global synthesis effort that will enable the
establishmentof areference database crucial forthe interpretation of metabarcoding
datasets.Thisglobaleffortwillbeastepping-stonetoconstrainthediversityandecology

of planktonic foraminifera to improve significantly the quality of paleoceanographic
reconstructiontoachievebetterprojectionofclimatechange.

The cruise had a strong educational and capacity building component. A number of
smallerstudentprojectswerecarriedoutaspartofaglobaloceanlearningandcapacity
buildingeffort. AsOceanObservationsareoneofthecornerstonesforunderstanding,

assessing and predicting ocean change the MyScience-Cruise provided the unique
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opportunityofapracticalhandson-trainingonoceanobservationandoceanresearch
intheSouthAtlanticfor/studentsfromédifferentnations.StudentsfromBachelortoPhD
level attended. During the cruise an “expert training” on a variety of observing
instrumentationaswellaslecturescoveringarangeoftopicsinoceanographyaswell
asinstrumentalapplicationswereprovided Allscientistsaswellasallstudentsgavetalks
abouttheirbackground, scienceinterestsand current projects. The three CTD/uCTD/
XBT/rapidcast/MICROTOPSshiftswerecoveredwithoneexpertandthreeMyScience
cruisestudentseach. Atthebeginningofthecruisethe “experts” primarilytrainedthe
studentsbutsoontheexpertstookovertotheobserver’spositionandthestudentswere
fullyoperatingtheshifts.

Duringthecruisedaily reportsby the students aboutlife atsea andtheirexperiences
have been published on the MyScience Cruise blog (http://www.oceanblogs.org/
mysciencecruise/)whichisembeddedinanetworkcalled”Oceanblogs” (operatedby
GEOMARandtheKielnetworkFutureOceanwithKielUniversity)andwhichwasshared
onavarietyofsocialmedia.OnChristmasaradiofeatureontheGermanradioprogram

NDR?O0, 3wasreportingonthecruise.

Finally,continuousswathbathymetrymappingwasmade, andanumberoffloatsand
drifterswerelaunchedinsupporfoftheglobaloceanobservingsystemarrays.Thecruise
wasverysuccessful allobjectiveswerereached,andthemeasurementswerecarriedout

asplanned.

Fig. 1:Cruisetrackof METEORcruiseM 133 withlocationsof CTDstations (yellowcircles), MultiNet-CTD (Green
Box),UCTD(reddots), XBT(graycross),RapidCast(blacktriangle)andArgoFloatDeployments(Bluedots).
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FOR SEAWATER TOTAL ALKALINITY: RESULTS FROM THE M 133
AND MSM 68/2 CRUISE
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K.Seelmann, A. Kértzinger

Kongsberg Maritime Contros GmbH | Kiel, Germany
S. ABmann

Christian-Albrechts-Universitét zu Kiel | Kiel, Germany
K. Seelmann, A. Kértzinger

Introduction

Total alkalinity (A,) is one of four key parameters, together with dissolved inorganic carbon
(C), pH and partial CO, pressure (pCO,), characterizing the carbonate system of the
ocean. In fimes of global warming, deoxygenation and especially acidification, an
infensive monitoring of the marine carbon system is of very high importance. Due to
thermodynamic relationships between the four named variables, a full characterization of
the oceanic carbon cycle is possible by measuring only two of these four (Millero 2007).
One common measuring parameter within the oceanographic community is AT. Nowadays,
the traditional measurement way is discrete sampling and subsequent analysis with
manually operated analyzer in the home lab. This procedure is time<onsuming, cost
infensive and only provides spatial and temporal low resolution data. To overcome these
problems, Kongsberg Maritime Contros GmbH (Kiel, Germany) developed an autonomous
wetchemical analyzer for seawater total alkalinity, called CONTROS HydroFIA® TA. In
order to evaluate the measuring performance of this analyzer under longterm semi-
continuous measurement conditions (real field conditions), we participated in the M 133
research cruise on the RV Meteor from Cape Town, South Africa to Port Stanley, Falkland
Islands (15.12.2016-13.01.2017), and the MSM 68/2 research cruise on the RV Maria
S. Merian from Emden, Germany to Mindelo, Cape Verde (03.11.-14.11.2017).

Installation onboard

We used one analyzer during the M 133 cruise and two systems in parallel during the MSM
68/2 cruise. The setups for both cruises are shown in Fig. 1. To get information about the
behavior of the system under semicontinuous measurement conditions the A, of steady
pumped sea-surface water (underway, depth 0 5 m) was measured every 10 minutes. For
this purpose, the analyzer was connected to the seawater pump of the respective ship.
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cruise, respectively.

Methods

In order to monitor the precision and accuracy of the system over the whole semi-
continuousperiodCertifiedReferenceMaterial[CRM)wasmeasureddailyinthemorning
and evening (each five repetitive measurements). Additionally, discrete samples were
takenduringtheentirecruisewithasamplingoffourtofivetimesperdayinorderto
determinetheaccuracyofthesystem.Theyweremeasuredwithareferencemeasuring
systeminthelabofthe GEOMARHelmholtzCentreforOceanResearchKielfollowing
therequirementsofDicksonetal.(2007).

Results

Togiveanoverview ofthe measured underway AT inthe monitored regions, Fig. 2a
showsthetime series overthe course ofeachcruise. The redfilled circlesin Fig. 2a
representthediscretesamplestakenduringeachcruise.Figure2billustratesthetrackof
the M 133 and MSM 68/2 cruise, respectively. The scientific interpretation of these
underway data is not part of this study as the focus here lies on the assessment of

instrumentperformanceundertypicalfielddeploymentconditions.

Duetoamalfunction (leaking degasser) oftheM 133 analyzerand one ofthe MSM
68/2analyzers,onlytheperformanceresultsofthesecondfunctionalMSMé68 /2system
areshown, becausethese observationsarerepresentative forthe analyzersbehavior.
Anyway, the observed behavior of both leaking analyzers is important for future
malfunctiondetections.

Forevaluatingtheprecisionoftheanalyzer thestandarddeviation(o Jofthefiverepetitive
CRMmeasurements(twiceaday)wascalculatedandtheresultsareshowninFig.3.The
adistributedfromaround0. 2upto2.8pmolkg 1,andanaveragedo  ofl.2pmolkg  'was
calculated.Forevaluatingtheaccuracyofthesystem, thebias(A A JbetweentheATvalue
measuredbytheanalyzerandthereferencevalueofthe CRM, andthediscretesample,
respectively, wascalculated . Byplottingthisbiasagainstthemeasurementcounterofthe
system(seeFig.4a),alineardrifttohighervalueswasobservable. Duetothesystemran
withoutanymalfunctions,thisbehaviormustbetypicaland,aswehypothesize,iscaused
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bydepositsintheopticalpathway,whichcannotbeprevented.However,duetothelinear
drifting character, this can be corrected for by regular reference measurements giving
consistent measurement results. Fig. 4b shows the results of this correction. Finally, the

analyzerfeaturedanaccuracyof-  0.3+2.8  pmolkg '

ComparedtotheperformanceoftraditionalA  ;measuringmethods,forwhichaprecision
of lymolkg 'andanaccuracyof+2pmolkg Tarerequired(Dicksonetal.2007),the
CONTROSHydroFIA®TAprovidesATdatawithsimilarhighquality.
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Fig.2:(a)Time-seriesofthemeasuredATvaluesduringtheM 133andMSMé8/2cruise, respectively.Eachfilled
redcirclerepresentsthe ATvalueofadiscretesampletakenatacertaintimeduringthecruise. (b) TrackoftheM

133,andMSM68/2cruise.
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Fig. 3: Standard deviation 0 of repeated CRM measurements as a function of the measurement counter of the
analyzerduringthecruiseMSM68 /2. Thehorizontalblacklineindicatestheaverageda(here: 1.2pmolkg ).

Conclusion

Allinall,itcanbesaid, thatthefieldcharacterizationofthenovelautonomousanaly zer
CONTROSHydroFIA®TAduringthe M 133 andMSM 68/2 cruiseswas successful.
Althoughtwoofthethreetestedsystemsfeaturedamalfunction, thegainedknowledge
can be used for future malfunction detection procedures and troubleshooting during
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long-term deployments. Furthermore, the results observed with the functional analy zer
confirmthe comparability of the measurement quality to traditional methodologies. In
summary, thenovel autonomous AT analyzer CONTROS HydroFIA®TAiissuitable for

autonomous underway measurements of the marine carbonate system and for ocean

acidificationobservations, and, atthe sametime, overcomesthedisadvantages ofthe

traditionalmethods.
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Emissionsoffreegasfromsedimentsinglacialtroughsintothewatercolumnwerefirst
discovered at the northern shelf of South Georgia during R/V POLARSTERN Cruise
ANT29-4 in 2013. Preliminary but not systematically conducted surveys for flare
mappinghaveshownthattheemissionsareexclusivelyrelatedtothecross-shelftrough
systemsandprobablysourcedfromthepostglacialsedimentsbybiogenicallyproduced
methane(Rémeretal.,2014;Gepragsetal.2016).

Fig.1:MapofSouthGeorgiaandthesurroundingshelfinvestigatedduringM 134.Thetrackisshownasblackline
andreddotsindicatelocationsofgasemissionsourcesdetectedduringthecruise.
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DuringM134withR/VMETEOReightcross-shelftroughsweremappedfordetectingthe
distribution of gas emission sites. 2,647 nautical miles were mapped around South
GeorgiabyusingParasoundandmulti-beamsystemsEM7 10andEM122. Morethan
1,600gasemissionssitesweredetectedbyacousticanomaliesinthewatercolumndata
(Fig. 1). The emission sites and the zones of blanking within sediment echo-sounder
recordscorrelatewellandarepredominantlyconcentratedtotheinnerfjordsandcross-
shelftroughs, wherehhigherrates of organic material seemstobecome depositedand
leadstotheformationofmethaneunderanoxicsedimentconditions.

Continuous atmospheric methane measurements were carried out to investigate the
influence of seafloor seeps to the atmospheric methane concentration. The highest
methane concentrations were detected atand around acoustically detected flares, for
exampleintheKingHaakonTrough,ChurchTroughandtheCumberlandBay.Thisresult
points to an influence of gas seepage at the seafloor to the atmospheric methane
concentration(Langeetal.,2018).

Becauseofthecoldbottomwaters, methane hydrates aretheoretically stableinareas
deeperthan370mwaterdepthandhavebeensampledduringM 1 34insedimentcores
ofChurchTroughand AnnenkovTrough (Fig. 2). Thesefindingsrepresentthefirstgas
hydrates recovered south of the Polar Front. Using samples taken by the dynamic
autoclavepistoncorerincombinationofporewateranalysisrevealingnegativechloride
concentrations,gashydratesaturationswerequantifiedtoreach2-8%oftheporespace
(Bohrmannetal.2017).

gt e 3 114115 16 147 ¥

Fig. 2: Photograph of sediments recovered at Church Fig. 3: lkaite crystals found in sediment
Troughcontainingmethanehydrate. samplesaroundSouthGeorgia.

Intotal, 21 gravity cores and 14 multicorer were acquired along the shelf, within the
troughsandfjordsoffSouthGeorgia. Theyhavebeentakentosamplegas-richsediments
for gas analysis, testing the potential presence of gas hydrates, and studying the
biogeochemistryofporefluidsnotonlyrelatedtomethane-influenceddiagenesis.Besides
authigeniccarbonate precipitates sampled closeto seepsites, ikaite crystals of different
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shape andssize (Fig. 3) have been found atvarious locations and probably seem to be
widelydistributedinthesedepositsaround SouthGeorgia.Diagenesisofironwasobvious

in sediment cores by strong colour changes. Sediments taken within the fjords were

characterized by highamounts of interstitialFe  2*, whereasthose investigated outside the

fiordsweredominated by hydrogensulfide. Pore-water datasampled atseepsitesinthe
fiordsdemonstratethatironreductionoccurswithinthemethanogeniczonebelowthesulfate
methane fransition zone (SMT). These findings suggest that deep iron and manganese
reductionrepresentimportantdiagenetic processesinthe deeper subsurface sediments of
South Georgia fjords, possibly linking the biogeochemical cycles of methane, iron,
manganeseandsulfur. Watersamplesfrom 31 CTD/hydrocaststations, 12 bottomwater
samplerand8GoFlostationshavebeentakentoreconstructthemethanedistributionandits
fateinthewatercolumn. Watersampleshavealsobeentakeninordertoinvestigateiron
transportatheoceanwhereironasmicronutrientisfertilizinghighphytoplanktonproductivity.

Fig.4:PhotographstakenwithROVMARUM-SQUIDillustratingthemaintoolsusedduringM 134:a)Temperature
measurements, b) Samplingoffreegasbubbles, c|Bubblefluxquantification,d)Pushcorersampling. (Bohrmann
etal.,2017)

Furthermore, 10 dives with MARUM's ROV SQUID have been used to investigate
methaneemissionsitesattheseafloor.Besidesvisualseepinvestigations, sedimentand
gassampling, fluidfluxquantificationsandtemperaturemeasurementswereperformed
(Fig.4a~d). Thedivesadditionallyaimedtoassesstheinsitubenthicassemblagesat
SouthGeorgiaandtotestiftheseepshaveaneffectofbenthicassemblagedistributions
(Fig. 5). The acquired data facilitates the assessment of the interaction between
biodiversityandhabitatclassificationstocreateamapofconservationprioritiesforthe
region(Hoggetal.,2016).ThegovernmentofSouthGeorgiaandtheSouthSandwich
IslandsaspartoftheUKhasalreadyidentifiedtheshelfareasaroundSouthGeorgiaas
amaritime protection areaandiscurrentlyimplementingits regulations (http: //www.
gov.gs/south-georgia-and-the-south-sandwich-islands-mpa-enhancements/).
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Fig. 5: Hierarchically nested marine landscape map showing the results of landscape mapping around South
Georgia.(Hoggetal.,2016)
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RESULTS FROM METEOR CRUISE M135 TO THE UPWELLING
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R/VMETEOR departed from Valparaiso, Chile inthe evening of 1 March2017 and
reached the port of Callao, Peru on 8 April, 2017, Figure 1. Cruise M135 was a
contribution to the DFG Collaborative Research Project (SFB) 754: “Climate-
BiogeochemistrylnteractionsintheTropicalOcean”withtheoverallgoaltounderstand
thecouplingoftropicalclimatevariabilityandcirculationwiththeocean’soxygenand
nutrientbudget.Inparticular,thiscruisesupportedtheobijectivesof TPA3, withthemain
goaltobetterunderstandthe the role of diffusive and advective pathways connecting
waterwithinthe bottom boundary layer (i. . the water directly affected by sediment
processes) to the pelagic and surface ocean in the eastern tropical South Pacific. To
achievethis,aconservativetracer(CF3SF5)withinthebottomboundarylayeratthree
differentsitesalongthePeruviancoastatadepthofabout350mhadbeeninjectedin
October2015.Themixingandadvectionofthetraverafteroneandahalfyearswas
mappedduringM135. Tracersamplingwascarried outby measuring water samples
fromtheCTD-rosettewaterbottles. Intotal 1 44CTDcastswerecarriedoutoffthecoast
ofPeruandChile.From132CTDprofiles2828samplesforCF3CF Sinvestigationswere
gainedandonmoststationsthetracerwasdetected. Additionally, 48tracemetal CTD
stationsweresampledfortracemetalandchemicals. Overall 166 CTDstations (frace
metalandregularCTD)wereprobedforoxygenandon94CTDprofilesnutrientsamples
werecollected. AllCTDdatawereprovidedinnearrealtimetotheArgo-networkproject
andwerepublicallyavailableforforecastingandassimilationmodelingviaCORIOLIS.
CalibrateddataareavailableviaPANGEA . Thestationdistributionintheareacloseda
gap in the poorly sampled southern boundary of the tropical South Pacific oxygen
minimumzone, givingforthefirstimeacomplete snapshotoftheextent, volume and
severityoftheoxygendeficit.

In addition, microstructure measurements were made on 24 stations and two gliders
weredeployed.Forgeologicalinvestigationsaffivelocationsmulticorerandlonggravity
coresweretaken.Also,continuousADCPandthermosalinographrecordingwasmade
on37days.Continuousmeasurementsoftheclimate-relevanttracegasescarbondioxide
(CO,), nitrous oxide (N ,O) and carbon monoxide (CO) were conducted in surface
watersthroughouttheM 135cruise. Thesemeasurementswerepartofacomprehensive
surveycarriedoutwithinthecontextoftheSFB7 54andspannedatotaloffourcruises
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(March-July2017)intheeasterntropicalSouthPacific.Giventhedatapaucityineastern
boundaryupwellingecosystems (EBUEs) suchasthe HumboldtCurrent(HC) systemoff
Peru-Chile, this survey represented a crucial contribution to the improvement of
observational and modelling-based approaches aiming to accurately estimate the
oceanicsource/sinkdynamicsofthesegases. Severalmanuscriptswithresultsfromthis
cruisearepresentlyinpreparation.SofarpublishedaredatafromM13 5toinvestigate
deglacialtoHoloceneoceantemperaturesintheHumboldtCurrentsystem theinfluence
of intraseasonal eastern boundary circulation variability on the hydrography and
biogeochemistry offPeruandtheinfluence of decadal oscillationsonthe oxygenand
nutrienttrendsoffPeru.

TheoverallscientificgoaloftheSFB7 5 4istounderstandthecouplingoftropicalclimate
variabilityandcirculationwiththeocean’soxygenandnutrientbudgets toquantitatively
evaluate the functioning of oxygen-sensitive microbial processes and their impact on
biogeochemicalcycles,andtoassesspotentialconsequencesfortheocean’sfuture. The
cruiseM135 contributedtothisgoal and the improved knowledge of the coupling of
tropicalclimatevariabilityandcirculationwiththeocean’soxygenandnutrientbudgets
will probably be paid increasing interest by public media in regards to ongoing
awarenessoftheimpactonclimatechangeonsociety.
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Fig. 1:ThecruisetrackoftheM135cruise. Thecolorcodingisthecolumninventoryofthedeliberatelyreleased
tracerCF3SF5innmolm 2.

134



M136&M137

COUPLED BENTHIC AND PELAGIC OXYGEN, NUTRIENT
AND TRACE METAL CYCLING, VENTILATION AND CARBON
DEGRADATION IN THE OXYGEN MINIMUM ZONE AT THE
PERUVIAN CONTINENTAL MARGIN (SFB 754) . SCIENTIFIC
RESULTSFROMMETEORCRUISESM136ANDM137

GEOMARHelmholtzCentreforOceanResearchKiel | Kiel, Germany
S.Sommer,M.Dengler

TheMeteorcruisesM136(April 1 1toMay3,2017)andM137 (May6t029,2017)
intheoxygenminimumzoneoffcentralPeruwereconductedwithintheframeworkofthe
KielcollaborativeresearchcenterSFB7 54(Climate-Biogeochemistrylnteractionsinthe
TropicalOcean) TheyaddressedthemajorgoabftheSFB7 54 namelytheunderstanding
ofthesensitivitiesandfeedbackslinkingloworvariableoxygen(O ,Jandnitrate(NO )
levels,organicmatterdynamics,andkeynutrient(N,P,Fe)sourceandsinkmechanisms
inthebenthosandinthewatercolumn.Furtherobjectivesweretodetermineventilation
ratesby sub-mesoscale processes, quantify exportfluxes of particulate organic matter,
determine production and decay rates of dissolved organic material, and investigate
mechanismsofironstabilization,removalandcycling.DuringthecruiseM 1 37thefocus
shiftedslightlytowardsbenthicelementcyclingtoresolvethe extenthowbenthicN, P
and S fluxes are coupled and controlled by filamentous sulfide oxidizing bacteria
MarithioplocaandBeggiatoa, whichrepresentakeyfaunalcomponentofthePeruvian
shelf and upper slope sediments as well as by denitrifying foraminifera and to
experimentally determine the magnitude and pathways of benthic element fluxes in

responsetoenhancedavailabilityofNO  .andO .

The multidisciplinary working program of both cruises focused on adepth transect at
12°S perpendicular to the Peruvian coast (Figure 1). Additionally, during M136, a
transectat 14°S was completed and a sub-mesoscale process study in an upwelling
filamentstructurewascarriedoutintheregionof1 5°S,77°W.Thecoordinatedsampling
schemeincludedCTDprofilingandwatersamplingstations, shipboardturbulenceand
velocity observations, a glider swarm experiment, moored velocity and hydrography
observations, insitubenthicfluxmeasurementsusinglanders, sedimentretrievalwitha
multiplecorer,driftingsedimenttrapdeploymentsandinsitupumpdeployments.
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Fig.1:StationmapsofMeteorcruisesM136(panelajandM137 (panelb)offPeru.

The hydrodynamic conditions at the 12°S study site off Peru during April/May 2017
(austral autumn) were distinctfrom those encountered during previous SFB 754 cruises
carriedoutinaustralsummer. Mostprominentdifferences were anomalouslywarmand
salinewatersinthe upper 200m andincreased polewardcirculationassociated witha
strengthenedPeru-ChileUndercurrent(Lidkeetal. 2019). Theintensificationofthe Peru-
ChileUndercurrentwascausedbyadownwellingcoastaltrappedwave. Theassociated
increaseofpolewardwatermassadvectionresultedinlowN-deficitwatersinthe OMZoff
Perudemonstratingtheimportanceofalongshoreadvectionforthecumulativestrengthof

N-cyclinginthePeruvianOMZ.

Thesub-mesoscaleprocessstudyshowedenhancedhutrientandchlorophylkoncentrations
within afilamentsuggesting an offshore transport of nutrients. In conjunction withan
evaluationusingRegionalOceanModelSystem (ROMS)simulations(Hauschildt2017),
itwasfoundthattheneteffectofsub-mesoscalefrontalprocessesonbiogeochemistryin
thePeru-Chileupwellingsystemisincreasedoxygensubductionandincreasedoffshore
transportofnutrients,whichinturnreduceprimaryproductionintheupwellingregion.

BacterialheterotrophicactivityinthesuboxiccoreoftheOMZ(O Jevels <5pmolkg  "jwas
notsignificantlylowerthaninoxygenatedwaters(O Jlevels5-60  pmolkg )(MaBmigetal.
2019) Moreover bacterialabundanceintheOMZwasslightlyandeucineaminopeptidase
activity even significantly higher in suboxic waters compared to the upper oxycline
suggestingnoimpairmentofbacterialorganicmatterdegradationinthecoreofthe OMZ.
However, particulateorganiccarbon (POC)fluxesdeterminedfrom sedimenttrapsagree

with the ideathat POC flux attenuation is lower in OMZs. POC attenuation with depth
measuredbythesedimenttrapsintheupwellingregionvariedlargelyfrom0.35t00.91,
andwasonaverageb=0.65+0.22 lowerthantheoriginaloceancompositevalue(b=
0.86).However, largevariabilityinparticlefluxeswasobserved, suggestingthatparticle
fluxattenuationisnotalwayslowinOMZsaswaspreviouslythought.
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Benthicelementcycling (N, P, Si, (see Poster by Dale etal.), TM, and carbon), was
determinedalongthe12°Sdepthtransectusingbenthiclanderandporewatergradients.
Thebottomwateratthe shelfwasweaklyventilatedand NO ;andnitrite(NO - was
availableathigherlevels. Thiswasincontrasttothe cruiseM92in 2013, where flux
measurements at the shelf were conducted under stagnant bottom water conditions
depletedinO ,,NO ,-andNO resultingintheseabedreleaseofsulfide(Sommeretal.
2016).FocusingonthebenthicN-cycle, thePeruvianshelfsedimentsrepresentamajor
sourceforammonium(NH +)tothebottomwater,sustainedbyhighratesofdissimilatory
nitrate reduction toammonium (DNRA). During DNRA major part of the sedimentary
NO,-uptakeischanneledintotheoxidationofsulfidebysulfurbacteriareleasinghigh
amountsofNH +infothebottomwaterfuelingwatercolumnanammox.Irrespectiveof
thedistinctdifferencesinthebottomwateravailabilityof NO ;+in2013and2017 the
magnitudeofNH ,+fluxesdeterminedduringbothtimeperiodswassimilar(21.2and
26.0mmolm 2d respectively, Sommeretal.2016,Clemensetal.inprep.).In2013
and2017 ,organiccarbondegradationwasequallyhighandstronglydrivenbysulfate
reductionleadingtotheaccumulationofhighporewatersulfideconcentrations. During
conditionsofenhancedavailabilityofO  ,andNO .-encounteredin2017, thebenthic
shelfecosystemapparentlyretaineditsfullfunctionality.OntheshelfNO ;waschanneled
info DNRA supporting constantly high release rates of NH +andtheefficientsulfide
detoxificationofthesediment.Incontrast, thesulfurbacteriacommunityencounteredin
2013survivedontheirdwindlingintracellularNO  -reservoirtosurvivethestagnation
period(Daleetal.2016).

AstudyinthePeruvianOMZduringM77-1indicatedthatforaminiferaareresponsible
forupto40to 50% oftotalbenthicNO ;- lossatcertainstations (Glocketal.2013).
Similartothesulfurbacteria, foraminiferacanaccumulateNO sinternally.Ineffect,both
organisms representamajor NO  _-reservoir thatresponds to variable environmental
redoxconditionsthatcanbecomeuncoupledfromthepelagicinputandmineralization
oforganicmatter.ToassessthesignificanceofforaminiferaldenitrificationinthePeruvian
N-cycle,denitrificationratesof 1 Obenthicforaminiferspeciesweremeasuredalongthe
12°Stransect.Resultsshowsthatforaminiferanotonlyswitchfromaerobicrespirationto
denitrification when bottom water O, becomes depleted, buteven have a metabolic
preferenceofNO -overO ,(Glocketal.,2019).

The joint analysis of foraminiferal denitrification with DNRA allowed to address the
questiontowhatextentforaminifera and sulfur bacteria compete for NO ;~andNO -
resulting info the prevalence of fixed N loss versus recycling. Between denitrifying
foraminiferaandsulfurbacteriaexistsaclearnicheseparationminimizingcompetition
forNO ,-betweenthesetwomajorgroups(Clemensetal.inprep.).

M137enabledfurtherscientificresults, whichcannotbepresentedhere. Butwehope,
thatthejoinedfuturesynthesisincludingthedatafrompreviousSFBcruisesbearsahigh

scientificpotentialandimpact.
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M137*

RECYCLING AND BURIAL OF BIOGENIC SILICA IN THE
PERUVIANOXYGENMINIMUMZONE

GEOMARHelmholtzCentreforOceanResearchKiel | Kiel Germany
A.W.Dale(Correspondingauthor),U.Schroller-Lomnitz,D.Clemens, F.Scholz,
K.Wallmann,S.Geilert,C.Hensen,A.Plaf3,U.V.Liebetrau,P.Grasse,S.Sommer

DepartmentofEnvironmentalSciences, UniversityofHelsinki | Helsinki,Finland
M.Paul

Theavailabilityofsilicicacid(H ~,SiO,),orsilicate, intheoceanexertsamajorcontrol
onprimaryproductionbycertaingroupsofphytoplanktonsuchasdiatoms, radiolaria
andsilicoflagellates. The dissolvedssilicate is biomineralized to amorphous biogenic
silica (BSi, biogenic opal) that constitutes the hard exoskeletons and tests of these
organisms. MostBSithatis synthesized in the surface ocean is solubilized back to
silicate in situ, with around one-third of new production surviving dissolution in the
oceaninteriortoreachtheseafloor(TréguerandDelaRocha,2013). Around80-90

%

ofthedepositedfluxisrecycledbacktosilicate,suchthatonlyaminorfraction(<5%)

of newly synthesized BSi is permanently buried in the sediment. Yet, the oceanic
residenceofsilicatewithregardtoburialisshortenough(~ 1 5kyr) thattheSiinventory
willrespond to changes in the global burial flux over glacial-interglacial timescales
(TréguerandDelaRocha,2013). AsoundunderstandingofBSirecyclingefficiency
isthuscrucialforthebiological carbon andsilicon pumps, the assessmentof paleo-
productivityfromthe sedimentary BSiarchive, andformore accurate global models
(Mortlocketal., 1991;Heinzeetal.,2003).

AnextensivedatasetofBSifluxesispresentedforthePeruviancontinentalmarginat11
°Sand12°S.Primaryproductionhereisintenseanddominatedbydiatoms(Franzetal .,
2012). Microbial respiration of sinking biogenic detritus leads to the formation of an
oxygenminimumzone (OMZ)betweenca. 100and 500 mwheredissolved oxygenis
depleteddowntolevelsthatarefunctionallyanoxic{Thamdrupetal.,2012) Thesediments
underlyingtheOMZareclassifiedashemipelagicdiatomaceousooze(DeMaster, 1981).
Theyaccumulatemassiveamountsofparticulateorganiccarbonatratesthatare5-6times

higherthantheaveragecontinentalmarginvalue(Daleetal.,2015).

Each sampling transect extends from the shelf to the upper slope (~1000 m). BSi
accumulation and recycling fluxes are highest on the shelf with mean preservation
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efficiencies(35+ 15%)thatexceedtheglobalmeanof 10-20%. The preservation
efficiency was apparently not controlled by the detrital content. Comparison with
existingglobaldata, mostofwhicharefromdeepwaters(>1000m),suggeststhatthe
maincontrolonBSipreservationistherateatwhichreactiveBSiistransportedaway
from undersaturated surface sediments by burial and bioturbation to underlying
saturated layers where further dissolution of BSiis thermodynamically inhibited. BSi
preservationishighestontheinnershelf{upto56%),decreasingto7and12%under
anoxic waters and below the OMZ, respectively. Low preservation is argued to be
related to few bioturbating macrofauna. In contrast, particulate organic carbon
preservationtendstoincreasewithwaterdepth. Thisdivergencemayhaveimportant
implicationsforthereconstructionofpaleo-productivityfromsedimentarchives.Existing
data permit a simple relationship between BSi rain rate to the seafloor and the
accumulationofunalteredbiogenicsilica,givingthepossibilitytoreconstructrainrates
fromthesedimentarchive.BSiburialacrosstheentirePeruvianmarginbetween3°S

to 15°S and down to 1000 m water depth is estimated tobe 0.1-0.2 Tmol yr-1;

equivalentto3-6%oftheglobalburialoncontinentalmargins.
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ABSTRACT

Benthicforaminiferapopulateawideanddiverserangeofmarinehabitats.Theirabilitytouse
alternativeelectronacceptors-nitrateoroxygen-makesthemkeyplayerswithinthebenthic
nitrogencycle(Risgaard-Petersenetal.,2006;Pifia-Ochoaetal.,2010;Glocketal.2013;
WoehleandRoyetal., 2018). Nevertheless, the metabolic scaling of the two alternative
respiration pathways were yet unknown. On RV Meteor cruise M137 we measured the
denitrificationandoxygenrespirationratesfortenbenthicforaminiferalspeciessampledin
thePeruvianoxygenminimumzone(OMZ).Thesespecieswereabletousebothnitrateand
oxygenasanelectronacceptor. Variouscharacteristicsofanyorganismscalewiththeirbody

size(e.g.energyconsumption, populationgrowthrate, ....). Scalingofthesecharacteristics

canbedescribedbyapowerfunction(Eq1)withascalingexponenta (Kleiber1932):
Eql:Y=YO0.S ¢
(Y=Rateofinterest;YO=Nor malizationconstant;a=Scalingexponent;S=Bodysize)

Kleiber hypothesized that the scaling exponenta = 0.75 in allmammals and birds
(Kleiber, 1932).Morerecentstudiesshowedthatacanvarybetweendifferenttaxaand
ahigheraindicatesahighermetabolicefficiency(Delongetal.2010).
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Our results from M137 show that denitrification and oxygen respiration rates of the
Peruvianbenthicforaminiferasignificantlyscalewiththecellvolume(Glocketal.,2019).
Thescalingforoxygenrespiration(a=0.41)islowerthanfordenitrification(a=0.68),
indicatingthattheirnitratemetabolismduringdenitrificationismoreefficientthantheir
oxygenmetabolism during aerobicrespirationinforaminiferafromthe Peruvian OMZ
(Glocketal.2019).Theoxygenrespirationrateisstrongercorrelatedwiththesurface/
volumeraticthanthedenitrificationrate,mosiprobablyduetothepresenceofintracellular
nitratestorageindenitrifyingforaminifera. Oxygencanbetoxicinhigherintracellular
concentrationsandthusnotbestoredinvacuoles. Furthermore, weobserveincreasing
cellvolumeinforaminiferafromthe Peruvianmargin, underhighernitrateavailability.
Thissuggeststhatthecellsizeofdenitrifyingforaminiferaisnotlimitedbyoxygenrather
bynitrateavailability. Ourfindingsshowthatnitrateisthepreferredelectronacceptorin
foraminifera from the OMZ, where the foraminiferal contribution to denitrification is
governedbytheratiobetweennitrateandoxygen(Glocketal.2019).

Inaddition,duringcruiseM 137wemeasuredintracellulamitrateandphosphatecontentsof
fivedifferentbenthicforaminiferalspeciesandtheinsitunitrateuptakeratesofsixadditional
samples.Bothmacronutrientswerestronglyenrichedwithintheforaminiferaandsignificantly
correlated with the cell volume of the analyzed foraminifera (PNitrate = 3.10-9 and
PPhosphate=3.10-14).Toassesstheforaminiferalinsitunitrateuptakerates, weanalyzed

the ratio of labeled to unlabeled nitrate stored within benthic foraminifera two different
experimentswithinbiogeochemicalobservatories(BIGO).Thebiogeochemicalobservatories
aredescribedindetailbySommeretal.(2009). Allanalyzedforaminiferstookuplabeled
nitrate and the ratio of labeled to unlabeled nitrate reached up to 0.98, indicating that
benthicforaminiferaareabletocompletelyexchangetheirintracellulamitratestoragewithin
thetimeofincubation(36hours).Thecalculatedinsitunitrateuptakeratesoftheforaminifera
duringtheexperimentshowedthatwereinaveragemorethantwotimeshigherthantheir
species specific denitrification rates. Benthic foraminifera can reach very high living
abundancesatthePeruvianOMZ (uptoé17indcm 2afterGlocketal.2013).Ournew
results from M137 and a comparison of the fotal benthic fluxes with the total benthic
foraminiferalratesandintracellularnutrientstoragesuggestthatbenthicforaminiferaplaya
previouslyunderestimatedrolewithinboththebenthicnitrogenandphosphorouscycling.
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BENTHIC NITROGEN CYCLING IN THE PERUVIAN OXYGEN
MINIMUM ZONE IN RELATION TO VARIABLE BOTTOM WATER
REDOX CONDITIONS — A SYNTHESIS OF SFB 754 METEOR
CRUISESM92,M136,M137
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Themagnitudeandtimingofprocessesinvolvedinthenitrogencycleofoxygenminimum
zone (OMZ) sedimentsinresponsetovariablebottomwaterredoxconditionshasbeen
hardlyconstrained, yetwouldallowforthebetterup-scalingandpredictivecapabilityof
the benthic-pelagic coupling inthe Peruvian OMZ atvarious time scales. Bottom water
redox conditions at the upper boundary of the Peruvian OMZ are highly variable.
Intermittentoxygenationeventsbetween 10and?0mwaterdepthwereobservedovera
periodof 13years(1992-2005) (Gutiérrezetal.,2008). Suchoxygenationeventsare
stronglyassociatedwiththepassageofcoastalirappedwavesthatoccurmorefrequently
during positive El Nino Southern Oscillation periods (Gutiérrez et al. 2008) and are
associated with asignificantdeepening of the thermo-and oxycline. Concentrations of
nitrate(NO ,Jandhitrite(NO ) )alsostronglyfluctuatedinthebottomwaterat1 00mdepth
clearlyindicatingaseasonalcycleduringmostyears(Gracoetal.2017).

Wecomparepreviousmeasurementsofthebenthicnitrogenturnoverfromaustralsummer
(January 2013, Meteor cruise M92), where the bottom water on the shelf has been
depleted of oxygen (O ), NO ;,NO , and even sulfide has been released due to
persistentstagnantcurrentconditions(Sommeretal. 20 16),withmeasurementsobtained
inaustrakautumn(April/May2017 MeteorcruisesM136/M137) I1n2017investigations

were conducted during the passage a coastal trapped wave, which enhanced the
southward transportofNO -andNO , and caused a slightventilation of the bottom
waterontheshelf.Duringbothcampaigns, solutefluxesofNH +NO ;andNO ,across
thesedimentwaterinterfaceweremeasuredat9stationsalongadepthtransect(70to
1000m)at12°SinthePeruvianOMZusingbenthiclanderinsituincubations.During
nitrogenousconditionsin2017theNO  uptakebythesedimentontheshallowshelfwas
elevated (up to 8 mmol m 2 d ). Despite the significantly different bottom water
geochemistry, the NH + fluxes measured in 2017 were similarto 2013 with values
reaching2 1 mmolm-2d-1attheshalloweststation. Asin2013, thehighNH Hluxes
measuredin2017werepredominantlycausedbyfilamentous,vacuolatedsulfurbacteria
(Marithioploca, Beggiatoa), forming extended mats on the sediment surface, via the
dissimilatorynitratereductiontoammoniumpathway (DNRA) . Elevated DNRAratesin
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2013 and 2017 were sustained by high sulfide pore water fluxes due to the intense
organiccarbon degradation using sulfate asterminal electron acceptor. In contrastto

2013,duringconditionsofenhancedavailabilityofNO ,andO _encounteredin2017,

thebenthic(microbial)shelfecosystemapparentlyretaineditsfullfunctionality. Amajor
proportionofNO waschanneledintoDNRAsupportingconstantlyhighreleaserates
of NH ,*and the efficient sulfide detoxification of the sediment. In contrast, the sulfur
bacteriacommunityencounteredin2013survivedontheirdwindlingintracellularNO
reservoirfosurvivethestagnationperiod(Daleetal.2016). Weexploreimplicationsof
enhancedtransportofNO  ‘andNO ,forthenitrogenbudgetaswellasreasonsforthe
unchangedNH +releasefromshelfsedimentsconsideringnewfindings, whichindicate

thatsulfidiceventsoffPeruoccurmorefrequentlythanpreviouslythought.
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ResearchKiel | Kiel, Germany
D.L.Arévalo-Martinez,T.Steinhoff,H.W.Bange

Giventheclimaticrelevance of marine-derivedtracegases, theinvestigation of their
distributionandemissionsfromkeyoceanicregionsisacrucialneedinoureffortsto
better understand potential responses of the ocean and the overlying atmosphere to
environmental changes such as warming and deoxygenation. Low-oxygen waters
connected to coastal upwelling systems and the associated oxygen minimum zones
(OMZ) are well-recognized strong sources of several trace gases (Capone and
Hutchins, 2013). Our main goal duringthe M135-M 138 cruises was to assess the
distribution of different gases which are relevant for the biogeochemical cycling of
carbonandnitrogenintheOMZoffPeru,aswellasthespatialandtemporalvariability

oftheirsea-airfluxes.

Tothisend,weconductedcontinuousmeasurementsofdissolvedN ,0,CO ,andCO

inseawaterbymeansofanautonomousequilibratorheadspacesetup (GO-System;
GeneralOceanics,Inc.)coupledtoanoff-axisintegratedcavityoutputspectroscopy
analyzer(modelDLT-100,LosGatosResearch,Inc.),asdescribedinArévalo-Martinez
etal. (2019). The combined setupisshowninFig. 1. Waterwas drawn into the
systematca.3Lmin  'byusingalOWARAsubmersiblepumpinstalledintheR/V
Meteor’s hydrographic well at about 6 m depth. In order to correct for potential
warmingoftheseawaterbetweenintakeandequilibrator, thewatertemperatureat
the equilibrator was constantly monitored by means of a high accuracy digital
thermometer(Fluke)andattheintakebyaSeabirdSBE38thermometer. Ambientair
measurementswerecarriedouteverysixhoursbydrawingairintothesystemfroma
suction pointlocated at about 30 m high. Control measurements and calibration
procedures were performed every ~6 and 24 h respectively, by means of three
standard gas mixtures (Deuste Steininger GmbH) bracketing the expected
concentrationsinthisarea.
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Fig. 1: Setup for along-track measurements of trace gases during M135-M138. (a) Equilibration system and
gas analyzers, (b) inlet for ambient air measurements, (c) reference gases, (d) submersible pump, and SBE38
thermometerformeasuringintakeseawatertemperature.

The along-track measurements during M135-M138 provided a unique record of the
surface distribution of N ,O, CO , and CO during the autumn-winter period off Peru,
supplementing similar measurements conducted in the region since 2008 within the
frameworkoftheBMBF-fundedSOPRAN(SurfaceOceanProcessesintheAnthropocene,
http://sopran.pangaea.de/home) projectandthe DFG-funded Collaborative Research
CentreSFB754(www.sfb754.de).

Thestrongcross-shelfvariabilityintheregionisexemplifiedbytheN ,0andCO , data
showninFig.2.Ascanbeseen,amarkeddecreaseinseasurfacetemperature (SST)
coincided withanenhanced outgassingof N Otothe atmosphere and simultaneous
uptakeofCO ,.Althoughpreviousobservationsinthisarealandundertheoccurrenceof
upwelling)haveprovidedevidencethatthedistributionofbothgasesisoftensimilarin
theshelfarea(i.e.CO tendstobeemittedtotheatmosphereaswell), thefacthatCO

divergesfromthispatternsuggestsastrongbiologicaldrawdown,whichinturndrives

2

partial pressures of CO , below atmospheric equilibrium. Since there is not such a
biologicalsinkforN  Qinsurface waters, the solubility effectseemedto be dominant
alongthissection.
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Inadditiontocross-shelfgradients, large meridionalaswellassub-kmvariabilityin
N,O,CO ,andCOcouldbeobservedoffPeru.Fig.3showsthedistributionofthese
threegasesalongthecruisetrackaswellastherecordedSST.ThePeruvianupwelling
actedasastrongsourceof N, OandCO ,inJune2018, inparticularinthe near-
coastalareabetween 9°Sand 16°Swhere seawatervalues surpassed atmospheric
equilibrium (~329 ppbforN  ,Ound ~408 ppmforCO ) by aboutone order of
magnitude.InagreementwithpastsurveyswhichtookplaceduringtheR/VMeteor
M91 and R/V SONNE SO-243 cruises (December 2012 and October 2015,
respectively)thehighestN ,OandCO ,valueswereconsistentwiththelocationofthe
upwellingcellsoffChimbote, CallaoandPisco.Episodicundersaturationof CO , Was
observed atdiscretelocationsalongthe coast (c. f. alsoFig. 2), suggesting strong
biological drawdown in response to enhanced primary production after upwelling
events. Our observations also showed that the coastal waters off Peru were a net
sourceofCOtotheatmosphere.Thus,despitetheclearlydominantdiurnalvariability
(productionenhanced atnoon, microbialconsumptionatdawnand night), across-
shelfgradientinCOcouldbeobservedalongthecruisetrack(Fig.3).

Theseresultsareanimportantcontributionforfutureimprovementsintherepresentation
ofthenitrogenandcarbonprocessesfromcoastalecosystemsinglobalbiogeochemical
models. Likewise, they highlight the relevance of employing high-resolution,
autonomousmethodsduringshipsurveysinordertoextendthetemporalandspatial

coverageofmeasurementsofclimate-relevanttracegases.
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DEEP-SEA MICROBIAL FOOD WEBS OF THE ATLANTIC AND
CARIBBEAN

AUTHORS
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And:thescientificcrewofM 139

Although the dark ocean represents the largest
environment on this planet, microbial life in the
deepseaisstillarelativelyunchartedterritory.This

is in striking contrast to its potential importance
regarding the global carbon flux. The biological
focuswithinthisexpeditionwassetonthediversity

e c and activity of deep-sea microbes (protists and

<775 UEEQGMH#E&%%ES W prokaryotes)sampledfromthebenthicandpelagic

realm at different deep-sea basins (one in the
Caribbean, twoinsouthernNorth Atlantic) by meansofaMulticorersystemanda
specificwater samplerISMI, the in-situ microbial incubator, which can be used to
analysetheactivityinnon-decompressedsamples.Metabarcodinganalysisbasedon
the V9 region of the 18S ribosomal DNA of the benthic protist communities
investigatedonasmallandlargespatialscaleshowedanunexpectedhighlyunique,
distinctanddiversedeep-seacommunityateachsampledspotwithagreatproportion
ofsofarunknownandpotentiallynewtaxa. Diplonemids, kinetoplastidsweremuch
morediversethanthetraditionally considered foraminiferans. Theincorporation of
datainourglobalbenthicdeep-seadatasetandthe comparisontoglobal surface
water metabarcoding studies (Tara Ocean) revealed distinct microbial deep-sea
communitieswithcertainspecificitytobasinsandregions.Directmicroscopicstudies
immediatelyaftersamplingallowedaquantificationandqualificationoflivingdeep-
seaprotists. Wewereabletoestablishmonoclonalculturesofdifferentprotistsfrom
deep-sea sediments which revealed several new species. Most striking was the
establishmentofculturesofdeep-seaciliates, thefirstevercultivatedciliatesfromthe
abyssal. Pressureincubationsonboardrevealedtheir specific pressure adaptation
supported by later behavioural studies. Genotypes of isolates of deep-sea protists
could be recovered from metabarcoding studies and used for global analysis of
respectivegenotypes. Ourstudiesclearlyindicatethatpotentially active unicellular

eukaryotesaremuchmorediversethanassumeduptonow.
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Anotherveryimportantfindingwasthatseasurfacemicrobialcommunitiessampled
withthelSMIsamplerexhibitedreducedleucineincorporationratesunderelevated
pressure ascomparedto atmosphericpressure conditions. Resultsindicate thatthe
ISMI works reliably and allows determining the metabolic activity of dark ocean
microbes under in situ hydrostatic pressure. The abundance, percentage and the
diversityofgenesencodingsecretoryenzymesconsistentlyincreasedfromepipelagic
tobathypelagicwatersasdidthecorrespondingenzymes,indicatingthatprokaryotic
metabolism is predominately particle-associated in the bathypelagic realm. In
cooperationwithgeologistsonboard, the OFOS-systemallowed ustoquantify the
sedimentation of macroalgae to the deep-sea floor, and later video-analyses in a
short distance from the deep-sea floor (1.5 m) at two abyssal stations (one with
macrophytesedimentation)andoneseamountrevealedhighabundancesofdiverse
megafaunacommunities.

Thegeologicalfocuslaidonthegeologyoftheoceaniccrust(BrightFlows), whichis
virtuallyunknownandevenbasicknowledgeofbathymetryismissinginmostareas.
DuringthetransitBarbados—Mid-AtlanticRidgeduringcruiseM 127 (May2016),
an area of 20 Ma seafloor was crossed which showed high acoustic reflectivity
linkedtothe presence of severalsmallcones, implying the presence of lavaflows.
Calculationsofacousticattenuationby sedimentatthesonarfrequenciesusedhad
shownthattheselavaflowshaveamaximumsedimentcoverof2m(and possibly
much less). Thus, we investigated the geology of the deep-seafloorinthis special
region (A3/4)withlavaflowsinthe western North Atlantictodeterminetheirage
andcompositionandmapouttheirfullarealextenttoestimatethemagmavolumes
erupted. The discovery of the recent lava fields and their detailed sampling and
mapping wasone highlightofthe cruise, because the lava flows could clearly be
classifiedasmuchyoungercomparedtothesurrounding, oldoceaniccrustwhichis
veryexciting.

The public could follow our scientific investigations and life on board at the
oceanblogs.org homepage. In addition, we created a facebook page for the
expeditiontogainmorereadersfromsocialmedia. Ahinttothenewfindingsofthe
expeditionwasvisibleforseveralweeksatthestartpageoftheUniversityofCologne.
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ANEWSTYLEOFOCEANICINTRAPLATEVOLCANISM

GEOMARHelmholtzCentreforOceanResearchKiel | Kiel, Germany
N.Augustin,C.W.Devey,T.M.Herrero,M.Schade,F.M.vanderZwan,C.Béttner

InstituteofOceanography, Dep.ofMarineGeology, UniversityGda nsk|Gda nsk,
Polandy
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InstitutfirMineralogie, UniversitdtHannover | Hannover, Germany
R.R.Almeev

Althoughthedarkoceanrepresentsthelargestenvironmentonthisplanet, microbial
Studies of active volcanism on the seafloor traditionally focused along plate
boundaries and hotspots where volcanic activity is frequent, and the structures
constructed are clearly detectable. The rest of the seafloor remains largely
uninvestigated, as the abyssal plainsin general were believed to be geologically
inactive. Alarge group of bright bathymetric-backscatter anomalies have recently
beenidentifiedon20MaoldoceaniccrustintheNW-Atlantic(Figure1)anddetailed
investigatedfortheirature.Theanomalieshaveidentifiedaswidespreadlavafields
by seafloor observations (by video and hydroacoustics) and sampling (dredging,
sedimentcoring) and have been named as Balerion Lava Fields. Apart from very
smallconesthatpresumably marktheireruption centres, they have nobathymetric
signature and can only be detected by their acoustic reflectivity relative to the
surrounding seafloor. Radiocarbon dating of overlaying sediments indicate a Late
Pleistoceneageoftheflowsoflessthan 50ky. Balerionglasseshavecompositions
differentfromotheroceanicmagmas,beingSi-saturatedbasalticandesites(MgOca.
5.9-6.6 wt.%, SiO2 ca. 54.3-55.3 wt.%, total alkalies 3.3-3.9 wt.%) with
anomalous depletions in Ca and Fe. Relative to MORB, their incompatible trace
element concentrations patterns are steep but HREE depleted, with trace element
concentrationslowerthaninoceanislandbasalt{OIB)magmasor,withtheexception
of the heaviest REE, in petit-spot magmas. Such small-volume, high-Si, mafic and
highlyincompatible-element-enrichedmagmaswillnotbeformedby simplemelting
of a peridotite in anhydrous, hydrous or carbonated conditions, in contrast, for
example, withthemeltingprocessenvisagedforpetit-spots. Insteadthey appearto
require interactions between a deep-formed alkalic mantle melt and shallow
harzburgite. Theseflowsmayrepresentmagmasfromthelithosphere-asthenosphere

boundary and such eruptions may be common inintraplate areas and thus effect
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globalgeochemicalbudgets, subdbucted plate composition and the availability of
hardsubstrateandchemosynthetichabitatsinintraplateregions.

g

S5W BoW asw a0

Fig.1:ThepositionoftheBalerionLavaFieldsintheframeworkofthewesternAtlanticOcean.Theageoftheocean
crustisshownbythinwhiteisochrones. Thelavafields, sampledduringMeteorcruiseM 139, arelocatedonthe
20Maoldcrustbutdate<50ka.
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HORIZONTAL AND VERTICAL SMALL-SCALE PATTERNS OF
BENTHICPROTISTCOMMUNITIESATTHEABYSSALSEAFLOOR

AUTHORS
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Thedeep-seaflooristhelargestbenthichabitatonourplanet, covering65 %ofits
surface. As itis also the most remote habitat, the deep sea is widely uncharted
territory. However, inthelastdecadeitbecameclearthatdeep-seaecosystemsare
subject to frequent and sudden environmental changes forming an extremely
heterogeneous habitat. Bathymetricfeatures such as seamounts, trenches and mid-
oceanridgesformahighlycomplexlandscape(Watlingetal.2013).

70W 50°W 50W 0w 0W I oW

Fig. 1: Station map of Meteor cruise M 139 from Cristébal (Panama) to Mindelo (Cape Verde Islands) in July/
August2017.

Large-scale sedimentation events of organic material (e. g. macroalgae) have a
potentialhighimpactondeep-seaecosystemsasregularcarboninput (reviewed by
Krause-JensenandDuarte20 16 Bakeretal 2018) Howeverhowtheseheterogeneous
conditionsinfluencespeciesdiversityanddistributioninthisvastenvironmentisstillnot
known yet, even though thisknowledge would possibly give majorinsights into the
ecological function of deep-sea ecosystems and their response to environmental
changes. Inthepresentstudy, weinvestigatedthediversityanddistributionofbenthic
deep-seananofaunacommunitiesatboth,smallandlargehorizontalspatialscales,as
wellasalongaverticalsedimentdepthgradientatabyssalplainsintheCaribbeanSea
(15°53.22'N/68°53.22"W),thenorthwesternAtlantic(23°33.23'N/48°05.03'W)
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and the central Atlantic Ocean (20°38.31'N/ 57°75.68"W) sampled in July and
August2017duringR/VMeteorcruiseM139(Fig.1).
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Fig.2:Deep-seaprotistdiversityanddistributionathorizontalscales. (a)Clusterdendrogramofallsurfacesediment
samplesbasedontheJaccardindexandUPGMAclusteringwithbootstrapvaluesgivenatthebranchingpointsof
theclusters. (b) Therelativeproportionof OTUsbelongingtothemajortaxonomicgroups. (c|Relativeproportions
ofsharedanduniqueOTUsbetweensurfacesedimentsamplesassignedtothemajortaxonomicgroups.”Others”=
Taxawitharelativeabundaceof<1%.”Unknown/Uncertain”=OTUswhichcouldnotbeassignedtoataxonomic
group.Bluenumbersabovethebarsshowtheamountofsharedandunique OTUsaspercentageofthetotal OTU
number.

llluminaHiSegsequencingoftheV9SSUrDNAresultedin23,978,2 1 5assembledand
filtlered reads and 28,166 OTUs assigned to heterotrophic protists. The low average
similarityofsequencestoreferencesequencesfromthedatabase, showthatmostbenthic
deep-seceukaryoticVorDNAdiversityhavenotbeenmolecularlydescribed,yef(Fig.3).
ThemajorityofOTUswereaffiliatedtoDinoflagellataandDiscicristata(Fig.2,b).Cluster
analysisbasedontheJaccardindexrevealedtheformationofthreemainclusters,which
represent the three sampling areas, demonstrating differences between the protistan
communitiesofthethreedeep-seasites(Fig.2,a).Onlyaround2%ofOTUswerefound
tobesharedbetweenallsurfacesedimentsamples,whereas4 6%ofOTUsonlyoccurred
inasinglesample(Fig. 2, c). Mostofthe OTUsshared between sedimentcoreswere
affiliatedtothegroupofdinoflagellates(Fig.2,c),indicatingthatthisgroupiscommonly
distributed,whereasmostoftheOTUswhichwereuniquetoonesedimentcorebelonged
tothe Discicristata (Fig. 2, ¢), indicating thatthis group is strongly influenced by the
heterogeneityofthedeepseafloor.
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Fig.4:RelativeproportionsofsharedanduniqueOTUsbetweensedimentdepthlayers. OTUswereassignedtothe
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couldnotbeassignedtoataxonomicgroup.Bluenumbersabovethebarsshowtheamountofsharedandunique
OTUsaspercentageofthetotal OTUnumber.

TheextremelylowamountofOTUsubiquitouslydistributedandthehighamountofOTUs
uniquetoasinglesedimentcoreindicatepatternsinthecommunitystructureofprotists
atsmallspatialscale.Protistcommunitystructurewasalsofoundtovaryalongavertical
sedimentdepthgradient.TheamountofOTUssharedbetweenthefourdifferentsediment
depth layers was low with only 7 % and the proportion of OTUs unique to a single
sedimentlayerwashighwitharound31%(Fig.4) indicatingthatsedimentdepthmight
be a factor shaping protist community composition, possibly leading to unique
communitiesindifferentdepthlayers.

161



REFERENCES

BakerP, MinzlaffU,SchoenleA, SchwabeE, HohlfeldM, Jeuck A, BrenkeN, Prausse,
D, Rothenbeck M, Brix S, Frutos|, Jérger KM, Neusser TP, Koppelmann R, Devey C,
BrandtA, ArndtH, Potentialcontributionofsurface-dwelling Sargassumalgaetodeep-
sea ecosystems in the southern North Atlantic. Deep Sea Res Part Il, 2018, 148,
21-34.

Krause-Jensen D and Duarte CM, Substantial role of macroalgae in marine carbon
sequestration, NatureGeoscience2016,9,737-742.

WatlingL, Guinotte), ClarkMRand SmithCR, Aproposedbiogeographyofthedeep
oceanfloor,ProgressinOceanography2013,111,91-112.

162



M139*

VERTICAL DISTRIBUTION OF PARTICLE-ASSOCIATED PROTISTS
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Marineplanktoncommunitiesplayacrucialroleinglobalbiogeochemicalcyclesand
eukaryoticmicrobesareanintegral partofthem. Whiletheroleandimportance of
phototrophic protistshas been widely recognized, the complexecological functions
and food web interactions of heterotrophic protists are still only poorly resolved.
Cultivation-based studies have laid the foundation of our knowledge on protist
morphology, ecology and taxonomy. The emergence of cultivation independent
methods, indicated that cultivation-based approaches are able to recover only a
fraction of protist diversity, though isolates can be studied in detail regarding its
morphology, physiology and molecular identity. While next-generation sequencing
studieshaveunveiledavastandhithertohiddenprotistdiversityintheworld’soceans,
theytooarepronetoarangeofbiases. Thisstudythereforecombinedamolecular
approachbasedonllluminaHiSegsequencingoftheV9-regionofSSUrDNAanda
cultivation-basedapproachinordertostudytheverticaldistribution ofheterotrophic
protistsinmarineplanktoncommunities. Atotaloftenstations, includingthreeopen
oceanstationsintheCaribbeanandsouthernNorthAtlanticaswellassevenstations
aroundtheislandsoftheAzoresArchipelago,wereexamined|(Fig.1).Sampleswere
recoveredfromarangeofdepthsfromsurfacewaterstobathypelagicwatersshortly
abovethe seafloor. Both approaches revealed depth-dependent patterns of protist
diversityandcommunitystructure. Thecultivation-basedapproachrecoveredatotalof
45distinctmorphospecies, whichweremainlyassignedtoCercozoa, Neobodonida
andBicosoecida.ltalsoyieldedintheisolationof 1 5strains, mostofthembelonged
tonewspecies.Incontrast,themolecularbasedapproachrecoveredatotalof12073
OTUs, with the majority of them assigned to the Syndiniales, a parasitic order
belongingtotheAlveolata.OtherimportanttaxonomicgroupsincludedDinophyceae,
RadiolariaandEuglenozoa.
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Fig. 1:Stationmapsof(A)expeditionM139,RVMeteorintheNorthAtflanticOceanandCaribbeanSeaand (B)
expeditionM150,RVMeteoraroundtheislandsoftheAzoresArchipelago. Watersamplesweretakenatstations
AlandA5/6(M139)andatstationsFloreslsland (T2), Princess Alice Bank (T5) and SantaMarialsland (T14).
MapswerecreatedwithOceanDataView(Schlitzer,2012).

WesampledplanktonwithaCTD-rosette-systematdifferentstationsintheCaribbean
SeaandforcomparisonintheNorth AtlanticduringtheresearchcruisesM139and
M150 with RV Meteor in 2017 and 2018 (Fig. 1). Abundances of cultivable
aggregate-dwelling protists were estimated based upon on positive cultures for the
respective morpho-species following MPN methodology (Fig. 2). Genotypes were
determinedusingSangersequencingbasedonthe SSUrDNAgene.Inparallel, the
vertical differences in the community structure based on metabarcoding (lllumina
Hiseq, variableV9regionof SSUrDNA, withanenlargedreferencedatabase) was
studiedforthedeepchlorophyllmaximumlayerandbathypelagicdepths(Fig.3).
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The dominant morphotypes recorded from the depth profiles included rhizarians
(mainlycercomonadsaswellasMassisteria-likespecimen)andkinetoplastids(mainly
NeobodoandRhynchomonas)aswellasstramenopiles(mainlyCafeteria). Thedepth
profiles from cruise M139 and M150 recorded very similar results (Fig. 3, lower
panel).Incontrasttoearlierstudiesfromthe Mediterranean (Arndtetal. 2003), we
did not only predominantly observe bodonids and stramenopiles but also many
morphotypes belonging to cercozoans. In a few cases we could identify similar
morpho- and genotypes in different depth (e. g. Neobodo sp. in 60, 1000 and
1500mdepth;Cafeteriaburkhardaein1500and2000mdepth).
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Fig. 3: Community structure of eukaryotes in pelagic samples collected during cruise M139 using NGS
metabarcoding. Left: Relative proportionsofreads (uppergraph) andrelative proportions of OTUs (lowergraph)
with regard to taxonomic composition. Phototrophic divisions, plants (Streptophyta), Fungi and Metazoa were
excludedfromthedataset.”Unknown"” :reads/OTUswhichcouldnotbeassignedtoataxonomicdivision.”Others”:
taxa with arelative abundance of < 1 % inreads. Below: Cluster dendrogram based on Jaccard distance for
taxonomic composition of community structures obtained from M139 and M150, using rarefied reads and the
unweighted pair group method with arithmetic mean (UPGMA). Asterisks indicate significant clusters revealed
throughPERMANOVA (levelsofsignificance: * *=p<0.01,* * *p=<0.001).
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Deep-sea ecosystems, limited by their inability for primary production as a source of
carbon, relyonothersourcestomaintainlife. Accordingtoobservationsmadeduring
ourlastexpeditioncrossingthesouthernNorthAtlantic(VEMATransitexpeditionSO237
in2015,Brandtetal.2018,Bakeretal.2018,Deveyetal.2018), wehypothesized
thatsedimentationoflargematsofthesurfacedwellingbrownalgae Sargassumisan
underestimatedphenomenonthatcancausepotentialregularcarboninputtodeep-sea
ecosystems. Theimportanceoforganicmaterialasbothafoodsourceandhabitatfor
sessile taxa on the ocean’s deep-sea floor was highlighted by several authors (e. g.
Grassle&Morse-Porteous1987 Johnsonetal.2007).Usuallytheoriginofsuchorganic
materialisnotwelldefined. Todeterminethe potentialforthiscarbonflux, aliterature
surveyofpreviousstudieswasconductedthatestimatedtheabundanceofsurfacewater
Sargassum(Bakeretal.2018).Wecomparedtheseestimateswithquantitativeanalyses
of sedimented Sargassum appearing on photos taken with the OFOS camera system
duringtheM139expedition. TheOFOScamerasystemwasequippedwithacamerain
adownwardlookingpositiontocollectclose-upviewsofthemegafaunaandsedimented
algae ofthe deep-seafloor. Laser pointers allowed the quantification of the observed
seafloorareas.Furthermore, wequantifiedtheassociatedmegafaunaandanalyzedthe
vertical distribution of megafaunaalongamapped seamountwestofthe Cape Verde
islands.

Fourbenthicsurveyswereconducted usingthe OFOS camerasystematstationA3/4
(twosurveys,about4000mdepth),stationA5/6(onesurvey,about5 100mdepth)and
stationA7 /8 (onesurveyonaseamountfrom 1355downto3218mdepth) (Fig. 1).
Duringeachdive, 4-8hoursofvideorecordingfromhighdefinitionvideos (calibrated
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screenbythepresenceoflasers)weretaken.Inthehomelaboratory,hundredsofstill
imageswerecapturedmanuallyinordertoestimatetheabundanceandbiovolumeof
Sargassum and megafauna species abundance and diversity along each transect.
Annotateddataperstillimageincludedtaxaoccurrence, position,depthandsubstrate
type.Thestillimagescoveredabout90%ofthetotallengthoftransectsatthebottom.
Collectedfootagewasofhighqualityduetoawidevisualfield(4-10m2) andwaters
oflowturbidity. Organismswerecountedandidentifiedtothelowestpossibletaxon

level.

wow ow ww
Fig.1:StationmapofMeteorcruiseM 1 39fromCristébal(PanamaljtoMindelo(CapeVerdelslands)inJuly /August
2017 Redcirclesmarktheareasof OFOSdeployments

TheanalysisofthevideostakenfromtheabyssalcommunitiesatareasA3/4,A5/6
andA7/8revealed arelatively diverse megafauna (Figs. 2,3). The megafauna (we
considered organisms generally larger than 10 cm in length) observed comprised
anemones, glasssponges, holothurians, starfish, crinoids, shrimps, coryphaenoidfish
amongothers.

Fig.2: OFOSvideo-graphsfromthedeep-seaflooratarea A7 /8 showingglass sponges (Poliopogon amadou)
andacoryphenoidfish.

168



" 0.05%, 4 49

= 2.94%

= 1.38%
= 2.10%
= 4.45%

= 0.44%

= 192

= Osteichthyes = Decapoda
= Holotheridea = Crinoidea

= Asteroidea = Ophiuroidea

= Echinoidea = Porifera

= "pipe"” Porifera = cold-water corals
= Actiniaria = unknown Medusae

Fig.3:MegafaunacompositionrecordedfromthefourOFOSdeploymentsinthesouthernNorthAtlantic.

Significantly higher megafauna abundances were observed at the seamount (Fig. 4)
includinginteraliadenseaggregationofPoliopogonamadou (Hexactinellida)andcold-
watercorals. Cold-watercoralsandPoliopogonamadou, dominatingdifferentseamount
areas wereassociatedwithspecifidauna(specifidishspecies sponges,andholothurians).
Inaddition wecouldreporbrhabitat/substratepreferenceforOsteichthyes Ophiuroidea,
Crinoidea, Holothuroidea, cold-water corals and sponges. Sargassum may serve as a
habitatandafoodsource (e.g. Holothuroidea) forabyssal (epi-) megafauna. Thedata
indicated a relatively high abundance of megafauna associated to Sargassum flocs.
(Scepanskietal., in manus). Especially in area A5/6, we observed high densities of
Sargassum Interestingly,allstagesofdegradationofSargassumwereobservedcomprising
freshlysedimentedmats,algalmatswhichweresuckedintothesedimentbymegafauna,
andmatswithsurroundinganaerobicmicrobialmats.Thesedifferentstagesofdegradation
indicatedthecontinuoussedimentationprocess.Wecouldobservetheprocessofsequential
degradation and sedimentation in the deep sea for the firsttime. The accumulation of
Sargassumrepresentsapotentiallylargeandconsistenicarbonfluxtodeep-sececosystems
(Bakeretal.2018) . WhiletheparticularabundanceandnatureofholopelagicSargassum
isrelativelyuniquetotheNorthAtlantic(particularlytheSargassoSea), themechanismof
large-scale sedimentation of macrophytes as a carbon fluxis animportantfinding and
could be translated through the world's oceans (Krause-Jensen & Duarte 2016). This
relatively high input of carbon could than also lead to relatively high abundances of
megafaunaatregionsreceivinghighinput. Weintendtoapplyforaseparateexpedition

toinvestigatethisunexploredphenomenoninfuture.
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Cafeteriaspeciesareverycommonandmightbeecologicallysignificantheterotrophic
nanoflagellates as bacterial consumers due to its high abundances in the marine
environment(e.g.FenchelandPatterson1988).

Wecouldisolateandcultivate29Cafeteria-likestrainsfromsurfacewatersandfromthe
deepseaatdifferentparts ofthe oceanincluding the Atlantic Ocean, Mediterranean
Sea, Indian Ocean, Pacificand Baltic Sea. Thisgave usthe chancetoreanalyze the
taxonomy andthe phylogeneticrelationships within the Cafeteriaceae. Morphological
characterizationobtainedbyhighresolutionmicroscopyrevealedonlysmalldifferences
between the strains (Fig. 1). Sequencing the type material of the type species C.
roenbergensis (CCAP 1900/1) and molecular analyses (185 rDNA, 285 rDNA) of
newlyisolatedstrainsresultedinarevisionandseparationoftheCafeteriaceaeintotwo
knownspecies(C.roenbergensis,C.mylnikoviijandsixnewspecies(C.maldiviensis,C.
biegae, C. loberiensis, C. chilensis, C. graefeae, C. burkhardae). Many deposited
CafeteriasequencesatGenBankandmostofourownsequencesclusteredwithinone
clade (C. burkhardae) with a p-distance of 5% to strain CCAP 1900/1. Only C.
maldiviensisclusteredtogetherwiththetypespeciesC.roenbergensis.Astrainfromthe
AngolaBasin had a p-distance of 10%to Cafeteria species and clustered separately
withintheAnoecalesrequiringtheerectionofanewgenus,Bilabrumgen.nov.,withB.

latiussp.nov.astypespecies.
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Fig. 1: Differential interference contrast micrographs of Cafeteria roenbergensis CCAP 1900/1 (A, B; type
population),C.maldiviensisHFCC66 1(C-E),C.burkhardaeHFCC168(F-J),C .graefeaeHFCC33(K-O),C.biegae
HFCC113(P-T),C.mylnikoviilCCAP1900/2(U-V),C.chilensisHFCC832(W-Y),C.loberiensisHFCC843(Z-AD).
Scalebarrepresents 1pm.AdaptedfromSchoenleetal. inrevision,European)ournalofProtistology.

Furthermore, weanalyzedtheread abundance ofoperationaltaxonomicunits (OTUs)
taxonomicallyassignedtoCafeteriaspecieswithaV9sequencesimilarityof 100%to
investigate the distributional pattern of the different Cafeteria species within our own
next-generation-sequencing(NGS)deep-seadataset. Thisdeep-seadatasetconsistedof
readsobtainedfromdeep-seasedimentsamplesat20stations(Fig. 2A)inthe Atlantic
(M139, SO 237) and Pacific Ocean (SO 223T) from bathyal, abyssal and hadal

regions.

ConcerningecologyanddistributionofthemembersoftheCafeteriaceae, thecladeof
Cafeteria biegae could only be isolated from the Mediterranean Sea, while the two
strainsof C. graefeae (HFCC33 andHFCC772) wereonlyfoundinsamplesfromthe
AtlanticOcean.WhileC.maldiviensis(HFCC661)couldonlybeisolatedfromthelndian
Ocean,wecouldrecoverV9sequenceswith1 00%sequencesimilaritytoC.maldiviensis
in19outof20deep-seastations(Fig.2A-E).Cafeteriaburkhardae,ontheotherhand,
seems to have a cosmopolitan distribution in brackish and marine environments, in
surfacewatersaswellasinthedeepsea,whichisunderlinedbyourcultivationapproach
aswellasbyournext-generation-sequencingresultsofsedimentat2Odifferentdeep-sea

stations(Fig.2).
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Fig. 2: Differential interference contrast micrographs of Cafeteria roenbergensis CCAP 1900/1 (A, B; type
population),C.maldiviensisHFCC66 1(C-E),C.burkhardaeHFCC168(FJ),C.graefeaeHFCC33(K-O),C.biegae
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Scalebarrepresents 1pm.AdaptedfromSchoenleetal. inrevision,EuropeanjournalofProtistology.

We found that a great proportion of environmental sequence V9 reads from our 20
analyzeddeep-seacommunitiesbelongedtoCafeteriaburkhardaewithal00%sequence
similarity.Ahighproportionofreadsobtainedbynext-generationsequencing(NGS)could
alsobeassignedioCafeteriaburkhardaewithintheTaraOceanglobaleukaryoticplankton
survey (see Supplement Database W5 in de Vargas et al. 2015). Our phylogenetic/
evolutionary placement analysis (EPA) revealed that most of the OTU representative
sequencesassignedtoCafeteria(sequencesimilarity80-100%)withinourdeep-seastudy

andtheTaraOceanprojectcouldactuallybeplacedtotheC.burkhardaeclade.

The discovery and analysis of new bicosoecids and utilizing more sequences and
comparative morphological descriptionsaswellasmultigene analysis are essential to
reconstructa more robust evolutionary relationship within the bicosoecids and might

resultinahigherresolutione.g.ofBilabrumlatiusstrainHFCC35.

Cafeteria and related species are very common and might be the ecologically most

significantheterotrophicnanoflagellatesinmarineenvironments.

REFERENCES

deVargasC,AudicS,HenryN,Decelle], MahéF, LogaresR, LaraE,BerneyC etal.,
Eukaryotic planktondiversityinthe sunlitocean. Science2015, 348, 1261605, doi:
10.1126/science.1261605.

173



Fenchel T, Patterson DJ, Cafeteria roenbergensis nov. gen., nov. sp., a heterotrophic
microflagellatefrommarineplankton.Mar.Microb.FoodWebs1988,3,9-19.

SchlitzerR,OceanDataView,2012,http://odv.awi.de.

Zivol]ic’:S, Schoenle A, NitscheF, Hohlfeld M, Piechockil, ReifF, ShumoM, Weiss A,
Werner], WittM, VossJ, ArndtH (201 8) Survival of marine heterotrophicflagellates
isolatedfromthesurfaceandthedeepseaathighhydrostaticpressure:Literaturereview
andownexperiments.Deep-SeaResPartllTopStudOceanogr148:251-259 http://
doi.org/10.1-016/{.dsr2.2017.04.022

174



M139*

HIGHANDSPECIFICDIVERSITYOFBENTHICPROTISTSINDEEP-
SEABASINS

AUTHORS

UniversityofCologne,Biocenter, DepartmentforBiology, InstituteforZoology,
GeneralEcolog | Cologne, Germany
A.Schoenle,M.Hohlfeld,K.Hermanns,F.Nitsche,H.Arndt

Marine heterotrophic flagellates are a major component within the microbial food
web and are important nutrientremineralizers in biogeochemical cycles in surface
waters(Caronetal., 1999).Consideringtheorderofgeographicmagnitudeofthe
deepseaandthepotentiallyimportance of protistswithinthese vastecosystem, the
ecological function, species-level distribution and diversity of deep-sea protist
communities is scant. Genetic approaches like Next-Generation Sequencing (NGS)
and clone libraries have turned out to be reliable tools in identifying previously
unknownprotistanlineagesinsurfacewatersandthedeepsea(e.g.Edgcombetal.,
2011;Massancetal.,2014).Mostbenthicdeep-seastudiesfocusedonassumedhot
spotsinthedeep-sealikehydrothermalvents,coldseepsandanoxicbasinsatbathyal
depths(e.g.Edgcombetal.,2009; Stoecketal.,2003). Investigationsonbenthic
deep-seaprotistsfromtheabyss(3-6km), covering 54%oftheEarth’ssurface, and
hadalregions(<ékm)arescarce(Scheckenbachetal.,2010).

Toassesstheirdiversitywecollected 27 sedimentsamplesat20stationsfromdeep-
seabasinsintheAtlantic((M139,50237)andPacificOcean(SO223T)(Fig.1A,B)

to conducta comparative analysis from benthic deep-sea protistcommunitieson a
globalandlocalspatialscaleapproachatdifferentdepths (mainly abyssalregions)
bysequencingthehypervariableV9regionofthe 18 SrDNA.Clusteringandfiltering
ledtoafinaleukaryoticdatasetof46,694OTUs (~70millionreads) ofwhich87%
(40,623 0TUs, ~55millionreads) couldbe assignedto protists (excluding ~2,300
phototrophic protist OTUs) using an in-house reference database called
V9_DeepSea.

OfourfinalprotistOTUsonly2.4%were 100%identicaltoreferencesequences.On
averageprotistOTUshadonlya90.4%matchwithreferencesequencesindicating
theexistenceofnewlineagesandthepotentialofaspecificprotistfaunainthedeep
sea,especiallywithintheDiscoba(Fig. 1D).

175



E *™  _ AlltogetherZ Bathyal=Abyssal —Hadal
OTU#  =North Atlantic=Pacific - South East Atiantic
40,000 =

Mo s o2 ey 0
50 60 @ %0 100 0 20 40 60 B0 100 120

F Similarity to reference sequence (%) G Hiumina reads # (million)

0z

yta
Ciliophora
Cryptophyta
Dinoflageliata
| Discicristata

. Ochraphyta
6 § Others
e siesa 2 0 11 Radiolaria
025 T p Stramenopiles (non-Ochrophyta)

0.00 025 0.50 ]
MDS1 () - E— Unknewn/Uncertain

]

Fig. 1:Heterotrophicdeep-seaprotistdiversityanddistribution. (A) Samplingmap ofthe 20 examineddeep-sea
stationsfrom bathyal, abyssalandhadalregions. Multiple sedimentsamples weretakenatstations marked with
an asterisk for the investigation of small scale distribution patterns. In the North Atlantic Ocean (NA) samples
werecollectedduringtwoexpeditions (oneinsummer (marked withasterisk), onein winter). (B) Onlythe upper

2 mmofundisturbed sedimentfrom cores ofthe Multi-Corer (MUC) were taken with asterile syringe. (C) Venn-
DiagramshowingthenumberofuniqueandsharedOTUsbetweenthethreedifferentdepthzones. (D) Similarityof
rDNArichnesstototalreferencedeukaryoticrDNAdiversityintheV9_DeepSeadatabase.Proportionof OTUsper
eukaryoticsupergroupiscolor-coded. (E) VOrDNAprotistOTUsrarefactioncurvesandoveralldiversity (Shannon
index, insef)fromeitherregiondependentordepthdependentclusteringofallstations. (F) Grouping ofdeep-sea
protistcommunities according to taxonomical compositional similarity (binary Jaccard distances) using nonlineal
multidimensionalscaling. (G) Relative proportion of OTUs of allthe 27 deep-sea sedimentsamples (20 stations)
relatedtothemajortaxonomicprotistgroups.

We almostreached sampling saturation of heterotrophic protist OTUs considering all
sampledstations(Fig.1E).Only8%oftheOTUsweresharedbetweenthethreedifferent
depthzones,whileoverhalfofthem(5 1.5%)couldonlybedetectedinabyssalsediments
(Fig.1C).Theincidence-basedclusteringusingnonlinearmultidimensionalscalingofthe
27sedimentsamplesshowedahighdissimilaritybetweenallthestations(Fig. TF).Inall
27stationsDiscicristata, Dinoflagellata,ForaminiferaandCiliophorashowedthehighest
protistrichness (numberof OTUs, Fig. 1G). Only 0.6% ofthe total protistOTUs were
sharedamongall27 sedimentsamples, whileabout59%ofthe OTUsdetectedinthis
study were unique to one station indicating the potential existence of highly endemic
protist communities in deep-sea sediments. The majority of shared OTUs with 29%
belonged to the Dinoflagellata, while half of the unique OTUs could be assigned to
Discicristata including e. g. diplonemids, euglenids and kinetoplastids. This relative
proportionofungiveOTUswasalsoconsistentwithinthethreedepthzones.
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Withinourstudythereexistsanextremelyhighdiversityofprotistsinthedeepseawith
large local differences between individual sediment samples. This indication of a
potentiallyhighglobaldiversityofprotistswithamajorfractionofheterotrophicprotists
mightmakethemgoodindicatorsofchangesinenvironmentalconditionsintheabyss.
Investigating the diversity and distribution of natural microbial communities in Earth’s
largesthabitatiscriticaltoourunderstandingofglobalbiogeochemicalcycles. Unique
techniquesandlarge-scalestudies,aswellaslong-termsurveys/timeseries,mayfurther
elucidatethe diverse composition of deep-seamicrobial communities overboth space
andfime.
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The deep sea is an extreme environment with uniform conditions such as low
temperatures and food resources, permanent darkness and high pressure. Despite
theseextremeconditions, thedeepseaisinhabitedbyalargevarietyoforganisms
whichhavebecomeevolutionaryadaptedtothisenvironment.ltiswellknown, thatin
shallow benthic and pelagic ecosystems protists are very important for the energy
transferinaquaticfoodwebs.Regardingprotistsinthedeepseaandtheirpotential
importancewithinthedeep-seamicrobialfoodweblittleisknown. Asidefromsome
heterotrophic flagellates, only a very few ciliates and foraminiferans isolated from
surface waters and the deep sea were able to survive high hydrostatic pressures
(Turley et al. 1988; Schoenle et al. 2017, 2019; Zivalji¢etal.2018).Concerning
ciliates, it was shown that deep-sea strains of Pseudocohnilembus persalinus and
Uronemasp.andonesurfacestrainofP.persalinuswereabletosurvivebetterat557
baratlowertemperature (2°C)thanathighertemperature (13°C) (Schoenleetal.

2017).Still thereisalackofpressurestudiesonprotistsisolatedfromthedeepsea,
becausemoststudieswerebasedonprotistsinhabitingtheeuphoticzone.Sofar,only
afewciliateshavebeencollectedfromthedeepseaandcultivatedlatersuccessfully
underlaboratory conditions. Dataonciliatesisolated fromthe deepseaarescarce

and mostly based on molecular surveys (Schoenle et al. 2017, Zivaljié etal. in
revision).However,metagenomedataalreadyindicatedthatciliatesmayformavery
diversecomponentofdeep-seacommunities(Edgcombetal.2002).
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Fig. 1: A-CThepercentageofbehaviouralelementsandactivecellsrecordedfortotalobservationtimeforthree
deep-seaciliates Euplotes dominicanus (A), Aristerostoma sp. (B) and Pseudocohnilembus persalinus (C) during
pressure and control treatments (1 bar) (Temp.=4°C, n = 10-12). The behavioural elements are indicated as
columnsandactivecellsasdashedlines. Theschematicdrawingbelowthelegendshowstheshortlastingelements
(continuous trajectory change, ctc; smooth trajectory change, stc; rough trajectory change, ric; side-stepping
reaction,ssrjandthelonglastingelements(linearsegment,s;rightwardarc,a+;leftwardarc,a-). Therotation(r)is

an example for other elements (from Zivaljicetal.subm.)

Threespeciesofciliateswereisolatedfromthedeepsea(2 4000m)duringthecruise
M139:Pseudocohnilembus persalinus, Euplotes dominicanus and Aristerostoma sp.
Locomotion is considered to be the main form of expression of ciliate behaviour
regardingtheiroveralllifeactivity.Buthowciliatesbehaveunderdeep-seaconditions
isstillunclear.Dataontheoccurrenceofciliatesinthedeepseaarescarceandmostly
basedonmolecularstudies. Weobservedthebehaviourofthethreedeep-seaisolates
directly underhigh hydrostatic pressures up to 500 bar using a pressure chamber
systemthatallowsfordirectobservationusinganinvertedmicroscopeequippedwith
ahigh-speedcamerasystem.Forallthreeciliates, thetypical behaviouralelements
wereobservedatleastatapressureofupto200bar.Forallthreeisolateddeep-sea
ciliates, additionallong-term survivalexperimentswerecarried outwithin6 daysat
200,350and430bar. Several specimensshowed anabilitytosurviveforseveral
daysatthehighestpressureandtorecoverfrompressurerelease (returningtotheir
normalmovement)indicatingtheirbarotolerance.Ourresultssuggestthatciliatesare
activeinthedeepseaeveninregionsdeeperthan2000mandmightbeanimportant

partofthedeep-seamicrobialfoodweb.
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Thedeep-seabenthicenvironmentisoneofthemostdiverseandextendedhabitatson
Earthwithahighrichnessofdeep-seamicro-eukaryotesasrevealedfromenvironmental
DNA surveys (Scheckenbachetal.2010). Ciliates are considered as amajorand
active microeukaryote group in microbial mats of cold-seep sediments based on
environmental DNA/RNA surveys. Still, very little is known about the benthic
eukaryoticcommunities from abyssal depths, though ourrecent survey of available
data indicated that ciliates may form a very diverse component of deep-sea
communities (Schoenle et al. 2017). So far, only a very few ciliates have been
collectedfromthedeepseaandcultivatedlatersuccessfullyinlaboratoryconditions.
Thereasonforthismaybethepotentiallylowabundancesofciliatesinthedeepsea,

or the hydrostatic stress during sampling (deep sea to the surface). Using multiple
cultivationeffortsonboardaswellashighresolutionlightandelectronmicroscopyin
thehomelaboratory, wewereabletoisolateandcultivateseveraldeep-seaciliates.
Toourknowledge, thisisthefirsttimethatEuplotesdominicanus,anewciliatespecies
from abyssal depths (>4000 m) was isolated, successfully cultivated and
morphologically characterized alive. Moreover, the 18S rRNA was analyzed to
estimatethephylogeneticpositionofE.dominicanus.Inaddition, thesurvivalability
athighhydrostaticpressure (upto500bar)ofthenewlydescribedEuplotesspecies
wasinvestigated. WealsoanalyzeditsoccurrencebasedontheV9regionofthe 18S
rRNA in metabarcoding data sets obtained from 12 deep-sea basins of the North-
Atlantic, South-West Atlantic and Pacific Ocean (M139, M79,5223T,SO 237 to
checkthepossibleoccurrenceinotherdeep-searegions.

Euplotesdominicanussp.n.ischaracterizedbyasmallbodysize(29-40x17-27
pminvivo), 18-22adoralmembranelles, 1 0frontoventral, fivetransverseandtwo
leftmarginalcirriand one caudalcirrus, five or sixdorsolateral kineties with 7-9
dikinetids in mid-dorsolateral kinety (DK3), and dorsal silverline system of the
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double-eurystomustype (Fig. 1 A-D). Phylogeneticanalysesinferredfrom 18SrRNA
sequencesshowthatEuplotesdominicanussp.n.ismostcloselyrelatedtoE.curdsi,
withasequencesimilarityof?7.6%.Euplotesdominicanussp.n.wasabletosurvive
hydrostaticpressuresupto500barindicatingitsbarotolerance (Fig.2). Thehyper-
variable V9 region of the 185 rRNA used to target environmental diversity of
microbialeukaryoteswasusedinnextgenerationsequencing studiestosearch for
thepresenceofE.dominicanusinsedimentsofdifferentdeep-seabasins. Wecould
confirmthatsequencesbeing 100%identicaltotheVregionofthe 18SrRNAGfE.
dominicanuswerepresentinsixoutof 1 2deep-seabasinsintheAtlanticandinthe
PacificOceanFig.3).A100%identityregardingtheV9regiondoesnotmeanthat
sequencesbelongtoexactlythesamespecies,however,ourstudymightindicatethat
EuplotesspeciesatleastverysimilartoE.dominicanusarenotseldomandmightbe

a component of deep-sea microbial communities. In contrast, we did not find
sequencesbeing100%identicaltotheV9regionofthe 1 8 SrRNAofE.dominicanus
inthedatabaseofsurface-watersamplesfromtheTaraOceanproject. Wecompared
the similarity of the V9 region of E. dominicanus sequence with all other Euplotes
sequencesavailableinGenBank.OurresultsshowthatE.dominicanushasaunique
andspecificV9region,onlyfoundinthisspeciesofallcurrentlyavailablesequences

fromspecieswithinthegenusEuplotes.

Fig.1:Euplotesdominicanussp.n.Scalebars=10pm.SEMpreparation.
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Fig.2:SurvivalratesofEuplotesdominicanussp.n.exposeduptoamaximumpressureof 500bar(n=10).The
filledsectionsofthebarsindicatetherangeofpressureatwhichsurvivalwasobservedforthedifferentindividuals.

Ourstudiesindicatethatciliates shouldbe considered asimportantcomponentsin

deep-seamicrobialfoodwebs.
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Fig.3:SurvivalratesofEuplotesdominicanussp.n.exposeduptoamaximumpressureof 500bar(n=10).The
filledsectionsofthebarsindicatetherangeofpressureatwhichsurvivalwasobservedforthedifferentindividuals.
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Planktonicforaminiferashellsinmarinesedimentsaretheprinciplesourceofinformation
onthestateofpastoceans. Tounlockthesignalspreservedintheseshells, theecologyof
theorganismsthatproducedthemhavetobeconstrainedindetail. Yet,despitedecadesof
research, many aspects of the life cycle and habitat of planktonic foraminifera remain
unknown.Toimprovetheapplicabilityofforaminiferaforpaleoceanographicalstudiesand
stimulate new researchandthe SCOR /IGBP Working Group 138 wasestablished. The
groupidentifiedresearchpriorities, whichthenmotivatedthemainaspectoftheresearch
programmeoftheRVMETEORcruiseM 140(11.8.2017Mindelo-5.9.2017 LasPalmas).
Combiningobservationsfromsedimenttraps planktonsamplesandon-boardexperiments,
themainaimsoftheforaminifera-related programme weretoinvestigatetheextentand
scaleofpopulationpatchiness,ontogeneticanddielverticalmigration,synchronisationof
reproduction,symbiontpresenceandphysiologyandtheextentofgeneticdiversityinthe
group.Tothisend, thecruisefollowedatransectinthecentralwestern Atlanticbetween
oligotrophicwatersofthesubtropicalgyreandtheproductivecoastalwatersoffMauretania
affected by coastal upwelling. To characterise population dynamics, ecology and
physiologyofplanktonicforaminifera,weobtainedaseriesoffourteenverticallyresolved
planktonnetprofilesalongthecruisetrack,togetherwithprofilesofphysicalandchemical
properties of the ambient water masses. Live foraminifera extracted from these profiles
were used to quantify photosynthetic activity of selected species and determine their
photoadaptation.High-resolutionspatialandtemporalsamplingoftheupper300mover
24hourswascarriedoutattwolocations(recovering4 1and4éverticalprofiles) allowing

thecharacterisationofpatchinessanddailyverticalmigrationofplanktonicforaminifera.
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First analysis of vertical distribution of foraminifera in one of the hyper-replicated
samplingregionsallowedustoshowthattheverticalhabitatsof speciesarestableon
dailytimescale, andthattheforaminiferadonotparticipateindiel vertical migration
(Meilland etal., 2019). Our hyper-replicated sampling showed that the highest cell
concentrationsremainedinthetop50mand, basedonrobustdataanalysis,wecould
safely reject the existence of DVM in this group. This conclusion applies to the total
concentration offoraminifera, aswell astothe individual concentrations ofindividual
species representing different sizes, life strategies and vertical habitats. Instead, we
observethatconcentrationsofplanktonicforaminiferavariedlaterallybyasmuchastwo
ordersofmagnitude.Thisvariabilitycouldnotbelinkedtoanytemporalrhythmandthus

hintsattheexistenceofconsiderablepatchinessatthescaleoftensofkm.
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Fig.1:Overalldistributionofshellsizesamongcytoplasm-bearingspecimensofthreeselectedspeciesofplanktonic
foraminifera collected from vertical profiles taken duringM 140 south of the Cabo Verde. The profiles show no
evidenceforontogeneticverticalmigrationthatwouldleadtolargeshellsbeingfoundonlyatthemigrationtarget
depth.

Materialfromverticallyresolveddailymonitoringofpopulationcompositionprovided
directobservations on the temporal evolution of the depth habitatand reproductive
cycle of multiple species of planktonic foraminifera in the tropical North Atlantic
Ocean.Wehaveforthefirsttimecombinedindividualcountswithsizemeasurements
(Fig. 1).Ourresultsrevealaconsistentverticaldistribution of planktonicforaminifera
withhighestdensitiesintheupper80m.Thelargesttotalstandingstockwasobserved
duringtheblackmoonwhilethelowestonesweresampledaroundthe3rdquarter.No
cleardifferencesbetweentheratiooflivinganddeadspecimensalongthelunarcycle
couldbeobserved,suggestingcontinuousmortalityacrossthepopulation.Thetemporal
patternofvertical shellsizedistribution (Fig. 1), vertical abundancedistributionand
incidenceofemptyshellsprovidesnosupportforsynchronisedreproductionoccurring
inphasewiththelunarcycle. Instead, we observe thatindividuals of differentsizes
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(andages)occuratalltimesinsimilar proportions acrossthe species-specific stable
depthhabitats.

The high abundance of planktonic foraminifera allowed us to isolate hundreds of
specimensacrossarangeof speciesand usetheseto providethefirstcomprehensive
characterization on the presence and strength of functional photosymbiosis and
photoadaptationinplanktonicforaminifera(Takagietal.,2019).Sincethephotosynthetic
activity of the symbionts can affect the geochemistry of foraminiferal tests, the
understanding of the photosymbiotic ecology of planktonic foraminifera speciesis an
essential prerequisite for their use in paleoceanographic studies. The presence of
photosymbiosisalsoyieldstrongfunctionalconstraintsonthehabitatdepthof species,
allowing us to better understand the vertical distribution and population dynamics of
planktonicforaminifera.Duringthiscruise, weevaluatedthephotosyntheticperformance
ofintracellularalgaebyconductingon-boardphotophysiologicalassessmentsusingfast
repetition rate and pulse amplitude modulation fluorometry. Fifteen species showed
potentialphotosyntheticactivityatalevelconsistentwithfunctionalphotosymbiosis. We
found that light absorbance efficiency varied, contrasting high-light adapted species
againstlow-light-adaptedandhencedeeperdwelling species. Thisisthefirsttimethat
thepresenceofphotosymbiosisinplanktonicforaminiferahasbeenconstrainedbydirect
functionalmeasurements, allowingustounambiguouslydetectsymbionts, quantifytheir
amount,activityandphotoadaptation.Combiningtheseresultsallowedustoformulatea
newmodelofphotosymbiosisinplanktonicforaminifera.
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TheU-isotopiccompositionof 224U /2%¢Uofseawaterhasbeenfoundtovarylittledueto
the conservative nature of U. However, it is well admitted that in regions of strong
freshwaterrunofforgroundwaterdischargeoncanobserveadeviationfromtheglobal
oceanmeanvalueof  234U/2%8U, withtypicallyhigherthanaveragevalues. Theglobal
oceanmeanvaluegivenas%odeviationfromsecularradioactiveequilibriumisd =y
=146.7+0.1 %0 and is of relevance regarding the quality control and precision of
marine carbonate dating via Th/U methods (Wefing etal., 2017), butalso to trace
changesinglobalweatheringandrunoffpatternsthroughtime(Chenetal., 2016). We
haverecentlyfoundthatthe Mediterranean Outflow Water(MOW) hasasignificantly
higherisotopiccompositionof~ 149+0.5%0.AstheMediterraneanSeaispredominantly
fedby Atlanticwaterthiswasasurprisingobservation. The deviationfromthe global
averagevaluereflectsstrongasignificantriverorsubmergedgroundwaterdischargeof
234 whichhoweverisunknowntoday.DuringM 141 /2wehavecollectedlargevolume
seawater samples along the path from the Azores (Ponta Delgadal) to the Black Sea
(Varna) to trace the evolutionof & 234V, . to verify our observation and to possibly
identifytheoriginofthisdeviation. Throughtheéstationsthatcouldbesampledalong
the3000nmtransitofRVMeteortotheshipyard, wehavenowresolvedacontinuous
east-west gradient of the MOW U-isotopic composition at a sub-%o precision level.
Howeveritsoriginremainsstillunknownaswewerenotallowedtosamplewaterinthe
MarmaraandBlackSea,wherewesuspectelevated 24levels.
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The overarching goal of Expedition M142 wastoincrease ourknowledge aboutgas
hydrate (GH)inthe Danubedeepseafan, BlackSea.In 1974, GHwasfoundinthe
BlackSeaforthefirsttime(YefremovaandZhizchenko, 1974).Sincethenanumberof
researchprojectsstudiedtheoccurrenceanddistributionofGHinthecontinentalmargins
ofthe Black Sea. Numerous gasexpulsion sitesand indicatorsforgasand GHwere
found (Naudts et al., 2006; Popescu et al., 2007; Vassilev and Dimitrov, 2002).
AccordingtocurrenttemperatureandsalinityconditionsintheBlackSea, GHisstable
inwaterdepths>670m.Dependingonthedepthoftheseafloor, GHisexpectedtobe
stablewithintheupper200mto300mbelowtheseafloor (Bialasetal.,2014).This
definesupperandlowerlimitsofthedistributionofthebottom-simulatingreflector(BSR),
asmappedbyPopescuetal.(2007)orZanderetal., (2017).Basedonseismicdata
(Bialasetal.,2014) fourdrillsiteswereselectedfordrillingwiththeMARUMMeB0200
seafloordrillrig(FreudenthalandWefer,2013)duringexpeditionM142(Figure1).

a075°F 31°F

Fig. 1:MapshowingoverviewofstudyregionofexpeditionM142intheBlack Seawithallfourdrillsitesvisited
withtheMARUMMeBo0200seafloordrillrig.
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Atthefirstdrill site (GeoB22603-1,MeBo-16)in ~860mwaterdepthontheeastern
flankoftheS2Channel(Figure2),asedimentdepthof1 47 .4mwasreached.Belowthe

typical Holocene sediment sequence, glacial slump deposits and spill-over turbidite
layerswerecoredwithmorethan85%corerecoveryrate.Inordertoreachthebaseof
GHstability,asecondSite(GeoB22605-1,MeBo-17)wasdrilledonthewesternflankof
theS2Canyonin7 6 5Smwaterdepthatthebaseofalargerslump-feature(Figure2).The
fine-grained sediment sequence down to 144.1 m was drilled with an 84 % recovery
rate.AtMeBo-17 ,geophysicalboreholeloggingwasconductedandnaturalgammaray

and P-wave velocity data were acquired. A second hole was drilled (GeoB22620-1,
MeBo-19),~40mtothesouth, forselectedspotcoringbetween50and 100mbelow
seafloor(mbsflandtheuseofosecondloggingtoolforelectricalresistivitymeasurements.
Anotherdrillsitein~ 1400mwaterdepthwithintheS2channelwasvisited(GeoB22609-
2,MeBo-18),butonlythreecoresuptoamaximumdepthof~ 18mbsfweretakenand
thesiteabandoned.DuringMeBocoring, insitutemperaturemeasurementswerecarried
outdefininganaveragethermalgradientof ~24°C/kmatthesitesvisited. Downhole
temperature measurements were supported by heat-probe measurements around the
MeBodrillsites.

07FE 308°E ] 3085°E

Fig.2:Mapshowinglocationsofthedrillsitesaroundthe S2channelandthecombinedseismicline (red) shown
inFigure3.

Usingthewealthofseismicdataavailableintheregion,asplicewascreatedacrossthe
S2 channel and the drill sites MeBo-16 and MeBo-17/-19 highlighting the continuous
levee-stratigraphyandBSRintheregion(Figure3).Asseenontheseismicdata,sediments
atSiteMeBo-17/19arebasicallyfromthesameleveesequencedrilledatMeBo-16(below
40mbsf), butrepresentayoungersequence, whichhasbeenerodedatMeBo-16.0Onall
recoveredcores,afullsuiteofpore-watergeochemicalanalyseswasconductedincluding
(buinofimitedto)measurementsofsulfate chlorinity,alkalinity,phosphate andammonium.
Usually, thepresenceofGHisseeninpore-waterchlorinitybyfresheningfromadefined
backgroundtrend.However, inthesedimentsequencecoredbelow~20mbsf, theinsitu
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porefluidcompositionreflectsafresh-waterphaseoftheBlackSeaandporefluidsalinity

is already overall low (2-3 psu). Void-gas samples were taken from the core prior to
splitting and used to analyze the gas composition combined with sedimentheadspace
sampling.Regularsedimentcoreswerealsoimagedwithaninfra-red(IR)cameraondeck
immediatelyafterextractionfromtheMeBoouterbarrelstoidentifypotentialzonesof GH
occurrencethatshowupas'coldspots’. Afterwards, allcoreswerecurated,andsplitinto
aworkinghalffforextractionofporewaterandcore-basedphysicalpropertymeasurements)
and archive half (for imaging and sedimentological description). Additionally, several
pressure cores (MDP) were taken to defermine in-situ gas volumes contained in sediments
by controlled degassing experiments. Asan example of work accomplished by M 142,
sediment physical property, pore-fluid composition, gas composition, and geophysical
loggingdataaregivenforSiteMeBo-17inFigure4.
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Fig.3:SpliceofseismiclinesconnectingthedrillsittsMeBo 1 6andMeBo 17 Drilldepthsareindicatedbyblack
lines(locationseeFigure2).
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M143

SLOPE FAILURES AND ACTIVE GAS EXPULSION ALONG THE
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AUTHORS
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Expedition M143 in the Black Sea was a shortterm replacement for an expedition
originallyscheduledtorecovermarinegeodeticinstrumentationintheSeaofMarmara.
With lessthantwomonths preparation time and associated restrictions for permitting,
transport, and limited personnel availability, expedition M143 was defined as a
“mappingonly”exercisedirectlyfollowingexpeditionM142inthesamestudyareaof
the Romanian sector of the Danube Delta deep-sea fan. Using the onboard acoustic
multibeam and PARASOUND systems, seafloor mapping was extended from efforts
conductedduringM142andpreviousexpeditionMSM34.Additionalemphasiswason
acousticmapping ofgasreleasefromthe seafloorand quantification ofgasemission
rates with a calibrated EK80 sounder system deployed through the moon-pool of the

vessel.
Researchtopicsonthedataacquiredfocusontwothemes:
(a) Quantificationofgasemissionswithacoustictools

The use of acalibrated single-beam EK80 echosounder and coincidentacquisition of
multibeamdata (Figure 1) allowedforthefirsttimethetransfer of methodsknown for
single-beam-based gas emission rate quantification (e. g. V. eloso et al., 2015) to
multibeam data. Gas flow rate estimates from multibeam data are consistent through
repeatedsurveys(Figure2). Theyfurthercorrelatelinearlywithgasflowestimatesfrom
thecalibratedsingle-beamechosounder.

Usingthismethodtherebyincreasesthearealcoveragethatcanbeachievedbyasingle

cruisebymorethantentimescomparedtosingle-beamechosoundersurveysandenables

amuchmoredetailedflowrateestimateofagivenresearcharea.
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bubble stream captured
by MBES central beam

and SBES beam matched

measurement layer

Fig. 1:ComparisonofatypicalwatercolumnsurveyconductedduringM 143 withsimultaneousrecordingofthe
singlebeam(SBES)andmultibeamsystem(MBES)acrossagasbubblestream(fromUrbanetal.,submitted).Forthe
chosenacousticflaremaplayer(10-30maboveseafloor), theMBEScoverage(80°swath)ismorethan 10times
thecoverageofthe SBESbeamcone(7°).

Frat

Fig.2: Mapofsurveyontheshelfofthe Danube Delta (waterdepth ~ 125 m) with prominentgasbubblesites.
Volumetricgasflowratesweredefinedforallflaresiteswithindividualflowratesrangingfrom<1L/minto23L/
min.Thetotalflowrateforthisregionis~80L/min.

(b) Seafloorstructuresindicatingpastslopefailureandzoneofpotentialfutureseafloor

instabilitiesaswellaslinkagestofreegasemissionpatter ns

Individualgasflarelocationsdeterminedfromthemultibeamacousticdataweremerged
withthebathymetricdatatoseewhetherastructuralcontrolforgasemissionexists, or
gasventingisa(spatially)randomprocess(Figure3).Morethan2,400individualflare
locationsweredeterminedfromtheM 143dataset. Gasseepagemostlyoccursinwater
depths shallower than 700 m and thus outside the zone of gas hydrate stability. An
emergingpatternofgasseepagewasidentifiedalongcanyonwallsandridges. Thegas
releaseiseithertiedtotheerosionalwallsofthecanyonbyexposinggasbearingstrata
orgasmigrationandultimatereleaseintothewatercolumnisstructurallyfocusedtothe
ridges(i.e.highestelevation). AsproposedforthesouthernBlackSearegionby Xuet
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al.(2018), thereis also a spatial link between gas seepage and elongated seafloor

depressions, thatmaybesitesoffutureseafloorinstabilityandslopefailure.
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Fig.3:Mapofthedistributionofobservedgasflares(blackdots)intheM 1 43surveyarea(modifiedfromHéhnel,2018).

_._? § . Type C depressions \

Fig.4:Regionofelongateddepressionssystems(modifiedfromHéhnel,2018).
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Decipheringexactmechanismsfortheformationof massivedolomitedepositsremains
anoutstandingenigmain sedimentary geology. However, the common association of
dolomitewithsaltgiantdepositshaslongbeenrecognized. Anoteworthy 33.5m-thick
dolomitesequencecappingthesaltgiantoftheMessinian Salinity Crisis (MSC: 5.97~
5.33Ma)wasrecoveredduringdrillingacrosstheMiocene/PlioceneboundaryatDSDP
Leg 42A, Site 374 in the lonian Abyssal Plain. The Messinian Salinity Crisis in the
MediterraneanRealm(5.97-5.33Malrepresentsthemostrecentdepositionofamajor
saltgiantcomplexinEarth’shistory.lthasbeenproposed, thatatthelocationofDSDP
Leg42A,Site374,moderndolomiteprecipitationisoccurringandthesiteisa” natural
laboratory” in which to investigate the biogeochemical phenomenon associated with
subsurface diagenetic dolomite formation in the context of a salt giant deposit. This
locationisdefinitelyaworthwhilesitetobe consideredforreoccupationduring future
Mediterraneandrillingcampaigns, asitmayprovideanactualisticmodelfortheorigin
ofmassivedolomitedepositsassociatedwithothersaltgiantsintherockrecord.

Althoughtherecoveredcorematerialyieldedspectacularresults, therehavebeenmajor
scientificadvancesinthefields of biogeochemistry and salttectonics /fluid flowinthe
intervening42years, whichcallforare-occupationofSite 37 4. Withtheapprovalof
theship-trackofthelODPresearchdrillingvesselJOIDESResolutionaffirmsthat, based
onproposal pressure, itseemssecuredthatthefuture navigation path willbringIODP
drillingoperationsintothegeneralareaoftheEquatorialandNorthAtlanticinthenext
fewyears. TheaimofM144/2wascollectingnewhigh-resolutionsseismicsitesurvey
dataforlODP-proposal857C-FULL.

InthecourseofM 144 /2wecollectedelevenreflectionseismiclinescenteredaroundSite
374duringthe 32-daylongworking program (Fig. 1). Thesedatawere processedon
board and uploaded tothe IODP Site Survey DataBase for proposal 857C-FULL. One
PrimarySiteand24potential AlternateSitesweredeterminedfromthenewmaterial. The
IODP ScienceEvaluation Panel (SEP) positivelyevaluated 857C-FULLinJune2019.The
EnvironmentalProtectionandSafetyPanel(EPSP)meetingwaspassedinSeptember2019
withoutanyrelevantproblems.TheProponentsResponseletter(PRLjhasbeensubmittedin
November2019andwillbeevaluatedduringtheSEP-meetinginJanuary2020.
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Inajointstudywithltaliancolleagues, weusedbothournewhigh-resolutionandolder
deep penetration seismicreflection data (Camerlenghietal., 2019). Interestingly, the
reflectioncharacteristicsisdifferentbothfromthe westernbasinsandthe LevantBasin
(Fig.2).ThedifferentMSCdepositionalunitssuggestthattheMessinianlonianBasinwas
separatedbyphysicalthresholdsfromthe WesternMediterranean (PelagianSea/Sicily
Channel), from the Po Plain/Northern Adriatic Basin (southern Adriatic sill), and the
LevantBasin(undefinedsillhiddenbelowtheMediterraneanRidgeaccretionarycomplex
between Crete and the CyrenaicaPeninsula). Thislikely reflects differenthydrological
andclimaticconditionsthataffectedthebasinsevaporationandsaltprecipitation.

35°450'N
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Fig.1:M144/2seismiclines.M144/2multibeamdataareplottedoverETOPO 1data.
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The Atlantic Meridional Overturning Circulation (AMOC) is a key component of the
globalclimatesystemthroughitstransportofheatandfreshwater(e.g. Frajka-Williams
etal.2019).ThesubpolarNorthAtlantic(SPNA)isaregionwheretheAMOCisactively
developedandshapedthoughmixingandwatermasstransformationandwherelarge
amounts of heat are released to the atmosphere. With contributions from the United
States theUnitedKingdom, Germany,theNetherlands,Canada,andChina,theOSNAP
observingsystem (Fig. 1) comprisesanintegrated coastto-coastarray oftwosections:
OSNAPWest,extendingfromthesoutheasternLabradorshelftothesouthwesterntipof
Greenland,and OSNAPEast, extending fromthesoutheasterntipof Greenlandtothe
Scottish shelf (Lozier et al. 2017). Densely spaced OSNAP mooring arrays, which
directlymeasurethetemperature, salinity,andvelocityfields,areinplaceatcontinental
boundaries and on both flanks of the Reykjanes Ridge; additional dynamic height
mooringsatkeylocationsallowustoestimategeostrophicflows. Glidersurveysalong
topographicallycomplexsectionsof OSNAPEastcomplementthemooredarrays.

Fig. 1:Sketchofthe OSNAParraythatisusedforacontinuousobservationoftheoverturninginthe subpolarNorth
Atlantic.MooringsservicedwithMSM40andMSM5 4aremarkedbyyellowcircles.
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ThecruisesMSMA40 (performedonthe FrenchNO|Atalante) and MSM5 4 werekey
expeditionsforretrievingthedatausedforthefirstoverturningtimeseriesestimatefor
thesubpolarNorthAtlantic.The”overturningintheSubpolarGyreProgram”(OSNAP)
istheframeworkforthisremarkableinternationalcollaboration. Bothcruisesserviced
the 53°Narrayattheexitofthe LabradorSea (Fig. 1;Zantopetal. 2017)andthe
mooringdataisusedaspillarintheOSNAPWest&fullarraycalculations.Moreover,
fulldepthCTDstationsalongthe OSNAPlinewereperformed.

ThefirstsynopticoverturningestimatewerecalculatedfromMSM40andMSM54CTD
and(l)ADCPdataincombinationwithUKshipsdata(Hollidayetal.2018).Usingthe
twohydrographictransbasinsectionsalongthe OSNAPLineinthesummersof2014
and2016providedahighlyspatiallyresolvedviewsoftheSPNAvelocityandproperty
fields.EstimatesoftheAMOC isopycnal(gyre-scalejtransport,andheatandfreshwater
transport were derived from the ship observations. The overturning circulation, the
maximuminnorthwardtransportintegratedfromthesurfacetoseafloorandcomputed
indensityspace,hasahighrange, with20.6+4.7SvinJune-July2014and10.6+

4.3 SvinMay-August2016. In contrast, the isopycnal (gyre-scale) circulation was
lowestinsummer2014:41.3+8.2Svcomparedto58.6+7.4Svin2016.Theheat
transport(0.39+0.08PWinsummer20 14, positiveisnorthward)washighestforthe
sectionwiththe highest AMOC, andthe freshwatertransportwaslargestinsummer
2016whentheisopycnalcirculationwashigh(-0.25+0.08 Sv). Upto 65 %ofthe
heatandfreshwatertransportwascarriedbytheisopycnalcirculation, withisopycnal
propertytransporthighestinthewesternlabradorSeaandtheeasternbasins(lceland
BasintoScotland).

Aboutayearlater,thefirstresultsoftheOSNAPmooringarraywerepresented(Lozier
etal.,2019).Thefirst2 1 monthsofarraydataledtotheremarkablefindingthatthe
meanandvariabilityofthesubpolarMeridionalOverturningCirculationisdominated
bytheoverturningeastof Greenland. Thisnew viewiscountertothe contemporary
paradigmthatdeepwaterformationintheLabrador Seaisthedominantforcing for
AMOCvariabilityinthesubpolarandsubtropicalNorthAtlantic.

Theobservationalstudiesarecloselylinkedtomodelstudies (e.g. Handmannetal.

2019).Thecontribution ofthedataandservicesfinanced by Germany areseenas
corecomponentsbytheOSNAPmembers.
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Fig.2:OverturningtransportestimatesfromtheOSNAParray.Black,yellow,andbluelinesrepresentthe30-daymean
estimatesfromthe full section, OSNAP West, and OSNAPEast, respectively, for Meridional Overturning Circulation
(MOC)(solidlines)andEkmantransport(dashedlines). Thingraylinesshowthe 10-daylow-passfiltereddailymeans
forthe ful OSNAPsection. The 53°N Array as partof OSNAP Westwere installed during MSM40 and recovered
duringMSM54.
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OBSERVEDTRANSPORTDECLINEAT47°N,WESTERNATLANTIC
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Long-termtransportvariabilityinthewesternAtlanticatd7 °Nwasanalysedbetween44°W
and31°W,combiningmooredpressureinvertedechosoundersandcurrentmetermoorings
with lowered acoustic Doppler current profiler and Argo data (Rhein et al., 2019).
Correlations with altimetry were used to extend each of the transporttime series back to
1993.AttheCanadiancontinentalmargintheboundarycurrentexports-23.1+1.5Svto
thesouth. Nearby, thenorthwardflowingNACimports 105.9+ 3.4 Svintothesubpolar
gyre. Constrained mainly by topography, about half of that flow recirculates in close
proximitytotheNAC(-58.8+3.9Sv) NACandrecirculationaresignificantlyanticorrelated.
Thefloweastof 37°W (-27.8 + 2.1 Sv) has no permanent regional features and is not
correlatedtotheNAC Thesumoftheinteriorcomponents( 19.3+3.3Sv)showsasignificant
trendinthetime period 1993-2018of-0.60 Sv/year. This decline isdominated by the
significantincreaseofthesouthwardfloweastof37°W (0.44 Sv/year). Thetrendsofthe
otherindividualcomponentsarenotsignificant, butthe sumoftheinteriorand boundary
currenttransportis-0.7 1 Sv/year(Fig.2). Thetrendsaremostlikelycausedbyregionally
differentwarming.

transport [Sv]
gLty
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Fig. 1: Bimonthly (thin) and annual (bold) mean top-bottom transport time series (Sv), in the western Atlantic at 47°N
between 44°W and 31°W. The red stippled present linear long-term trend. (From Rhein et al., 2019)
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MSM45

HOLOCENELABRADORSEAPALEOCEANOGRAPHYDEDUCED
FROMMSM45SEDIMENTCORES
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During cruise MSM45 we performed a sampling program for Deglacial to Holocene
sedimentsequencesthatcanbeusedforthereconstructionofclimatevariabilityathigh
resolutioninthelabradorSea. Sedimentcoringwascomplementedbyawater-column
samplingprogramforgeochemicalpropertiesincluding pteropoddistributionmapping
andculturingstudies.SamplingwasexecutedalongtheshelfandupperslopeofCanada
andGreenlandandwithinHudsonStraitinwaterdepthsbetween200to3300m(Fig. 1)
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Fig.1:MSM45cruisetrackwithwatercolumnandgeologicalsamplingstations
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Asitturnedoutduringpostcruisework, perfectlocationsforhigh-resolutionDeglacialto
Holoceneclimatereconstructionsweresuccessfullycoredatabout17shelflocationswith
10to17mlongpistonorgravitycores.Corestakenatintermediateanddeep-watersites
reachdownintothelastGlacial.Particularly,thenewshelfcorematerialhasenabledus
toestablishforthe firsttime late Holocene climate records from the western Labrador
Current in decadal scale resolution, that infer a strong impact of subsurface ocean
warmingforthefinalmeltoftheLaurentideicesheetatabout@to8kyrsBPbyaffecting
thegroundinglineofthelasticeDomeinHudsonBay(Lochteetal.2019a).liwasfound
thatLabradorShelfbottomwatersexperiencedanearlyHolocenewarmingassociated
with an intensification of the westward retroflection of the West-Greenland Current
(WGC),leadingtoadecreaseintheseasonalseaicecover. Theintensification ofthe
WGC potentially allowed the inflow of these warmer subsurface waters into Hudson
StraitandBay, wheretheycouldhavehelpedtoacceleratethecollapseoftheHudson
BaylceSaddle whichresultedinamajormeltwaterplumedilutinglabradorShelfwaters
downto200mdepthat8.5kaBP(Fig.2).
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Fig.2:SchematicarealviewsoftheHudsonBaylceSaddlecollapsebetween8.7-8.4kaBP.Blackdotmarksthe
locationoftheshelfcore.a)InflowingwarmerWGCwatersfromthe(redarrows)causedaretreatoftheicesaddle
groundinglineinHudson Bay; bandc) AstheHudson Bay Ice Saddle could nolonger withstand the hydraulic
pressureoflakeAgassiz-Ojibway,drainageoflakewatersunderneaththeicedamandthroughHudsonStraitinto
theLabradorSea(bluearrows)occurred;d)ThefinalcollapseoftheHudsonBaylce Saddleleadtothedischarge
oflargeicebergsandhighvolumesoffreshwater(bluearrows)intotheLabradorSea. (fromLochteetal.2019a).

Aparifromthesesubsurfacewarmingevents,midtolateHolocenelabradorCurrent(LC)
variabilitywas primarily characterized by changesinseaice coverand SST, likely in
response fo atmosphericsea surface coupling, such as different phases of NAO
conditionsingeneral(Lochteetal. 20 19b).ThecloseconnectionbetweenlCclimateto
theNAOvariabilityandLSWwaterformationcouldbedocumentedforthelasttwoto
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fourmilleniabased on multi-proxy recordsthatwillbe presented. Based these, the LC
appearstobeimportantforthesubpolargyrecirculation,henceindirectlyaffectingLSW
formation.AsLCfreshwatermeetsthenorthwardflowingNorth AtlanticCurrent(NAC)
nearFlemish Cape, itlikely plays arole inregulating NAC temperature and salinity,
which partly turns back into the Labrador Sea with its westward retroflection, the IC.
Thus, themajormeltwaterpulsefromtheHudsonBaylce Saddlecollapseobservedin
ourrecordwouldhavefreshenedandcooledtheNAC.Thiscouldhaveledtoacooling

of North Atlantic surface waters but would have required a longer time before the
freshwaterwouldhavereachedearlyHoloceneconvectionsitesintheNordicSeas,prior
totheestablishmentofLabradorSeaconvectionaround7 kaBP.Inturn, anincreased
seaice coveranddiminished supply of freshwater with the LC during the last 2,100
years would have allowed for a warmer NAC and IC, thereby enhancing central
LabradorSeasurfacewatertemperatureandorsalinity. Asincreasedseaicecoveras
wellasdiminishedfreshwatersupplyandreducedcurrentvigorseemtohaveprevailed
duringpositivemodesoftheNAOtheseconditionsinthelCmayhaveformedapositive
feedback mechanism that further increased Labrador Sea convection during these
periods. With these results we could fill an important gap in knowledge as no such

recordsexistedforthisregionbefore.
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OnNovember18,1929,aM7 .2earthquakeoccurredbeneaththelaurentianChannel
off the coast of Newfoundland. Nearly simultaneously, 12 undersea trans-Atlantic
communicationcableswereseveredandwithintwohours,adevastatingtsunamistruck
thesouthcoastofNewfoundland, claiming28lives. Onlyin 1952, itwasunderstood
thatalandslide-generatedturbiditycurrentcausedthesequentialseveranceofthecables
andlikelygeneratedthetsunami.The 1929 GrandBankseventswerepivotal, asthey
led to the first unequivocal recognition of a turbidity current and landslide-triggered
tsunami.Thelandslidesitewasvisitednumeroustimesasunderwatersurveytechnologies
evolved Nomajorheadscarprelatedtotheeventwasrecognized, raisingthequestion,
whetheradistributed, laterallyextensive, shallowsubmarinemassfailureeventcaused

thetsunami.
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Hydroacoustic,seismicandcoredataintheGrandBankslandslideareawerecollected
duringCruiseMSM47inordertoinvestigatethevolumeofthefailedsediments, thetype

of failure, the geologic/geotechnical processes of failure and the sediment transport
patternofthefailedmaterialtothedeepseal(Fig. 1). Theanalysisofthehydroacoustic
andseismicdatacombinedwithgeotechnicalinvestigationsoncoresrevealedthatthe
failureismorecomplexthanpreviouslythought.Translationalsurficialsedimentfailureis
widespreadatthemiddleandlowerslope. Failedsedimentsaremainlyfoundbeneath
upto25m-highescarpments.Theestimatedvolumeofthefailureis~100km 3. About60
km? of the failed sediments are deposited on the slope while about 40 km 3 quickly
disintegratedinturbiditycurrents;thesesedimentsaretransportedinsubmarinechannels

tothedeepsea.

Fig.1:BathymetricmapincludingtracksandstationsofCruiseMSMA47 .
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Fig. 2: 3-D image of the St. Pierre Slope covering the upper and middle section of the St. Pierre Slump. Faults are shown
asreddashed|ines, while white arrows show the interpreted directionally of the slump. St. Pierre Valley toward the
westsouthwest is incised down to horizon R6. Taken from Schulten et al. (2019).
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Numerousobliquelowanglefaultsarefoundbeneathupto 100m-highescarpmentson
theupperslope(Fig.2).Thesefaultsreachdownto~500mbsfandshowdisplacements
ofupto100m.Theycannotberelatedtodeepertectonicfeaturesbecausetheysoleout
atvarious horizons between 300 and 600 mbsf. We interpretthe faults as partof a
massivecomplexrotationalslump,whichwastriggeredbythe1929event.Theestimated

volumeoftheslumpisexceeding 500km 3; multipledécollementsareidentifiedinthe

seismicdata.Bothcomponents, thesurficialtranslationalfailureandthemassiveslump,
contributedtothetsunamigeneration. Modelling suggestthatthe slumpgeneratedthe
near-field tsunami component, which impacted the coast of Newfoundland, while the
widespread surficial failure caused an ocean-wide tsunami, which was recorded at
numerouslocationsalongthecoastsofthe AtlanticOcean. Geotechnicalinvestigations
showthattheslopeiscurrentlystableunderstaticconditionsbutthattheslumpcouldbe
triggeredbythe 1929earthquake.Thesurficialfailuresmaybeadirectconsequenceof
thedeep-seatedslump.

Super-glavation Dive transect 1723 ‘
of trimline along 7
ouler bend

B
a0 e B o km 100

Fig. 3: Acoustic backscatter from Cruise MSM47 across the lower parts of the Eastern Valley channel system with
interprefation oferosionaltrimlinesfromthe 1929 flow. The Eastern Valley (EV) splitsintotwo smallerchannels: East
Branch (EB) and South Branch (SB). High-intensity backscatter represents rough sandy deposits whilst low-intensity
representssmoothmud.Erosionaltrimlinesareinferredfromsharpboundariesinbackscatterintensityrunningalongthe
marginsofthechannels(redlines).Coresshowmajorerosionbythe 1929flowwithinthechannelsthatextendsuptothe
elevationofthetrimlines(gravels-yellow,bypassdrapes-blueandbounced-orangecircles). Undisturbedsediments
occurabovethetrimline(greencircles). TakenfromStevensonetal .(2018).

SedimentcoringandhydroacousticdataalongtheEasternValleyonthelaurentianFan
allowedtoreconstructthetrimlineofthe 1929turbiditycurrent(Fig.3). Thisinformation
wasusedtocalculatetheaveragebulksedimentconcentrationoftheflow, whichwas
2.7-5.4%byvolume.Toourknowledge, thesenumbersarethefirstvalidatedestimates
ofsedimentconcentrationforgiantsubmarinegravityflows. Thesevaluesareordersof
magnitude higher than directly-measured smaller-volume flows in river deltas and
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submarine canyons. The new concentrafion estimates are a major step towards a
quantitative understanding of such large volume flows.
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The undrained shear strength of marine sediments is a basic parameter that controls
slopestabilityandresistanceofsedimentstolocalerosion. Inthefirsttensofmetersofthe
subsurface,undrainedshearstrengthofmarinesedimentsisoftenstronglycontrolledby
sediment composition and compaction. However, in the shallow subsurface, local
bioturbation impacting the sediment texture can have strong influence on undrained
shear strength. In this poster, we showcase a publically available datasetcomprising
several thousand fall cone experiments on freshly split sediment cores derived from
gravitycorersandboxcorersthatwerecollectedduringcruisesMSM32andMSM47 .
The datasetcovers hemipelagic background sedimentation as well as differentdebris
flowdeposits.Radiographiesofthesedimentcoresallowtoaccuratelylocatetheposition
of the fall cone experiments in several instances, including bioturbation traces. First
resultsdemonstratetheimpaciobioturbationtracesindifferentburialdepthonundrained

shearstrength.
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Cruise MSM49 on Maria S. Merian had the objective to map the standing stocks,
diversity,distribution, migrationandabundanceofepi-andmesopelagicfaunaaround
theArchipelagoofCapeVerde, underdifferinghydrographicandbathymetricsettings,
andtoinvestigate the trophic structure of pelagic fauna. We performed an extensive
samplingandobservationprograminareaswithanoxygenminimumzone(OMZ),on
Senghor Seamountanditsflanks, andinandoutside amesoscalecycloniceddy. We
combinedinsituobservationaltechnology(towedcameraPELAGIOS, UVP)withdiscrete
net sampling (10m2-MOCNESS, 1m2-MOCNESS). Observed and collected fauna
included, among others, fishes, cephalopods, krill and other crustaceans, gelatinous
fauna,andspecimensanddataweredividedamongexpertsforfurtheranalysis.

Totalbiomassstandingstocksofmacrozooplankton/micronektonwithintheupper 1000
mofthewatercolumndifferedlittlebetweenstationsacrosstheresearcharea;adirect
influence oftopographic (seamount) andhydrographic (eddy) mesoscalefeatureswas
not observed. The analysis of abundance and composition from 10m 2~MOCNESS
samplesfocusedontheeddyandthe southernstations. Siphonophores were amajor
componentofthemacrozooplankton/micronektoncommunityatallstations, particularly
dominating the upper 300 m. Other important groups included fish, chaethognaths,
copepods,decapodsandeuphausids. Themesopelagicfishcommunitywasdominated
byseveralspeciesofthegenusCyclothoneatallstations. Theirhighestabundancewas
between400and600m, i.e.inthelayerwithlowestoxygencontent,duringdayand
night.Indicationsfordielverticalmigrationswerenotconsistentamongstations.

Annotatingtheinsituobservationsfrom PELAGIOS showedfivedistributionpatternsof
gelatinouszooplanktoninrelationtotheeasterntropicalAtlanticOMZwithsome 1 )taxa
avoidingtheOMZ,2)taxabeingassociatedwiththeOMZ taxathatoccurred3)below
or4)abovetheOMZand5taxathatoccurredthroughoutthewatercolumn.Comparison
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between net sampling and in situ observations showed that gelatinous fauna are
undersampledwithMOCNESSnets. ThepelagicvideotransectsofMSM49alsoresulted
inthedocumentationofgelatinousfaunapreviouslyunknownfromtheregion, illustrating
theneedforbaselinebiologicalobservationsinoceanicdeep-searegions. Thepelagic
video transects of MSM49 formed the foundation data for the Oceanic Biodiversity
ObservationDatabase,whichisagrowingdeep-seabiodiversitydatabaseatGEOMAR
basedoncruisesintheAtlanticOcean.

TheoceanicfoodwebinCapeVerdewasreconstructedusingstableisotopeanalysisand
revealedthatielliesfulfillarangeofnichesinthepelagicecosystemofCapeVerde.The
ontogeneticchangeinfeedingecologywasinvestigatedfortheabundantoceanicsquid
Sthenoteuthis pteropus using a combination of stomach content analysis and stable
isotope analysis. While a dominant food component was lanternfishes, the analysis
revealedalsocannibalismandlikelytheconsumptionofgelatinousfauna.Traceelement
analysis of Sthenoteuthis pteropus resulted in Cd concentrations thatwere the second
highestreportedconcentrationsforthe squid familyOmmastrephidaeand showedthe

highbioaccumulationcapacityofS. pteropusforheavymetals.

Close communication with land based scientists allowed the detection, location and
samplingofamesoscalecycloniceddy.Analyzingobservationsofthefaunainsideand
outsidetheeddyshowedaclearfaunaldistinctionwithlarvaceans,pyrosomes,doliolids
and radiolarians occurring in higher abundances inside the eddy compared to the
referencestation. By contrast, the abundance offishes was markedly lowerwithinthe
eddycoreabove600mascomparedtothereferencestations, bothatdayandnight,
butwassimilarbelowé00m.Overal MSM4%resultedinauniqueandvaluabledataset
fortheregion.

Senghor Ref

7"Senghor Scamount
.

Fig.1:CruisetrackaroundtheCapeVerdeArchipelagoofcruiseMSM49onRVMARIAS. MERIAN
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TheCapeVerdeareaisahotspotformesoscaleeddies.IntheEasternBoundaryCurrent
SystemoffthewestAfricancoastbetweenMauritaniaandSenegal,numerouseddiesare
generated throughout the year and propagate westward. They carry both a coastal
anomaly into the open oligotrophic ocean as well as developing their own unique
biological, biogeochemical and physical characteristics, depending on their size,
rotation, propagation velocity and density structure. Here we report on the pelagic
community associated with a productive cyclonic eddy east of the Cape Verde
archipelago,whichweobservedandsampledduringcruiseMSM49usingacombination
ofinsituoptical (PELAGIOS, UVP5)andacoustic(vmADCP) methodsaswellasdepth-
resolvednetsampling(MOCNESS).Theeddyfeaturedenhancedparticlefluxandhad
developedashallowoxygenminimumzonebeneaththe mixedlayerwhich, however,
did notrestrain organisms (e. g. Euphausiacea) from vertically migrating through it.
Euphausiidswerepresentatlowerdiversitybuthigherabundance (e.g.E.americana
andE. pseudogibba)comparedtoareferencestationoutside oftheeddy. Othertaxa
thatwerepositivelyimpactedbytheeddyincludedPoeobiussp.,Pyrosomaatlanticum,

rhizaria,salpsandsiphonophores.
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Most squids studied to date are characterized by short lifespans, fast growth rates and a
single reproductive life cycle after which the individual dies. The orangeback squid
Sthenoteuthis pteropus (Fig. 1) is a carnivorous oceanic squid and a dominant species of
the epipelagic nekton community in the eastern tropical Atlantic (ETA) including the Cape
Verde islands. This study aimed to characterize the role of S. pteropus in the pelagic food
web of the ETA by investigating its diet and the dynamics of its feeding habits throughout
its ontogeny and migration. Most specimens for this study were caught by hand jigging
(n=57) during the cruise MSM49 and combined with specimens from M116 and M119
(nTOTAL=129). To assess the diet, feeding habits and trophic ecology of S. pteropus,
stomach content analyses including DNA barcoding were combined with stable isotope
analysis (115N and 013C) of muscle tissue. To trace diet shifts through ontogeny and
migration, stable isotope of consecutive gladii samples were measured. The diet analysis
showed that S. pteropus mainly feeds on myctophid fishes such as Myctophum asperum,
Myctophum nitidulum and Vinciguerria spp., but also on other teleost species,
cephalopods (e. g. Enoploteuthidae, Bolitinidae, Ommastrephidae), crustaceans and
possibly on gelafinous zooplankton. The squids feeding behavior is highly opportunistic
and includes cannibalism which is common among squid species. The stable isotope
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analysisofthemantletissueshowsatrophicincreaseofS.pteropusbyonetrophiclevel
asthesquidgrowsfromamantlelengthof 15cmto47 cm.Thefeedingchronologies
reconstructedbytheisotopeanalysisofthegladiirevealedhighintra-andinter-individual
variability in the squid’s trophic position and foraging area, findings that were not
revealedbydietormuscletissueanalysis.Thishighlightstheneedtocomplementdifferent
methods to fully understand the variable and complex life history of deep-sea squids

involvingindividualvariationandmigration.

Fig.1:TheorangebacksquidSthenoteuthispteropus(photographtakenonMSM49bySolvinZankl)
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Oxygenminimumzones|OMZs|arepersisteniayersofdecreasedoxygenconcentrations
at mesopelagic depths (200-1000 m) that can affect the vertical distribution and
migration of pelagic fauna. Gelatinous macrozooplankton are an abundant and
ecologicallydiversefractionofoceanicpelagiccommunitiesthatshowcomparablyhigh
resilience towards low oxygen environments. During MSM49 we studied the vertical
distribution ofgelatinousfaunainthe easterntropical north Atlantic (ETA) closetothe
CapeVerdeanlslandswhereanoxygenminimumzoneispresentbetween300and500
mofdepth. We performed horizontal pelagicvideotransects with the towed camera
platform PELAGIOS at intermittent depths in the upper 1000 m of the water-column

coveringtheOMZaswellasthemoreoxygenatedwaterslocatedaboveandbelow.

From the collected video material we identified and counted the observed fauna and
combinedtheirverticalabundance datawith CTD and oxygen profiles. Asaresult, we
reconstructed taxon-specific vertical distributions of gelatinous macrozooplankton in
relationtothe OMZ, prey, temperature and salinity. We observed speciesthatseemto
avoidtheOMZ(Atolla,Bathochordaeus, Beroe)andspeciesthatwereassociatedwiththe
OMZ (Colobonema, Halitrephes, Lilyopsis). We also found vertical distributions of
gelatinousfaunathatwerecontinuousthroughouttheoxyclines(Solmissus), suggestingan
ecologyunaffectedbytheOMZpresence.Theseobservationsincludeoneofthefirstofits
kindintheETAandwediscussourfindingsinthecontextofbiodiversityanddistribution,
aswellglobalchangewithanongoingdeoxygenationoftheoceanicwatercolumn.

Fig. 1:ExamplesoffaunathatwereobservedduringPELAGIOSvideotransectsinthedeepwatercolumnofCape
VerdeduringMSM49.A)SolmissusandB)Prayadubia
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Introduction

The fundamental functions of sediments between the coastline and the shelf break are
insufficientlysynthesizedtopromoteintegratingstudiesalongscales Basicknowledgeand
integratedcomprehensionofthesystemismissing, thatisrequiredforanassess—-mentof
the spatially resolved benthic ecosystem functions and services that are essential for
temporalextrapolations.Thus,theinvestigationofbiogeochemicalandphysicalprocesses
controlling the functional properties of different benthic-pelagic couplings is crucial to
assessthesedimentaryfunctions.

ThereportedexpeditionwasajointactivityoftheBMBF-fundedprojectsNOAH (grantno.
03F0742) and SECOS (grant no. 03F0666A) to increase the understanding of
biogeochemical,biologicalandphysicalprocessesalongthesediment-waterinterfacein
theNorthandBalticSea.Thecoreprogramofthecruisewasdedicatedtothecompletion
ofeasonalatdntheseregions withthemainfocusorthedeterminationobiogeochemical
functions, their control mechanism for the relevantbenthic habitattypes and turbulence
measurementsofnearbottomwaterlayersaswellasaccumulationoforganicpollutants,

heavymetalsinthesediments.

Methods

AtfiveNOAHSstationsintheNorthSea(Fig. 1) ,sedimentsamplesweretakenbyMUCand
vanVeengrab, alongwithCTDmeasurementsandtheuseoftheIOW benthicchamber
lander and dredge. During the passage of Skagerrak and Kattegat, in addition to the
classicaloceanographicexamination,benthicfaunasamplesweretakenat19stationsfor
comparisonwithhistoricaldata.Aship-boundcurrenimeterrecordedphysicaleffectsonthe
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turbulence offinestsedimentparticlesby mini-turbulences. Inthe Baltic Sea, five SECOS
stations were investigated for geological, biological and biogeochemical analysis (pore-
waterbiogeochemistry, associatednutrientfluxesacrossthe sediment-waterinterfaceand
sedimentoxygen consumption) of sedimentsby usingmoorings. Duringthe waitingtime,
microsfructure measurements (MSS) of the surrounding water body were performed.
Subsequently to biogeochemical analysis, sediment from the pore-water and incubation
coreswassievedfortaxonomicidentificationandestimationofbenthicmacrofaunadensity.
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54°N
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4°E
Fig.1:TrackchartofR/VMARIAS. MERIANCruiseMSM50

Polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) were
defermined in the sediment pore water system of North Sea surface sediments and

sedimentcores.The"ex-situ” SPMEpassivesamplingmethodwasapplied.

ToobtaindataontracemetaldistributionsandthesizeandstateofagglomerationofTiO
NPsinthe aquaticenvironment, we usedthe hyphenation ofinductively coupled plasma-
massspectrometry (ICP-MS) with sedimentation field-lowfractionation (SAFFF).Inorderto
evaluatethepotentialanthropogenicreleaseofTiO ,NPs,weanalyzedtwosedimentcores
taken atthe NOAH-MSMO50 stations 10 and 14. Additionally, sediment samples were
digestedviamicrowaveassistedaciddigestion. Concentrationsofheavymetals, including
Zn,CdandPb,wereanalyzedinthe<63pmgrainsizefractionofthesedimentcores,using
ICP-MS.

To obtain simultaneous profiles of stratification, turbidity (as a proxy for sediment
concentration), and vertical turbulent mixing, we used a MSSQO-L turbulence micro-
structure profiler. These ship-based measurements were complemented by short-term
mooring deployments, yielding a combined data set describing the variability of

suspendedmctterconcentrcﬁons,meoncurrents,woves,ondmixingporo meters.
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ResultsandDiscussion
Thecombineddatasetonbenthicmacrofaunaandsedimentbiogeochemistrywasused
to determine the dominant factors influencing the vertical distribution of geochemical
parametersinthepore-watersofthestudiedhabitatsandtofindsimilaritiesandpatterns
explaining significant variations of solute fluxes across the sediment-water interface
(Goginaetal.,2018;Lipkaetal.,2018). TheMSM-50dataonbenthicfluxes, nutrient
concentrations, and N-isotopes in the German Bight represent otherwise scarce
observationsofutrientturnoverduringthewinterseasonandtherebycontributevaluable
datatotheNOAHproject.

Onthebasisofthemeasurementsof 1 1 PAHsand 5PCBs, itcanbeassumedthat, on

the basis of the substances measured, there is no potential hazard for the organisms
livingatthesemeasuringpointsinanyofthesedimentsinvestigated. Theanalysisofthe
sediment depth profiles enabled the reconstruction of recent loads of hydrophobic
organic pollutants as well as the defermination of the bioavailability and the risk of
pollutants in sediment cores for benthic organisms. For the definition of assessment
criteriawithintheframeworkofthemarineprotectionconventionsOSPARandHELCOM,
thedataofthesedimentcoresanalyzedinNOAHsynthesiswillbemadeavailablein
thelCESdatabaseafterthescientificpublication.

SAFFF-ICP-MSmightindicateanincreaseinthenumberofliO NPsintheuppersediment
layers.However,uptonownoclearstatementcanbemadewhethertheincreaseofTiO

NPs is caused by anthropogenic inputs or natural effects. Multi-elemental analyses
indicateanincreaseofheavymetalcontentfordistinctsedimentfractions. Thesemight
berelatedtoanthropogenicheavymetalemissionsintothemarineenvironmentduring
thelastdecades.

Turbulencemicrostructure observationsconducted atstationsinthe Western Baltic Sea
revealedthatsuspended sediments are confinedtoaturbulentbottom boundarylayer
(BBL)ofseveralmetersthickness.ThedependenceofBBLturbulenceandresuspensionon
oscillating near-bottom currents (e. g. , due to upwelling events and internal wave
motions)suggestsasediment”pumping”process, resultinginanetupslopetransportof
finesediments.Sedimentdistributionsonatransectfromthebasintowardsthecoastare
inagreementwiththetypeofsediments(characterizedbythesedimentsettlingvelocity)
required forupslopetransportunderthe observed conditions. Fine-grained sediments,

oncedepositedintheArkonaBasin,canthusbetransportedbackonshore.

Conclusions
TheresultsobtainedfromeruiseMSMO5Ocontributedsubstantiallytotheoveralloutcome
oftheKiNOprojectsNOAHandSECOSintheirfirstandsynthesisphase.Byproviding
scientificknowledge on spatial and temporal patterns of sediment characteristics and
functions, the project products NOAH Habitat-Atlas and Baltic Sea Atlas visualize the
gainedspatialinformationforuseincoastalmanagementprocesses.

229



REFERENCES
GoginaM,LipkaM,Woelfel) LiuB, etal.Insearchofafield-basedrelationshipbetween
benthicmacrofaunaandbiogeochemistryinamodernbrackishcoastalsea. Front. Mar.

Sci.2018,5,489.doi: 10.3389/fmars.2018.00489.
LipkaM, WoelfelJ, GoginaM, Kallmeyer ), etal. Solutereservoirsreflectvariability of

earlydiagenetic processesintemperate brackish surface sediments. FrontiersinMarine
Science2018,5:413:doi:10.3389/fmars.2018.00413.

230



MSMS0*

NUTRIENTREGENERATIONANDBENTHICFLUXESINTHECOASTAL
BALTICANDNORTHSEA

AUTHORS

InstituteofCoastalResearchHelmholtzCenterGeesthacht | Geesthacht, Germany
A.Neumann,K.Dahnke, T.Sanders

InJanuary2016, weinvestigatednutrientfluxesandnitratestableisotopecomposition
inwatersamplesalongaNorthSea-Skagerrak-BalticSeagradientduringtheMaria
S.MeriancruiseMSM50.

Especially in the North Sea and the Skagerrak region, 15N values of nitrate were
unexpectedly high, and sediments were a source of nitrate. This nitrification signal
suggeststhatthebiogeochemicalfluxesinbottomwaterresembledanautumnsituation
ratherthan the expected winter values. Parallel sedimentincubations confirm thatthe
benthicratesofoxygenconsumptionandnutrientturnoverwereindeedverysimilarto
respectiveratesinautumnandthatthesedimentwasasourceofrecyclednitrate. From
theNorthSeatowardstheBalticSea,wefound,inaccordancewithpreviousstudies,a
depletioninnitratestableisotopevalues, whichisindicativeofdifferentnitratesources
intherespectivebasins:duetoahighershareofnitrogenfixationintheBalticSea, the
nitrogenstableisotopesignalofsurfacesedimentswasdepleted. Thiswasmirroredin
lowernitrateisotopevaluesinthewatercolumnabovethesediment.

Overall thedatahighlighttheimportanceofitrateregeneration,andfluxmeasurements
enableustounravelseasonaleffectsoffaunaandmicrobiota.
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MSMS0*

EXPLORING THE INTERACTIONS BETWEEN BENTHIC
MACROFAUNA AND BIOGEOCHEMISTRY IN THE SEDIMENTS
OFTHESOUTH-WESTERNBALTICSEA

LeibnizInstituteforBalticSeaResearch | Rostock, Germany
M.Gogina,M Llipka,). Woelfel,M.E.Béttcher,G.Rehder,M.L. Zettler

Porewaterchemistryandsedimentcharacteristics, exsitunutrientfluxes, andstructure of
macrofaunacommunitywereassessed atsixsitesinthe south-western Baltic Seaduring
differentseasonsbetweenApril2015and)anuary2016.DuringMSM50expeditionthe
measurementscompletingthistimeseriesandreflectingthewinterconditionswerecarried
out.Analysisofjointdatasetrevealedthatbiogenicmixingdepthpositivelycorresponded
tomaximumnon-sulfidicdepthsdeterminedfrompore-watergeochemistry. ltwashighest
in sands and lowest in muds. From sand to mud, functional characteristics of benthic
macrofaunacommunitychangedfromdominanceofsuspension-feederstodepositfeeders;
the role of species that penetrate below the oxygenated zone and those having large
individualsizedeclined.Simultaneously,benthicsolutereservoirsofammonium, phosphate
andsilicainthetop 10cmofsediment,andrespectivediffusivefluxesincreased. Derived
datasuggestedtheusefulnessofbioturbationpotentialasproxyforvariationinporewater
reservoirs of biogeochemical components, comparedtootheravailable abiotic proxies,
abundance or biomass for different functional groups. This can be explained by high
scoringofdeep-burrowingandbioturbatingtaxa(particularlylargeindividuals)thathave
major influence on all oxygen-dependent biogeochemical processes. The effects of
macrobenthosonbenthicsolutereservoirsandtotalfluxesdifferedbetweensedimentsand
seasons bunoclearseasonalpatternscouldberevealed reflectinghighnaturalvariability,
butalsooccasionalanthropogenicinfluence (e.g. fishery) orimpactofstormeventsthat
inhibitedclearinterpretationoffielddata(Goginaetal.,2018;Lipkaetal.,2018).Further
investigations bothindeferentstudyareasandwithhigherreplications,arestillneededfor
preciseunderstandingobiodiversity-environmenfinteractionsandecosystemconsequences
of changes, which is essential for sustainable governance of marine resources and

ecologicalservices.
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NEWINSIGHTSINTOSALTTECTONICPROCESSESINTHEBALTIC
SEASECTOROFTHENORTHGERMANBASIN

InstitutforGeophysics,CenterforMarineandClimateResearch, Universityof
Hamburg | Hamburg,Germany
C.Hibscher,N.Ahlrichs,L.Frahm,E.Seidel

BundesanstaltfirGeowissenschaftenundRohstoffe | Hannover/Berlin, Germany
N.Ahlrichs,V.Damm,V.Noack,M.Schnabel

HelmholtzCentrePotsdamGermanResearchCentreforGeosciences—GFZ |
Potsdam,Germany
C.Krawczyk

TheBalticsectoroftheNorthGermanBasinandTornquistFanareacomprisesthe
dominanttectonic Trans-European Suture Zone. The major aims of RV MARIA'S.
MERIANexpeditionMSM5 2wastotesttwomajorworkinghypotheses.Thesewere:
1)Advancesandretreatsofice-sheetsduringtheglaciallyinitiatedandreactivated
faulting ofthe Post-Permiansuccession, thereby generating several kilometerslong
near-verticalfaultsand smallscale anticlines. 2) In contrastto generally accepted
textbook models deformation of the Zechstein salt started already during salt
depositionastheconsequenceoftheintra-cratonicbasinsubsidenceandresulting
salicreep.Wetookadvantageofthefactthat forthefirsttime theseismicequipment
allowedforagaplessimagingoftheuppercrustfromtheZechsteinbasetothesea
floorin water depth of less than 20 meters. The seismic equipment comprised a
2700mlongstreamerandeightGl-Gunsastheseismicsource.

Thefew 10metershighandsome 100meterswideanticlinescomprisePermianto
Quaternary strata, and underlie tunnel valleys. Previous studies indicated a
geological nature with an origin during ice advantages, while other publications
documentedthepresenceofhigh-velocityinfillintunnelvalleysandresultingvelocity
pull-ups in seismic sections at various locations. The significant move-out of the
reflections and the presence of refracted waves in the MSM52-data allowed the
application of different quantitative methods to identify the anticlines as velocity
pull-ups.First,thegenerationofpartial-offsetsectionsrevealsanoffset-dependence
intheimagingoftheanticlinescausedbyalocal,nearsurfacehigh-velocityzone.
Thisalsoexplainstheobservedsmoothingoftheanticlineswithdepthintheseismic

image.Second,avelocitymodelgainedbyatraveltimetomographyshowspositive
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velocityanomaliesintheupperstratacorrelatingwithtunnelvalleysresolvedinthe
reflection seismics. High-frequency reflection seismic data confirmstheresultby a
crispimageofatunnelvalleywithaphase-reversedbottomreflection,causedbythe
velocityinversionatthebaseofthehigh-velocityvalleyfilldeposits. Third,aprestack
depth migration performed with a velocity model including a high-velocity zone
resultsinaseismicimagefreeoftheanticlinestructure. Thisstudyshowsontheone
hand thatthe anticlines are no sign of recent salttectonics in the Baltic Sea but
imagingartefactsduetohigh-velocityinfilloftunnelvalleysandontheotherhand
thatsmallvelocityvariationsinthenear-surfacestratacanleadtoimagingartefacts

andmisinterpretation.

The investigation of salttectonics is notaccomplished yet. So far, we discuss the
evolution of salt pillows in the Bay of Mecklenburg in the light of thin-and thick-
skinnedtectonicsanddifferentialloading. Stratigraphicinterpretationofa 170km
longmultichannelseismicline, extendingfromtheBayofMecklenburgtonortheast
ofRigenlIsland, includes well information of nearby onshore wells. Our analysis
revealsthatsubsidenceduringlateTriassictoEarlyCretaceousatthenortheastern
basinmarginisassociated withtranstensionaldextralstrike slipmovements atthe
TornquistZone. We reinterpretthe Werre and Prerow Fault Zones west of Riigen
Islandasaninverted, thin-skinnednormalfaultsystem. SaltmovementintheBayof
Mecklenburg wasinitiated in the Late Triassic lasting until the Jurassic. Asecond
phase of salt pillow growth occurred during the Coniacian until Tertiary and
correlateswithupliftofthebasinmargin. Weassociatetheinitiationoftheupliftwith
Late Cretaceous compressional tectonics. Thin-skinned deformation explains salt
pillowevolutioninthe Bay of Mecklenburg. Additionally, wediscussanimpactof
gravityglidinginducedbybasinmargintiltonsaltpillowevolution. Weproposea
slowdowndipsaltflowalongsidehomogenousupdipsaltdepletionduringthelLate
CretaceoustoTertiaryphaseofsaltremobilization.

Outlook:SinceNovember2018theGermanScienceFoundationfundsonePostDoc
andonePhDpositionforthreeyears (DFGgrantHU698/25). Undertheumbrella
ofthis“BalTec” project, the MSM52 and otherseismicreflectiondata (Fig. 1) are
analyzedregardingthegeneralgeologicalevolutionofthesouthernBalticregrading
inversiontectonics, salttectonicsandfluidmigrationalongthe TornquistZonefrom
SkagerraktothePolishcoast.
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MSM54 & MSM40

PROCESS STUDIES IN THE SUBPOLAR NORTH ATLANTIC

GEOMAR Helmholtz Centre for Ocean Research Kiel | Kiel, Germany
J. Karstensen, M. Visbeck, P. Handmann

NOC Southampton | Southampton, UK
M. Oltimanns

Infense oceanic uptake of oxygen during 2014-2015 winter convection in the Labrador
Sea by Koelling et al. (2017), Measurements of near-surface oxygen (O,) concentrations
and mixed layer depth from the K1 mooring in the central Labrador Sea are used to
calculate the change in column-integrated (0-1700 m) O, content over the deep
convection winter 2014/2015 (MSM40/MSM54). During the mixed layer deepening
period, November 2014 to April 2015, the oxygen content increased by 24.3 + 3.4 mol
m-2, 40 % higher than previous results from winters with weaker convection. By estimating
the contribution of respiration and lateral transport on the oxygen budget, the cumulative
air-sea gas exchange is derived. The O, uptake of 29.1 + 3.8 mol m2, driven by
persistent undersaturation (0 5 %) and strong atmospheric forcing, is substantially higher
than predicted by standard (nonbubble) gas exchange parameterizations, whereas most
bubble-resolving parameterizations predict higher uptake, comparable to our results.
Generally large but varying mixed layer depths and strong heat and momentum fluxes
make the Labrador Sea an ideal test bed for process studies aimed at improving gas
exchange parameterizations.
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Fig. 1: Koeling etal. [top) Daily mean mixed layer depth, zMLD from mooring data [black dots), instantaneous zMLD
from Argo profiles within 100 km of the K1 site (red circles), and contours of O, [z, ), calculated from equation (1).
[bottom) Surface oxygen concentration (black) and saturation (gray). Red shading marks the passing of an eddy,
and dashed vertical lines show the start and end times for the analysis of gas exchange.
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Meancirculationand EKEdistributioninthe Labrador SeaWaterlevelofthe subpolar
North Atlantic by Fischeretal. (2018), Along-term mean flow field for the subpolar
NorthAtlanticregionwithahorizontalresolutionofapproximately2 5kmiscreatedby
gridding Argo-derived velocity vectors using two different topography-following
interpolationschemes.The 1 0-dayfloatdisplacementsinthetypicaldriftdepthsof 1000
to 1500mrepresenttheflowinthelabradorSeaWaterdensityrange. Bothmapping
algorithms separate the flow field into potential vorticity (PV) conserving, i. e. ,
topography-following contributionand adeviating part, whichwe define astheeddy
contribution.Toverifythesignificanceoftheseparation,wecomparethemeanflowand
theeddykineticenergy(EKE) derivedfrombothmappingalgorithms,withthoseobtained
from multiyear mooring observations (serviced by MSM40 and MSM54). The PV-
conserving mean flow is characterized by stable boundary currents along all major
topographicfeaturesincludingshelforeaksandbasin-interiotopographicridgessuchas
the ReykjanesRidge orthe Rockall Plateau. Mid-basin northward advection pathways
fromthe north-eastern Labrador Seaintothe Irminger Sea and from the Mid-Atlantic
RidgeregionintothelcelandBasinarewell-resolved . Aneastwardflowispresentacross
thesouthernboundaryofthesubpolargyrenear52°N thelatitudeoftheCharlieGibbs
FractureZone (CGFZ). Themid-depth EKEfieldresembles mostofthe satellite-derived
surfaceEKEfield. However, noticeabledifferencesexistalongthenorthwardadvection
pathwaysinthelrminger SeaandthelcelandBasin, wherethedeepEKE exceedsthe
surfaceEKEfield. Further, theratiobetweenmeanflowandthesquarerootofthe EKE,
thePecletnumber, revealsdistinctadvection-dominatedregionsaswellasbasin-interior
regimesinwhichmixingisprevailing.
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Fig.2:Fischeretal.(2018)ExampleofacurrenttimeseriesfromthecentralLabrador SeaatmooringK1.Two
depthlevelswereoccupiedregularly(750msince2006,greencurve; 1500msince 1996).Gaps bluelines)are
filledbyinterpolationbasedonempiricalorthogonalfunctions(Zantoppetal.,2017). High-frequencyspectrafrom
1500mrecords(rightcolumn).

IncreasedriskofashutdownofoceanconvectionposedbywarmNorthAtlanticsummers
by Oltmanns etal. (2018), A shutdown of ocean convection in the subpolar North
Atlantic, triggered by enhanced melting over Greenland, is regarded as a potential
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transitionpoinfintoafundamentallydiffereniclimateregime Notingthaiokeyuncertainty
for future convection resides in the relative importance of melting in summer and
atmospheric forcing in winter, we investigate the extent to which summer conditions
constrainconvectionwithacomprehensivedataset, includinghydrographicrecordsthat
areoveradecadeinlengthfromtheconvectionregions(MSM40andMSM54mooring
reinstallationanddatacalibration). Wefindthatwarmandfreshsummers,characterized
by increased sea surface temperatures, freshwater concentrations and melting, are
accompanied by reduced heatand buoyancy losses in winter, which entail alonger
persistenceofthefreshwaternearthesurfaceandcontributetodelayingconvection.By
shortening the time span for the convective freshwater export, the identified seasonal
dynamics introduce a potentially critical threshold that is crossed when substantial
amountsoffreshwaterfromonesummerarecarriedoverintothenextandaccumulate.
WarmandfreshsummersinthelrmingerSeaarefollowedbyparticularlyshortconvection
periods. We estimate that in the winter 2010-201 1, affer the warmest and freshest
IrmingerSeasummeronourrecord, ~40%ofthesurfacefreshwaterwasretained.

Fig. 3: Oltmanns et al. (2018) Summer constraints on hydrographic evolution in the Labrador Sea. a, b, ¢,
Correlationofsalinity(a), temperature (b)andstratification (c)intheLabrador SeawithFIS, wherestratificationis
expressedbymeansoftheverticalpotentialdensitygradient.d,e,f,Correlationsofthesamerespectivemeasures,
butwithFLS.Thickcontoursdelineatethe95%confidencelevelandthincontoursrepresentisolinesatintervalsof
0.2.TheunderlyinghydrographictimeserieswereobtainedfromthemooringandArgofloatobservations

Frominterannualtodecadal: 17yearsofboundarycurrenttiransportsattheexitofthe
LabradorSeabyZantoppetal.(2017),Overthepast17years, thewesternboundary
currentsystemofthelabradorSeahasbeencloselyobservedbymaintainingthe 53°N
Array(mooringsandshipboardstationdata;includingMSM40&MSM54) measuring
thetop-to-bottomflowfieldoffshorefromtheLabradorshelfbreak. Volumetransportsfor
the North Atlantic Deep Water (NADW) components were calculated using different
methods, including gap filling procedures for deployment periods with suboptimal
instrumentcoverage. OnaveragetheDeepWesternBoundaryCurrent(DWBC)carries
30.2 6 6.6 Svof NADW southward, which are almostequally partitioned between
Labrador Sea Water (LSW, 14.9 6 3.9 Sv) and Lower North Atlantic Deep Water
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(LNADW, 15.363.8Sv).Thetransportvariabilityrangesfromdaystodecades, withthe
mostprominentmultiyearfluctuationsatinterannualtoneardecadaltimescales(65Sv)in
theLNADWoverflowwatermass.Theselongtermfluctuationsappeartobeinphasewith
theNAO-modulatedwindfluctuations.Theboundarycurrentsystemofflabradoroccursas
aconglomerateofnearlyindependentcomponents,namely,theshallowLabradorCurrent,
theweaklyshearedlSWrange,andthedeepbaroclinic,bottom-intensifiedcurrentcoreof
theLNADW,allofwhicharepartofthecycloniclabradorSeacirculation. Thisstructureis
relativelystableovertime,andthe 120kmwideboundarycurrentisconstrainedseaward
byaweakcounterflowwhichreducesthedeepwaterexportby 10-15%.
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Fig.4:Zantoppetal .(2017)ExporffromthelabradorSeaat5-dayresolutionandwithoutgaps;blacklinesarefor
periodsoffullarraycoverage;greenlinesforperiodswithreducedcoveragebutwithcentralmooringK9inplace,
andmagentalinesforgapsfilledbySSA(EOF)modes. ThelowfrequencyvariationisdominatedbyapairofSSA
modesatquasi-decadaltimescales.

The Deep Western Boundary Currentin the Labrador Sea From Observations and a
High-ResolutionModel by Handmannetal. (2018) Long-term observationsfroma 17
yearlongmooringarrayattheexitoftheLabradorSeaat53°Narecomparedtothe
outputofahigh-resolutionmodel(VIKING20) Bothareanalyzedtodefinerobustintegral
propertiesonbasinandregionalscale,whichcanbedeterminedandevaluatedequally
well. Whileboth, theobservationsandthe model, showanarrow DWBCcyclonically
engulfingthelabradorSea,themodel’sboundarycurrentsystemismorebarotropicthan
in the observations and spectral analysis indicates stronger monthly to interannual
transportvariability. Comparedtothemodel, theobservationsshowastrongerdensity
gradient, hence a stronger baroclinicity, from center to boundary. Despite this, the
observedtemporalevolutionofthetemperatureinthecentrallabradorSeaisreproduced.
ThemodelresultsyieldameanexportofNorth AtlanticDeep Water (NADW) (33.0+-
5.7 Sv), whichiscomparable tothe observedtransport(31.2+-5.5 Sv) at538N. The
resultsalsoinclude acomparable spatial patternand March mixed layerdepthinthe
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central Labrador Sea (maximum depth approx. 2,000 m). During periods containing
enhanced deep convection (1990s) ouranalyses show increased correlation between
LSW and LNADW model transport at 538N. Our results indicate that the transport
variabilityinLSWand LNADW at 538Nisaresultofacomplexmodulationofwind
stressandbuoyancyforcingonregionalandbasinwidescale.
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Fig.5:Handmannetal; Meanvelocityfieldalongthe 53°Nisection, computedfrom (a) LADCPand mooringdata
(1997-2014); (b) the horizontally and vertically subsampled model output (1958-2009). The mean velocity fields

aresuperimposedbyisotachsinms  '(white)andsigma2andsigmaOmeanisopycnals.AdditionallytheOisotachis
markedindottedblack.Bluevelocitiesaredirectedtothesoutheastandredvelocitiesaredirectedtothenorthwest.
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MARIAS MERIANCRUISEMSMS S-HABITATCHARACTERISTICS
AND CARBONATE CYCLING OF MACROPHYTE-SUPPORTED
POLARCARBONATEFACTORIES(SVALBARD)

MarineResearchDepartment| Wilhelmshaven,Germany

M.Wisshak

InJune2016,theRVMariaS.MerianexpeditionMSM55(acronymARCA|ledateam

of 14 scientists (chiefly from SENCKENBERG and GEOMAR), 2 technicians, the
3-persons JAGO team, and two journalists, into the polar waters of the Svalbard
Archipelagoforstudyingtwocontrastingsitesofintensebiogeniccarbonateproduction.
Specifically, these cold-water “carbonate factories” were the rhodolith beds in
MosselbuktainnorthernSpitsbergenandtheextensivebiogeniccarbonatesediments
accumulatinginthestronghydrodynamicregimeatBjerney-Bankennearthesouthern
delineationofthearchipelago.

Thehabitatcharacteristicsandbiosedimentarydynamicsofthesecarbonatefactories
were studied along bathymetrical gradients from the intertidal to aphotic depths,
following a holistic approach. The scientific disciplines and methodological tool-kit
comprised hydroacoustic habitat mapping (multibeam-echosounder and sidescan-
sonar surveys), visual habitat mapping (research submersible and drop-camera
surveys), hydrographicinvestigationsincludingassessmentoftheaqueouscarbonate
system(CTDandwatersamples),epibenthosinventory(beam-trawlsandexcursionsto
shore), recording of short-term environmental fluctuations and benthic community
dynamics(camera-lander), classicalcarbonatefacies (Shipek-grabsandexcursionsto
shore), andanevaluationofcarbonate (re)cycling, including budgeting calcification
versus bioerosion (recovery of a 10-year setlementexperiment). The vulnerability to
pastandfutureclimatechange,i.e.oceanacidificationandwarming,wasstudiedby
meansofapplyinganddevelopinggeochemical proxiesencodedinthe skeletonsof
calcifiers (e. g., coralline algae, balanids, bivalves), and via on-board acidification
andtemperature-stressexperiments.Despiteofatwo-daydelayalreadybeforethestart
ofthecruise(duetorepairofMSM’sA-frame)alloftheproposedtargetstationswere
successfully covered, providing sufficient samples and hydroacoustic/environmental
datafortacklingthetenscientificgoalsoutlinedintheproposalandcruisereport.

To this date (November 2019), the results of our multidisciplinary analyses were
funnelled into atotal of nine peer-reviewed ISI publications (5 published and 4 in

review) and halfadozen of additional papersthatarecurrentlyin preparation. An
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add-onprojectentitled “Patternsand Pace of PolarBioerosion” (DFGWi3754/3-1)
wasproposedandapproved. Halfofthe scientificobjectiveshave been successfully
concludedandgoodprogressinbeingmadeintheotherhalf. Keyresultsincludea
detailed portraitofthe seasonal aswell as short-term environmentalfluctuationsand
epibenthos dynamics (filter-feeding activity and motion tracking) at the two studied
polarcarbonatefactories(Wisshaketal.2019, Wisshak&Neumanninreview), the
firstinventoryofArcticmicrobioerosiontraces(Meyeretal.inreview),includinganew
ichnospecies indicative for polar environments (Wisshak et al. 2018), as well as
geochemicalproxydevelopmentandapplicationinbrachiopods(Bajnaietal.2018),
thecalcareousrhodophytesLithothamnionglaciale(Hofmann&Heesch2018, Teichert
etal.inreview) and Clathromorphum compactum (Hetzingeretal. 2019), the latter
yieldinga+200yearrecordofanalarmingdeclineinseaicecoverinN-Spitzbergen.

In addition, a likewise alarming analysis of microplastics was undertaken, which
revealedaccumulationofmicroplasticsintheMosselbuktarhodolithbeds(Laderetal.
inreview).Inrespecttopublicoutreachinprimeprinimedia,thecruiseanditsscientific
backgroundwereportrayedinthefeaturearticle”KarbonatfabrikenimPolarmeer”in
Natur-Forschung-Museumaswellasinthearticle“TauchfahrtinsArchivderArktis”in

themagazineGEO.

REFERENCES

BaijnaiD,Fiebig),TomasovychA ,MilnerSG,Rollion-BardC,Raddatz), L6fflerN,Primo-
RamosC&BrandW(2018).Assessingkineticfractionationinbrachiopodcalciteusing
clumped isotopes. Scientific Reports 8: article 533. DOIl: 10.1038/
s41598-017-17353-7.

Hetzinger S, Halfar), Zajacz Z, Wisshak M (2019) Early startof 20th-century Arctic
sea-ice decline recorded in Svalbard coralline algae. Geology 47:963-967. DOI:
10.1130/G46507.1

Hofmann LC & Heesch S (2018) Latitudinal trends in stable isotope signatures and
carbon-concentrating mechanisms of northeast Atlantic rhodoliths. Biogeosciences
15:6139-6149.D0I:10.5194/bg-15-6139-2018

Léder MGJ, Teichert S, Pyko I, Mordek M, Schulbert C, Wisshak M, Laforsch C (in
review) Arctic rhodolith beds—abiodiverse ecosystem endangered by microplastics?
NatureCommunications.

MeyerN, WisshakM, Freiwald A (inreview) Ichnodiversityandbathymetricrange of

microbioerosiontracesinpolarbalanidsofSvalbard.PolarResearch.

TeichertS, VoigtN, WisshakM(inreview)DoskeletalMg/CaratiosofArcticrhodoliths
reflectatmosphericCO concentrations2PolarBiology.

246



WisshakM, MeyerN, Radtke G&GolubicS(2018) Saccomorphaguttulata—anew
marine fungal microbiocerosion trace fossil from cool- to cold-water settings.
PalgontologischeZeitschrift92:525-533.DOI:10.1007 /s12542-018-0407-7

Wisshak M, Neumann C (in review) Dead Urchin Walking - resilience of an Arctic
Strongylocentrotus droebachiensis with presumably fatal predation damage. Polar
Biology.

WisshakM,NeumannH RiggebergA Bischer)V LinkeP,Raddatz)(2019)Epibenthos
dynamics and environmental fluctuations in two contrasting polar carbonate factories
(MosselbuktaandBjerney-Banken,Svalbard).FrontiersinMarineScienceé:articleb67.
DOI:10.3389/fmars.2019.00667

247



248



MSMS5*

ARCTIC RHODOLITH BEDS — A BIODIVERSE ECOSYSTEM
ENDANGEREDBYMICROPLASTICS?
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Erlangen-Nurnberg(FAU) | Erlangen,Germany
S.Teichert*,|.Pyko*,C.Schulbert

DepartmentofAnimalEcologylandBayCEER, UniversityofBayreuth | Bayreuth,
Germany

M.G J.Léder*,M.Mordek,C.Laforsch

MarineResearchDepartment,SenckenbergamMeer | Wilhelmshaven,Germany
M.Wisshak

*Equalauthorcontribution

Microplastic (MP) particles have been reported to occur in the Arctic environment.
However, the impacton the ecosystem and organism level remains widely unclear.
Along the remote coast of Svalbard, large areas of the seafloor are covered by
rhodolithbeds.Rhodolithsconsistofrigidcalcitenodulesformedbycorallineredalgae
ofthespecieslithothamnionglaciale.Therhodolithsaregougedbyboringbivalvesof
thespeciesHiatellaarctica, thusresultinginhollowrhodoliths. Theinteractionofthese
two ecosystem engineers increases the local biodiversity significantly, because the
hollowrhodolithsareinhabitedby agreatvariety oforganisms. Usingsamplesfrom
twodifferentwaterdepths(27mand40m),weshowaubiquitousMPcontamination
withinH.arctica.In12bivalves, originatingfromsixrhodolithslocalizedusingmicro-
computedtomography, wefound 516 particlesofeightdifferentpolymertypes. The
number of ingested particles correlated with bivalve size. Polymer composition and
abundance differed with water depth according to polymer density. Long-term
consequences areyetunclear, butingested MPs may compromise the vitality of the
bivalves, which need approx. 20 years to gouge one rhodolith. Therefore, a
deteriorationof,e.g.,thebivalve'sdrillingcapacityandtherebyitsfunctioningasan
ecosystemengineerwouldimplylastingconsequencesforthelocalbiodiversity.
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ThefastdeclineofArcticsea-iceisaleadingindicatorofongoingglobalclimatechange
andisreceivingsubstantialpublicandscientificattention.ProjectionssuggestthatArctic
summersea-icemayvirtuallydisappearwithinthecourseofthenextfiftyoreventhirty
yearswithaccelerating Arcticwarming, whichisapproximately twice aslarge asthe
globalaverage. However, limited observational records and lack of annual-resolution
marinesea-iceproxieshampertheassessmentoflong-termchangesinsea-ice, leading
tolargeuncertaintiesinpredictionsofitsfutureevolutionunderglobalwarming.Crustose
coralline algae of the species Clathromorphum compactum can reach multi-century
lifespans,formannualgrowthbands,andarewidespreadandabundantthroughoutthe
Arcticgrowingontheshallowseafloor. Byanalyzinggeochemicalsignalsandannual
growthincrementsencodedinthealgaes’ high-Mgcalcite skeletons, they can provide
annuallyresolvedreconstructionsofpastArcticsea-icevariability.

Here, we use long-lived encrusting coralline algae that strongly depend on light
availabilityasanewinsituproxytoreconstructpastvariabilityinthedurationofseasonal
sea-icecoveroffnorthernSpitsbergen, Svalbard(79.9°N, 15.9°E, Figure 1).Coralline
algalsampleswerecollectedduringR/VMariaS.Meriancruise55in2016.Ourdata
represent the northernmost annual-resolution marine sea-ice reconstruction to date,
extendingtotheearly19  "century(Figure?2),significantlybeyondsatellite-basedsea-ice
measurementsbeginninginthelate1970s.Algalrecordsshowthatthedecreasingtrend
insea-icecoverinthehighArctichasalreadystartedatthebeginningofthe2Othcentury
(Hetzingeretal. 2019), earlier than previously reported from sea-ice reconstructions
basedonterrestrialarchives. Ourdatafurthersuggestthat, althoughsea-icevarieson
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multidecadaltimescales, lowestsea-icevalueswithinthelast200yearsoccurredatthe

endofthe20 ‘*century.
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Fig.1:StudyareaandArcticwarmingtrends.Upperplot:MapofSvalbardarchipelagointhearcticNorthAtlantic
withlocationofMosselbuktastudysiteinnorthernSpitsbergen (redasterisk), wherelong-livedencrustingcoralline
algalbuildupswerecollectedinjune2016.Red arrow indicatesapproximate path of West Spitsbergen Current
(WSC).Lowerplot: Globalwintersurfaceairtemperaturetrendssince C.E. 1980 (lineartrendsin°C/decadefor
December-February).LocationofSvalbardarchipelago(whiteopencircle)isshown.Datasource:http: //data.giss.
nasa.gov/gistemp.ModifiedfromHetzingeretal.(2019).
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Fig.2:Sea-iceproxyreconstructionsfromtheSvalbardalgalmultiproxyrecord, shownassingle-specimen(red timespan
coveredbytheproxy:1813-2015)andmulti-specimenrecords(blue; 1895-2015) togetherwiththeETCW(early20
centurywarmingintheArctic).BlackthickarrowdepictsdecliningtrendinSvalbardsea-icesincetheearly20

ice edge anomalies 00
R=089 | 200 g g
100 © 5
8 E
° "h
-100
Algal multiproxy record
o “21 Single specimen ETCW
ca Multi-specimen .
n.5 -1 more ice (colder]
5 less growth
g8 0
TE
E] E 1 less ice (warmer)
TS \ more growth
2 2
w
1800 1850 1900 1950 2000
year

th_

*h.century.

Thealgalsea-icereconstructionshowshighcorrespondencetohistoricalobservationsofthesea-iceedgepositionfrom
theGreenlandSea(green).Correlationcoefficient(R)for 1 1-yearrunningmean.ModifiedfromHetzingeretal.(2019).
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Global change causes fundamental environmental changes in the Arctic. Increasing
temperatures result in melting of the Greenland ice sheet and increased freshwater
discharge. Currently, theaveragenetlossoficeon Greenlandexceeds200Gigatons
per year contributing fo a sea level rise of more than 0.5 mm peryear. The cruise
MSM56 hosted 22 participating scientists from Germany, Norway, the Netherlands,
Denmark, Sweden, Finland and the United States and covered scientific expertise in
(micro-) biology, chemistry, and oceanography. Ourstudy aimed at (i) changes ofthe
phyto-andbacterioplanktoncommunityalongsalinitygradientsinArcticfjordsand i)
the impact of changes in freshwater input on biogeochemical fluxes and chemical
modification of organic substrates and metabolites. Community composition is an
importantdriverofparticulateanddissolvedmatterpartitioningandforthebioavailability
of organic matter to grazers and microbes. Hence, carbon fluxin the water column
depends on primary production and respiration from, both, microbes and vertically
migrating zooplankton flux feeders. We studied three Fjord systems (Kongsfjord,
Svalbard;ScoresbySund,GreenlandandArnarfiérdur, Iceland), whichdifferedintheir
extent of available scientific information, their size, geomorphology, glacier volume,
extentof freshwater input, and their biogeochemical settings. The Scoresby Sound is
world’slargestfjordandwasthemainstudyareaofourexpedition. Attheinnerendof
theScoresbySound(Nordvestfijord), themassiveDaugaard-JensenGlacierdrainsabout
4% of the Greenland ice sheet. One of the few well-documented expeditions in the
ScoresbySoundwascarriedoutwiththeGermanresearchvesselPolarsterninSeptember
1990. Comparedtoourcruise the salinity atdepth of the fjord was identical butthe
temperatureshowedanincreaseofalmost+0.5°Cafter2 6years. Thehighertemperature
isattributedtotheinflowofwarmerwaterfromtheEastGreenlandSea. Inadditionto
direct measurements of hydrography, biogeochemical parameters and sediment trap

fluxes, we derived netcommunity production (NCP) and full water column particulate
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organiccarbon (POC)fluxes, andestimated carbonremineralizationfromvertical flux
attenuation. While the narrow Nordvestfjord is influenced by subglacial and surface
meltwaterdischarge, thesemeltwatereffectsontheouterfjordpartofScoresbySundare
weakenedduetoitsenormouswidth. Wefoundthatsubglacialandsurfacemeltwater
dischargetoNordvestfjordsignificantlylimitedNCPto32-36mmolCm 2d 'compared
totheouterfjordpartofScoresbySund(58-82mmolCm 2d “)byinhibitingtheresupply
ofnutrientstothesurfaceandbyshadowingofsiltscontainedinthemeltwater. ThePOC
fluxclosetotheglacierfrontswaselevatedduetosilt-ballastingofsettlingparticlesthat
increasesthesinkingvelocityandtherebyreducesthetimeforremineralizationprocesses
within the water column. By contrast, the outer fjord part of Scoresby Sund showed
strongeraftenuation of particlesduetohorizontaladvectionand, hence, moreintense
remineralizationwithinthewatercolumn.Ourresultsimplythatglaciallyinfluencedparts

of Greenland’s fjords can be considered as hotspots of carbon exportto depth. Ina
warmingclimate thisexportislikelytobeenhancedduringglacialmelting. Additionally,
entrainmentofincreasinglywarmerAtlanticWatermightsupportahigherproductivityin
fiordsystems.lithereforeseemsthatfutureice-freefjordsystemswithhighinputofglacial

meltwatermaybecomeincreasinglyimportantforArcticcarbonsequestration.
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ThemainobjectiveofcruiseMSM57 / 1+2wastoinvestigategashydratesystemsandtheir
dynamicsatthewesterncontinentalmarginofSvalbard. Basedonseismicdatacollected
duringpreviouscruises, tworesearchareas (Nos. 1 and2; Figure 1) were selected for
sedimentcoredrillingwiththeseafloordrillrigMARUM-MeBo70 (Freudenthal & Wefer,
201 3).Additionalcoresofshallowsedimentwereretrievedbygravitycoring, whileinsitu
sediment femperatures were determined with a temperature lance. Furthermore,
hydroacousticsurveyshavebeenconductedwiththehull-mounted KONGSBERGEM122
and EM1002 multibeam echosounder systems. Here we reporton the activities in the
indi-vidualresearchareasandpresentresultsaswellasinterpretationsofdataobtained.

Fig.1:TracklinesofMARIAS. MERIANcruiseMSM5 7withstationsvisitedwiththeMARUM-MeBo7 Oseafloordrillrigin
threeareas:1=VestnesaRidge,2=uppercontinentalmarginofSvalbardoffPrinsKarlsForeland,3=SvyatogorRidge.
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VestnesaRidge (ResearchArea 1)isanelongatedsedimentdriftthathostsanactivegas

andgashydratesystem.Alongitscresflineseveralpockmarksoccuraboveseismicchimney
structuresinthesubsurfacewithsomeofthemshowingactiveseafloorgasseepage.Inorder

todeterminethedistributionofgashydratesinsideandoutsideofchimneystructuresfour
MeBodrillingsdownto62.5metersbelowseafloor(mbsfjwereconductedattheso-called
Lundepockmarkat~1200metersbelowsealevel(mbsl)(Figure2).

BSE 'S4 5F E"S5E

Fig.2:Micro-Bathymetricmapoflundepockmarkshowingpositionsof MeBocores (redstars)gravitycores(reddots)
andatthenon-seepsiteandthetwoseepsites.FiguremodifiedafterPapeetal. (accepted).

Resultsfromthedrillingsrevealedthatgashydratesandseafloorgasseepagearepresent

where afracture net-work beneath the pockmark focusses migration of thermo-genic
hydrocarbons. Thermo-genichydrocarbonsboundinshallowhydratesclearlydifferin
hydrocarbonratios(C | /C, Jandstableisotopiccompositions(d  2H-CH,, 8'*C-CH,)from
microbialhydrocarbonsthatwerecollectedatthe’Non-seepsite’andanearbyreference
station(Papeetal.,accepted;Figure3).
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Fig. 3: Molecularcomposition oflighthydrocarbons (expressed as C 1/ 5.) vs. stable carbonisotopiccomposition of

methane(8 13C-CH4)inhydrate-boundgas(diamonds)andinvoidgas|circles)preparedfromMeBocoresaswellas
ingasfromaMeBopressurecore (square). Mosthydrate samples plotwithinthefieldrepresentativeforthermogenic

hydrocarbons. Directionofarrowsclosetosamplesfromthereferencesiteandseepsiteindicatesincreasingsediment
depth.FiguremodifiedafterPapeetal. (accepted).
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U/Th-datingofauthigenicseepcarbonatessampledfromtheseabedandfromtheMeBo
corestakenfrominsidethepockmarkrevealedthreegasemissionepisodesduringthe
penultimate glacial maximum, during an interstadial in the last glacial, and in the
aftermathofthelastglacialmaximum, respectively (Himmleretal.,2019). ltisinferred
thatglacial tectonics induced by ice sheetfluctuations on Svalbard mainly controlled
methanereleasefromthepockmarksatVestnesaRidge(Figure4).

[ATwW Glacial

[E] Miocene (~17 Mio. a) to Holocene sediment
Black line = inferred organic-rich deposits

[-=] Botiem simulating reflector (BSR)
fioH. Methane migraling along faults and fractures

Fig.4:SketchillustratingtheimpactofglacialtectonicsonthefluidsystemofVestnesaRidge(VR).(A)Duringgrowth
ofthe Svalbardice-sheet, horizontalmasstransferwithintheasthenosphere (openarrows)facilitatedmigration of
glacialforebulgeunderneathVR;sedimentcompaction(blackarrows)causedreservoiroverpressureandmigration
ofdeep-sourcedfluidsthroughthegashydratestabilityzone(GHSZ). (B)Post-glacialrelaxationresultedinisostatic
adjustment (black arrows) and fault re-activation, providing fluid migration pathways. BSR = bottom simulating
reflector;MTF=MollyTransformFault.FigureadoptedfromHimmleretal.(2019).

SeveralMeBodrillingswereperformedattheuppercontinentalslopeofwesternSvalbard
(ResearchArea?2).Inapreviousstudyhydratedecompositionduetoapotentialwater
temperatureincreaseby ~1°Cduringthe pastthreedecadeswasusedtoexplainthe
presenceofnumerousgasemissionsitesat~400mbs|closetothetopofthe GHSZ.In

1850
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1990

Ll Time (1)

Fig.5:ResultsofthermalmodelingforMeBodrillsiteGeoB2 1632at~390mbslvisitedduringMSM57 .Solidblackdots
indicatethetwomeasurementsobtainedinAugust2016.FigureadoptedfromRiedeletal.(2017).
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ordertoinvestigatedynamicsofpotentialhydrateinthedepthintervalbetween ~300
and500mbsl,MeBodrillsandsedimenttemperaturemea-surementsdownto28mbsf
were conducted atfive sitesand amended by heatflow measurements. Gas hydrates
have notbeen found inthis area neither before cruise MSM57 nor during the MeBo
drillings. Combined modeling of temperature data, porefluid data, and thermal
conductivitiesinordertoevaluatethedynamicsofthe GHSZduringthepast7Oyears
showedthatgashydrateisnotstableatsitesshallowerthan390mbsl(Figure5;Riedel
etal.2017).Remarkably,porewaterfresheningindicativefordissociatinghydrateshas
beenobservedforallMeBocoresfromthisarea(Wallmannetal.,2018).Modelingof
porewaterdataconsideringpastsealevelsindicatedthatfresheningbeganaround8ka
BPwhentherateofisostaticupliftoutpacedeustaticsea-levelrise.ltwasconcludedthat

retreatoftheBarentsSeaicesheetledtooffshoregashydratedissociation.

AtSvyatogorRidge(ResearchArea3, Figure 1),22stationswiththetemperaturelance
werecarriedoutandthreegravitycoresweretaken.Dataanalysisandevaluationhas

notbeencompletedyet.
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ThesubtropicalGyre(STG)inthecentralNorthAtlanticisakeyregiontoinvestigatepast
changesinoceancirculation.ltactsasanareaofheatstorageduringweakphasesof
theAtlanticMeridionalOverturningCirculation(AMOC), andthenorthwardreleaseof
the warm waters playsamajorroleinthe resumption of AMOC. The position of the
northernboundaryofthe STGthatischaracterizedbythe AzoresFront(AF)isstrongly
coupledtothepositionofthewesterlywindbelt. TheAFisknowntohavechangedover
time(Repschlageretal.,2015;2017;Schiebeletal.,2002)andespeciallyduringcold
HeinrichStadials(HS)itissupposedtobeshiftedtowardsthesouthduetolargeamounts
ofmeltwaterthatenterthesubpolarNorthAtlantic. Yet, theexactsouthernmostposition
of the AF during HS and the role of the STG as a warm water reservoir on glacial-
interglacialtimescalesis stillunknown. With its strong influence on upperocean heat
distribution and hydrographic fronts the research area has a major influence on the
continentalclimateofEuropeandAfrica. Furthermore, thesubtropicaloligotrophicgyre
issupposedtobestableinnutrientutilizationoverpastglacial-interglacial cyclesand
thuscanbeusedtoevaluatethebackgroundnutrientinventoryoftheglobalocean. At
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depthsthecentralNorthAtlanticisgovernedbythedeepwaterreturnflowofthe AMOC.
Despitedecadesofresearchmainquestionsontheglacialandinterglacialdistributionof
North Atlantic Deep Water (NADW) versus Antarctic Bottom Water (AABW) are still
unanswered.

TheaimofcruiseMSM58/ 1wastoinvestigatetheinteractionbetweentheheatstorage
inthesubtropicalGyre(STG)regionofthecentralNorthAtlantic,andAtlanticdeepwater
distribution over glacial andinterglacial time scales. Additionally, changesin nutrient
assimilationintheoligotrophicSTGareusedtoaddresstheglobalbackgroundvalueof
glacialtointerglacialchangesinnitrogenutilization.CruiseMSM58/ 1wascarriedout
in2016withaprogramtosamplewatercolumnandsedimentsalongatransectfrom
41°Nto32°NalongtheMidAtlanticRidge (MARofthe Atlantic)andontransectsinto
theeasternandwesterndeepAtlanticbasins. Thefirstthreeyearsafterthecruisewere
used for proxy calibrations, core top studies and first downcore time series and age
modelsetupoffourmajorcoresalongtheN-Stransect. Despitetheoriginalproposal,
longHolocenesectionsmorethan50cmcouldnotbeobtainedbycoring. Thelackof
high-resolution Holocene and deglacial sediment sequences led us to shiftour project
focustolongertimescalesincludingMIS5easananalogueforfutureclimatewarming
scenarios.

Herewe presentfirstresults of samples analyses obtained atcruise MSM58/1. The
results from onboard studies on living foraminifera indicate the dependence of the
reproductioncycleofforaminiferaontheearth’'magneticfield. Watersampleandcore
top analyses of stable oxygen isotope analyses, trace element analyses, nitrogen
isotope analyses were used for new proxy development including the testing of
femtosecond laser ablation techniques on foraminifera (Jochum etal., 2019), and
habitat studies on O. universa using different microscale analyses techniques
(NanoSIMS, laser ablation ICP-MS, stable isotope measurements on shell fragments)
andnitrogenisotopeanalyses.Additionally,boxcoresampleswereusedtosetupnew
cleaningandmeasurementroutinesforcombinedMg/CaandNa/Cameasurements
on small sample sizes, that even allow single foraminifera measurements by wet
chemistry. Coretop  '“C AMS dating on planktic foraminifera, benthic foraminifera
8'*Candd '®Oanalyses,aswellase ~ Ndanalyseswerecarriedouttoinvestigatedeep
waterpropertiesatthecoringsitesundermodernconditionsandafeasibilitystudyfor
theuseof 2°'Pa/?**Thonwascarriedout.

Coretopagesareoldestinthe shallowersitesand areinaverageyoungerinthe
western Atlantic basinthan inthe eastern Atlantic Basin. This age pattern can be
explained with strong deepwater currents at the shallower sites, and lower
sedimentation rates in the eastern Atlantic basin. € Nd analyses indicate a strong
potential ofthis proxyfordowncorereconstructions of deepwatercurrentchanges.
Resultsfrombenthic® '*C measurementsoncoretopsampleswereincludedintoa
new global compilation of benthicd  '*C in the modern ocean (Schmittner et al.,
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2017),thatproposesanewcalibrationbetweend 13Cofdissolvedorganiccarbon
and &'*Cfromforaminiferashells,whichcanbeusedasreferenceformoderndeep

oceanconditions.

Firstdowncoreanalyseswerecarriedoutonfoursedimentcoresandincluded 1)XRF
sedimentcore scanning, 2) 14C AMS dating, 3) planktic foraminifera assemblage
counts 4) stable isotope (8 '*O and & '*C) measurements of benthic and planktic
foraminifera, 5) trace element analyses (Mg/Ca, Na/Ca, Ba/Ca) on planktic
foraminifera,and6)alkenoneanalyses. TheNorthSouthtransectstudyindicatesthat
theAzoresFrontisdisplacedsouthwardduringcoldHeinrich Stadialsatleastdown
to32°N. Preliminaryresultsfromdeepwaterstableisotopereconstructionsindicate
increasing deepwater ventilation, potentially associated with increasing AMOC
strength, over MIS 5 in the subpolar North Atlantic. Surface heat storage patterns
duringMIS 5 corroborate previousresultsfromthetopical Atlantic (Weldeabetal.,
2007). Furthermore, a strong imprintof changing dust sources is reconstructed for
glacial and deglacial cold events. Additionally, first results from nitrogen isotope
analyses from the oligotrophic North Atlantic across the last glacial cycle will be

shown.
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Enhancedlevels of atmospherickey pollutantscanregularly beidentified overremote
oceanareassuchastheAtlanticOceaninglobaltracegasmapsretrievedfromultraviolet
andvisiblesatellitemeasurements.Tovalidatetheseresults, ship-basedmeasurementsof
trace gases were conducted during the DFG project Continental Outflow of Pollutants
towards the MArine fRoposphere (COPMAR). The spatial gradients and the ambient

levelsofatmospherickeyspeciesareofparticularinterest.

FortheCOPMARproject,aMulti-AXisDifferentialOpticalAbsorptionSpectrometer(MAX-
DOAS) was installed on board the research vessel Maria S. Merian for the cruise
MSM58 /2 ThiscruisetookplaceinOctober20 1 éandwentfromPontaDelgada(Azores)
toCapeTown(SouthAfrica) crossingbetweenCapeVerdeandtheAfricancontinent.The
MAX-DOASinstrumentwascontinuouslyscanningthehorizonlookingtowardstheAfrican

continentwhiletheshipsailedatnearlyconstantspeedduringthewholecruise.

Thetemporalvariabilityandthespatialgradientsoftroposphericformaldehyde(HCHO)
andglyoxal (CHOCHO) alongthecruisetrack areinvestigated. Both trace gases are
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regularly observed from satellites over the Atlantic Ocean, but given their short
atmosphericlifetimetheiroriginisunclear.
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Fig. 1: Daily mean HCHO vertical column densities over the course of the cruise. Enhanced HCHO values can be
observedintheareaofexpectedoutflowandagreewithsatelliteobservationsandmodelsimulations.

The observed MAX-DOAS spatial gradient of HCHO and CHOCHO confirmed the
latitudinalpatternwhichisretrievedfromsatellitemeasurementsandsimulatedwiththe
MOZART-4globalchemistrytransportmodel. Thedetectedcontinentalpollutionoutflow
isafelevatedatmosphericlayerssuggestingconvectionandsubsequentadvectionofair
masseswhichreachthegeolocationofthevesselafterseveraldays.Possiblesourcesof
thepollutantsarebiogenicemissionsorbiomassburningaccordingtoFLEXiblePARTicle
dispersionmodel (FLEXPART)emissionsensitivities.
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Fig.2:DailymeanHCHOdifferentialslantcolumndensitiesoverthecourseofthecruise.Enhancedvaluesintheareas
ofexpectedoutflowshowadifferentscanangledependencyindicatinganelevatedHCHOlayer.
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Introduction

Oceanic exchange pathways south of Africa and South America drive water mass
interactionsbetweenthelndian,Pacific,and Atlanticoceans. TheAgulhasCurrent,which
flowswestwardaroundthesoutherncoastofSouthAfrica,contributesstronglytotheupper
limboftheMeridionalOverturningCirculation(MOC)northward/warmwaterflowinthe
AtlanticOcean.ThefrequentsheddingofAgulhasringsintotheeasternSouthAtlanticisa
majorsourceofsalinitytotheAtlantic. ThepathofdeepwaterstotheSouthernOceanand
theIndianOceanis presumably partitioned between flows alongthe westernboundary
andwithintheAgulhasUndercurrent.Inaddition,intensemixingintheCapeBasinandthe
Brazil/Malvinas Confluence induce significant short-circuits in the MOC. The latitude
34.5°S theSAMBA/SAMOCline,intheSouthAtlantichasbeenidentifiedmostcrucialto
anyexaminationofhowinteroceanexchangeinfluencestheMOC.

205 §

30

405

oW 50 40 30 20 10 e} 10 20E

Fig. 1:RVMaria SMerian MSM60 Cape Town/RZA to Montevideo/Uruguay. Green crosses indicate CTD/Bottle/
IADCP/UVPcasts,reddotsindicateArgofloatdeployments,underwaydatatrack(ADCP, TSG)areshownwithlatitude
offsetforclarity. TheEEZregionsareindicatedbybrokenlines.

Theaimofthe MARIAS. MERIANMSM60expeditionwastosurveyforthefirsttimea
transbasinsectionalongtheSAMBA /SAMOCline.Frequentrepeatsofpartialoccupations
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of the SAMBA/SAMOC line have been done from both sides of the Atlantic Ocean (off
South Africa and off Brazil/Uruguay) and transbasin sections only close to 30°S and at
24°S. Shipbased hydrography is the only method for obtaining high-quality, high spatial
and vertical resolution measurements of concurrent physical, chemical, and biclogical
parameters over the full ocean water column. Ship-based hydrography is essential for
documenting decadal physical and chemical ocean changes throughout the water column,
especially for the deep ocean below 2 km (below the measurements of Argo or XBTs).

The MSM60 science program included the following specific objectives: reduce
uncertainties in global freshwater, heat, and sealevel budgets; defermine the distributions
and controls of natural and anthropogenic carbon (both tiorganic and inorganic);
determine ocean ventfilation and circulation pathways and rates using chemical tracers;
determine the variability and controls in water mass properties and ventilation; determine
the significance of a wide range of biogeochemically and ecologically important properties
in the ocean interior; and augment the historical database of full water column observations
necessary for the study of long-tfimescale changes.

MyScience cruise: The execution of the cruise was motivated by the EU H2020 project
AtlantOS which also aimed for an intensification of South Atlantic Ocean Observing. All
SAMBA/SAMOC Pls from Argentina, South Africa, Brazil, USA and France provided
material and staff for the cruise. Students at masters and PhD level joined the cruise and
applied known techniques and learned new. The “Parinership for Observation of the
Global Oceans” [POGO) provided cruise and analysis support. It is a group of graduating
students that make use of the MSM&0 data in their thesis and at this stage no peer reviewed
scientific publication has been published from the cruise but many publications are in
preparation.

Sub-mesoscale mediated deep carbon export associated with a cyclonic eddy by Rogge at
al. (in prep) The biological carbon pump (BCP) regulates atmospheric carbon dioxide
concentrations via its transport of particulate organic carbon to the deep ocean, while the
depth of export regulates the time scale of carbon removal from the atmosphere. The
region-specific efficiency of the BCP is determined by velocity and turnover of settling
organic matter. Mesoscale cyclonic eddies often have high POC export, but detailed
descriptions of the influence of physical factors on deep export dynamics, qare still rare.
Here we used in situ opfics and acoustics to show that internal waves propagating along
the eddy boundary drive organic particle production, which is then concentrated info a
wine glass shape by the vorticity field, accelerating aggregation and repackaging of the
export flux (EF), thus incrasing EF 3fold. Fertilization was visible as a shallowing and
increase of the deep fluorescence maximum at the eddy perimeter not detectable by remote
sensing. Nutrient infrusions were triggered through mixing via horizontal shear driven by
the vertical propagation of near-inertial gravity waves (NIW) in the positive, anficyclonic
vorticity field of the eddy perimeter. While flux attenuation depleted small particles (0.08-
0.51 mm) to ambient concentrations within the upper 1000 m, below this depth, larger
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particles>0.5 1mmwereconcentratediowardstheeddycore. Followingtheanticyclonic
vorticitypatternintoacharacteristicwineglassshapebelow1000m particleaggregation
anddensificationwaspromotedbyhorizontalvorticityshear, resultinginpotentiallyhigh
sinking velocities. We infer that this, in combination with low microbial activity in
bathypelagicdepths,increasedcarbonexportto3-folddownto3000mandfurther2-fold
downto4000m, asestimatedbasedontheparticlesizedistribution. Weconcludethat
bothverticalmixing(increasingproduction)andparticleconcentration(increasingsinking
rates) atthe vorticity boundary occur spatially atthe region of maximum rotation and
minimumvorticityofamesoscaleeddy, promotingcarbonexport. Thisisnotnecessarily
linked to central shoaling (cyclones) or deepening (anticyclones) of the eddy nutricline.
Consideringthelimitedabilityofremotesensingtodetectdeepprimaryproduction,and
thehighcoverageofeddyvorticityfields(e.g.,1/6-1/3oftheworldocean), wesuggest
thatestimatesofbothproductivityandofdeepcarbonexportinoligotrophicoceanscould
besignificantlyunderestimated.
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Fig.2:Roggeetal (inprep) Distributionofaggregatesaswellasliving particulatematerial. Total particlevolume per
samplevolumecalculationincludetotalparticulatematerialwithanESDbetween0.08and 1mm,aswellasidentified
aggregatesandfecalpellets> 1 mm.Particleandaggregatessizedistributionisbasedonaveraged 100mdepthbins
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highparticleabundance,i.e.attheeddyperimeter. Whitelinesindicateisopycnalsinkgm “( p~1000kgm ).
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ParticleandZooplanktonDistributionthroughaCyclonicEddyintheAtlanticDetermined
viaUnderwaterVisionProfilingbyProndzinsky(2018)ThroughoutEarthsoceans,organic
matter is exported to the deep sea through the biological carbon pump. So far, the
deploymentofsedimentirapmooringshasbeenusedasthemainmethodtoassessand
quantifytheexportofthismaterialtothedeep.However, theuseofstationarymonitoring
systemslimitsthedescriptionandquantificationofprocessesthatiakeplacethroughoutthe
entirewatercolumn.Theseprocessesinclude, butarenotlimitedtothegrazingactivityof
zooplankton species orthe aggregation patterns of marine snow. Here an Underwater
VisionProfiler(UVP5HD)wasusedtocaptureparticlesandorganismsatahighvertical
resolutiontodescribetheirdistributionintheSouthAtlanticOcean . Theonlinesoftwaretool
"Ecotaxa’ was then used to taxonomically classify and distinguish the organisms and
aggregatescapturedbythe UVP.Theresultingzooplanktoncommunitycompositionsand
thedistributionofinanimateaggregatesoforganicmatterservedasthebasistodescribe
theeffectthatphysicalmesoscalefeatureshaveonbiologicalprocessesintheocean. We
showthatoneofthosefeatures, acycloniceddyintheeastofthe oceanbasin, locally

increasestheabundanceofparticlesandenhancestheexportofcarbontothedeepsea.
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MARIA S . MERIAN CRUISE MSMé3: PIPE STRUCTURES AND
POCKMARKSINTHENORTHSEA

GEOMARHelmholtzCentreforOceanResearchKiel | Kiel, Germany
C.Berndt,J.Elger

And:ShipboardScientificParty

The location and potential intensity of any possible CO ,leakage atthe seafloor are
criticallydependentonthedistributionandpermeabilityoffluidpathwaysinthesediment
overburden overlying any putative storage reservoir. Evaluation of seismic reflection
data,aspartofaEuropeanUnionfundedproject{STEMM-CCS),hasrevealedstructures
crosscuttingtheoverburdenwithintheNorthSeaandNorwegianSea.Theseseismically-
imaged pipes and chimneys are considered to be possible pathways for fluid flow.
Naturalfluidsfromdeeperstratahavemigratedthroughthesestructuresatsomepointin
geologicaltime IfCO leakingfromsub-seafloorstoragereservoirsreachesthebaseof
these structures, and if their permeability is sufficiently high, they could actas CO
leakage pathways towards the seafloor and overlying water column. To provide a
reliablepredictionofpotentialseafloorseepsites,thehydrauliccontinuity,andespecially
thepermeabilityofthesepathways, needstobebetterconstrainedandquantified. We
presentresults from MSM63 to the Scanner pockmark field in the North Sea. These
pockmarkswereknowntobethelocationsofvigorousmethaneventing,wereassociated
withbrightspotsatshallow depth, andhad chimney structuresimaged on 3D seismic
reflectiondatatodepthsofseveralhundredmeters.Thiscruiseaimedtocollectdatathat
couldbeusedtoconstrainthegeometryandinternalstructuresoffluidflow“chimney”
structureswiththeeventualaimofdeterminingthecurrentpermeabilityofthesub-surface.
Understandingtheflowofmethanefromdifferentdepthsinthesub-surfacewillfacilitate
anunderstandingofpossiblepathwaysofCO .
InApril-May2017,MariaS.Meriancruiseno. 63 (fundedby STEMM-CCS) collected
multi-beambathymetryandsub-bottomprofilerdataaswellseismicreflectiondatausing
Gl guns. The shots were recorded using a GeoEel streamer and 18 Ocean bottom
seismometers(OBS)aroundtheScannerpockmark.Electromagneticsurveyingwasalso
completedtodetermineelectricalresistivityvariationsinthesub-surface usingasource
towedclosetotheseabed. Thecontrolled-sourceelectromagneticsystemconsistsoftwo
receiversmeasuringthefullvectorelectricfieldthatweretowedbehindthesource,and

1 4oceanbottomelectridfieldinstrumentseachwithtwoorthogonalhorizontalelectrodes,
someofwhichwereequippedalsowithanewsetofverticalelectrodes.
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TheScannempockmarkisacompositefeatureinvolvingtwooverlappingseabedpockmarks,
eachafewhundredmetersindiameter,lyingin~155mwaterdepth(Figure1).lfisasite
ofactiveandpersistentmethanegasventing.Preliminaryanalysisof2Dseismicreflection
profiles showsthe overall shape of the sedimentary succession underneath the Scanner
pockmark Betweentheseafloorandthewell-stratifiedsedimentsoftheNordlandformation
(200-350 ms TWT) clear indications for several stages of deposition and erosion are
visible. Acharacteristictunnelvalley with steep flanks and several phases of deposition
anderosionislocatedSWoftheScannerpockmark Newhigh-resolutionseismicreflection
dataprovidehigherresolutionandqualitythantheexisting3Dindustryseismicdataforthe
upper 500 ms TWT, and indicates the presence of gas at several different levels and
complexareasofgasblanking. Thenewdatarevealacomplexfluidmigrationsystemin
thesubsurface,whichcomprisesfluidsthatrisefromseveralhundredmetersdepthaswell
as fluids that are sourced from the shallow most postglacial sediments resulting in a
multitudeoffluidpathwaysandseepsitesattheseafloor.

Unfortunately, thedrillingcampaignusingBritishGeologicalService's(BGS)RockDrill2
(RD2)drillrigcouldnotbeaccomplishedduringMSMé3becauseofproblemswiththe
vessel. The drilling campaign with BGS’s RD2 was finally putin place during cruise
MariaS.Merianno.78.
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Fig. 1:Parasound (top)and3Dseismicdatafromthe ScannerPockmarkareashowingthefluid pathwaysthatlinkup
topockmarksattheSeafloor.
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The ship-based repeat hydrography program conducted along 47°/48°N covers the
southernsubpolarNorthAtlanticfromtheGrandBanksinthewesttotheEuropeanshelf
breakintheeast. Thehydrographiclinecrossestheswiftwesternandeasternboundary
currents as well as the North Atlantic Current and its various recirculating branches.
Hydrographicobservationsfromthislinearemergedwithdatafromthehistoricrepeat
lineslocatedinthevicinityof47°/48°N.Thisdatasetallowstogaininsightintodecadal
changesregardingthespreading,characteristics,andspatio-temporalpropertychanges
of the water masses forming the deep and cold branch of the Atlantic Meridional
Overturning Circulation. With focus on Labrador Sea Water (LSW) we report on
hydrographicdata collected from ship surveys and Argo profilers complemented with
tracer observations and discuss basin-wide changes observed at 47°/48°N. Recent
observationsinthesourceregionoflSWshowedthatwintertimebuoyancyforcingover
theLabradorSeaincreasedsincewinter2013/14,whentheNorthAtlanticOscillation
wentbackintoapositivestate Resultingfromintensifieddeepconvectionthecoldestand
freshest LSW observed since years formed since then. LSW propagates along three
majorpathwaysawayfromtheformationregion:anortheastwardbranchspreadsinto
thelrmingerSea,aneastwardbranchcrossestheMid-AtlanticRidgenear50°N,anda
southwardbranchtransfersLSWaspartoftheDeepWesternBoundaryCurrentintothe
subtropics. The repeat hydrography program conducted with RV MARIA S. MERIAN
along47°/48°Nservestostudytheemergenceofthesesignaturesinaregion, where
the subpolar regime encounters the subtropical regime. Via interior pathways this
renewedLSWinvadestheinteriorofthewesternandeasterndeepbasinsoftheNorth
Atlantic, thus carrying increased contents of oxygen and anthropogenic tracers and

therebyincreasinglyventilatingtheseregionsagain. Inthispresentationwediscussthe
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formationhistoryofLSWovertherecenttwodecadesandtherespectivemanifestation
ofthenewlLSWclassformedsince2013/2014atthewesternandeasternboundaries
andinthedeepbasinsofthesouthernsubpolarNorthAtlantic.
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Fig. 1:Locationof CTDstationsconductedduringMARIAS. MERIANcruisesMSM42, MSM53,andMSMé64 (2014~
2016)superimposedontheclimatologicalsalinitydistributionattheLabradorSeaWater (LSW)level, 1650m. Salinity
datawasobtainedfromthe WorldOceanAtlas2018, NOAA/NODC.
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The"GreenHABII"expeditioninvestigatedthefjordsofWestGreenlandaswellasalong
alatitudinaltransectatthe West Greenland coastto explorethe interactions between
hydrography, bio-optics(lightregime), biogeochemistry, andplanktoncompositionand
metagenomicswithspecialattentiononharmfulalgaeandtheirtoxincomposition.These
fiordsdifferintheiricecover,glacialmelt-waterrunoffs,andhistory.Intotal, 5Ostations
wereconducted,with50CTDwatersamplercasts,63planktonnettows, 4 3bio-optical-
package profiles, 43 Secchidiskreadings, 39 hyperspectral radiometric profiles, 26
VanVeengrabs, 1 2MUC (multi-corer),and22vibro-coreroperations.8surfacedrifters
weresuccessfullydeployed,andonemooringwassuccessfully recovered (SeaCycler).
Underway, 2750 nautical miles of FerryBox and radiometric reflectance data were
sampled.ChangingenvironmentalconditionsinGreenland(i.a.duetoclimatechange,
higherwatertemperature, etc.)makesthisareaofhighinterestasitcanhavechanges
ofHABcompositionanditsgeographicaloccurrence Threemaintopicswereinvestigated
during the MSM65 cruise: (A) Northern limitation of dinoflagellate HAB species, (B)
ArcticHABdiatomsgoingNorth, and (C)HAB hatcheries. Various hypothesizes were
testedforanoveralloverviewcombiningallsingledisciplinesoftheobservedarea.
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With this contribution we present the actual situation in West Greenland during the
MSMé5expedition,combininghydrographyandlighiregimewithoccurrenceotharmful
algae, theirtoxin profiles and cystappearance. Investigations willbe compared with
previouscruises(e.g.MSM21/2,Cembellaetal,2016)aswellasotherinvestigations
intheGreenlandarea(seee.g.Meireetal,2015,2017;Murrayetal,2015,Richlen
etal,2016).
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Fig.1:Spectraltypesof] %downwellingirradiance(Ed)inthe{A)Vaigat-DiskoBayand|(B)GodthabsfiordMascarenhas
8&Zielinski,2019).

Resultsinanutshell:Lightavailabilitywasinvestigatedatalmosteachstation Exemplarily

1 %penetrationdepthfordownwellingirradiance (Ed)inthe Vaigat-DiskoBayandthe
GodthabsfjordisshowninFigure 1. Results of ourinvestigations provide evidence of
near-surfacebio-opticalvariabilitybeinghighlyinfluencedbyregionalhydrographyand
theefficiencyofmachinelearningtoolssuchasclusteranalysisinidentifyingbio-optical
domainsdriven by regional hydrography. With increasing meltwater influxin coastal
ecosystemsaroundGreenland, monitoringchangesinregionalhydrographyisessential

toaccountforlocalforcingfactorsthatdrivebio-opticalvariability.

Microplankton groups detected during MSM65 include flagellates, dinoflagellates,
diatoms and ciliates. Phycotoxins were found across the entire cruise transect, with
spirolides being the mostabundanttoxin group with total spirolide abundance up to
1650ngpernettowintheDiskoBay.SpirolidesweremostabundantinGodthdbsfjord
andDiskoBay. Furthermore, wefoundanewspecie (Figure 2)inthecentralLabrador
Sea(1 *station,SeaCyclerRecovery),describedhereasAzadiniumperforatumsp.nov.
MoredetailswillbegiveninTillmannetal, 2019 (accepted).
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Regardingthemetagenomicapproachsimilardiversitytrendsamongsizefractionswere
foundatthe DiskoBayinsummer2012 (Elferniketal.,2017). Taxonomicaffiliations
showthaimostofthesequenceswereassignediothephylumDinoflagellata followedby
Haptophyta and Ochrophyta across all samples. The proportion of Haptophyta
decreased,andDinoflagellataandOchrophytaincreasedwithincreasingsizefractions.
Here, a different trend was observed compared to the previous report for the area
(Elferniketal.,2017).

Fig 2 RecordsofAmphidomataceadronthecentralabradorSed(stationl ) 3-7 LivingsampleswithAmphidomatacean
cellsoremptythecae(botharedesignatedbyarrows).Scalebars=5 pm.8-11.Amphidomataceancellsinlugol-fixed
Utermdhlsamples.Scalebars=5  pm(Tillmannetal,accepted).

ThedominantspeciesofdinoflagellatecystsobservedinwesternGreenlandsediments
were Scrippsiella spp., Protoceratium reticulatum, Alexandrium catenella, Gonyaulax
spinifera,andAlexandriumostenfeldii(cystsweremostabundantatlatitudes64-69°N
(Figure3),butwereobservedatnearlyallofthesitessampledfromlatitudes64°Ntoas
farnorthas75°N (Figure4)-nowthenorthernmostlocationatwhichA.catenellahas
beenfound(Natsuikeetal,2013).
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Fig.3:Cystabundancesofthedominantspeciesofdinoflagellatesinsurfacesedimentsshowninrelationtodepthand
latitude.
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MSMé67

VOLCANIC BREAKUP OF THE NE GREENLAND CONTINENTAL
MARGIN

BGR-FederallnstituteforGeosciencesandNaturalResources | Hannover,
Germany
D.Franke,PKlitzke,U.Barckhausen,K.Berglar,V.Damm,A.Ehrhardt,
M.Engels,M.Schnabel

GEOMAR-HelmholtzCentreforOceanResearch | Kiel, Germany
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DuringMSMé7newmarinegeophysicaldatawasacquiredacrossthepartlyice-covered
northern East Greenland continental margin which highlight a complex interaction
betweentectonicandmagmaticevents.Post-CaledonianreactivationtoformtheNorth
Atlantic rift systems essentially followed pre-existing orogenic crustal structures, while
eventualbreakupreflectedachangeinstressfieldandexploitationofadeeper-seated,
lithospheric-scaleshearfabrics(Schifferetal.,inpress). Breakup-relatedlavaflowsare
imaged inreflection seismicdataas seaward dipping reflectors (SDRs). These exhibit
considerable variation in structural style and architecture along the 600 km-long
continentalslopebetweentheWestlanMayenFractureZoneandtheGreenlandFracture
Zone(Frankeetal.,2019).Generally, SDRsarefoundtodecreaseinsizetowardsthe
northandsouthfromacentralpointat7 5°N.ThemostprominentSDRsarepresent300
kmalongofthemargin,between74°Nand7 5.8°N.Southof7 4°N,asingle,smallSDR
wedgeisimagedthatfurtherdecreasesinsizetowardsthe WestJanMayen Fracture
Zone.AroundtheWestlanMayenFractureZone, SDRsareindistinctorabsent.Fromthe
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architectureandtectono-magmaticstyleofthe SDRs, itisshownthattheNEGreenland
marginisbroadlysegmentedintothreesegmentsthatbrokeupinaconsecutiveway.The
segmentboundaries, however, didnotdevelopintooceanicfracturezones, exceptthe

EastJanMayenFractureZone.

Weinterpretthetransition between oceanicand magmatically overprinted continental
crustatthecontinentalslope, inthevicinityoftheSDRwedges.Frommagneticmodelling
weproposethatSDRsandlavaflowsarecausingmagneticanomaliesatthecontinental
slope.ThemagneticanomalypatternassociatedwiththeSDRs, thenisusedtodeducea
relativetimingoftheemplacementofthevolcanicwedges. TheinnerSDRsinthenorthern
marginsegment(75°N-75.8°N)havebeenemplacedbeforethenegativepolaritychon
C24rtimeandthusbeforevolcanicriftingtookplaceinthecentralandsouthernmargin
segment. The SDRs in the central margin segment (74°N-75°N) initiated during the
negativepolaritychonC24rtimebutthemajorportionoftheinnerSDRscorrespondsto
the normal C24n magnetic chron (54.0-52.6 Ma). The deposition of a separate,
seaward SDR wedge may even have lasted until chron C23n (51.8-50.6 Ma). The
differentmagneticanomaliesassociatedwiththetwoSDRwedgessuggesttwophasesof
volcanismresultinginthetwowedgesthatwerelikelyemplacedwithatimelag.Finally,
the small SDR wedge in the southern segment (73°N-74°N) coincide broadly with
negativemagneticanomalyC23r(52.6-51.8Ma).

E E E) ) 100000

Fig.1:SurveylinesofMSM67: YellowlinesareMCSprofileswithgravity, magnetic, para-soundandbathymetry; red
linesarerefractionseismiclines;thenearcoastalpurplelinemarkstheWalrusclosedarea.

The remnant magnetization of the individual lava flows is used to deduce a relative
timing ofthe emplacementofthe volcanic wedges. Wefindthatthe SDRshave been
emplacedoveraperiodof2-4Maprogressivelyfromnorthtosouthandfromlandward
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toseaward. The new dataindicate a major late Eocene magmatic phase around the
landwardterminationoftheWestJanMayenFractureZone. Thispost-40Mavolcanism
likelywasassociatedwiththe progressiveseparationofthe JanMayenmicrocontinent
from East Greenland. The break-up of the Greenland Sea started at several isolated
seafloorspreadingcellswhoselocationswascontrolledbyriftstructuresleadingtothe
present-day segmentation of the margin. The original rift basins were subsequently
connected by steady-state seafloor spreading that propagated southwards, from the
GreenlandFractureZonetotheJanMayenFractureZone.
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Fig.2:LocationofthedifferentSDRwedgesaccordingtotheirtimeofemplacement(red(1)throughorange(2, 3)and
blue(4))andinferredriftsegmentboundaries (bluedashedlines)shownonthebathymetricmap. TheEastlanMayen
Lineamentistheonshore prolongationofthe EastJanMayen Fracture Zone. Youngervolcanism (postmiddle Eocene;
minimumextentestimate)andvolcanicconesareshowninyellowandlightred, respectively.Magneticanomaliesshown
aswigglesalongsurveylineswithpositiveanomaliesshadedingrey. Allnewlyacquiredprofilesarepureblack, other
linesfromeruiseBGR7 5andfromGEODASdatabaseareshownwithapurpleanomalyoutline Dashedwhitelinesshow
interprefedseafloorspreadinganomalies.OnshoreigneousoutcropsaccordingtoHornietal.[2017].

Breakuptookplacewithpunctualseafloorspreading buttheearliesisteady-stateoceanic
crustformationrevealsaclear, northtosouth-directed propagation (Gernigonetal.,in
press). Eachtectono-magmaticphaseoverprintedtheareasthatwerepreviouslyrifted,
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resultingintectonicdeformation. Majorvolcanismduringbreakuptime occurreddistal
fromthelocusofriftinitiationandinitialoceaniccrustaccretionandextensiondidnot
propagateawayfromanewlyformedLIP(Peaceetal.,2019).

REFERENCES

Franke,D. Klitzke,P.,Barckhausen,U.,Berglar,K.,Berndt,C.,Damm,V.,Dannowski,
A.,Ehrhardt, A, Engels,M.,Funck,T.,Geissler, W., Schnabel, M., Thorwart,M.,and
Trinhammer, P., Polyphase magmatism during the formation of the northern East
Greenlandcontinentalmargin.Tectonics2019.doi: 10.1029/2019TC005552.

Gernigon, L., Franke, D., Geoffroy, L., Schiffer, C., Foulger, G., Stoker M., Crustal
fragmentation,magmatism,andthediachronousbreakupoftheNorwegian-Greenland
Sea,Earth-ScienceReviews(inpress),doi:j.earscirev.2019.04.011.

Horni,J.A.,J.R. Hopper, A.Blischke, W.H. Geisler, M. Stewart, K. McDermott, M.
Judge,O Erlendsson,andU Arrting RegionaldistributionofvolcanismwithintheNorth
Atlanticlgneous Province, in Geological Society Special Publication 2017, pp. 105—
125,doi:10.1144/sp447.18.

Peace, A.L., Phethean, J.J.J., Franke, D., Foulger, G.R., Schiffer, C., Welford, J.K.,
McHone,G. Rocchi,S.,Schnabel,M.,andDoré,A.G., AreviewofPangaeadispersal
and Large Igneous Provinces — In search of a causative mechanism: Earth-Science

Reviews2019,p.102902,doi: 10.1016/|.earscirev.2019.102902.

Schiffer,C.,Doré A.G. FoulgerG.R. Franke D. GeoffroyL. Gernigon L. Holdsworth,
B., Kusznir, N., Lundin, E., McCaffrey, K., Peace, A., Petersen, K.D., Phillips, T.,
Stephenson,R.,Stoker,M.S.,andWelford,K.,2019,StructuralinheritanceintheNorth
Atlantic, Earth-Science Reviews (in press), p. 102975, doi: 10.1016/j.
earscirev.2019.102975.

288



MSMé68

KNIPAS — EXPLORING ACTIVE SEAFLOOR SPREADING AT
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SEISMICEXPERIMENTONKNIPOVICHRIDGE
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KNIPAS constitutes one of the largest ocean bottom seismometer (OBS) experiments
conductedonmid-oceanridges.Anetworkof260OBSdistributedoveradistanceof1 60
kmalongtheultraslowspreadingKnipovichRidgerecordeditsearthquakeactivityfora
period of up to 13 months (Fig. 1). The instruments stem from the DEPAS pool (27
instrumentsat23locations)andthePolishAcademyofSciences(3locations)andwere
deployedduringtwocruisesof RV PolarsternandHoryzontllasacollaborative effort
betweenAWI theUniversityofPotsdamandthelnstituteofGeophysics,PolishAcademy
ofSciences. MSM680onRVMariaS.Meriansuccessfullyrecoveredall27DEPASOBS
inOctober 2017 and conducted comprehensive high-resolution mapping of the ridge

topography.

ThekeyscientificaimofKNIPASistounderstandhowthelittleamountsofmeltspresent

atthe slowest spreading mid-ocean ridges on Earth are steered towards isolated but
pronounced volcanic centres and rise there through a thick lithosphere. In addition,
KNIPAS investigates how a strongly oblique mid-ocean ridge is segmented and what
kindofactivespreadingprocessesoperateinmagmacontrolledandinmagma-starved
segmentstoproducetheanomalousoceaniclithosphereofultraslowspreadingridges.

SincetherecoveryoftheOBSweconductedlaboriousprocessingtodeterminetheclock
driftofthe OBS recorders, the orientation of the seismometers atthe seafloor and to
identify, extractand pickthe P-and S-phases of about20.000 local earthquakes. 2D
refraction seismic profiles of Logachev seamount gave preliminary seismic velocity

profiles. Apreliminarylocationofthe 1000bestrecordedearthquakes(Fig. ) clearly
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indicates an undulating base of the mechanical lithosphere, with different maximum
earthquakedepthsindifferentspreadingsegments. Deepearthquakesareinparticular
seen where oblique axial volcanic ridges meet the flanks of the rift valley. Logachev
Seamountshowsaprominentseismicgap, indicating potentiallyaregionof melt. Two
seismic swarms were recorded at Logachev Seamount that may testify to ongoing
magmatic activity and open interesting research opportunities. We expect that the
seismicitypattern theamountothigh-qualitylocalandteleseismiceventsrecordedbythe
networkwillsupportacomprehensiveanalysisofspreadingprocessesandlithospheric
structureastheprojectproceeds.

Aproblem forthe KNIPAS OBS network thatwas not anticipated were strong ocean
bottomcurrentsthatseriouslyaffectedtherecords(Fig.2). Thecurrentsreachvelocities
ofupto20cm/secandleadto Karmanvortexshedding and strumming atthe head
buoyandtheflagpoleofthe OBS.Thisproducedpronouncedharmonictremorsignals
onallseismometerchannelsinafrequencybandofabout! —10Hzobscuringearthquake
arrivalsintimesofstrongtremor. Weextractedthefundamentalfrequencyofthetremor
in the entire network for the duration of the survey and reconstructed ocean bottom
currentvelocitiesandtheirvariationintime and space. Measureshave beentakento
avoidthisprobleminfuturesurveys.
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Fig.1:Preliminarylocationofthehypocentresofthe 1000bestrecordedearthquakesoftheKNIPASdataset. Numbered
trianglesrefertooceanbottomseismometerpositions.
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Fig.2:Spectrogramsof24hoursofdatafromstationKNR 12showingthe4OBSchannels. Theharmonictremorsignal
causedbycurrentsactingontheOBSisclearlyvisible.Anincreaseintremoramplitudeisparticularlyevidentonchannel
BH2around20:00connectedalsowithdifferentfrequenciesthatmaypointtoanadditionalvibratingsource. Dotsand
panels with dotsindicate the performance of the tremor detection algorithmin finding the fundamental frequency of

harmonictremorsignals.
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MSMé68/2*

REFERENCEDATAFORTHEATMOSPHEREANDOCEANFROM
THE ATLANTIC: NEW OPPORTUNITIES FROM EXPEDITION
MSMé68/2

Max-Planck-InstituteforMeteorology | Hamburg,Germany
StephanieFiedler*

*Nowat:UniversityofCologne, InstituteforGeophysicsandMeteorology, Cologne

We used the North Atlantic expedition MSM68/2 with RV MARIA S. MERIAN from
Emden to Mindelo, Cape Verde, for measurements in the atmosphere and ocean to
extend the record of reference data in regions, where the observational network is
sparse. Wedocumentsomeofourresearchinstrumentsonboardwiththeimagegallery
inFigure 1, rangingfromanovelcloudobservatoryonthepiledecktowell-established
oceanmeasurements.

Cloud observarary on pile deck Measurement of cloud imager Deployment of ARGO float CTD on the day of the dust storm (CVOO)

Fig. 1:SomeoftheusedinstrumentsaboardRVMARIAS. MERIANduringMSMé68/2.

Despitetherather shortduration ofthe expedition with justtendays at sea, the multi-
disciplinary team of MSM68/2 had a number of successes helping to shape and
advancetheirscientificresearch.Theseare:

(1) theoppor tunitytoobserveandsubsequently studyanimpressivedesert-duststorm
from North Africa with the measurements from MSM 68/2 (Fiedler, 2018) and
high-resolution model simulations. The simulations and in-depth analysis of the
developmentofthedustoutbreakisamajorpartofanewPhDstudentprojectatthe

DesertResearchinstitute, USA, incollaborationwithS.Fiedler.
(2) thedeployment,operationandprototypeanalysisofthenew'Pinocchio’cloudimager
duringMSM68/2.Theinstrumentisinstalledonthepiledeckrecordsimagessince

ourexpeditionsuchthatwehavenowadatasetofafewyearsavailableforthefurther
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developmentoftheretrievalsoftwareandmorecomprehensiveanalysesforanovel
Marine Cloud Statistics (MCloudS). This work will be continued as undergraduate
studentprojectattheUniversityofColognesupervisedbyS.Fiedler,

(3) the surprisingly many sightings of marine mammals for extending the regional

databaseofPLOCANdespitepoorobser  vationalconditionsbyS.Neves,

(4) the innovative under way measurements of seawater alkalinity and subsequent

analysesshapingthePhDprojectofK.SeelmannfromGEOMAR, and

(5) theuniquemeasurementsofsunlightspectrawithanewMAX-DOASinstrumentthat
ispar tofresearchforobtainingthePhDdegreeofS. Donnerandcontributestoa
largerdatabaseattheMax-Planck-InstituteforChemistry.

We further extended the observational records of aerosol optical properties for the
Maritime AerosolNetwork (MAN)of NASA’'s AeroNetprogram, graphicallydisplayed
inFigure 2, of rainfall for the OceanRAIN network of the University of Hamburg, of
oceanmeasurementsfortheglobalArgoprogrambydeployinganewfloatforBSH,and
fortheCapeVerdeOceanObservatorybyperformingaCTD,aswellasofbathymetry
dataforGEOMAR.Twoyearsaftertheexpedition, wehaveusedthenewdatainPhD
research theses, wrote first journal publications on the results, and published a
comprehensivebookonthescientificworkofMSM68 /2inthereportseriesoftheMax-
Planck-InstituteforMeteorology(Fiedler,2018).Scientificallyusingthecollecteddatais
ongoingworkbythescientificteammembersofMSM68/2andothers.

Fig.2:MeasurementsoftheaerosolopticaldepthfromMSM68/2 Largervalues(yellowandpink)marktheoccurrence
ofdustaerosolsfromNorthAfrica.
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MSMé69

STRUCTURE OF OCEANIC LITHOSPHEREASAFUNCTION OF
GEOLOGICALTIME: EVIDENCE FOR CRUSTALAGEING AND
EPISODICITIESOFCRUSTALACCRETION

GEOMARHelmholtzZentrumfirOzeanforschung | Kiel, Germany
|.Grevemeyer,K.Growe,C.Papenberg,L.GémezdelaPefa

InstitutdePhysiqueduGlobedeParis, UniversitedeParis | Paris, France
S.Singh,V.Vaddineni

FachbereichGeowissenschaften, UniversitcitBremen | Bremen, Germany
H.Villinger,N.Kaul

The oceaniclithosphereiscreated by seafloor spreading atmid-oceanridgesand
coversapproximately57%oftheEarthsurface.Propertiesoftheoceaniccrust-like
itsthicknessandlowercrustalvelocity-areinherentlyrelatedtotheformationofthe
plateandcanbeusedtoinferperiodicitiesincrustalaccretionwhenmovingaway
from the spreading ridge. After its formation the shallow lithosphere or crust is
affectedbyhydrothermalcirculationinthe uppermostpermeablecrustovertensof
millionsofyears.Inturn, heatisremovedfromthelithospherebycirculatingseawater
and mineral precipitation modifies and seals open void spaces, affecting the heat
loss,seismicvelocity,andcompositionofthecrust.Inaddition, thelithospherecools
and thickens with age, resulting in the well-known subsidence of the seabed,
decreasingheafflow,geoidheight,andincreasingseismicvelocitiesintheuppermost
mantle. While the formation of crust and lithosphere at the spreading ridges is
reasonably well studied, little is known abouthow crustal accretion changed over
time and how crust and lithosphere change when being carried away from the
underlying heatsource. Understanding how lithosphere evolves with age isthusa
major challenge in Earth sciences. In the equatorial Atlantic, MSM69 provided
seismic data from an 1100 km long transect, call PO1, surveying age-dependent
featuresofthelithosphere,revealingcrustalstructureandmantleproperties,including
maijor lithospheric boundaries like Moho and decaying heat flow; 71 OBS were
deployedalongtheseismictransect.
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Fig.1:The1100kmlongtransectshotduringMSMé9superimposedonGermany.

Crustal structure revealed along PO1 is on average approximately 5.5 km thick and is
therefore much thinner than the 7 km reported by White etal. (1992) for the Atlantic
Ocean. However, crustal thickness shows considerable variations, being with 4-5 km
thinnestat800to 1 000kmawayfromtheridgecrestandwith7to%kmthickestat5 50to
700kmfromtheaxis. Further, lowercrustalvelocityislowestattheridgeaxis, increasing
withdistanceandprobablyagefrom<6.8km/sto~7km/sroughly300kmawayfrom
theaxis.Mostinterestingly,thedomainifthethickestcrustprovidesreasonablyslowlower
crustalvelocity,suggestingthatvariationsincrustalthicknessmightbecontrolledbymantle
heterogeneitiesratherthanbeingrelatedtovariationsofmantletemperature. Inaddition,
upper crustal velocity increases with age, indicating hydrothermal sealing of open void
space.Heatflowanomaliessupportavigoroushydrothermalcirculationsystemalongthe
entiretransect,revealingstrongheatflowvariationsatalllithosphericages.

Fig.2:TrackchartofMSM69
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Fig.3:BathymetircmapandbathymetricprofilewithOBSofprofilePO1

Thesstructure oflarge-offsettransform faults and fracture zones associated with the
Mid-Atlantic Ridge studied before the 1990s exhibits anomalous crustal structures
thatfallwelloutsidetherangetypicallyobservedfornormaloceaniccrust, bothin
thicknessandinternalstructure. Thegeologicalnatureoftheseismicallyanomalous
crustandhowthiscrustforms, arestillamatterofdebate. Oneinterpretationisthat

the crustwithinNorth Atlanticfracture zonesconsistsof athin, intensely fractured,
andhydrothermallyalteredbasalticsectionoverlyingultramaficsthatareextensively
serpentinizedinplaces. (Detricketal., 1993).Fornearlythreedecades, fransform
faults and fracture zones garnered little attention. However, during MSM69 we
surveyedtheSt.Paulfracturezonenear 18°W,; 14ocean-bottom-seismometersand
hydrophones sampled seismic shots fired along a 140 km long seismic profile,
runningwithinthe ~10kmwidevalley ofthe fracture zone, thatseparates 40 Ma
crustinthe southwith7OMacrustinthenorth. Seismicrefractionand wide-angle
data provided both first arrival refracted P-waves and wide-angle reflections.
Furthermore,aclearPnrefractionbranchwiththeapparentvelocityof~8km/shas
beenobserved.JointrefractionandreflectionftomographicinversionofP-wavetravel
times supports a seismic structure, which is heterogeneous, but shares common
featureswith4-5kmthicknormaloceaniccrust,supportingamagmaticoriginofthe
crust.Boththeobservedreflectionsfromthecrustmantleboundaryanduppermantle
P-wavespeedof~8km/sprovidelitleevidenceforlargequantitiesofserpentinites
beingdistributedthroughthecrustanduppermantle.
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MSM69*

STRUCTUREOFJUVENILEANDMATUREOCEANICLITHOSPHERE
ALONG | AN 1100 KM LONG SEISMIC TRANSECT IN THE
EQUATORIALATLANTICOCEAN
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InstitutdePhysiqueduGlobedeParis, UniversitedeParis | Paris, France
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The velocity structure of the oceanic crustformed by seafloor spreading atmid-ocean
ridges is inherently associated with mantle melting. The amount of melt produced by
adiabaticdecompressionofthemantleandthecompositionoftheresultantigneouscrust
dependonthetemperature,composition,andwatercontentofthemantlesource(e.g.,
Korenagaetal.,2002). Normal oceanic crustwith athickness of 6~7 km and Mid-
OceanRidgeBasalt{MORB)likecompositionistheresultofdecompressionalmeltingof
amantlesourcecomposedofdrypyrolitewithamantletemperatureof~1300°C.Thus,
crustal formation occurs as passive response to seafloor spreading (i. e., passive
upwelling).Highermantletemperaturesorcompositionalanomaliesmaycausebuoyant
upwellingofthemantle(i.e.activeupwelling). Thecombinationofactiveupwellingand
highermantletfemperatures,orthepresenceofamorefertilemantlesource, willproduce
largeramountsofmeltingand, likely, athickercrust. Ifformedbymeltingofapyrolytic

mantle, thickercrustisassociatedwithfastlowercrustalvelocity.

Theformationofcrustandlithosphereatspreadingridgesisreasonablywellstudied,
however littleisknownabouthowcrustalaccretionchangedovertimeandhowcrust
and lithosphere change when carried away from the underlying heat source.
UnderstandinghowlithosphereevolveswithageisthusamajorchallengeinEarth
sciences.InNovemberandDecemberof2017,weacquiredinajointGermanand
Frencheffortan1100-km-longtransectintheequatorial AlanticOceanaboardthe
German research vessel MARIA S. MERIAN (MSM&9). The profiles runs from
12.8°W/2.8°S, for 75 km on the South American plate, crosses the Mid-Atlantic
Ridgeandterminatesat3.2°W/0.7°S, roughlycoveringzero-agetoapproximately
50Myroldlithosphereofthe African plate. The seismicrefractionand wide-angle
transectwascoveredwith7 1 Ocean-Bottom-Seismometersandhydrophonesspaced
at10to20kmintervals. Theprofilewasshotatanincreasedintervalof210sto
decrease the shotinduced-level, improving signal-noise-ratio and providing an
averageshotspacingof410m.
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Weusedajointreflectionandrefractiontomography(Korenagaetal.,2000) revealing
the crustal and mantle P-wave velocity structure and the geometry of the crust/mantle

boundaryand,inturn,crustalthickness.

Alongthefransect,seismictomographyindicatesanaveragecrustalthicknessof5.5km.
Thus, crustis much thinner than found elsewhere in the North Atlantic where crustis
reportedtobeinthe orderof 7 km (White etal., 1992). However, crustal thickness
revealsconsiderablevariationsalongPO1,beingwith4-5kmthinnestattheeasternend
ofthecorridor,about800to 1000kmawayfromtheridgecrest,andwith7to9km
thickestat550to7 00kmfromtheaxis.

Further, seismic velocity indicates age-dependent features, including a lower crustal
velocitythatislowestattheridgeaxis, increasingwithdistanceandprobablyagefrom
<6.8km/sto ~7 km/sroughly 300 km away from the axis. Most interestingly, the
domainifthethickestcrustprovidesreasonably slowlowercrustalvelocity, suggesting
thatvariationsincrustalthicknessmightbecontrolledby mantle heterogeneitiesrather
than beingrelatedtovariations of mantle temperature. Mantle velocity increases with
distancetotheridgeaxisfrom<7.7km/satthecrestto>8.0km/saslithosphereages.
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MSM69*

AMBIENT NOISE CORRELATION FUNCTIONS AT THE MID-
ATLANTICRIDGE: CONSTRAINTSFROM 10 DAYS OF OCEAN-
BOTTOM-HYDROPHONEDATA

GEOMARHelmholtzZentrumfirOzeanforschung | Kiel, Germany
|.Grevemeyer,D.Lange,C.Papenberg

InstitutdePhysiqueduGlobedeParis, UniversitedeParis | Paris,France

S.Singh

Seismicobservationsbasedoncross-correlationsbetweenpairsofstationshaveconfirmed
thetheorythatcross-correlationofdiffusivewavefields,e.g.,ambientnoiseorscattered
codawaves,canprovideanestimateoftheGreen’sfunctionbetweenstationsandthuscan
beusedtoyieldconstraintsonthestructureoftheEarth’sinteriorusingsurfacewaves.In
general theemergenceoftheGreen'sfunctionisefficientonlyaftersucientaveragingthat
isprovidedbyrandomspatialdistributionofthenoisewhenconsideringlongtime-series
(ShapiroandCampillo,2004;Stehlyetal.,2007).Here,however,weuseonly 10days
ofambientnoisecorrelationfunctionsobtainedduringthecruiseMSM69ofRVMARIAS.
MERIANGattheequatorialMid-AtlanticRidgetoshowthatGreen'sfunctionsmayemerge
afterafewhoursusingWelch'smethod(Seatsetal.,2012).
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Fig.1:Waveformexampleofcross—orrelationfunctionsobtainedusingWelch’smethod,dividingambientnoiserecords

into 1 hlongoverlappingtimewindows(overlapof20%);alltracesarehydrophonedata. Bottomtrace-sumofdaily
traces;uppertentracesaredailystacks.

301



TheGreen'sfunctionisband-limitedinthe frequncy domainofsecondary microseisms
(periodsof~2sto9s),representingakindofwaveguideorScholtewave.Groupand
phasevelocityderivedfromtheobservedcross-correlatedwavetrainsindicateastrong
dependenceonthewaterdepthandaveragewatervelocity. However,cross—correlation
functionsalsocontainstructuralinformationreflecting the structure ofthe oceaniccrust
andtheuppermostmantle.Unfortunately, uncertaintiesofgroupandphasevelocityare
stilltoolargetoyieldclearsignals, forexample, reflectingcrustalageing. Longertime-
seriesofafewweeksormonthsmayproviderobustestimatesandperhapslongerperiod
signalsfromprimarymicroseisms,carryingstructuralinformationfromtheuppermantle.
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ONSETANDMODIFICATIONSININTENSITYANDPATHWAYSOF
WATER MASS EXCHANGE BETWEEN THE SOUTHEAST PACIFIC
AND THE SOUTH ATLANTIC WITH FOCUS ON THE FALKLAND
PLATEAU

Alfred-Wegener-InstitutHelmholtz-ZentrumfirPolar-undMeeresforschung |
Bremerhaven,Germany
B.Naijjarifarizhendi,G.Uenzelmann-Neben

MARUM ,UniversitatBremen | Bremen,Germany
T.Westerhold

TheopeningofDrakePassageandtheScotiaSeaenabledtheexchangeofwatermasses
betweenthesouthernPacificandtheSouthAtlantic.Inthiswayheatandenergycouldbe
transferredbetweenthetwooceans.TogetherwiththeopeningoftheTasmanGatewaythis
allowedtheestablishmentofthe AntarcticCircumpolarCurrent(ACC)thermallyisolating
Antarctica, which has been considered as one of the major causes for the onset of
widespreadglaciation.BothtectonicmovementswithinDrakePassageandtheScotiaSea
aswellasmodificationsinclimatehaveledtochangesinintensityand pathway ofthe
ACCandthewatermassesflowingwithinit.TheonsetoftheACCandthosechangeshave
beendocumentedinsedimentarystructuresdepositedontheFalklandPlateau. Astudyof
the sediment drifts shaped by Circumpolar Deepwater, Weddell Sea Deepwater and
AntarcticBottomwaterwillprovideinformationonmodificationsofthecirculationresulting
fromtectonicmovementsandchangesinclimate. Agrid ofhigh-resolution seismicdata
collectedduringexpeditionMSM8 1withRVMariaSMerianwillallowthedecipheringof
the sediment drifts structures as well as their modification and reshaping and the
identificationandrelocationofdepotcentres.

Additionally,thedatawillformthebaseforasitesurveypackageforlODPproposal862

setonstudyingtheearliestphaseofwatermassexchangeviaDrakePassage.
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DISCOVERY OF WIDELY AVAILABLE ABYSSALBEDROCKREVEALS
OVERLOOKED HABITAT TYPE AND NEW ANGLES TO STUDY
DEEP-SEABIODIVERSITY

SenckenbergResearchlInstituteandNaturalHistoryMuseum, DepartmentMarine
Zoology,SectionCrustacea | FrankfurtamMain,Germany
T.Riehl(Correspondingauthor),A.Brandt

Goethe-UniversityofFrankfurt, InstituteforEcology,EvolutionandDiversity |
FrankfurtamMain,Germany
T.Riehl(Correspondingauthor),A.Brandt

GEOMARHelmholtzCentreforOceanResearchKiel | Kiel, Germany
A.-C.Wlfl,N.Augustin,C.Devey

SenckenbergamMeer, GermanCentreforMarineBiodiversityResearch(DZMB) |
Wilhelmshaven,Germany
P.MartinezArbizu

Theassumptionofagenerallyhomogeneous,sedimentedabyssalseafloor(Divins2003;
Glasby2007; Smithetal.2008; Thistle2003) isatodds withthefactthatthefaunal
diversity in some abyssal regions exceeds that of shallow-water environments (e. g.
McClainandSchlacher2015;Sanders1968;SnelgroveandSmith2002).

Habitat heterogeneity and species diversity are often linked; on the deep seafloor,
sediment variability and hard-substrate availability influence geographic patterns of
speciesrichnessandturnover(Levinetal.2001;LevinandDayton2009). Acorrelation
betweenhabitatheterogeneityandspeciesdiversityalsobeginstoemergeintheabyss
(see,e.g.,Cordesetal.2010;Durdenetal.2015;Levinetal.2010;Simon-Lledéetal.
2018;Steinetal.2014;Vanreuseletal.2010).

Hereweshow, usingaground-ruthedanalysisofmultibeamsonardata, thatthedeep
seafloormaybemuchrockierthanpreviouslyassumed.DatacollectedduringRVSonne
cruiseSO237fromatrans-AtlanticcorridoralongtheVemaFractureZone(VFZ) (Devey
etal.2018;Devey2015),coveringcrustalagesfrom0-100millionyears, showrock
exposuresoccurringatallcrustalages(Fig. 1).ExtrapolatingtothewholeAtlantic,over
260,000 km 2 of rock habitats potentially occur along Atlantic fracture zones alone,
significantlyincreasingourknowledgeaboutabyssalhabitatheterogeneity.
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Fig. 1:OverviewmapofBEDROCKstations(top)andhabitatcharacterization (below)ofthebiologicalsamplingareas
(SA).ThegreytopographyisbasedupontheGEBCOdataset. Thecoloredseafloorrepresentstheareasurveyedduring
50237 withhigh-resolutionbathymetricdataandhabitatcharacterization(below). Thecolorschemeindicatesthetype

ofseafloor.Biologicalsamplingareasrepresentinsularrockhabitatssurroundedbysedimentplains. Theywerechosen
fortheirisolatedlocationfromothersuchhabitatsanddistancefromeachother(10NM,50NM,and 500NMapart).

This higherthan-expected habitat heterogeneity implies that future abyssal benthic
sampling campaigns need to be considerably more sophisticated than at present to
capturethefulldeep-seahabitatheterogeneityandbiodiversity.

The proposedcampaign BEDROCK (BEnthos Diversityand habitatstructure caused by
abyssalhardROCK|targetstheserockhabitatsusinganinnovativesamplingdesignto

testthefollowinghypotheses:

(H1) the heterogeneousabyssalseacausesrestricteddistributionsandconnectivity,and

highturnoverinthebenthos;

(H2) speciestur noverandenvironmentalgradientscausedbyhardrockarepositively
correlated;

(H3) connectivity between populationsinhabiting supposedly isolated habitats (e. g.,
seamounts)isprovidedbyhard-rockpatchesintheabyss;

(H4) seafloor geologicalprocessesimpactbiologicaldiversityonthelocalaswellas
regionalscale.
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BEDROCK aimsatunravellingtheeffectsofthe widelydistributedrock patchesonthe
communitycompositionandevolutionoftheabyssalbenthos. Theinnovativebiological
samplingstrategies, involvingROVbenthossamplingand photographicsurveys, allow
studying the abyssal hard-rock fauna and the topology effects on adjacent sediment
variabilityandbiodiversity.Forsustainableoceangovernance, suchasthedesignation
ofmarineprotectedareas,orimpactassessmentsconnectedtodeep-seamining,abyssal
bedrockanditsroleinthedeep-sececosystemrequireconsideration.Thisstudycomprises
abaselineforthedevelopmentofmultibeamremotesensingstrategiesforhabitatand
biodiversityassessmentsinabyssaldepths.
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SO253

GEOCHEMICAL AND ECOLOGICAL IMPACTS OF HYDRO-
THERMALPROCESSESATTHEKERMADECINTRAOCEANICARC
(SWPACIFIC,CRUISESO253)
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ofOldenburg;UniversityofHamburg;MaxPlancklnstituteforMarineMicrobiology
inBremen | Bremen,Germany
AndreaKoschinskyandprojectpartnersofSO253

Hydrothermal systems along volcanic island arcs are different to those at mid-ocean
ridgesbecauseoftheirmostlyshallowwaterdepthandstrongmagmaticinputintotheir

fluids.Theirhydrothermalplumesoftenreachupintothephoticzone.

DuringtheR/V Sonnecruise SO253 atthe Kermadecintraoceanicarc, four different
hydrothermallyactiveworkingareasbetween250and1600mwaterdepth-Macauley,
Haungaroa,BrothersandRumblelll-werestudiedfortheirgeological ,geochemicalas
wellasbiologicaldiversity. Onespecificfocuswasontheroleofhydrothermalventsat
volcanicarcsfortheglobalelementalbudgetoftheoceanandforlocalchemicaland
biological processes in the water column and atthe seafloor. Hydrothermal fluids at
low-temperaturediffuseventsitesandfromhigh-temperatureblacksmokers,rocks,sulfide
mineralisations,Fe-Mnprecipitates hydrothermalplumeswithinthewatercolumnaswell
asdiversebiotaweresampled.Theresearchresultsoftheteamofprojectpartnersare

summarizedinthefollowing.

Datafromsampledhotfluidsclearlyshowthatthegeochemicalfluidcompositionisvery
variablebutbasicallydividesintotwotypes: onethatindicatesdistinctmagmaticinput
(Macauley, Brothers Cone) and another that shows evidence for intense water-rock
interactionunderhot,acidicconditions(Haungaroa,BrothersNWCalderaWall)(Kleint
etal.,2019).ResultsfromtheplumesurveysshowthatespeciallyFeandZnappearto
beverystableinthelaterallydispersingplume,possiblyduetoorganiccomplexation. At
theshallowestsamplingsite, Macauley (~300mwaterdepth), suchtracemetalseven
reachthephoticzone,wheretheycanactasmicronutrientsorpotentialtoxinstomarine

organisms.

Toevaluate the extent of mass transfer between hydrothermal fluids and the volcanic
basement rock, the overall geochemical composition of the volcanic rocks and
hydrothermal precipitates was characterized. Additionally, dissolved volatiles were

analyzed, in order to determine the influence of volcanic gases on the hydrothermal
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systems. High concentrationsof CO , together with volatile sulfur species confirm that
fluidsfromMacauleyandBrothers Conehavetakenupmagmaticvolatiles. Suchdata
was embedded in thermodynamic reaction path models and fluid-seawater mixture
models,whichwereabletosimulateboththefluidcompositionandthemineralsatthese
vents. Themodellinghasshownthatthemobilizationofmetals, suchasAl, Cu,Feand
Znisenhancedbythepresenceofsulfuricgases.Furthermore, themodelswereableto
predictthepresenceofextremelyhydrothermallyleachedrocks.Exactlytheserockswere
recoveredandanalyzedatthehydrothermalfieldatMacauleyvolcano.

The *He/“Heratiosatthevolcanoesvarybetween5.8andé.5Ra(atmosphericratio).
Themaximumobservedd 3Helexcess *He,ofprimordialorigin)atthenon-buoyantplume
levelareforRumblelll90%,Haungaroa83%,MacauleyConesite 144%,Macauley
Calderasite16%,BrothersConesite56%,BrothersNWCalderasite94%. Whilethe
systemsatBrothersandMacauleyCalderaappeartoberelativelystablesincethelate
1990s/early2000s,thed *HeatMacauleyConehasincreasedsignificantlysincethe
observationsduringtheNZASRoFexpeditionin2005.Thissitealsoshowedthehighest
recorded 83Heof445%inaweaklydilutedsample(pH=5.0)fromrisingplume, less
than1mabovethevent.

In accordance with differences in the chemical composition, hydrothermal fluids
discharging at each vent site studied are characterized by a distinct sulfur isotopic
composition. Combined & %S and A %S results for dissolved sulfide indicate SO
disproportionationand thus adistincicontributionofmagmaticsulfurtothehydrothermal
fluids atsome sites Other ventsites resemble a sulfurisotopic composition typical for
blacksmokerfluids.Thelatterindicatethermochemicalreductionofseawatersulfateand
fluidinteraction with the oceanic crustal rocks as prominentsulfur sources. Yet, highly
variable 534S values in the vent fauna indicate sulfur cycling presumably by

chemosyntheticsymbionts.

Theanalysisofshortlivedradium (Ra)isotopesinfluidsandplumesrevealedthatthey

can serve as important new tools to study horizontal and vertical plume dispersion
dynamics, astheseradioactiveisotopescanbeusedaschronometers (Neuholzetal.,
2019).UsingshortlivedRaisotopes, itwasfurtherpossibletopresentanapproachto

calculate the flux of hydrothermal fluids discharging from the NW Caldera Wall at
Brothersvolcano.

Dissolved organic matter (DOM) compositions clearly reflect the imprint of thermal
degradation occurring during hydrothermal circulation. Thereby variability between
samplesispredominantlycontrolledbythedegreeofdilutionoftheactualhydrothermal
fluid. Sampleswithhighhothydrothermalfluidcontributionexhibitonaveragealower
molecularmass,O/CandH/Cratioofthe DOMcompounds.Moreover,alowertotal
numberof compoundsisdetected, whichisinlinewith previousthermal degradation
experiments. Incubation experiments clearly showed anincreased bacterial growthin
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incubations with bulk thermally degraded DOM, while others containing only the
extractable DOM fraction (SPE-DOM) showed no additional growth compared to the
controlincubations (Hansen etal., 2019). Detailed characterization of the SPE-DOM
fractionrevealedthatnocompositionalchangesoccurredduringtheincubationrelated
tomicrobialgrowth. Theseresultsindicatethatthermaldegradationof DOMresultsin
significantfractionsofitbecomingaccessibletomicrobialutilization, however, itisan
unextractable fraction that becomes available while the extractable fraction remains
recalcitrant.

Themicrobialcommunitystructureanditschemosyntheticcapacitywasassessedthrough
incubationexperiments. ConsumptiontoCO  fixationratiosfrom Haungaroavolcanic
ashsedimentincubationsindicatedthatsulfideoxidationlikelyfuelledautotrophicCO
fixation.Transcriptanalyseswiththesulfide-supplementedsedimentslurriesdemonstrated
that Sulfurovum prevailed in the experiments, as was also the case in the natural
environment(Bdhnkeetal.,2019). Hence, theseincubation experiments appearedto
simulate environmental conditionswell, indicating that probably Sulfurovum catalyzed
sulfideoxidationdrivesbiomasssynthesisinthevolcanicashsediments.Incontrast, the
BrothershydrothermalfluidincubationsexhibitedhighestautotrophicCO Jfixationifthey
weresupplementedwithironorhydrogen.

Chemosynthetichydrothermalventsymbiosesincludedthreemusselspecies:Gigantidas
gladius had a wide distribution range from Macauley to Rumble Il in shallow to
intermediate water depths. Vulcanidas insolatus was limited to shallow waters in
Macauley Cone, while Bathymodiolus manusensis occurred only in intermediate and
greater water depths at Haungaroa and Brothers. Each of these mussel species is
associated with species-specificendosymbioticsulfur-oxidizing SUPO5 bacteriaintheir
gills.Stablecarbonisotopesignaturesofmusseltissuesfromallthreehostspeciesranged
inthesocalled”30%ogroup” ofventmusselsthatliveinsymbiosiswithsulfur-oxidizing
bacteria indicating that all three Kermadec species primarily rely on chemosynthetic
primary production of their symbionts. G. gladius and B. manusensis additionally
regularlyharboredspirochetesintheirgills. Similarbacteriahavenotbeenobservedin
othervenitandseepmussels,andpreliminarymetagenomicdatasuggesthesespirochetes
areheterotrophicandhost-specificintracellularparasites.

Whereasthemicrobialcommunitiesatsomeventsiteshadalreadybeencharacterized
before(e.g.Brothers),others(Haungaroa,Rumblelll)havebeenvisitedforthefirsttime
fortargeted microbial sampling. Acomparative 16S rRNA gene diversity analysis of
plumesamplesrevealedahighproportionofSUPO5-cladebacteriainplumesatBrothers
andMacauleyvolcano,verifiedbyfluorescenceinsituhybridization.However, thehigh
abundanceofthisgroupinironrichplumesoftheNWcalderaatBrothersvolcanoand

of a distinct subgroup in plume at Macauley was striking. Targeted re-assembly of
metagenomesfrombothsitesrevealed6SUPO5bins.Theiranalysisrevealedthealready

knownmetabolictraits.
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Comparedto mid-oceanridges, hydrothermal vent systems atintraoceanic arcs are
located in shallower water depth. Therefore, their hydrothermal plumes may reach
surfacewatersanddirectlysupplyessentialmicronutrientsintothephoticzone,suchas
FeandZn,whichareusuallystronglydepletedinsurfacewaters.
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During the R/V Sonne cruise SO253 in 2016/2017, hydrothermal fluids and
correspondingplumesinthewatercolumnweresampledatfouractivevolcanoesalong
theKermadecintraoceanicarc:Macauley, Haungaroa, BrothersandRumblelll (Figure
1a). Water depths ranged between 300 m and 1700 m. Samples were taken from
diffuse-flowsitesaswellasfromwhiteandblacksmokers-richinmetalsandgases—
withdischargetemperaturesashighas3 11°C(Figure1bandc).Theirfluidcomposition
isveryvariablebutbasicallydividesintotwotypes:onethatindicatesdistinctmagmatic
input and another that shows evidence for intense water-rock interaction under hot,

acidicconditions.
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Fig. 1:a)Mapshowingtheactiveandinactivehydrothermalsitesalongthe Kermadecarcwiththeworkingareasof
research cruise SO253 (Macauley, Haungaroa, Brothersand Rumble ll) highlighted by dashed boxes (Kleintetal.,
2019).b): SampledblacksmokeratBrothersNWCaldera Wall;c)asampledwhitesmokeratMacauley. Copyright:
Marum,UniversityofBremen.

Fluid samples from Macauley, the shallowest sampling site (~ 300 m), had Fe
concentrationsashighas 1.7mM, Alconcentrationsupto 122 pMandH ,Supto10
mMatapHofonly 1.2.AtBrothers, thedeepestsamplingsite (downto 1600m),we
identifiedtwodifferentfluidtypes: 1) Amagmatically-influencedtypeatthe Upperand
LowerConewithhighesttemperaturesof 115°C, upto95.6 mMMg (the highestMg
concentrationmeasured influidsfromintraoceanicarc systems sofar), elevated SO )
(76.9mM),highH ,S(5.0mM),butFeconcentrationsofonly 1 5pMand2)Afluidwith
lowMg(5.4mM) JlowH  ,S(1.1TmM) temperaturesreaching3 11°CandhighFecontents
(12.4mM)attheUpperCalderaandNWCalderaWall typicalofablacksmokerfluid.
Chlorideconcentrationsinallfluidsweresimilar,orhighlyenrichedwhencomparedto
seawater (e.g.upto787 mM, brinefluids), withalsoonelow-chlorinityvapour-phase

2-
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fluidsamplerecovered,indicatingthafphaseseparationisoccurringaBrothers.Unusual
highly elevated Mg concentrationsin fluids from the BrothersLower Cone (95.6 mM,
comparedo53.2mMinambienseawaterlcombinedwithhighlyelevatedconcentrations
ofSO % (76.9mM, comparedto29.0mMinambientseawater)indicatedissolutionof
MgandSO  *bearingmineralsinthesubsurface,suchascaminite(Kleintetal.,2019).

Plume surveys at the shallowest sampling site Macauley (~ 300 m) indicated strong
plumesignalsfordissolvedFe,Mn,CuandZn(upto1.2pM, 1pM, 160nM, 150nM,
respectively)closetothesourcein300mwaterdepth. Withdistancefromthevent, the
metalconcentrationsdecrease, astobeexpected, however,Zn/Feratiosincrease(from

0.12closetothesourceto~2.3inafewkmdistance).
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Fig.2:DissolvedFeconcentrationsfordifferentCTDcastsovertheBrothersvolcanotogetherwithdelta3Heandturbidity
data. NoheliumandturbiditydataareavailableforTMR casts (070 TMR and 060 TMR). Turbidity and heliumdata
shownfor083TMRweretakenfromanequivalentCTDcast(082CTD)atthesameposition. Thegreyareasindicate
plumedepths.From:Neuholzetal.,submittedtoFrontiersinMarineScience.

lfisknownthathydrothemalFeisstabilizedinitsdissolvedformbyorganicandinorganic
ligandsorinnanoparticularformandmaytherebybetransportedoverlongdistances,
contributingtotheglobaloceanicFecycle. AtMacauley, thepersistenceofadistinctZn
plumesignalwithdistance fromthe sourcemay be duetohighersolubilityof Znand
possibleadditionalstabilizationthroughorganiccomplexes.likely. SimilartrendsforFe
andZnwerealsoobservedatBrothersVolcano, wheremultipleplumedepthscouldbe
characerized (Figure 2) and traced over 12 km. AsBrothers Volcanoislocated ina
deeper water depth (~1600 m) compared to Macauley (~300 m), a transport of
hydrothermallyderivedtrace metalsfromBrothersintothe photic zoneisnotvery Our
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datashowhowhighlydiverseandvariableisland arcsystemscanbewith respectto
theirfluidchemistry, both spatiallyandtemporally. Thehigherrangeinfluid chemistry
togetherwith shallowerwaterdepthimpliesthatthefluidsfromintraoceanicarcsmay
contributeasignificantfractionofdissolvedmetals(especiallyforFeandZn)notonlyto
the global oceanic biogeochemical cycle but also into the photic zone, the area of
highestbioproductivity(asseenforMacauley).
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DuringcruiseSO253threehydrothermallyactivevolcanoesalongthesouthKermadecarc
havebeensampledfovolcaniaocks hightemperaturehydrothermafluidsandhydrothermal
precipitates. ThethreevolcanoesBrothers, HaungaroaandMacauley (Figure 1) aregreat
examples fo illustrate the diversity of arc hydrothermal fluids and different subsurface

processesaffectingtheircompositionsandmineralizationinthesearcenvironments.

Brothers volcano hosts the two hydrothermal endmember types of high-temperature
hydrothermal fluids found along arcs (seawater-dominated and acid-sulfate type), in
closeproximity. Ventfluidshave beensampledbyusduringtwoexpeditions (SO253,
GermanandTN350,US)usingisobaricgastightsamplers(Seewaldetal.2001).The
systematics of these components show that the two hydrothermal systems at Brothers
volcano (NW Caldera and Cone sites) vent fluids with strongly different chemical
compositions. AtnorthwestCaldera, fluidsarerelativelyrichinH ,,CH ,,CO ,andH _S.
TheConesitesareextremelypoorinH ,andCH , butextremelyrichinCO ~ ,andH _S.
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FortheNWcalderaaclearcorrelationbetweenClanddissolvedvolatiles(bestforCO
showsatrendofphaseseparationasaresultofrisingfluidsundergoingboiling(Fig. 1).
Furthermore,H ,activitiesformostfluidsdonotmatchthemostcommonbufferreactions
thatusuallycontroltheH ,concentrationsinhydrothermal reaction zones (Fig. 2). This
mismatchcanmostplausibly beattributedtotheinfluence of phase separation, which
changesthegasconcentrationsintherisingfluids. foundtobeconsiderablybelowthe
boiling curve. Microthermometricinvestigations of fluidinclusions of samples from the
NW Caldera confirmthe impression gained from ventfluid compositionsand givea
broaderrangeofsalinitiesandtemperaturesthanthefluidsamplesdo.Inclusionsrecord
awiderspectrumofsalinities, fromnearlyOtoabout8wt.%NaCleq.andtemperatures
0f220t0352°C|i.e.theboilingtemperatureattheambientpressureoftheventsites).
Mostsalinefluidinclusionsmaybeproducedbythemobilizationofsequesteredbrines
thatare mobilized afterthe Calderacollapsed (deRondeetal. 2019). These findings
suggestthatmostofthefluidsattheNW Calderaarepresentlyboilingatdepthwithin
theCalderawallandmixingwithseawatermustoccuratshallowerdepths.

Volatile concentrations at the Cone sites of Brothers volcano tell a story of magmatic
degassing. Concentrationsof CO ,andH ,Sdoneithercorrelate withMg (astracer for
seawatermixing),norwithCl(astracerforphaseseparation, cf. Figure3). Theresulting
conclusionisthatthesespeciesaredirectlyproducedbythedegassingofvolatilesfroma
magmaticsource.Thermodynamicreactionpathmodelshowthatthecontributionof CO
andSO tothereactionzonecanexplainabroadspectrumofthechemicalpropertiesof
theConefluids(especiallytheUpperCone). AddingSO Ltothereactionzonemakesthe
fluid become extremely acidic (pH<<2),richinSO ,andMg (Fig. 3). High Aland Zn
concentrationsfoundinthesefluids(Kleintetal. 20 19)arepredictedbythemodel. These
hydrothermalsystemsarehencedirectlylinkedtotheexportofmetalsintotheocean.

Therareearthelements(REE)dataofthefluids(Kleintetal.,2019)couldalsobeexplained
usingthermodynamicreaction pathmodels (Fig. 4). TheflatREE patterntypical foracid-
sulfatetypefluidsisaconsequenceofelementspeciationandtheirresultingsolubilities.The
acidicandmoreoxidizingconditionsinacid-sulfatetypefluidsleadtoapredominanceof
sulfate-complexed or free REE. Under these conditions all REE show a similar solubility
behavior.Thisspeciationresultsinthetypicalunfractionated-andhenceflat-REEpatterns
for acid-sulfate type hydrothermal fluids found at Brothers Cones and Macauley. In the
seawater-dominatedsystemsofNWCalderaatBrothersvolcanoundHuangaroa, thelight
REEareclearlyCl-complexed, whereasheavyREEtendtobesulfate-orhydroxy-complexed.
Eustandsoutbybeingexclusivelychloro-complexedduetotheexceptionalstabilityofthe
[EuCl,]? complex in these fluids. This behavior leads to enrichments in light REE and
depletionsinheavyREEandthepronouncedEuanomalyforblack-smokertype(seawater-

dominated)systemsfoundatBrothersNWCalderaandHaungaroavolcano(Fig.4).

Overallourinvestigationsdemonstratethatthedegassingofmagmaticvolatilesandphase
separationprocessesinintraoceanicarchydrothermalsystemscreateachemicaldiversityin
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hydrothermalfluidsthatisnotdisplayedbyhydrothermalsystemshostedinmid-oceanridge
seftings.Besideswater-rockreactions,phaseseparationandmagmadegassingbothexerta
primarycontrolonventfluidcomposition.Thelatterdominatescompositionsofventsystems
hosted in resurgent domes at Brothers and Macauley volcanoes. Tectonically controlled
seffings(here:NWCaldera)lackthismagmaticdegassiveinflux.Forestimatesoftheglobal
relevanceofthesearchydrothermalsystemsinglobalelementbudgetsbetweentheocean
andthelithosphereanimprovedunderstandingoftherelativefrequencyofthetwotypesof
systemsisrequired.
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Kermadec Archydrothermalvents occurinawide depthrange between 300 mto >
1500m, andbathymodiolinemusselslivinginsymbiosiswithchemosyntheticbacteria
aredominantfaunaatthesevents. Littleisknown aboutspeciescompositionsandthe
natureofmusselsymbiosesindifferentwaterdepthsandalongthevolcanicare.

WecollectedthreemusselspeciesathefoursubmarinevolcanoesMacauleyHaungarog,
BrothersandRumblelllalong660kmoftheKermadecarc: Gigantidasgladiushada
widedistribution range from Macauley to Rumble lllin shallow to intermediate water
depths(300-700m).Vulcanidasinsolatuswaslimitedtoshallowwaters(300m)atthe
MacauleyConevolcano,whileBathymodiolusmanusensisoccurredonlyinintermediate
and greater water depths (700-1500 m) at Haungaroa and Brothers. Each of these
musselspeciesisassociatedwithspecies-specificendosymbioticsulfur-oxidizingSUPO5
bacteriain their gills. G. gladius and B. manusensis additionally regularly harbored
spirochetesintheirgillcells. Similarbacteriahavenotbeenobservedinotherventand
seep mussels, and preliminary metagenomic data suggest these spirochetes are
heterotrophicandhost-specificintracellularparasites.

Stablecarbonisotopesignaturesofmusseltissuesfromallthreehostspeciesrangedin
thesocalled “30%ogroup” ofventmusselsthatlive in symbiosis with sulfur-oxidizing
bacteria. This indicated all three Kermadec species primarily rely on chemosynthetic
primaryproductionoftheirsymbionts,andphototrophicallyproducedcarbondoesnot
play asignificantrole in their nutrition even in shallow water depths. Sulfur isotopic
signaturesintissuesmatchedthoseofthehydrothermalfluidsorwereevenmoredepleted
in34Ssuggestingsulfurcyclingbythebacteria.
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Marinedissolvedorganicmatter(DOM|constitutesamajorreservoirofreducedcarbon
intheworld’soceansanditisofkeyimportancefortheglobalcarboncycleandmarine
heterotroph life (Dittmar and Stubbins, 2014; Hansell et al., 2009). While DOM
represents a highly complex mixture of hundreds of thousands of different molecular
compounds, a major fraction ofthe DOMthataccumulated in the deep oceantoday
appearstoresistdegradationincontextofthermohalinecirculationandbyheterotroph
microorganisms (Carlson and Hansell, 2015; Jiao etal., 2010; Zark etal., 2017).
Recentstudiesshowedthatthermaldegradationwithinhydrothermalsystemscanbea
majorthinkforthisrecalcitrantDOMfraction effectivelycontrollingthelong-termstability
ofthemarineDOMbudget(Hawkesetal.,2015).Experimentscouldfurtherdemonstrate
thatthesubjectiontoelevatedtemperaturesresultsinamajorcompositionalmodification
of DOM,, evenreturning fractions of itaccessible to marine microbes (Hansenetal.,
2019; Hawkes et al., 2016). In addition, hydrothermal DOM involving organic
complexationislikelyakeymechanisminsupplyingessentialtraceelementstomarine
lifeintheopenocean(SanderandKoschinsky,201 1) Despitethissignificance,veryfew
studiesexistthatcharacterize naturalhydrothermalventderived DOMonamolecular
level(Rosseletal.,2017).

ThisstudycoversauniquesamplesetothydrothermalventfluidsfromtheKermadecArc
acquiredduringanRV Sonneexpeditionin2017(SO253). The Tonga-Kermadec Arc
trench-ridge system is associated with the subduction of the Pacific plate under the
Awustralian plate which gives rise fo strong magmatic and hydrothermal activity inthe
region(deRondeandStucker,2015).Hydrothermalventfieldsassociatedwiththefour
active volcanoes Macauley, Haungaroa, Brothers and Rumble IIl were sampled for
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diffuseandfocusedfluidsutilizingtheremotelyoperatedvehicle(ROV)MARUMQUEST

4000. Sub-samples were taken for quantification of dissolved organic carbon (DOC)
andforasolid-phaseextractionprocedurethatenabled adetailed characterization of

thisSPE-DOMfractiononmolecularlevelviaFourier-TransformlonCyclotronResonance
MassSpectrometry (FT-ICR-MS). TheDOMrelateddatawastheninvestigatedincontext

of additional physical and chemical fluid characteristics to evaluate how DOM
composition varies with variable hydrothermal fluid contribution and between the
differentsitesalongtheKermadecArc.
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Fig. 1: Variability of fluid samples with respectto SPE-DOC in relation toMagnesium contentand measuredin-situ
fluid temperature (BNW —Brothers North West Caldera, BC—Brothers Cone, M—Macauley, H-Haungaroa,
R-Rumblelll).

WhilebulkDOC concentrationsarehighlyvariable (14.4-450pmolL 1), especiallyat
theshallowMacauleyandRumblelllsite,amajorfractionofthisvariabilityislikelydue
toverylabileunextractablecompoundsthatarenoffurthercharacterizablebyF TICR-MS.
Lookingatthevariabilityofthesolid-phaseextractablefraction(SPE-DOM),whichisalso
muchlesspronetocontamination,providedfirstcluesonthekeydifferencesbetweenthe
differentsites. Magnesium concentrationswere used asanindicatorforthe degree of
hydrothermal contributiontothefluid sample. Mostofthe samplesrevealtobe highly
dilutedwithambientseawater,exhibitingMgconcentrationscloseto53mmoll ‘1 Butin
agreement with an expected thermal degradation of SPE-DOM within hydrothermal
systems, hotfluidsfromtheNorthWestCalderaofBrothersfollowacorrelationbetween
decreasing Mg and SPE-DOC concentrations. In contrast, SPE-DOC concentrations in
multiple samplesfrom the Macauley and Brothers Lower Conessites, characterized by
elevatedMgconcentrationsatelevatedtemperatures,appearedtobeundistinguishable
fromlesshydrothermallyinfluencedsamplesfromthesamesites(Fig. 1).
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DetailedmolecularcharacterizationofSPE-DOMviaFT-ICR-MSrevealedahighlyvariable
DOMcompositionwithinthesamplesfromtheKermadecArc. Multivariatestatisticswere
usedrofurtherseparatethesamplesintodifferentgroupsthatsharedcertaincharacteristics.
OnegroupofsamplesfromBrothersNorthWestCalderaandUpperConesiteaswellas
Haungaroafollowed amoretypical pattern of decreasing SPE-DOC concentrationswith
decreasing Mg. This group was characterized by a lower total number of molecular
formulaedetectedinthesamplewithincreasinghydrothermalcontribution.Moreover, the
compoundsinthesesampleshadaloweraveragemass,lowerO/CandH/Cratiosand
showedahigheraveragedegreeofunsaturation.IncontrasttheBrothersLowerConeand
Macauley samples with elevated Mg concentrations exhibited reduced H/C ratios with
increasinghydrothermalcontribution,whichmightberelatedtophaseseparationaffecting
thesefluids(Kleintetal.,2019) Overalltheinvestigationconfirmsthatthermaldegradation
resultsinhighmolecularweightcompoundsbeingsuccessivelyreducedtolowmolecular
weight compounds and that oxygen-containing functional groups are preferentially
removedintheprocess. ThevariabilityofDOMcompositionbetweenthedifferentsitesis

alsopredominantlycontrolledbythedegreeofdilutionofthesample.
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Hydrothermalventsarehighlydynamicsourcesofenergyinthedeepsea Recentstudies
have uncovered that the depletion of chemically rich fluids leads to spatio-temporal
succession across tens of kilometers. However, the microbial diversity along these
gradientsandtheirmetabolicpotentialisyetnotfullyresolved. Inourinterdisciplinary
approach,wefocusedonmicrobialcommunitiesinhabitinghydrothermalplumesatfour
hydrothermally active submarine volcanos at the Kermadec Arc (South Pacific),
characterizedbydifferentphysicalandgeochemicalconditions. Atsomeventsites, the
microorganisms had already been characterized before (e. g. Brothers), others
(Haungaroa, Rumblelll) had beenvisited forthe firsttime withaROV on SO253 for
targeted microbial sampling. Primary goal with respectto our cultivation-independent
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analyses was o investigate microbial community compositions and to understand the
relationship between community structure and function considering the background of
thepresentfluidchemistry.

Apartfrom common inhabitants of the meso-and bathypelagial, a comparative 16S
rRNAgenediversityanalysisofplumesamplesespeciallyrevealedahighproportionof
SUPO5-clade bacteria in plumes at Brothers and Macauley volcano, verified by
fluorescenceinsituhybridization.Theoccurrenceofthisgroup knownforsulfuroxidation
athydrothermal vents, was in general not surprising. However, the high abundance,
especiallyinironrich plumeswasstriking. Statistical analysis, including geochemical
data,supportedthehypothesisthattheoccurrenceofSUPO5-cladebacteriamaydepend
onthe iron concentration. Phylogenetic analyses verified that two different subclades
were present at Brothers and Macauley volcano. In order to analyse the genomic
potentialofthese SUPO5-cladebacteria, metagenomesofbothplumesweresequenced
andassembled.Targetedre-assemblyofthesemetagenomesledtosix? 5-9 1%complete
genomicSUPO5bins.Apartfromgenesforproteinsknowntobeinvolved e.g. insulfur
oxidationreactions, severalgenesforcytochromeswereidentified. Aclearsupportfor
the capability of SUPO5 to oxidize ironwasnotfound, maybeduetothestill limited
knowledge about this process. Nevertheless, the high fraction of genes encoding
cytochromes in Macauley metagenomes compared to other metagenomes from
hydrothermalventsunderlinestherelevanceofironinthesehabitatsandwillbefurther
investigated.
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PrimordialheliumisoneofthegasescarriedfromtheEarths'mantleintotheoceanby
hydrothermalfluids, thushydrothermalfluidsandplumesarehighlyenrichedinhelium,
especially the isotope  *He. The isotopic signature, the  3He/“He ratio, of primordial
heliumissignificantly differentfrom the atmospheric ratio, and can be identified with

high precision in water samples. Commonly used to describe the excess SHe is the
parameter &°He, that is defined by the isotopic ratio R= ®He/*He compared fo the
atmosphericratio,RA(® *He=100[(R/RA)-1]in%).Asanoblegas,theconcentrationof
heliumintheseawaterisonlyalteredbyphysicalprocessesasmixing,notbybiological
andchemicalreactionsorprocesses.Therefore, theisotopicsignatureofheliumcanbe
usedtoidentifyandtracktheoutputofthydrothermalfields.

DuringtheRVSonneexpeditionSO253 (Dec2016-Jan2107),wesampledthenoble
gassignatureof severalchemically diverse hydrothermalsystems along the Kermadec
arc(SWPacific),includingMacauley,Rumblelll,Haungaroa,andBrothersvolcano.The
100+ samplescomefromthe watercolumn plumesofthe systemstaken withaCTD/

329



watersamplingsystemaswellasfromlessdilutedsamplescollectedwithanROVbased
samplingdevicetypically 1 mabovethevents. Thenoblegassampleshavebeentaken
withcoppertubes, sealedair-tightwithaluminium clampsand measured post-cruisein
the Bremen MSS lab helis, using a combined QMS/SMS (SiiltenfuB etal., 2009). In
additiontothenoblegassamples,radiumisotopeshavebeendeterminedfromthesame
samplesatUniOldenburg(Neuholzetal.,2019).

Island arcsexhibitconsiderable morevariabilityinfluid compositionthan mid-oceanic
ridge systems. Atthe Kermadecarc, especially Brothers volcano, multiple expeditions
over the past two decades have lead to a large data base with regard to the fluid
composition and its temporal evolution, indicative of changes in the underlying
hydrothermalsystems(deRondeetal.,2001,2005,2007,2011).AtBrothersvolcano,
wethusextendedtheexistingtimeseriesofheliumisotopesthathavebeenintermittently
sampledsincethelate 1990s.
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Fig.1: *Heand “HeconcentrationfromfourKermadecvolcanoes.Alsoshownisthetypicalratioforseawater(dashed).

The *He/“He ratios at the volcanoes vary between 5.8 and 6.5 Ra. The maximum
observed 83Heatthenon-buoyantplumelevelareforRumblelll90%,Haungaroa83
%,MacauleyConesite 144%,MacauleyCalderasite 16%,BrothersConesite 56 %,
Brothers NW Caldera site 94 %. Comparison with the previously existing data sets
showsinadditiontothisvariabilitybetweenindividualsystemsaconsiderableamountof
temporalvariability. WhilethesystemsaBrothersandtheMacauleyCalderasiteappear
toberelativelystablesincethelate 1990s/early2000s(deRondeeta.,2005;201 1),
the &°He atMacauley Cone has increased by a factor of 10 since the observations
duringtheNZASRoFexpeditionin2005 (deRondeetal.,2007).Thissitealsoshowed
thehighestrecordedd *Heof445%inaweaklydilutedsample(pH=5.0)fromrising
plume, lessthan 1 mabovethevent.
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One aim of the Sonne cruise SO254 was to assess the biodiversity of benthic
invertebrates, including the chemical and microbial diversity associated with the
collected invertebrates. One focus group during the collections were deep-water
sponges. Collected spongesincluded 102 Hexactinellidaand 101 Demospongiae
specimens. Sponges were identified traditionally using morphology and spiculae
compositionaswellasgeneticallybyusingthe 1 6sRNAgeneand18S&28SrDNA
andthemitochondrialCOlgene. AnalysisoftheHexactinellidaspecimensrevealed
3newgeneraand 19 newspecies, whileanalysis ofthe moleculardatafromthe
Demospongiaeindicated4newgeneraand38newspecies.Inadditiontosponges,
numerousothersmallerinvertebratesassociatedwiththeinvertebratesarealsobeing
described, severalasnewspecies,emphasizingthatdeep-seabenthiccommunities

representlargeunexploredbiodiversityhotspots.

Associated sponge microbial communities were analyzed in the subset of thirteen
phylogeneticallydiversespongespecies(DemospongiaeandHexactinellida)by 165
rRNA-geneampliconsequencing.Additionally,theassociatedbacteriaandarchaea
were quantified by real-time gPCR. Results showed that the bacterial communities
were host-species specific similarastowhathas been observed for shallow-water
demosponges. The archaeal community structures in the investigated deep-sea
sponges were different from the bacterial community structures in that they were
almostcompletely dominated by asingle family (ammonia-oxidizing generawithin
theNitrosopumilaceae). Interestingly, thearchaealcommunitieswereratherspecific
to individual sponges and not sponge-species. The quantitative realtime PCR
experimentsindicatedarchaealnumberswhichwereuptothreeordersofmagnitude
higher than in shallow-water sponges, highlighting the importance of archaea for
deep-seaspongesingeneral.

In addition to sponge associated bacteria we also analyzed the microbiomes of
deep-water sea cucumbers using 16S rRNA-gene amplicon sequencing. Results
revealed that gut bacteriomes of deep-sea benthic and nektobenthic holothurians
acrossdifferentspeciesweredefinedbycoretaxabutthatlocalenvironmentalfactors
(e. g. diet and temperature) play the largest role in shaping the gut bacteriome

(Fig.1).

Chemical analyses have focused so far on the toxin production in the marine
gastropod Pleurobranchaea maculata, which produced the potent neurotoxin
tetrodotoxin. Furthermore, screening of the microbial culture collections from the
deep-water sponges, see cucumber and sediments have sofar shown only limited
antimicrobial activities, but efforts to identify new pharmacologically active

compoundsareongoing.
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DuringcruiseSO2540fR.V.SONNEintheSWPacificaroundNewZealand(February
2017), 102 specimens of glass sponges (Porifera: Hexactinellida) were collected.
Integrativetaxonomicanalysisusing mitochondrial 16SrDNAsequencingandspicule
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analysisrevealedthepresenceof40speciesfrom25genera, Pfamilies,and3orders
irthiscollection RepresentedamilieswereAulocalycidae Euplectellidae Leucopsacidae,
Rossellidae (Lyssacinosida); Aphrocallistidae, Euretidae, Farreidae (Sceptrulophora);
Hyalonematidae, andPheronematidae (Amphidiscosida). Ofthese, Euplectellidaewas
themostspecies-rich(15spp.),followedbyRossellidae(9spp.)andFarreidae(5spp.);
theremainingfamilieswerepresentwithonly 1-3species. Overall, 19speciesnewto
sciencewereidentified, whichweredistributedin1 égenera, including3newonesfrom
thefamilyRossellidae.Forfurthermolecularphylogeneticanalysis,nuclear18Sand28S
rRNAandmitochondrialCOlgenefragmentsweresequencedfrom37selectedspecies.
The new sequences were added to established alignments from a previous study
(Dohrmann 2019 Hydrobiologia 843:51), followed by analysis in Bayesian and
Maximum-Likelihood frameworks. The greatly expanded taxon sampling allowed
defermining the phylogenetic position of 12 genera for the first time and further
corroborated monophyly of all involved families. This was especially important for
Aulocalycidae, which had so far only been sampled for 2 species. On genus level,
monophylyofseveraltaxacouldbefurtherconfirmed, whereassomegenera(suchasthe
mega-diverse Farrea) were reconstructed paraphyletic, indicating the need for further
taxonomic revisions. Overall, this study greatly enhances our understanding of glass
spongephylogenyandfurtherunderpinstherecognitionofNewZealanddeepwaters
asauniquebiodiversityhotspotofHexactinellida.
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Thepotentneurotoxintetrodotoxin(TTX)ismostlyknownfromandnamedaftertheorder
Tetraodontiformes,whichincludesthegroupofpufferfish. AlthoughTTXwasfirstisolated
fromthesefish(FamilyNaticidae),itwasalsodetectedinothermarineorganisms, such
as octopuses and snails. In 2009, tetrodotoxin was detected for the firsttime in the

marine gastropod Pleurobranchaea maculata following a series of dog poisoning on
beachesofNewZealand(McNabbetal.2010).
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Fig.1:Figureshows(A)themarinegastropodPleurobranchaeamaculatacollectedatawaterdepthof85 1 moffthe
coastofChristchurch,NewZealandand(B)daughterionmassspectra(MS2)of TTX(m/z=320.109).

Afollowupstudyrevealedahighspatialvariabilityof TTXconcentrationsinP.maculata

(Woodetal.2012). However, nearly all samples were collected from shallow water
depthsbetween3-20m. Onlyone specimenwascollectedfromdeepwaters (290m
depth),whichdidnotincludeTTX.Manyauthorssupportthehypothesisthatmetazoans
incorporateTTXeitherthroughtheirfoodorbyharboringTTXproducingbacteria. Thus,
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theabsenceof TTXinsnailsfromthemesophoticzonecouldindicatetheabsenceofa
TTXproducingdietorbacteria.OnthecruiseSO-254, wecollectedfivesnailsatawater
depthof851 moffthecoastof Christchurch, New Zealand. Specimensweredirectly
frozenand stored at-80C until further processing. Prior toextractions seaslugs were
dissectedinorgansandbody partsandeachwasseparatelyextracted andanalyzed
using a high resolution MALDI TOF Mass spectrometer (Waters Synapt G2). TTX
concentrationswerequantifiedtorevealvariationsof TTXamongthedifferentspecimens
and body parts. Additionally, molecular analyses of the snail’s microbiome were
conductedtoprovideindicationsof TTXorigin.ClearevidenceforTTXwasfoundinfour
ofthefiveseaslugsatconcentrationsrangingfrom1.3t024.2mgkg 1. Therewerealso
significantdifferencesbetweenorgans,withhighestconcentrationsinthecoelomandthe
extradermalmucus. Thehigh TTXconcentration atthe body surface couldindicatean
ecologicaldefensivefunctionagainstpredation. Eventhough bacteriaassociated with
the production of TTX, like Vibrio tapetis, Alteromonas sp., Pseudomonas sp. and
Pseudoalteromonassp.weredetectedinallfiveseaslugs,wecannotconcludewhether
thetoxinisofendogenousorexogenousorigin.However,wecoulddemonstrateforthe
firsttime that TTX is presentin snails from the mesopelagic zone. Further studies are
neededtorevealwhetherthe occurrence of TTXin P.maculatainvolvessymbiotic TTX-
producing bacteria, toxin accumulationthrough the food chain, or if TTXis produced
endogenously.
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Thecharacterizationofthe underwaterlightfieldby in-situobservationsisessentialto
developandimproveoceancolorremotesensingalgorithmsaswellasrealisticaquatic
lightmodelparameterizations.In-situmeasurementsfromprofilingsystemsarecommonly
utilized, however, only afewdatasetsexistcoveringthe PacificOcean, especiallythe
southern Pacific and its gyre system. Here, surface waters are known to be the most
oligotrophicandopticallyclearestintheglobalocean. Theunderwaterlightfieldofthe
PacificOceanwasobservedonthreecruiseswithR/VSONNE(2015-2017)byusing
ahyperspectralfree-falling optical profiler covering the visible spectrum. We sampled
watersfromAntofagasta, ChiletoWellington,NewZealand(SO245,2015)aswellas
watersaroundNewZealanddownto55°South(SO254,2017)andfromNewZealand
toDutchHarbour, AlaskaUSA(SO248,2016).AllcruisesareillustratedinFigure 1.
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Fig.1:CruisetrackofR/VSonnecruiseS0245,50248,andSO2 5 4coveringthePacificOcean stationsaremarked
withdots, fromChiletoNewZealand,aroundNewZealand,andfromNewZealandtoAlaska.
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With this contribution we present a combined overview of all three R/V SONNE
expeditions.ThedataalongthemeridionalandzonaltransectacrossthePacificOcean
coverdifferentwatermasseswithabroadrangeofinfluencingparameters: fromultra-
clearwaterswithdeepchlorophyllmaximaat200mdepth totemperateaswellascold
near-shore and coastal waters with low light penetration depths and deep chlorophyll
maximaaround 30 m. Furthermore, we will connectthese investigations with a study
acrossthe Pacific Oceanin2019 (R/V SONNE SO267-2, from Suva, Fijilslands to
Manzanillo, Mexico) and highlight the observation with hyperspectral above-water
radiometryandsatellitedata.
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Marinedissolved organic matter [DOM)| is a complex and diverse mixture of organic
molecules,withthousandsofdifferentcompoundsidentifiedonamolecularlevel. Asthe

carboncomponentof DOMcomprisesthelargeststanding stockofreducedcarbonin

theoceanandrivalsthestandingstockofatmosphericCO ,/ifisimportanttodetermine

thefateofthispool. Whileitisprimarilyproducedinthesurfaceocean, themajorityof
DOMisstoredatdepth, whereitislargelyresistanttomicrobialattackandistransported
alongoceancurrents, persisting forlong timescales. One potential reason behind this
recalcitrance is microbial processing and diversification. Microbial metabolites are
highlydiverse, andthuspotentiallygenerateandsustaintherefractorynature of deep
DOM. Assessing the molecular composition of DOM and how it changes with deep
oceanmixingprovidesvaluableinformationonthemechanismsthatcontrolpersistence
andfateofthisimportantcarbonpool.

MajorPacificoceanwatermassesweresampledalongaSouth-Northtransectat180°
longitudeduringRVSonnecruisesSO248(30°5-59°N)andSO254(29°5-52°S).We
amended the sample set with samples taken during RV Sonne cruise SO245 that
crossedtheSouthPacificGyre(Figure1).Theresultinguniquesamplesetencompasses
themajorwatermassesofthePacificOcean(Figure2).Dissolvedorganicmatterwas
extracted on board via solid phase extraction (SPE; Dittmar et al. 2008) and the
molecularcompositionoftheextractedDOMwascharacterizedviaultrahighresolution
mass spectrometry (Fourier Transform lon Cyclotron Resonance Mass Spectrometry;
FTICR-MS).Thisnon-targetedanalysisyieldsinformationontherelativeabundanceof
more than 7000 different molecular formulae in each of the 485 analyzed DOM
samples.
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Fig. 1:Mapofsampledstationsduringthe SO248 (blackdots), SO254 (yellowdiamonds), and SO245 cruises
(redsquares).

ThemainresearchobjectivesofthecruisesSO248andSO254focusedonmicrobial
ecologyindifferentbiogeographic provinces. DOMisthe maincarbonandenergy
source for heterotrophic microorganisms and as such strongly interlinked with the
prevailing microbial communities. In surface waters (0-200 m), DOM composition
partly reflected the physicochemical and microbiological differences of the
biogeographicprovinces. DOMfromdeeperwatermasseswasmuchmoresimilarin
molecularcomposition and differences were mostly related to ageing and mixing of
deepwaters.Changesinmolecularcompositionclearlyindicatedongoingdegradation
of DOMasitmigrates with deep Pacific currents. We applied amultiple regression
approachtoisolatethosemolecularformulaewithinDOMthattrackoceanmixingand
define the characteristics of this conserved DOM. In order to assess the role of
microorganismsinproducingandsustainingDOMdiversity, wescanthecompounds
detected in the Pacific DOM samples for potential microbial exometabolites.
Approximately 1 5t020%ofmolecularmassesdetectedinbacterialexometabolomes
(Noriega-Ortegaetal.2019)overlapwithDOMfromthedeepPacific. Tracingthese
metabolites within the deep Pacific ocean currents provides insights as to their
persistenceandfaterelativetothebulkDOMpool.
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Fig.2: Potentialtemperature (8, °C) vs. salinity, with apparentoxygen utilization (AOU, yM)in color. Each dot
representsthecharacteristicsofaDOMsampleincluded inthis study. AOUcan be used asasemi-conservative
tracer fo distinguish water masses. The labeled water masses (black text) are Lower Circumpolar Deep Water
(LCDW), North Pacific Deep Water (NPDW), North Pacific Intermediate Water (NPIW), Antarctic Intermediate
Water (AAIW), SubantarcticMode Water (SAMW), Antarctic Surface Water (AASW), Subtropical Surfacewater
(SSW),EquatorialSurfaceWater(EqSW),andSubarcticSurface Water(SASW).
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The compositionofbenthic microbialcommunitiesiscommonlyinvestigated atrelatively
eutrophic coastal sites or high energy systems, e. g. hydrothermal vents. Now, mostly
oligotrophicdeepseasedimentsofthePacificOceanwereanalyzedtoassesstheinfluence
ofnutrientavailabilityandtheviralimpacton microbialcommunitystructures. Sediments
weresampledduringthetwocruisesRVSonneSO248(May2016)andSO254(February
2017).Combined, bothcruisesresultinatransectfrom New Zealand (52°S) to Alaska
(59°N)coveringthemainbiogeographicalprovincesofthecentralPacific(Fig. 1).
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Fig.1:DistributionofsamplingsitesduringRVSonnecruisesSO248 (red)andSO254 (blue).
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Forsamplesfromthesedimentsurfaceand20cmdepth,geochemicalmeasurementswere
combinedwiththeanalysisofmicrobialactivity,abundanceanddiversity.Furthermore, the
impact of deep-sea viruses on the composition of benthic microbial communities and
nutrientavailability was assessed by phage induction experiments. We hypothesized a
distinct biogeographical distribution of benthic microbial communities linked to the
productivityofthewatercolumnandnutrientavailabilityinthedifferentoceanicprovinces
andonasmallerscalealsototheviralactivityinthosesediments.

Geochemicalanalyses,e.g.ofnitrate,ammonia, phosphateandsilicicacid, revealed
increased nutrientavailability inthe New Zealand Province andtowards the northern
Pacific,butlownutrientconcentrationsintheGyreregions(Fig.2). Totalcellabundances
ranged between 108 and 109 cells per cm3 atthe sediment surface with maximum
valuesintheBeringSeaaccordingtotheincreaseofavailablenutrientsinthenorthern
Pacific(Fig. 3). Withintheupper20cm, cellnumbersdecreased by upto 99 %. This
decrease was especially pronounced in the nutrient depleted mid ocean gyres.
Exoenzyme activities were measured as proxy for microbial activity in sediments.
Aminopeptidaseactivitiesconfirmedthetrendofthevaryingnutrientconcentrationsand

alsoshowedhighervaluesnearNewZealandandintheNorthPacific.
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Fig. 2: Nutrientconcentrations atthe sedimentsurface of (A) nitrogen compounds as well as (B) phosphate and
silicicacidinthe porewaters of the differentsampling sites. NEWZ: New Zealand Province, SPG: South Pacific
Gyre, EU:EquatorialUpwelling, NPG:NorthPacificGyre, NPPF:NorthPacificPolarFront, PSR:PacificSubarctic
Region,BERS:BeringSea.
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Fig.3:TotalcellcountsinthesedimentsalongthePacifictransectfromthesedimentsurface (darkgrey)andin20
cmsedimentdepth(lightgrey). NEWZ:NewZealandRegion, SPG: SouthPacificGyre, EU:EquatorialUpwelling,
NPG:NorthPacificGyre, NPPF:NorthPacificPolarFront,PSR:PacificSubarcticRegion,BERS:BeringSea.
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Sequencingof16SrRNAgenesandtranscriptsofthesamplesgainedduringRVSonne
cruise SO248 (27°N and further North) showed that Bacteria dominated the benthic
communitiesoverArchaeaatmostsites,whilethecommunitycompositionswerespecific
fortheindividuallocationsandsedimentdepths Theanalysisrevealedthatthecommunity
structurewithinthedifferentoceanicprovincesdependsonthenutrientavailabilityand
primaryproductioninthewatercolumn.Thus, oceanicareaswithlownutrientcontent
suchasbothPacificGyreswerecharacterizedbyspecificcommunities, whilesediments
inthenutrientrichBering Seawereinhabited by amicrobial community mostdistinct
fromallothers(Fig.4).
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Fig.4:Nonmetricmultidimensionalscalingplot(NMDSbasedonBrayCurtisdistances) ofbacterialcommunities
basedon16SrRNAgenes(leftjandtranscripts(right) Bluetrianglesrepresentcommunitiesatthesedimentsurface,
whileredsquaresreferto20cmsedimentdepth.Thecolorofthesymbolsindicatesthelocationsofthespecificsites
fromSouth(light)toNorth(dark).

Theimpactofdeep-seavirusesonthecompositionofbenthicmicrobialcommunitiesand
nutrientavailabilitywasassessed by phageinductionexperiments. Tostimulate aviral
infection, sedimentsfromOcmand20cmsedimentdepthweretreatedwithmitomycin
C, an antibiotic inducing lysogenic viruses. In the experiment using sediment of the
highly-productive Bering Sea, phages could successfully be induced in the 20 cm
sedimentlayer,whiletherewasnoobviousincreaseofvirusesinthesurfaceincubations.
This suggests that lysogeny becomes more prevalent in deeper, more oligotrophic
sediments.Sequencingof1 6SrRNAgenesandtranscriptsshowedthatvirallysisresulted
in aremarkable stable community composition (Fig. 5), indicating the importance of
viruses for maintaining microbial diversity and ecosystem'’s stability. By ultra-high
resolutionmassspectrometry,avarietyofdifferentmoleculeswasidentifiedwhichwere
releaseduponcelllysis. Someofthosewerereadily utilizedby microorganisms, while
some persisted throughout the incubation period. Currently, further phage induction
experimentsfromothersamplingsitesinthePacificareanalyzedtoevaluatetheimpact
ofvirusesonbenthicmicrobialcommunitiesinthedifferentoceanicregionswithdifferent

biogeochemicalbackgrounds.
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GEOMARHelmholtzCentreforOceanResearchKiel | Kiel, Germany
K.Hoernle,F.Hauff,R.Werner,J.-A.Wartho,M.Gutjahr

InstituteofGeosciences,KielUniversity | Kiel, Germany
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UniversityofCalifornia | SantaCruz(CA),USA
J.Gill

GNSScience | LowerHutt,NewZealand
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Theintra-oceanicKermadecarcsystemextends ~ 1300 km between New Zealand
andFijiandcomprisesatleast30arcfrontvolcanoes, the Havre Trough back-arc
andtheremnantColvilleandKermadecRidges, whichformedtheVitiazArcpriorto
splitting.OntheGermanRVSonneSO255¢ruisein2017,wecarriedoutextensive
dredgesamplingoftheKermadecarcsystembetween27-35°Slatitudes(Figs.Tand

2). Our major goal was to reconstruct the temporal (with “°Ar/*°Ar age data)

geochemical(majorandtraceelementand Sr-Nd-Hf-Pbisotope)evolutionofthearc
systemtofurtherelucidateourunderstandingofthecausesandconsequencesofarc
splitting. Weobtainedgeochemicalanalysesformorethan300volcanicrocksand
age data on a subset of these samples. Geochemical data from the Quaternary
volcanicfrontandHavreTroughback-arcbasinshowthatthelocalambientmantle
wedgeis“Pacific”incharacter(Gilletal.,inprep.). Theslabcomponentliesona
continuumfromfluid-liketomelt-likebothatthevolcanicfrontandintheback-arc,but
the melt-like component increases in the back-arc where it is widely distributed,
reflecting higher slab surface temperatures. The mass fraction of slab component
increasessouthwardintheback-arcaswellasatthearcfront reflectingtheincreasing
amountofsedimentssubductednearertoNewZealand.Back-arcbasaltsgenerally
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havelessslabcomponentandoccurthroughoutthebasininanirregularfashion.In
summary, the Kermadecarcfront, includingrear-arc, basaltscanbe explained by
mixingofinput(sedimentsandHikurangiSeamounts)withtheambient”Pacific-like”

mantle.
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Fig. 1: Bathymetric map showing the location of the Tonga-Kermadec Arc/Backarc system and the Hikurangi,
ManihikiandOntonglavaPlateaus. Yellowboxshowsthelocationofblow-upmapinFig.2. Thebasemapisfrom
, TheGEBCO_2014Grid,version20150318,http://www.gebco.net".

MostresearchtodateontheKermadecarcsystemhasfocusedontheKermadecarc
front volcanoes, leaving the Colville and Kermadec Ridges almost completely
unexplored.Ournew “°Ar/**Aragesrangefrom~7.5-2.6MafortheColvilleRidge
andfrom~4.4-3.4MafortheKermadecRidge(Timmetal.,2019).Thesepreliminary
agedataindicatethatthe ColvilleRidgereceivedarcfronttypemagmasuntil~2.6
Ma ago. In contrastto the Quaternary Kermadec Arc, the Kermadec and Colville
Ridges show evidence for the involvement of an enriched mantle one (EM1) type
component similarinisotopiccompositiontohigh-TibasaltsfromtheManihikiPlateau,
until~3.8Ma(Hoernleetal.,inprep.).
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Fig.2:SamplelocationsontheKermadecandColvilleRidges, intheHavreTroughandontheKermadecArc.The
basemapisfrom , The GEBCO_2014 Grid, version 20150318, http://www. gebco.net”. Numbered symbols
representRV SONNE (white background) and RV TANGAROA dredge sites [yellow background). The symbols
forthose stationsidentify theirmostcommonrocktypeandarelistedinthelegend (BAB, Back ArcBasalts; RA,
RearArc;BACR,BackarcCaldera; QVF,QuaternaryVolcanicFront;KR,KermadecRidge;CR,ColvilleRidge;FA-
Forearc;QVA,Quaternaryvolcanicarc).PresentQuaternaryvolcanicfrontvolcanoesareidentifiedbynumbersin
blacksquaresasfollows, fromsouthtonorth:RV,RumbleV;RIV,RumblelV;L, Lille;RIlI,Rumblelll;RIIE,Rumblell
East;RIIW,RumblellWest;C,Cotton;S,Silent;H,Healy;B,Brothers;K,Kibblewhite;S,Sonne;N,Ngatoroirangi;
C,Cole;K,Kuiwai;H,Huanharoa;W,Wright;L'E,l'Esperance;H,Havre;V, Volcanolog;C,Curtis;M,Macauley;
G,Giggenbach;R,Raoul;H,Hinetapeka;P,Putoto.
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Whenfitbacktogether, the Kermadecand ColvilleRidgeshave surprisingly similar
geographicvariationsinisotopiccomposition,deviatingfromtheQuaternaryvolcanic
arc compositions between 29-37°S (relative to Kermadec Ridge) with the most
pronouncedEM1-typecompositionat~33°S. Ourresultsconfirmthatthe Kermadec
andColvilleRidgesareremnantfragmentsofaMiocene-PlioceneArcthatsplittoform
theHavreTrough.Thepresenceoftheenrichedsignaturenorthofaprojectionofthe
subductedHikurangiPlateaucouldreflectsubductionofafracturezone, formingthe
western boundary of the seafloor formed at the Osbourn paleo-spreading center,
which caused separation ofthe Manihikiand HikurangiPlateaus. We propose that
subduction of the western margin of the Hikurangi Plateau and fracture zone with
fragmentsoftheplateauinit, subparalleltotheKermadecTrench, couldexplainthe

enrichedsignatureintheVitiazArcandmayhavetriggeredarcsplitting.

Mosteconomicgold, silverandcopperdepositsonEarthareassociatedwithvolcanic
arcs,yetlitleisknownaboutthepetrogeneticprocessesthatcontrolthesub-arcbudget
ofthese elements. In particular, whatcauses the enrichment of these elementsinarc
systemsremainsanenigma.High-precisionAu,AgandCuanalysesfromé5submarine
glassesrecoveredfromthelength ofthe Kermadec Arc (27 from SO255) reveal that
contentsoftheseelements(e.g.,Au<1to15ppb)arehighestinglassesderivedfrom
themostdepletedsub-arcmantlebyhighdegreesofpartialmelting(~ 18-30%)athigh
temperatures(Timmetal. inrevision).Therefore,weconcludethatthemagmaticAu,Ag
andCubudgetiscontrolledbymantlewedgecompositionandtheextentofitsmelting.
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ThisprojectiscenteredaroundtheRVSONNEexpeditionSO-256(TACTEACtoeastern
Australiain April/May 2017 Twenty-two scientists from 10 institutes from Germany,
Australia, Japan, Canada, the Netherlands and China participated in the expedition.
Duringthe 10workingdays,morethan 1 00mofsedimentwerecollectedby2 3gravity
corer, 14 multi-corer and 3 giantbox-corer deployments at 36 stations in 9 working
areas off East Australia between 12°Sand 26°S. In addition, the water column was
sampledat4stationswiththe CTD-rosettewatersampler. Thedredgewasdeployedat
5stationsandtogether,morethan8hoursofvideorecordingswerecollectedfromthe
GreatBarrierReef(Mohtadietal.,2013).

The collected sample material was used to reconstruct present and past changes in
temperatureandcirculationoftheCoralSea,particularlyfromtheEastAustralianCurrent

355



([EAC) and its influence on the climate of Northeast Australia. Radiocarbon studies on water
samples show that the Antarctic Intermediate Water is transported to the study area via
North and South Caledonian Jets from the east, while the deep water origins additionally
from @ more proximal, southern source and is transported to the Coral Sea through the
Tasman Sea (Servettaz et al., accepted). In addition, this study shows that the deep water
in this region is not yet contaminated by the bomb carbon of the nuclear fests released in
the 1950s. Another study shows evidence of a relationship between deuterium isofopes in
biomarkers (alkenones) and salinity changes in the photic zone and suggests that this proxy
can be used for salinity changes as low as 1.2 psu (Gould et al., 2019).

Another study on planktic foraminiferal fauna at two multicorer stations in the north and
south of the study area suggests an increase in surface temperatures together with a
decrease in productivity of the EAC during the past 400 years (Zou, 2019). Element analysis
of gravity cores from the expedition SO-256 shows a relatively high terrigenous fraction in
the sediments off northeast Australia during warm periods that cannot be related to changes
in sealevel and therefore, reflects increased rainfall in hinterland. The generally more humid
climate of the northeastern Australia together with higher surface femperatures calculated
from Mg/Ca ratios in plankfic foraminifera or alkenones during the warm periods support
the working hypothesis of this project on long fimescales (Hollstein et al., in prep.).
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R/V Sonne cruise SO257 (WACHEIO) retrieved a suite of sediment cores along the
continental margin of Western Australia between 15° and 32°S. Coring along high
resolution Parasound and multichannel seismic lines allowed recovery of high quality
longgravityandpistoncoresclosely connectedtodrillingsitesofInternational Ocean
Discovery Program (IODP) Expeditions 356 (Indonesian Throughflow) and 363 (West
PacificWarmPool).Thesehigh-resolutionsedimentarchivescloselytracklatePleistocene
climateevolutionalongthesouthwesternmarginofthelndo-PacificWarmPoolandthe
variability of the Australian Monsoon. Based on the development of a high-resolution
chronologyusingradiometricdatingandbenthicisotopestratigraphy,thisuniqueclimate
archiveallowsto:(1)testthehypothesisofsouthward(northward)shiftsofthewesterlies
andthe southernmarginofthetropical rainbeltduring SouthernHemispherewarming
(cooling) events; (2) test the hypothesis of a reduction in tropical convection and
weakening of the Walker circulation during tropical warming, thus evaluating
consequencesforthepredictionoftropicalrainfallforfutureglobalwarming;(3)explore
theeffectsoftropicalandSouthernHemispherewarmingonprecipitationandcirculation

patternsalongthecoastof WesternAustralia.

ThevariabilityinsedimentdischargefromnorthwesternAustraliaprovidesapowerful
tool to monitor changes in the position and intensity of the Australian monsoonal
rainbelt. We combine X-ray fluorescence (XRF) core scanner-derived estimates of
changesinterrigenoussedimentdischargeandprovenanceandaeoliandustfluxwith
foraminiferalMg/Caandoxygenisotopebasedoceanmixedlayertemperatureand
salinity estimates to reconstruct the past variability of the Australian Monsoon on
centennial to millennial timescales. Elemental composition of core-top samples
refrieved during R/V Sonne cruise SO257 WACHEIO along the northwestern
Australianmargincloselymatcheselementalsignaturesofmajorrivercatchments. We
reconstructedthedisplacementofclimaticbeltsalongthewesterncoastof Australia
duringmainSouthernHemispherewarming/coolingphasesoverthelastfourglacial
cycles.ThislatitudinaltransectincludesthetropicalmonsoonregionofNorthwestern

357



Australia,andthearidzone, whererainfallmainlyoccursduringlandfalloftropical
cyclones(Fig.1).

Firstresults indicate thatinterglacials and suborbital Southern Hemisphere warm periods
wereassociatedwithintensificationand southwardmigrationofthe Australianmonsoonal
rain belt and heightened cyclone activity, whereas cold periods were characterized by
weakened monsoon, extended aridity and intensified trade winds increasing dustfluxes.
Rapidintensificationofmonsoonalprecipitationandreductionofaeoliandustinputoccurred
duringtheYoungeDryasandearlyHoloceneandintheterminalphaseofmajordeglaciations
(Fig.2). Theseshort-livedmonsoonalmaximaintheearlyHolocene (~11-8ka),earlyMIS
5e,MIS7 and MIS Qindicate southward shiftsinthe summer position of the Intertropical
ConvergenceZone(/TCZJthatcoincidewithpeakseasurfacetemperaturesoffshoreWestern
Australia and withmaximaintemperature, carbon dioxide and methane in Antarcticice
cores. Southern Hemispherelow latitude hydroclimate and vegetationchangesassociated
withthesouthwardshiftofthelTCZandmonsoonintensificationmay, thus, haveadditionally
contributedtotheglobalmethaneandpCO ,maximaattheendofglacialterminations.Our
resultsindicatethattheintensityof Australianmonsoonprecipitationandthepositionofthe
Intertropical Convergence Zone (ITCZ) were strongly affected by changes in Southern
Hemisphere temperatures and the interhemispheric femperature gradient during global
warming at glacial terminations and suggest that the currently rising greenhouse gas
concentrationswillenforcelocalinsolationover Western Australiaandintensify Australian

monsoonprecipitationandtropicalcycloneactivityduringaustralsummer.

10°S -

105°E 110E

Fig. 1: A.Mainclimate zones, river systems, and offshore average sedimentation ratesincm/kyr from Keep et
al.(2018)withpositionofcoresSO25718548andSO257-18571.B. Februaryvegetationandprecipitationin
WesternAustralia(b).Februaryprecipitationbasedon30yearstandardclimatology (196 1-1990)inmm/month
fromAustralianBureauofMeteorology(2010).SatellitelmageFebruary2004, NASABlueMarble.
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TheR/VSONNEexpeditionSO258/ TisparfoftheresearchprojecNGON,whichaimsto
investigate magmatic and tectonic processes that trigger continental break-up and the
formationofoceanbasins. SO258/ 1 focused on mapping and sampling of the proposed
85°ERidgehotspottrackintheMid-IndianOceanbasin. The85°ERidge, composedofthe
BuriedHills,PartlyBuriedHills, AfanasyNikitinPlateauandSouthernSeamountsChain Fig.
1), is associated with either the Crozet, Marion or the Conrad Rise hotspot (Curray and
Munasinghe, 1991 Kentetal.,1992;M  illeretal., 1993).CurrayandMunasinghe(1991)
proposedthatthe85°ERidgewasformedbyaclassicalmantleplumethatmayhaveformed

the Rajmahal Traps flood basalt province and may have triggered the Indian-Antarctic
break-up. Alternatively, these features may have been produced by shallow recycling of
subcontinentallithosphericmantleand /odowercrust delaminatedduringcontinentalbreakup
andbroughtiothesurfacebyupwellingnearmid-oceanridges,asproposedfortheChristmas
IslandSeamountsintheeasternindianOceansampledduringtheSO21 1 cruise(Hoernleet
al.,2011).Apartfromthe AfanasyNikitinPlateau, whichgainedacertainpublicityasthe
most’enrichedmantle”(EMl)endmemberthusfardiscoveredintheoceanbasins(Mahoney
etal., 1996), the entire structure was previously unsampled. The pronounced EMIype
signatureisofparticularinterest becausethepotentialsourcematerialhasalsobeenproposed
toberesponsiblefortheglobal-scalegeochemical DUPAL-anomaly (namedafterthe French
geochemistsDUPré and Allegre) observedinthe South AtlanticandIndian Ocean(e. g.
Hart, 1984). In order to test these models and to characterize any possible spatial and
temporalgeochemicalevolution,39dredgehaulsalongthe85°ERidgeandtheneighboring
86°EFracture Zone were carried outduring SO258/1. Therecovered lavasand fresh (1)
volcanicglassesrepresentthemostcomprehensiverockcollectionfromtheMid-IndianOcean
todate.Herewepresenttheresultsofgeochemical(majorandtraceelementdata, S-Nd-Pb

isotoperatiosjandgeochronological(  “°Ar/*?Aragedating)analysesoftheserocks.
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Fig.1:Bathymetricmap ofthe Mid-Indian Oceanbasinwith fracture zones (whitelines) and the negative gravity
anomaly difining the Buried Hills (black dashed line). SO258/1 sampling sites with “OAr/*?Ar ages have red
backgroundcolorandmaterialanalyzedisdividedintowhole-rocklavas(redcircles)andfreshglasses(blackdots).
Theliteraturedata yellowcolorwith  “°Ar/3*AragesfromKrishnaetal.,2012) areshownforcomparison. Note
thatthelowgravityanomalyoftheBuriedHillslieonthenorthwardextensionofthe86°EFractureZone(FZ) which
couldindicateapurelytectonicoriginfortheBuriedHills(e.g., Livetal., 1982;Kentetal., 1992) Abbreviations:
BH=BuriedHills,PBH=PartlyBuried Hills, ANP=Afanasy Nikitin Plateau, SSC = Southern Seamounts Chain;
bathymetricmapfromhttp://www.geomapapp.org.

OuragedatashowageneralNtoSyoungingtrendfromthePartlyBuriedHillstothe
Afanasy Nikitin Plateau andtothe Southern Seamounts Chain (Southern 85°E Ridge
track), which could indicate the formation by a stationary melt anomaly (Fig. 1).
However, ifthe age datafromthe Partly Buried Hillsare combined with recentplate
motionmodels(e.g.,Setonetal.,2012)anoriginoftheSouthern85°ERidgetrack,the
BuriedHillsandtheRajmahalTrapsbythesamehotspotisnotsupported.Basedonage
data, plate motionandisostaticmodels, the southern 85°ERidge mostlikely sharea
co-geneticevolution with the ConradRise. Plate reconstructions of the southern 85°E
RidgeeruptivesitesplacethemclosetotheproposedsiteoftheConradRisehotspot.

Thegeochemicalvariability oftherecoveredMid-Indian Oceanlavasrequiresatleast
threedistinctcompositionaltypes: 1)adepleteduppermantlecomponent, similartothe
Central Atlanticmidoceanridgebasalt{(MORB), 2) anIndianhotspotcomponentwith
prevalentmantle(PREMA)-likecomposition,and3)anEMI-typecomponent(Fig.2).The
Indianhotspotcomponentmaysuggestamantleplumeoriginofthesouthern8 5°ERidge
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track. The EMIHypecomponentischaracterizedby highBa/Nbratios (upto40), low
Ce/Pbratios(7-20)depletioninTh,U,Nb,andTaandenrichmentinSrandK, which
issimilarfoaveragelowercontinentalcrust(Fig.2;e.g.,RudnickandGao,2003).This
EMlcompositionaltypeisalsodocumentedatthe39-41°ESouthwestindianRidgeand
forAntarctic/WestAustralianlamproites,whichindicatesashallowuppermantleorigin.

NMORB —
g
|

Z10
E
i
w 1
a.vengélwe(
continental crust
S T ] ﬁbrNdSmGdnyYh
Rh'l'lleK(‘cPrP[xl:u Y Lt
b
0.5130 i

5-5)_5]26

hWIl‘
m
0.51221 | ® Afanasy Nikitn Plaicau ic

A Afanasy Nikitin Seamounts -4

NN,

[ Southern Seamounts Chain w] Am‘m;:"
A Partly Buried Hills A =
< E6"E Fracture Zone
0.511 e — |
&702 0.704 ":\'rf“Srm“'mﬁ 0.708

Fig.2:a)N-MORBnormalizedmulti-elementdiagramandb)87Sr/86Sr70Mavs. 143Nd/ 144Nd7 OMaisotope
ratiosofSO258/1samplesalongwithfieldsofindianMORBandhotspotsprojectedto7OMa.Note, theAfanasy
NikitinSeamounts(ANS)representlate-stagevolcanism(~ 10MaaftertheANPformation)andpossessthestrongest
EMIsignature.Abbreviations:CIR=CentrallndianRidge, SEIR=SoutheastindianRidge, SWIR=Southwestindian
Ridge.LiteraturedataaretakenfromGEOROCDatabase(http: //georoc.mpch-mainz.gwdg.de/georoc/).

ltappearsthatthe EMI-ype signature ofthe Indian Ocean DUPALanomaly decreases
withtime, whereasthe South Atlantic DUPALanomaly remainsrelatively constantover
time.Thesecontrastingtemporalevolutionscouldreflecttwodistinctsourceorigins. The
crustal signature in the Indian Ocean is most likely derived from delamination of
continentallithosphereand/orlowercontinentalcrustdispersedintheuppermantleafter
thefragmentationofGondwana(e.g., DupréandAllégre, 1983;Hawkesworthetal.,
1986;Hoernleetal.,2011).Incontrast, thecrustalsignatureintheSouth Atlanticmost
likelyderivesfromdeep-rootedmantleplumes(e.g.,Homrighausenetal.,2019).
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The SO259expedition (INDEX2017) of BGRwith TFS SONNE targeted the German
licenseareaforpolymetallicsulfidesinthelndianOcean. Cruiseparticipantsincluded
theUniversitiesatBremen,Hamburg, HCUHamburg,Erlangen,theDZMBSenckenberg
AmMeerWilhelmshavenand GEOMARinKiel. Traineesfrom Egypt, Thailand, Cook
Islands, GhanaandNigeriarepresentedthelnternational Seabed Authority. Thecruise
focusedonthedetailedbathymetric,geophysicalandgeologicalexplorationforactive
ventsand inactive sulfidefieldsinthe clusters#10, #11 and #12. The widerlicense
area,theclusters# 1, #3# #4 #5and#7andtheclustersofinterestwerealsosampled
forenvironmental,i.e.,(paleojoceanographic,sedimentaryandfaunalbaselinestudies.
VeryfewenvironmentalandgeologicalstudiesexistinthispartofthelndianOceanso
far. Our work contributes to the understanding of regional oceanographic and
sedimentationprocessesandtothefaunalcensus.

Cruise SO259 (INDEX 2017) performed 109 stations. Site survey, observation and
samplingoperationswerecompletedand 14 differentoperationaltools were usedfor
diverse and extensive exploration and environmental studies in transitand within the
licensearea,including

e 17ver ticalCTDrosettecastsforenvironmental watermassesandsedimentarystudies,

e 7 multicorerandfivegravitycorerstationsforpaleooceanographicandbiogeochemical
studies,
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o 4heatfflowprobemeasurementsforcrustaltemperatureregimeestimations,

e 27waxcorerand 1 3dredgestationsforpetrologicalreconnaissanceandspreading

ridgeevolutionstudies,

e 8sedimenttrapandoneADCPmooringoperationsforbiogeochemistr y,particleflux

andoceancurrentmeasurements,

o 6 deep-towedHOMESIDEsurveysforhigh-resolutionbathymetricmapping,magnetics

andwateranomalysurveys(totalof329kmin147hours),
o 8tow-yostationswiththeSOPHIsensorsledforplumehunting(125km, 11%hours),
o ASTROMERvideosledoceanfloorobser  vations,
¢ 3GoldenEyeoperationsforelectromagneticmeasurements(4km,22hours),
e 2TV-guidedgrabsur veyandsamplingoperations,

o Abathymetric,magneticandgravitysur  veys fotalof783kmand 60hoursfor 14
profiles).

Additionally, twotransitprofilesinthelicensearea(450km, 24 hours)forbathymetry
and magnetics, atotal of 9,430 km of swath bathymetric mapping (776 hours) and
9,955 km (1,005 hours) of scientific echosounder measurements for water column
imagingwerecarriedout.Thebiodiversitywasstudiedandsampledat5 1stationswith
630samplesand3,232individuals,and5:2%hoursofvideomaterialand4522photos
werecollected.Molecularworkproducedanumberof422cellextractionsand305PCR

DNAproductsfromdifferentspecies.

FourplumesweredetectedduringeighttowswiththeplumesledSOPHI(125km)anda
newsiteofhydrothermalventingwaslocalizedbyHOMESIDEandSTROMERsurveyson
theeasterngrabenflankofcluster#11,andnamed”NEWSONNE“field.Thesitewas
studiedingreaterdetailduringcruiselNDEX20 1 8onboardR/VPELAGIAandwiththe
CanadianROVROPOS.NEW SONNEislocatedattheoutergrabenwallofa300m
widefaultboundplateau. Theareaconsistsof sedimentedtalusand heavily fractured
steep basalt outcrops with pillow flows. The area close to the main graben flank is
strongly fractured with steep and wide fault scarps in the massive basalts. Talus fans
changewithmassivebasaltoutcrops. Flowtopsoccuratdifferentwaterdepths (e.g.,
2937m,2927m).Ferruginoussedimentsindicatethepresenceofhydrothermalventing
and sulfide blocks and crusts close to tube lava and pillow lavas indicate the pillow-
basalthostedhydrothermalsystemandsite.Fluidpathwaysarelikelytoventthroughthe
pillowinterstices. TheNEWSONNEfieldconsistsofthreeareaswithdiffusedischarge
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andtwoprominentsulfidemounds.Allsulfidesitesarewithinthe+/-2920mwaterdepth
contourline.Theactivesitesshownumerousventingspotsandthechimneyshavemultiple
orifices with temperatures up to 334°C (2919 m water depth), with well-developed
characteristicvenffaunaandtheventingofclear probablyphase-separatedhydrothermal
fluids. The sampled orifice has massive chalcopyrite mineralization. The opening of
beehivestructurestillproducesclearfluidsandthebeehiveconsistsoutofchalcopyrite
aswell. The fluid exit temperature is 323°C (2916 m) suggesting phase separation
processesatdepth. Secondarycoppermineralphasesinanareaoferodedstockwork
mineralization indicate high fluid temperatures in the subsurface. An area of basalt
pillars,associatedwithropylavaandindicativeforacoolinglavalakefromaproximal

volcanicventsite, wasobservednearby.

Features prospective for active and inactive sulfide sites were identified in all three
clusters,bothontheeasternandwesterngrabenvalleys. Ourfindingsattesttothehigh

potential for sulfide mineralization in all three clusters. During subsequent cruises

INDEX2018andINDEX2019(SO27 1) additionalsulfide occurrenceswereidentified.

The cluster #12 hosts atleasttwo large scale sulfide areas, named PENUMBRA and
HUNA, foundduringINDEX20 1 8andextendingformorethan2kmandhosting7-12
sulfide mounds and fields, respectively. Cruise INDEX2019 (SO271) identified two
additionalareasincluster#06(SURYA)andcluster#07(SOORAJ). Thecurrentstatusof
BGRsexploration activitiesinthe German license area inthe western central Indian

Oceanistensulfideareaswith25activeventfieldsand3 Tinactivesulfidesites.
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Fig.1:OverviewoftheSO259(INDEX2017)workingarea, thecruiseplotandcoursesalongthesouthernCentral
andthenorthernSoutheastindianRidge, CentralindianOcean.ThecruisestartedinColombo, SriLlankaandended
inCapeTown, SouthAfrica.
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COLLECTINGREFERENCEDATAOVEROCEANS
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S.Kinne

TheXmas2017and2018New-YeartransitoftheRVSonnefromEmden, viaBrestto
Buenos Aires allowed the opportunity to sample with light carry-on meteorological
instruments latitudinal cross-sections for aerosol, trace-gases and clouds across the
Atlantic.Suchreferencesareneededtoexplorerequiredassumptionsininterpretations
ofsatellitesensordataandinmodelparameterizationsandtoimprovecoverageand
qualityinglobal data-sets. Sample highlights were avery intense dusteventoff the
SaharaforseveraldaysfromtheCapeVerdelslandstotheequatorandthepassingof
asqualllinewithintenseprecipitationsstructuresoffRiode)aneiro.Inaddition,French
ARGOfloats(collectedatBrest)weredeployedandbathymetricdatainnon-national
waterswereanalyzedfortheSeabed2030data-base.
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And:participantsofRVSONNEcruiseSO260

RVSONNEcruiseSO260"DosProBio” wascarriedoutintwolegsfromJanuary 12 th
until February 14 2018 (Kastenetal., 2019). The study area was the continental
margin off Argentinaand Uruguay, which represents a highly dynamic depositional
environmentandisalsoakeylocationoftheglobalthermohalinecirculationduetothe
confluence of northward and southward flowing contour currents. With a
multidisciplinary team of geoscientists from various disciplines, biologists and
oceanographerstheobjectivesofthecruiseweretostudythefundamentalinteraction
betweenbottomcurrentsandsedimentdepositionaswellastoassesshowsedimentation
processes control biogeochemical reactions and element cycling in the seabed.
Moreover,thesedimentsdepositedincontouritesandcanyonsweretargetedashigh-
resolution archives to study paleo-oceanographic changes. In order to reach these
scientificaims, detailed sedimentechosounderandseismicsurveys were conducted.
Based on these mappings we chose suitable sites for sediment and water column
sampling. The water column was sampled using a Rosette/CTD system and in situ
pumps.Thesedimentsurfaceandtheuppermostmetersofthesedimentsweresampled
bymeansofmultiplecorer,giantboxcorer,sedimentgrab,andgravitycorer.lnorder
toretrieveolder/deepersedimentsthe MARUMMeBo7 Odrillrigwasdeployed. The
expedition contributed to and was carried out in the framework of the DFG-funded
ClusterofExcellenceMARUM“TheOceanintheEarthSystem” (MARUM-Centerfor
MarineEnvironmentalSciences, UniversityofBremen).
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Amajoroutcomeofthecruisewasthediscoveryofasofarunknowngiantcold-water
coral province. Detailed, integrated analysis of multibeam bathymetry, sediment
echosounder, and Acoustic Doppler Current Profiler (ADCP) data allowed the
characterizationofitsmorphological, stratigraphic,andhydrodynamicsetting. ltcould
beshownthatitsdistributionislinkedtoboth, the submarinegeomorphology andthe
interfacesofwatermasses. Theexistenceofburiedcoralmoundspointstoverticalshifts
ofthewatermassboundariesinthepast(Fig. 1;Steinmannetal.,inreview).

Exposed mounds
5 Mound cluster
& Isolated mound

" Mound chain

Fig. 1: Perspective view on the Coral-Contourite System as identified along the northern Argentine continental
margin.Thedistributionofcoralmoundsinrelationtotheregionalmorphosedimentarysettingandoceanography
isillustrated. (Steinmannetal. inreview).

Moreover, for the first time, a submarine, quantitative geomorphometric analysis of
multibeamdatafromtheUruguayanslopehasbeencarriedout. Asaresult,adistribution
mapofsurfacesedimentgrainsizeswascalculatedshowingaclearalong-slopetrend
fromSEtoNEandtheimpactoflocalcanyonsystemsonsedimentdistributionbycontour
currents. We also succeeded in retrieving high-resolution/high sedimentation records
fromanintra-canyonterrace, which—basedonfirstradiocarbonresultsrepresentsthe
last?.000years Thissedimentrecordwillserveasanarchivetoreconstructhedynamics

ofintermediateanddeep-watercirculationthroughouttheHoloceneinthestudyarea.

SeveralgravitycoresandMeBocoresweretakenfromdifferentdepositionalenvironments
alongthecontinentalmarginoffArgentinaandUruguay, whicharecurrentlysubjectto
detailed inorganic and organic geochemical, biogeochemical, microbiological,
sedimentologicalandrock-magneticanalyses. Theaimoftheseinvestigationsistoassess
howthedifferentdepositionalconditions—including sedimentation/accumulationrate,
quantityand quality oforganic matterandiron mineral phases as well asintensity of
upwardmethanefluxes-controlthe pathways andrates of biogeochemical processes
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anddiageneticsignalformationinthesehighlydynamicmarinesediments. Firstresults
obtainedfromtwocontrastingdepositionalsettings—i.e.asiteatthecontouritesystem

of the Northern Ewing Terrace and a site at the lower continental slope - already
demonstratesignificantdifferencesingeochemicalzonation,biogeochemicalprocesses

andelementfluxes(alsoc.f.Melcheretal., thisvolume)

REFERENCES
Kasten,S.andcruiseparticipantsoRVSONNEexpeditionSO260(2019)Dynamicsof
sedimentationprocessesandtheirimpactonbiogeochemicalreactionsonthecontinental
slope off Argentina and Uruguay — DosProBio. Cruise Report of RV SONNE Cruise
50260,97pp.

Steinmann, L, Baques, M, Wenau, S, Schwenk, T, Spiess, V, Piola, AR, Bozzano, G,
Violante,R,Kasten,S. Discoveryofagiantcold-watercoralmoundprovincealongthe
northernArgentinemarginanditslinkagetotheoceanographicandmorphosedimentary

setting,MarineGeology, inreview.

373



374



S0O260*
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The Argentina Continental Margin represents a unique geologic setting where
fundamental interactions between bottom currents, sediment deposition and their
impactonbiogeochemical processesandelementcycling, inparticulariron, canbe
studied. The aims of this study were to investigate 1) the consequences of various
depositional conditions on biogeochemical processes and 2) the preservation and
diageneticcyclingof Femineral phasesinsediments. Furthermore, itwas 3) studied
how sedimentary stable Fe isotope signatures (5  ¢Fe) are affected during early
diagenesisand4)evaluatedwhetherd  ¢FerepresentsareliableproxyformicrobialFe
reductioninmethanicsediments.DuringRVSONNEexpeditionSO260, twodifferent
depositionalenvironmentsweresampledusinga10mlonggravitycorer(GC)aswell

as amulti corer (MUC) for the retrieval of surface sediments. The first study site is
locatedonthelowercontinentalslopeat3605mwaterdepth (Biogeochemistry Site,
coresGeoB22708-3/GeoB22709-1), whilethesecondsiteissituatedinacontourite
systemontheNorthernEwingTerraceat1 07 8mwaterdepth(ContouriteTerraceSite,
cores GeoB22722-3/GeoB22722-5) asshownin Figure 1. A sequential extraction
protocol was applied on the collected sediments to determine four operationally
defined reactive Fe phases targeting Fe carbonates, (easily) reducible Fe (oxyhydr)
oxidesandhardlyreducible Fe oxides (Poulton and Canfield, 2005). Purification of
extractsford *FeanalysisoftheFecarbonatesandeasilyreducibleFe(oxyhydr)oxide
fractionsfollowedprotocolsdescribedinHenkeletal.(2016).
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Fig.1:(Left)|BathymetricmapoftheCoastofArgentinaandUruguayincludingwatermasses(TheGebco_2014grid,
version20150318).MC(MalvinasCurrent)andBC(BrazilCurrent)formtheBrazil-MalvinasConfluence. Thestudy
sitesarehighlighted. Right) Thewatermassstratificationmodified afterPreuetal. (2012) showsthedistribution
alongthecontinentalmargin.

The dataset was combined with pore-water data obtained during the cruise and
complemented by concentrations and stable carbon isotope data of dissolved
methane determined post-cruise (Figs. 2 and 3). The redox zonation and depth
locationofthesulfate-methane-transition(SMT)differatbothsites. ltissuggestedthat
sedimentationratesatthelowercontinentalslopearelowwithsteadystateconditions,
leadingtoastrongdiageneticoverprintofsedimentaryFephases. Thisisincontrast
tothesedimentscollectedfromthecontouritesystem, thatarecharacterizedbyhigh
sedimentation rates and did not show a pronounced diagenetic overprint (e. g.
Hensenetal.,2003,Kastenetal., 2003, Riedingeretal.,2005).Feextractiondata
indicate that reactive Fe phases are subject to reductive dissolution at the SMT.
Nevertheless,significantamountsofreactiveFeoxidesarepreservedbelowtheSMT
fordeepFereduction(possiblythroughFemediatedanaerobicoxidationofmethane),
whichisevidencedbythepresenceofdissolvedFeinthemethanicsediments. The
5%¢FeofreactiveFephasesinmethanicsedimentsweredeterminedhereforthefirst
time. These data suggest significant microbial fractionation of Fe isotopes during
deepFereductionatthelowercontinentalslope,whereasatthecontouritesited 5Fe
signatures do not indicate remarkable microbial Fe isotope fractionation. It is
concludedthattheapplicabilityofd  ¢FesignaturesastracerformicrobialFereduction
might be sensitive to the depositional regime, and thus may be limited in high

sedimentationareas.
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And:sciencepartySO261

Hadaltrenches are the mostremote parts of our global oceans, representing the most
extreme and scantly explored habitats on Earth. However, recent investigations have
shownthathadaltrenchesactasimportanidepocentersfororganicmaterialandbiological
deep-seahotspotswithintensifieddiagenesis.However, thesources, transportandlability
ofthedepositedmaterialandthepathwaysresponsibleforthecarbondegradationremain
largelyunknown.Furthermore, currentinvestigationsarebasedonveryfewmeasurements
thattypicallytargetonespotinthecentraldepositionbasin. Themaingoalofexpedition
S5O261 wastogetanewunderstanding ofbiogeochemical processingand community
structureoftheAtacamaTrench(AT)systemwhichisunderlyinghighlyproductivesurface
waters.Theintegratedmultidisciplinaryinvestigationswerecarriedoutatésitesalongthe
trenchaxisfrom24°to20°Sandarecomparedto3abyssalreferencesitesnexttothe
trench.Thekeyfocusoftheinvestigationswasonbenthicbiogeochemicalandbiological
samplingandobservations,includingthecompositionofthebenthiccommunities(allsize
classes) as well as ecosystem functions (e. g. remineralization rates). Additionally,
observations ofthe physicochemical characteristics of the water column and biological
samplingfromthesurfacetohadaldepthwereperformed.

InsituO ,microprofilesdocumentintensifieddiageneticactivityalongthetrenchaxisas
compared fo the adjacent abyssal plain — and higher overall activity in the AT as
comparedtothefewothertrenchenvironmentsthathavebeenstudied(Louetal.,2018;
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Wenzhoferetal., 2016, Gludetal.,2013). However, ourmeasurementsalsoreflecta
largevariationinO ,consumptionalongthetrenchaxis presumably reflecting the local
deposition dynamics. Porewater profiles and onboard incubations of AT sediments also
revealvariable butsubstantialmanganese andironredoxcyclingand microbial sulfate
respiration.Experimental '*N-basedratemeasurementsindicateactiveN productionand
anaerobic ammonium oxidation below the oxic surface layer. We conclude that
denitrification and anammoxare substantial sinks for fixed nitrogen in hadal sediments
withmostofthelossconveyedbypiezotolerantanammoxbacteria.Preliminarymicrobial
community analyses further indicate distinct communities in the french system. These
communitiesweremoresimilartocommunitiesfromothertrenchsystems(e.g.Kermadec
Trench) thantotheir adjacentabyssal counterparts. Ourresults indicate thatdiagenetic
gradientsandtheresultingbiogeochemicalzonationplayadominantroleinshapingthe
overallcommunitycomposition.Meiofaunacommunitiesalsoshowahighvariabilitywithin
thetrenchaxissite, p<resumablyreflectingthevariabilityinthedominantbiogeochemical
processesandorganicmatteravailability. However, anelevateddensityandbiomassin
trenchsedimentscomparedtoneighboringabyssalsites,aspreviouslyindicated,couldnot
be confirmed. Elevated  2'%Pb_ inventories along the french axis, as comparedto other
deep-seasites, indicatesedimentfocusinganddownslopetransporttothetrenchbottom.
However, differences between the investigated trench sites suggest varying transport
processesalongtheaxisaffectingboththequalityandquantityofthehadalfoodsupply.

Usingthismultidisciplinary,concertedandquantitativeapproachincomparingcarbonand
nutrientfluxesaswellastheconnection,compositionandstructureofhadalcommunitieswe
gainednewknowledgeoneutrophicirenchecosystemsanddeepseaecosystemsingeneral.

Thisstudyispartofthe ERC project”Diagenesisandmicrobiology ofHadaltrenches”
(Grant669947).
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Biodiversityinthemarineenvironmentstillmostlyremainstoberevealed. However, the
difficultytoaccessit,particularlyinthedeepsea,andthetimeneededtodeliverrigorous
morphological descriptions of the many new species discovered during each
oceanographic expedition render this task unrealistic at the scale of human lifetime.
EnvironmentalDNA(eDNA)offers,adoptingaphylogeneticspeciesconcept,aparallel
avenuetodeliverrapidandstandardizedbiodiversityinventoriesofthedifferentbiotic
compartments forming deep sea communities, including prokaryotic and eukaryotic
diversity.Intheframeworkoftheproject’PourquoiPaslesAbysses”(Ifremer)anditstwin
projecteDNAbyss (CEA, Génoscope), weadoptedastandardized protocoltosample
andanalysemolecularlyandbioinformaticallyeDNAfromsedimentofbathyal,abyssal
andhadalenvironments.Ourmaingoalwastocontributetoamolecularinventoryofthe
deep sea biodiversity, in relation with abiotic descriptors of the environments. This
protocolwasdeployedinseveralabyssalareasofthe Atlanticandthe Pacific, andin
hadalenvironmentsduringtheSonnecruiseSo26 1onAtacamatrench,incollaboration
withtheHADES(EU,ERC,Nordcee)project. Ouraimwastoexplorethecomparedthe
levelsandtaxonomiccompositionofeukaryoticbiodiversityalongthetrenchaxisandin
referenceabyssalareas. Thefirstresultsshoweddecreasingbiodiversitywithsitedepth,
despiteatrendtoward higher biomassin hadalthanin abyssal systems. The relative
influence of site and sediment depth on benthic communities, as well as geography
(latitude/distance) was also shown to vary significantly depending on taxa. We will
provideanoverviewoftheextendofhadalversusabyssalbiodiversity,thecomposition
of communities, and the main relationship emerging with abiotic descriptors of the
environment.

382



SO261*

AUTONOMOUSHADALBENTHICLANDERFORINSITUTRACER
INCUBATIONSAND SEDIMENTRECOVERYTO STUDY BENTHIC
COMMUNITYACTIVITIES

AlfredWegenerlnstituteHelmholtz-CenterforPolarandMarineResearchBremer-
haven | Bremerhaven,Germany
J.Lemburg

AlfredWegenerlnstituteHelmholtz-CenterforPolarandMarineResearch, HGF-
MPGGroupforDeepSeaEcologyandTechnology | Bremerhaven,Germany
F.Wenzhéfer

MaxPlanckinstituteforMarineMicrobiology | Bremen,Germany
F.Wenzhafer

UniversityofSouthernDenmark,DepartmentofBiology | Odense, Denmark
M.Larsen,B.Thamdrup,R.N.Glud

Hadaltrenchesarethe mostremote partsofourglobaloceans, representingthe most
extreme and scantly explored habitats on Earth. However, recentinvestigations have
shownthattheseecosystemsarebiologicalhotspotscomparedtoneighboringabyssal
sites. A major challenge to investigate these habitats is the recovery of intact and
undisturbed sedimentsamples. Hydrostatic pressurechangesduring sedimentrecovery
willinfluencetheactivityoforganismsandalsothecompositionoftheporewater(e.g.

lysis of labile organic matter). Additionally, notmany research vessels are capable to
collectsedimentsamplesfromsuchdepth.

Herewepresentanautonomouslandersystemforinsitusedimentincubationandcore
recoveryfromhadaldepth. Insertionof corelinersandretraction of sedimentcoresis
motordriven,providingmechanicallyundisturbedsedimentsamplesandensuringasafe
instrumentrecovery.Thelanderisdesignedtocollectésedimentcoresandtovertically
injecttracersinthesedimentforinsituincubations.Ineachcorewecanapply 1103
needlesforinjectionover10-20cmdependingonthesedimentpenetrationdepthofthe
coreliners.Thetracersareinjectedineachcoreataregulartimeintervalof2-6hours
(dependingonbottomtime)andatotalvolumeof1 00-250mlisinjectedalongavertical
trackatpre-programmeddepthresolution.Afterinjectionthesedimentcoresareretracted
intothebottomwaterforincubationuntiltheendoftheprogram.Duringarecentcruise
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tothe Atacamatrench system (RV SONNE cruise S0268,2018) we injected NO,,
1"NO,and '*NH, toquantifykeyprocessesinthebenthicnitrogencycle. Additionally,
wealsoinjectedBr -asaninerttracerfordocumentingtheabilitytoevenlyinjecttiracers
inthesedimentandexploretfowhatextentlanderrecoveryandcorehandlingaffected
tracerdistribution.

Thisstudyispartofthe ERC project”Diagenesisandmicrobiology ofHadaltrenches”
(Grant669947).
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Due fo low input of reactive organics and resulting deep oxygen penetration, nitrogen
cycling in abyssal sediments is generally dominated by aerobic nitrification and the benthic
release of nitrate, while relatively litle bioavailable N is converted to N, by anaerobic
denitrification and anammox. By contrast, hadal sediments may represent hot spots of
organic deposition and hence favor anaerobic processes to a larger extent, but litle is
known about the pathways of N cycling there. We investigated benthic nitrogen cycling
along the axis of the Kermadec and Atacama trenches based on geochemical and
biomolecular analyses as well as experimental N-based rate measurements. Pore water
extraction and microsensor profling both revealed steep decreases in NO,-concentrations
below the depth of O, penetration, with depletion of NO,- already at 5-10 cm depth in
the Atacama Trench compared to &1 15 cm in the Kermadec Trench. As NO, concentrations
remained low and NH,, only accumulated below the NO, zone, these profiles indicate
active N, production and anaerobic ammonium oxidation. Shipboard incubations with
1SNO,, ¥NO, or *NH,, confirmed denitrification and anaerobic NH,, oxidation activity
with highest potential rates in the nitrogenous zone. Isotope pairing in N, further implied
that NH,, was oxidized through the anammox process, which was substantiated by a close
correlation between rates and copy numbers of the anammox specific hydrazine synthase
(hzs) gene. At most sites, anammox dominated N, production with contributions reaching
070 %. Based on hzs gene sequences, hadal anammox bacteria are closely related to
“Ca. Scalindua” from shallower marine habitats. Judged from their activity during the
incubations at surface pressure, these bacteria were not heavily impaired by decompression.
This was substantiated by in situ incubations with '*N tracers in the seafloor by means of a
benthic lander, which generated patterns and rates of N, production consistent with those
obtained in the laboratory. We conclude that denitrification and anammox are substantial
sinks for fixed nitrogen in hadal sediments with most of the loss conveyed by anammox
bacteria that appear to be piezotolerant. Our results demonstrate that high rates of
biogeochemical activity persist beyond the oxic surface layer of these systems.

385



386



SO261*

MICROBIAL RESPIRATION IN HADALPELAGIC REALM OF
ATACAMATRENCH

ShenzhenKeylaboratoryofMarineArchaeaGeo-Omics, DepartmentofOcean
ScienceandEngineering, SouthernUniversityofScienceandTechnology |
Shenzhen,China

XinxinL.,XinZ.

UniversityofSouthernDenmark,DepartmentofBiology | OdenseM,Denmark
R.N.Glud

DepartamentodeOceanografia, UniversidaddeConcepcién | Concepcién, Chile
O.Ulloa,l.FernédndezUrruzola

InstitutoMileniodeOceanografia,UniversidaddeConcepcién | Concepcién, Chile
O.Ulloa,l.FernandezUrruzola

StateKeyLaboratoryofMarineEnvironmentalScience, InstituteofMarineMicrobes
andEcospheres, CollegeofOceanandEarthSciences, XiamenUniversity |
Xiamen,China

Wenpengl.

Trenches are the “lastfront” in marine science research. Fully understanding organic
carbon(OC)recyclinginthewatercolumnisessentialtounderstandthetrenchsediment
being a depocenter of OC. Here we presented the first infegrated study of size
fractionated microbial communityrespiration (MCR) rateand darkdissolvedinorganic
carbon(DIC)fixationratefromepipelagictohadalpelagicwateraswellastheirpotential
linkageswithprimaryproductioninAtacamaTrench. DepthprofilesofDICfixationrate
atmostsites showed adecrease from 5mto 6000 mand wentupin hadaltrenches
indicatingtheimportanceofDICfixationindarkocean. MCRwerenotablydecreased
fromepi-tomeso-pelagiczone(~ 1000m)andkeptconstantinbathy-andabyssopelagic
zones,butvariedinhadal-pelagicwatersignificantlyfromoverlyingwatercolumn,with
someextremely high rates in bottom depths. Relatively, over 60 %(71.00+£12.10%,
n=123)ofthetota MCRwascontributedfromparticleattached (PA)fractions(>0.8pm)
ratherthanthefree-living(FL)fraction(0.2-0.8pm).Overall,thedarkDICfixationrates
weretoolittlecomparedto3magnitudehigherMCRtobecountedasimportantenergy
sources in Atacama Trench. Comparation between integrated-MCR atdifferent layers
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and 8-yearaveragenetprimary production (NPP) indicated unique carbonsourcesin
hadal pelagic water besides primary production. This first quantitative exploit of the
studywillprovidebasicunderstandingofprocessesintrenchstorageofOCandmarine

OCecycling.
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Thebiogeochemistryofsedimentaryorganicmatterexertsprofoundinfluencesonthe
life and ecology of the hadal zone, the deepest ocean realm with water depth of
6000-11,000m.However,ourknowledgeonthehadalzoneisrudimentarydueto
thegreatsamplingand monitoringchallenges. Here, weinvestigated several short
corescollectedfromoligotrophicKermadecTrench (KT)andupwelling-inducedhigh
productive AtacamaTrench (AT). Byanalyzingelementary compositions (TOC, TN,
TOC/TN),stableisotopes(® '*C, 8'*N),radiocarbon( '“C)ageandbiomarkers(such
as alkanes, alkanols, fatty acids, sterols), we attempted to understand spatial
variabilityinconcentration,compositionandsourceofsedimentaryorganiccarbon
atintra- and inter-trench scales. Trench axis sites generally showed higher TOC
contents than adjacent abyssal sites in each trench, whereas the AT has higher
concentrations of sedimentary TOC and biomarkers than KT, consistent with their
primaryproductivity.Thed '*C,TOC/TNandbiomarkersrevealamixedcontribution
ofterrestrialandmarine-derivedorganicmatter,buttheenrichmentterrestrialorganic
matter was a common phenomenon along trench axis, likely attributed to better
preservationofterrestrial OCduringtransportprocesses. Theverticalprofilesof 14C
age and other parameters suggest relatively stable depositional conditions at the
abyssalsiteswithpost-depositionaldecayofOC,butunstabledepositionalconditions
atthehadalsites(e.g., reversalof 14C,largeamplitudechangesinTOC, TOC/TN
and 8'*C and biomarkers). These abrupt changes were caused by earthquake-
triggered turbidity currents. Overall, our study provided evidence that the
heterogeneityofsedimentaryorganicmatterbetweentrenchesandwithinthetrench.
More investigations are needed for better understanding the biogeochemistry of
organicmatterinthehadalzoneanditsroleinglobaloceancarboncycling.
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Sediments of abyssal plains and in deep-sea trenches have long been considered
relativelyinactivefromamicrobiological pointofview. Highabundances ofbenthic
organisms (Danovaro etal. 2003) and high microbial carbon turnover rates atthe
seafloorsurface (Gludetal.2013)havealreadycorrectedthisassumptionforsome
deep-sea ditches. Obviously, partial ocean trenches function as a kind of trap for
particulateorganicmaterial, whichistransportedbycurrentsordebrisflowfromthe
steepedgesintotrenches. Sofar,biogeochemicalinvestigationsindeep-seatrenches
have only been available for surface sediments. Here we present the firstresults of
deepburiedsediments. ThesampleswerecollectedonacruiseoftheRVSONNEin
spring2018tothe AtacamaTrench. They provethateven several meters belowthe
seabedthe microbial activity canreach anintensity comparable tothatknown from
coastalhighproductionareas. Despitesignificantlylowertotalcarboncontentsinthe
sedimentsofthetrench, considerableflowrateswereobserved. Weassumethatthe
main original ash for this finding is in the sediment dynamics in the vicinity of the
trench. The sediments are characterized by a large number of smaller and more
powerfulturbiditelayersandthereforeshowveryhighaccumulationrates. Obviously,
reactive organic material is buried relatively fast and is therefore preferentially

availableforanoxicdegradationprocesses.
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And:cruiseparticipants

TheMANGAN2018cruisewithR/VSONNEtotheeasternpartoftheGermanlicense
areafortheexplorationofpolymetallicnodulesintheEastPacific(Fig. 1)wascarried
outfrom6Aprilto29May201 8, startinginGuayaquil (Ecuador)andendinginSuva
(Fiji).Duringthisperiod,weinvestigatedthreeworkingareas(WA-TtoWA-3)intheeast
ofthelicensearea.Thecruisehadthreemajoraims:(1)explorationofanewprospective
manganese nodule field, (2) recovery of manganese nodule mass samples for
metallurgical experiments at pilot plant scale, and (3) acquisition of high-resolution
baseline environmental data in preparation for a collector test in April 2019. The
environmentalinvestigationsincluded (i) detailed studiesofthebenthicbiodiversity, (ii)
measurementsofmetalconcentrationsin(sub)bottomwaters, (iii)mooringofthree ADCP
currentmeters forthe analysis ofthe bottom currentregime until April 2019, and (iv)
mooringofasedimenttrapuntil April2019inordertodeterminebackgroundparticle
fluxes.Furthermore,wecontinuedthesamplingoftimeseriesforbiodiversityanalysisin
the tworeference areasforwhich annual samples for the period between 2013 and

2016werealreadyavailable.
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Fig.1:LocationsofthetwopartsoftheBGRcontractareaforpolymetallicnodulesexploration (highlightedinred)
within the Clarion-Clipperton Fracture Zone of the Pacific Ocean. Other contractor areas are shown in yellow,
ReservedAreasaredisplayedinblue-greyandAreasofParticularEnvironmentalinterestareshowningreen.

The northern part of working area WA-1 includes the nodule field selected for the
collectortestoftheBelgiancompanyDEME-GSRinApril2019. Withinanareaof4x5

km, we recovered multicorer (MUC) samples at 26 stations for the investigation of
meiofaunalbiodiversity,thegeochemicalcompositionofporewaterandsedimentsand
theparticlesizedistribution.Furthermore,wecollectedseawaterfortheanalysisoftrace
elementsandsinking particulate matterwithaRosette water samplerequippedwitha
CTD (ROS/CTD)and amarine snow catcher (MSC) tostudy the effects of asediment
plumereleaseintheupperwatercolumnduringpotentialfuturedeep-seamining.Along
two 10-kilometre-long video sledge profiles, we obtained data on manganese nodule
coverageandsizedistributionandstudiedthediversityof megafaunalorganisms. The
benthic lander “Anonyx”, equipped with a bait and a high-resolution camera, was
deployed threetimesfor 24-36 hours each to analyse the diversity and behaviour of
scavengers. Ourworkinthe collector testarea was completed by two multinet (MN)
stationstorecoverplankfonthroughoutthewatercolumnandthemooringofasediment

trapequippedwithcurrentmetersforoneyear.

InthesouthernpartofWA-1,whichincludesthe”ImpaciReferenceZone"oftheGerman
licensearea,werecoveredMUCsamplesatsixstationsandcarriedouttwoepibenthic
sledge(EBS)deploymentsinordertocontinueatimeseriesofannuallyrepeatedsampling
for biodiversity studies from 201310 2016. We used the ROS/CTD to collect water
samplesforparticleandmetalconcentrationanalysesatthreestationsandtheMSCto
sampleaggregatesattwostations.Alongashortvideosledgetransectwemappedthe
area close to athree year old EBS track and found that the sediment blanketing of
nodulesupto4Omnorthand 1 00msouthofthetrack,asobservedin201 5shortlyafter

the disturbance due to the EBS deployment, is no longer present. This suggests re-
suspensionofthethinsedimentlayerduringperiodsofenhancedcurrentvelocities, in

agreement with experimental results showing that resettled particle aggregates are
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re-suspendedatvelocities>8cm/s. Furthermore, wedeployedthe Anonyxlandertwo
timesandrecovered 1 1.5tonsofnodules(wetweight)with 1 3dredgedeploymentsfor

futuremetallurgicalexperimentsatpilotplantscale.

InworkingareaWA-2,locatedabout80kmeastof WA-1, weexploredtheeconomic
potentialofanodulefieldof350km2sizewith4 1 boxcoresamplesandtwotransects

of high-resolution video sledge mapping. WA:2 is predominantly covered with big
nodules larger than 4 cm in diameter. The seafloor samples and onboard XRF
measurements showed consistently highnodule abundancesof 23 kg/m2on average
andhighmeanmetalconcentrationsof3%nickel, copperandcobaltintotal. Thetotal
quantityofmanganesenodulesinthisareaamountstoeightmillionmetrictons(mt)wet
weight, which is equivalent to 79,000 mt Ni, 66,000 mt Cu, 9500 mt Co, and
1,7000,000mtMn.Thisamountofnodulescouldpotentiallysustaintwotothreeyears
ofdeep-seamining.Inaddition,wedeployedtheAnonyxlanderatfourstationsandthe
ROS/CTDattwostations.SevenMUCstations, twoEBStracks, fourMSCstations,and
oneMNstationcomplementedourworkinWA-2. Afterwards, wesailed44nmnorthto
thelicenseareaofUKSeabedResourcesltdwherewerecoveredtiwomooredsediment
trapsthatweredeployedin2015.

WorkingareaWA-3representsthe”PreservationReferenceZone"oftheGermanlicense
area, wherewelikewisecontinued abiodiversity timeseriesoffourconsecutiveyears
startedin2013bysamplingatsixMUCsitesandtwoEBStracks. Wefurtherdeployed
amooringwithtwocurrentmeters.Duringthemappingofa1 3.5kmlongtransectofthe
seafloorwiththevideosledge, wewereabletodetectthree 1. 5mwideEBStracksfrom
previousyearsandafreshtrackfromthe day before. Asalready observedin WA-1,
reseftledsedimentonnodulesinproximitytotheoldEBStrackshasobviouslybeenre-
suspended anddriffed away, likely during phases of enhanced currentvelocities. We
furtherdeployedaMSCatonestation, carriedoutafulldepthCTDstationandaMN
station. With one more Anonyx lander station in this working area, we finished nine
landerdeploymentsintotalduringtheMANGAN201 8cruise.Apreliminaryevaluation
oftheseninevideorecordsshowedthatrelativelyfewspeciesdominatethebait-attended
population,whichappearinarrivalsequenceonthebait.

Further working areas were chosen for individual stations: a prominent seamount of
2100mheightbetweenWA-1andWA-2servedtoobtainoceanographicdatarequired
forhydrodynamicmodelsonsedimentplumedispersion.Twogravitycorerstationsinthe
south of the license area were selected to obtain long sediment cores at sites where
sediment echo sounder recordings from previous cruises revealed buried nodules at
about7 msedimentdepth. Thecruiseendedafter 30workingdaysand 177 stations
withthesuccessfulcompletionofallplannedactivitiesoftheexplorationprogram.

Firstresults ofthe biodiversity sampling revealed thatthe megafaunaisdominated by
Xenophyophora, Echinodermata, AnthozoaandPorifera. Duringthe MANGAN 2018
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cruise,43megafaunaltaxa(morphologicalidentificationjweredocumented.Regarding
the macrofauna, most abundant taxa are Copepoda and Polychaeta, followed by
Chaetognatha, BivalviaandOstracoda.In201 3, atimeseriesoftwoEBSstationshas
beeninitiated, thatwassampledforthefifthtimeduringthiscruise. Comparingrelative
abundances, thecommunityisdominatedby Copepodain2018and2015, whereas
Polychaetacomprisethemostabundantaxoninallotheryears Zooplankton investigated
across the complete water column, revealed changes in community with increasing
depth. The number of taxa and the diversity decreased in the oxygen minimum zone
(150-700m)ascomparedtothesurfacecommunity.Below700m,weobservedtypical

deep-watertaxa.
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Fig.2:BathymetricmapoftheeasternpartoftheGermanlicenseareawiththetrackofR /VSONNEduringcruise
MANGAN2018inred.LabelsWA-1toWA-3representthethreemainworkingareas(CHAPTER2. 5andonwards
inthecruisereport). Thedatesspecifythetimeperiodsspentineachoftheworkingareas.
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Thegloballyincreasingdemandformetalsandrareearthelementshasraisedtheinterest
for potential mining of deep-seamineral resources such as polymetallicnodules. One
importantfieldofpolymetallicnodulesislocatedinthenortheasternequatorial Pacific,
within the Clarion-Clipperton Fracture Zone (CCZ). On behalf of the German Federal
Ministry for Economics and Energy, the Federal Institute for Geosciences and Natural
Resources(BGR)hasheldalicensefortheexplorationofmanganesenodulesinthe CCZ
withthelnternationalSeabed Authority (ISA)since2006. Againstthisbackgroundand
inadditionfocarryingoutresourceassessments,BGR,incooperationwithpartnersfrom
national and international research institutes, has the obligation to conduct detailed

environmentalstudiesinitslicensearea.

Toassesstheenvironmentalimpacts of potential future mining activities, anodule pre-
prototypecollectortestisscheduledtooccurintheGermanlicenseareainautumn2020,
andwillbeaccompaniedbyanextensiveenvironmentalmonitoringprogram(jointeffort
betweenBGRandtheEuropeanresearchprojectPl-Oceans”Mininglmpact2”) However,
toassesstheimpactofminingactivitiesonthedeep-seaenvironment, forexampledueto
thedevelopmentofanoperationalsedimentplumeontheseafloor, priorknowledgeon
thebottomcurrentregimeandvariabilityofparticlefluxandcompositionwithinthe CCZ
undernaturalconditionsisaprerequisite. OnemajorgoaloftheSO262expeditionwas
theacquisitionofhigh-resolution,pre-impactbaselineenvironmentaldatafromthestudy
area. Thisincluded the deploymentof Ocean Bottom Moorings (OBM) equipped with
currentandturbiditymetersfortheanalysisofthebottomcurrentregimebetweenApril
2018andApril2019,andasedimenttraptodeterminebackgroundparticlefluxesand
composition.Here,wepresenffirstresultsoftheseoceanographicandsedimentological
datasetsandanalyses,andcomparetheresultswithotheravailableinformationderiving

fromtheregion.
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S0O264*

SONNE-EMPEROR: THE PLIO/PLEISTOCENE TO HOLOCENE
DEVELOPMENT OF THE PELAGIC NORTH PACIFIC FROM
SURFACETODEPTH-ASSESSING ITSROLE FORTHE GLOBAL
CARBONBUDGETANDEARTH "SCLIMATE

AUTHORS

GEOMARHemholtzCentreforOceanResearchKiel | Kiel, Germany
D.Nurnberg

Alfred-Wegener-InstitutHemholtz-ZentrumfirPolar-undMeeresforschung, Bhv |
Bremerhaven,Germany
R.Tiedemann,L.Lembke-Jene

And:SO264ShipboardScientificParty

TheNorth (N)Pacificincreasinglyattractsattentionduetoitsprimeroleinshapingthe
Earth’s climate. The RV SONNE-EMPEROR cruise SO264 aiming at the Emperor
Seamount Chain in the N Pacific (Fig. 1, 2) focussed on scientific questions closely
linking paleoceanographic, paleoclimatic, chemical-oceanographic, and marine
biological studies in an integrated approach to advance the dynamic and three-
dimensionalprocess-orientedunderstandingofthecomplexNPacific'sroleforregulating
ocean-atmospheregreenhousegasexchangespriortoanthropogenictimescales.
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Fig.1:BathymetricchartoftheNPacificshowingtheSO264studyarea.
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Fig.2:BathymetricchartshowingGEO-stationssampledduringSO264.

RVSONNEcruiseSO264tookplaceintheframeworkoftheBMBF-fundedijointproject
"SONNEEMPEROR" coordinated by GEOMAR and AW (June 30-August24,2018,
Suva-Yokohama). 5O264 blogs and videos are available atwww.bmbf.de, www.

oceanblogs.org,andwww.youtube.com.

Inasofaruniqueapproach,werecoveredclosely-spacedhigh-qualitysedimentrecords
(~640mcorerecoveryfrom~1100mto~5700mwaterdepth)fromabroadmeridional
transectalongtheEmperorSeamountChain(~170°E),spanningsubtropicaltosubarctic
oceanclimateregimesfrom~30°Nto~50°N, andcrossingmajoroceanographicand
climatic patterns (e. g. the Kuroshio Extension, the Kuroshio Bifurcation Front, the
SubarcticBoundary, the Subarctic Front). The deep-seadepositsareimportantclimate
archives,whichshedlightonthelong-termPlio/Pleistoceneoceanographicandclimatic
developmentofthepelagicNPacific,andwillallowexactstatementsone.g.changes
inoceanphysicalproperties stratificationofthewatercolumnanddeepoceanventilation
inthepast.
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Fig. 3:North-southoriented SO264 coretransectalongthe Emperor SeamountChain. White dots—siliciclastic-
carbonaceoussediments;greendots-siliciclastic-siliceous(opaline)sediments;yellowdots—bentsedimentcores.
IRD-ice-rafteddebris. Colorshadingindicatesphosphateconcentrationsinseawaterfrom WOA (Garciaetal.,
2009).SectiondonewithODV4(Schlitzer,2014).

Thesuiteofproxydatawearecurrentlyworkingwithwillallowustoyieldacomprehensive

understandingoftheinterdynamicdevelopmentofsurface, subsurface,anddeepwater
masses,andwillprovidecluesonatmosphere-oceanexchangeprocesses, theevolution
ofthecryosphere,interhemisphericcoupling,andinter-oceanexchange . Wewillpresent
high-resolution (isotope)geochemicalproxyrecordsfromcores, whichhavemeanwhile

beenstratigraphicallyclassified.
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ISOLATION AND QUANTIFICATION OF MICROPLASTIC
PARTICLES FROM WATER AND SEDIMENT SAMPLES
COLLECTEDDURINGSO268/3ONTHEPACIFICOCEAN

HelmholtzCentreforEnvironmentalResearch-UFZ,DepartmentofAnalytical
Chemistry | Leipzig, Germany
R.Rynek,P.Kldckner, T.Reemtsma,S.Wagner

In2018theglobal plastic production exceeded 340 milliontons (PlasticsEurope, 2018).
Duetoinsufficieniwastemanagementanddeliberatelyincorreciwastedisposalifisestimated
thatupto10%oftheannualproducedplasticmassreachestheoceans(Thompson,2007).
Assumingthereisnochangeinthewayplasticwasteishandled,morethan250milliontons
ofplasticcouldhavereachedtheoceansby2025whereitaccumulatesindifferentzones
duetotheinfluence of wind and ocean currents (Maximenko, Hafner and Niiler, 2012;
Jambecketal.,2015).OneoftheseaccumulationzonesistheGreatPacificGarbagePatch
betweenCalifornia(USA)andHawaii. ltisexpectedthatthereisalsoaverticaldistribution
ofplasticacrossthewatercolumninthe ocean. Theaimofthis studyistodeterminethe
lateralandverticaldistributionofplasticparticlesinthePacificOcean, toidentify possible
material-orsize-specificsinksandtocomparetheconcentrationofplasticparticlesbetween
accumulationzonesandremoteregions. Therefore, samplesfromsurfaceandnear-surface
waters, thewatercolumn atdifferentdepths andthe sea sedimentwere taken during the
cruiseSO268/3betweenVancouverandSingaporefromMayto)uly2019.(Fig.1)

Fig. 1:TrackofcruiseSO268/3onresearchvessel SONNE

Herewepresenttheplannedworkflowfromsamplingtoquantificationofplasticparticles
indifferenimatricesandsomepreliminaryresultsonrecoveryexperimentsandmethodical
testsfortheisolationofplasticparticlesfromdifferentmatrices.
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Theupper5cmofsedimentsamplestakenwithamulticorerindepths>5000mwill

be used for micro plastic analysis. To isolate polymer particles from the sediment
matrixadensity separationapproachwithsodiumpolytungstateisused, whereour
preliminaryexperimentsshowrecoveryrates>90%forpolystyreneparticlesinthe
sizerangeof45-63pmandaconcentrationof 1 Oparticlespergofsediment. After
isolation, residual organic matter may be removed by an enzymatic cleanup
procedureifthereareinterferenceswiththeusedFT-IRdetection(Lderetal.,2017).
Remaining particles willthen befiltrated on Anodisc membranes and subjected to
FT-IRanalysis.

Suspendedmatterfromwaterwassampledbycatamarantrawling (surfacewater, >
330pm),cascadefiltration(surface-nearwater,>500pm-10pm)andinsitupumps
(watercolumn, > 30 pm-0,45 pm). Afterresuspending the particles by rinsing the
used sampling devices or filters, the organic matrix is removed by enzymatic or
chemical cleanup and the residual particles are deposited on Anodisc filters.
Preliminaryexperimentsshowthatthecleanupisnecessarytomeasurethe samples
withFT-IRimagingbecausethehighabundanceofnaturalparticlesinterfereswiththe
detection of polymer particles. The enzymatic cleanup procedure clearly decreases
theamountofnaturalorganicparticlesonthefiltersurface, enablesthemeasurement
ofpolymerparticlesandincreasesthe quality of measured spectra. (Fig. 2) Further
experimentswillbeconductedtoevaluatethecleanupprocedureintermsofrecovery,
influence on particle size distribution and changes in specta of different reference
materials. The final protocol will then be applied to the suspended matter samples
fromthePacificOcean.

Fig.2:Microscopeimagewithoutcleanup(left)andafterenzymaticdigestion(right)

Focal plane array-based transmission mode FT-IR imaging combined with database
comparisonisthenusedtodeterminethenumber, sizeandcompositionoftheisolated
polymerparticles<500pmonthemembranefiltersfrombothsedimentandsuspended
mattersamples. Plasticparticles>500pmwillbesortedoutvisuallyandidentifiedby
ATRFT-Rspectroscopy.
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INFLUENCE OF ICE COVER AND LATITUDE ON ANTARCTIC
PERACARIDCRUSTACEANSINACHANGINGENVIRONMENT

SenckenbergNaturmuseum | FrankfurtamMain,Germany
D.DiFranco,H.Saaedi,A.Brandt

BritishAntarcticSurvey(BAS) | Cambridge, UnitedKingdom
K.Linse,H.Griffiths

AlfredWegenerlnstitute,HelmholtzCentreforPolarandMarineResearch |
Bremerhaven,Germany
C.Haas

InFebruary2019theRVPolarsternsailedtowardsthelarsen-Cice-shelffromwhichin
2017 ahugeportionofice (iceberg A68) calvedexposingtheunderlying seafloorto
newenvironmentalconditionsHoggandGudmundsson2017) Theaimoftheexpedition
(PS118)wastoinvestigatethecommunitiesofperacaridcrustaceanswhichlivedunder
theice-shelfandassesstheinfluenceofthelatterontheircompositionanddiversity. The
sampleswouldthereforebecomparedtothosecollectedduringpreviousexpeditionsin
other areas characterised by differentextents of ice-cover (Figure 1A): Prince Gustav
Channel(JR17003a)wheretheiceshelfcollapsedin 1995, theseasonallyice-covered
Filchner Trough (JR275), the ice free South Orkney Islands (JR15005). Unfortunately,
duringtheexpeditionPS118itwasnotpossibletoreachthelarsen-Cduetoheavyice
conditions, therefore samples were collected in other locations along the Antarctic

Peninsula, followingalatitudinalgradientandleadingtonewscientificquestions.

Theaimofthestudyistoinvestigatetheinfluenceoficecoverandlatitudeonperacarid
abundance and species composition comparing areas characterised by differentice
cover regime and latitudinal gradients. Besides the influence of other environmental
parameters(e.g.depth,temperature, salinity, typeofsediments, primaryproduction)is

alsoassessed.

Atotal of 64766 peracarids were sorted and identified at order level (Amphipoda,
Isopoda,Cumacea, TanaidaceaandMysidacea).

Thecalculatedirawlingdistanceswerenormalisedto 1000mhaulsinordertocarryout

comparativeanalyses.
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Filchner Trough (JR275) showed the highest abundance with 51 079 individuals per
1000mhauls,whileSouthOrkneylslands(JR 15005)weretheleastpopulatedwithonly
7714 individuals (Figure 2B). In total Cumacea were the most abundant taxon with
33,700individualsper 1000mhauls, representingthe 31 % ofthetotalabundance,
followedby Amphipoda(32,815individuals,30%)andlsopoda(3 1,360individuals,
29%).TanaidaceaandMysidaceashowed4,955and4,908individualsper 1000m
respectively,bothrepresentingthe5 %ofthetotalabundance(Figure2A).

Statistical analysis showed a significant correlation between the total abundance of
peracarids from different areas and environmental parameters such as chlorophyll
concentration,depth,icecover,phytoplankton,salinityandtemperature(p<0.05;Figure
5C-H).Inparticular, highervaluesofchlorophyll, phytoplanktonandicecoverresultin
anincreaseofperacaridabundance, whereasathighertemperature, salinityanddepth
the abundancesdecrease. Atthe presentstage no correlation between abundance of
peracaridsandlatitudewasfound, althoughthefutureinclusion of previous published
dataof peracarid abundancesinthe analysis may provide us additional information.
Ourstudy showstheinteractionbetweenenvironmental parametersand macrobenthic
peracaridsprovidingususefulinformationonhowpossiblechangesofsuchparameters
couldhaveaninfluenceontheiractualistributionandabundance Abetterunderstanding
oftheaforementionedinteractionscanbeanimportantfactortopredicttheecological
impactinducedbytheon-goingclimatechange.

REFERENCES
Hogg,AnnaE.,andG.HilmarGudmundsson.”Impactsofthelarsen-ClceShelfcalving

event.”NatureClimateChange7.8(2017):540

Figure 1: Expeditions and sampling stations (A); Amphipoda, Eusirus perdentatus
Chevreux, 1912 (B);Isopoda, Ceratoserolistrilobitoides (Eights, 1833) (C); Cumacea,
CampylaspisG.O.Sars,1865(D).

Figure2:Pearsoncorrelationbetweenabundanceofperacaridsfromallthestationsand

environmentalparameters,p<0.05.
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