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1 Summary / Zusammenfassung
(P. Linke)

Leg 1 and 2 of cruise SO210 with RV SONNE to thivaccontinental margin off Chile were
conducted by shiptime exchange with RV METEOR. Fufod mobilizing the research team
were provided by the German Science Foundation (DRG conjunction with the
Collaborative Research Centre (SFB) 574 of the &hsity of Kiel. In the first years, the SFB
574 investigated the pathways and fluxes of vaatthrough the erosive subduction zone off
Central America. For comparison, the studies watteneled to the accretionary margin off
Central Chile. Cruise SO210 is the last cruise ootetl in the framework of SFB 574 and
based on bathymetric investigations of previous -8fBses on the RVs VIDAL GORMAZ
and JAMES COOK. The first leg of cruise SO210 wasdicated to long gravity coring for
volcanic ash layers from the erruptive Southerncebic Zone (SVZ) of the Andes that were
either deposited as fallouts onto the incoming ldeRlate or transported down the slope and
across the Chile Trench. Eight gravity cores ofmi2ength were retrieved seaward of the
Chile Channel on the outer rise of the Nazca Platee second goal for coring was the
description and dating of previously mapped subnealdndslides as well as retrieval of slide-
related material for geo-technical experimentsthsdeployment frame for long coring had to
be removed on the second leg we continued coringnfss-wasting and geochemistry with
short cores. Ten gravity cores of 3 or 6 m barabth were retrieved upslope of slides, the
glide plane and redeposited material downslopehefdlide evacuation area. This sampling
activity was supported by detailed acoustic surweifh Parasound and multibeam to remap
critical areas for mass wasting in search for esjemg. triggered by the recent Mw 8.8 Maule
Earthquake, such as flanks of submarine canyomsemiously detected submarine slides and
to fill data gaps in the existing bathymetric dafhe major activity of the entire cruise was
dedicated to the search and detailed sampling oifestations of fluid discharge activity on
the Chilean forearc. A total of 11 deployments with video sled OFOS and 12 dives by the
ROV KIEL 6000 were conducted for ground-truthingimformation from detailed side scan
sonar surveys and methane measurements which tedipassible seep activity and has been
obtained during previous cruises to the Chilearedar. In 5 working areas we found
manifestations of fluid discharge. In these ardas survey was followed by an intense
sampling of bottom water, sediments, carbonateganaed meiofauna and the deployment of
instrumentation on the seafloor. The goal of thdm@loyments was to measure in situ seabed
methane emission rates and associated fluxes fodies@nd major electron acceptors such as
oxygen at seep sites along the Chilean margin andntlerstand its controls. This was
accompanied by CTD casts to trace oxygen and tigeofamethane discharge in the water
column. Sediment cores obtained by multicorer orVR@ere used for the geochemical
characterization of the pore water and microbialabistudies which included turnover rate
measurements, molecular studies, flow through éxysts and sampling of active sediments.
Authigenic carbonates obtained by TV-Grab or ROWenvsampled for fauna, biomarker
studies and investigations to reconstruct the drosttuctures, calcification processes and
fluid-pathway systematic. The sampling of sedimemig carbonates recovered a unique fauna
with 79 different taxa, several of them appeardspecies new to science.

Die Expedition SO210 (Leg 1 und 2) mit FS SONNE zaktiven Kontinentalrand vor Chile
wurde im Rahmen des Schiffszeittausches mit FS SONchgefuhrt. Die Finanzierung zur
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Mobilisierung des wissenschaftlichen Teams wurdechldudie Deutsche Forschungs-
gemeinschaft (DFG) in Verbindung mit dem Sondedbusgsbereich (SFB) 574 bereit-
gestellt. In den ersten Jahren untersuchte der SFEBdie Wegsamkeiten und Flisse von
Volatilen durch die erosive Subduktionszone vor tzdamerika. Die Studien wurden zum
Vergleich auf den akkretionaren Kontinentalrand vodentral Chile ausgeweitet. Die
Expedition SO210 ist die letzte Schiffsreise, dreRahmen des SFB 574 durchgefihrt wurde
und baute auf den bathymetrischen Untersuchungemgegangener SFB-Ausfahrten auf den
Forschungsschiffen VIDAL GORMAZ und JAMES COOK atfer erste Fahrtabschnitt der
Reise SO210 war der Gewinnung von langen Schwerliogn zur Beprobung vulkanischer
Aschelagen aus der eruptiven Suddlichen VulkanzoB€Z] der Anden gewidmet, die
entweder als fallout auf der einfallenden Nazca&t®kbgelagert wurden oder den Kontinental-
hang herunter und tber den Chile Graben hinausgaomtiert wurden. Acht Schwerelotkerne
mit 12 m Lange wurden seewarts des Chile Kanalslenf ansteigenden Teil der Nazca Platte
abgeteuft. Das zweite Ziel des Kernprogrammes viarBeéschreibung und Datierung von
zuvor kartierten untermeerischen Rutschungen alsch audie Gewinnung von
Rutschungsmaterial flr geo-technische ExperimeDte.das Kernabsatzgestell auf dem 2.
Fahrtabschnitt abgebaut werden mufite, wurde daspkagramm nur mit kurzen Kernen fur
Rutschungen und Geochemie weitergefiihrt. Zehn Setete mit 3 oder 6 m Lange wurden
hangaufwarts der Rutschungen, auf der Rutschungshath an wiederabgelagerten Material
hangabwarts der Rutschungsebene gewonnen. DiepesbBagsprogramm wurde unterstitzt
durch detaillierte akustische Kartierungen mit Bauamd und Multibeam, um kritische Zonen
erneut zu kartieren auf der Suche nach Ereignisse®,dem rezenten 8,8 Mw Maule
Erdbeben, an Flanken von untermeerischen Canyosis zaavor erfassten Hangrutschungen,
und um Datenliicken in dem existierenden bathynotieis Datensatz zu fillen. Die Haupt-
aktivitat der gesamten Expedition war der Suche wdetaillierten Beprobung der
Manifestationen von Fluidaustritten am Chilenischémntinentalrand gewidmet. Insgesamt
wurden 11 Einsatze mit dem Videoschlitten OFOS 1iBddrauchgange mit dem ROV KIEL
6000 durchgefuhrt, um bereits vorliegende Hinwesd# mogliche seep Aktivitaten zu
Uberprufen, die mittels detaillierter side scan &@antersuchungen und Methanmessungen
wahrend vorangegangenen Ausfahrten zum Chilenisklostinentalrand gewonnen wurden.
In 5 Arbeitsgebieten konnten wir diese Manifesta¢io von Fluidaustritten nachweisen. In
diesen Gebieten folgte den Vorerkundungen einegéite Beprobung des Bodenwassers, der
Sedimente, Karbonate, Mega- und Meiofauna sowiddeatz von Instrumenten am Meeres-
boden. Das Ziel dieser Einsatze war die in situsdeg von benthischen Methanfreisetzungs-
raten und damit assoziierten Flissen von Sulfid amdkeren wichtigen Elektronenakzeptoren
wie Sauerstoff an Ausstrittsstellen entlang desledischen Kontinentalrandes sowie das
Verstandnis seiner Steuerparameter. Diese Untewsgeim wurden durch CTD-Profile
begleitet, um Sauerstoff und das Schicksal der MdtRisetzung in der Wassersaule zu
erfassen. Sedimentkerne, die mittels Multicorer R@V gewonnen wurden, wurden zur geo-
chemischen Charakterisierung des Porenwassers ukmbbmlogischen Studien herange-
zogen, die Messungen der Umsatzraten, molekulargiest, Durchflu3experimente und die
Beprobung aktiver Sedimente umfassten. Authigenddteate wurden mit dem TV-Greifer
und dem ROV gewonnen und fur Fauna und Biomarkeeftduchungen sowie fur Studien zur
Rekonstruierung von Wachstumsstrukturen, Kalzifizigsprozessen und Fluidkanalsystema-
tiken beprobt. Die Beprobung der Sedimente und &@ate barg eine einmalige Fauna mit 79
verschiedenen Taxa, von denen einige vollkommewekarimte Arten darstellen.
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2 Introduction
(P. Linke)

The expedition SO-210 to the continental margitCbile (ChiFlux) was the last cruise in the
framework of the Collaborative Research Centre (SBl. The overarching goal of SFB 574
is to understand the role and fate of volatiles #odls in the entire subduction system.
Volatiles and fluids have a major influence on,..esport- and long-term climate change, the
geochemical evolution of the hydrosphere and atimargy as well as subduction-related
natural hazards, such as earthquakes, volcaniti@ng@and tsunamis, because they are cycled
through the entire subduction system. During thst fsix years of the SFB 574, our
investigations concentrated on the erosive Certnakrican subduction system. One of the
major results of the SFBs forearc investigations e development of a new model for the
hydrogeological system of an erosional convergearigm and the effect of forearc dewatering
on earthquake activity in Central America. To daii@e whether this model is also applicable
to accretionary margins, and if not how it needsb& modified, is a major goal for the
remainder of the SFB.

The Chilean margin, which switched from erosiorataretion within the last several million
years, has been chosen for this study. The extensirk off Costa Rica and Nicaragua has
shown that fluid venting - mainly occurring at masnalong faults and at submarine land-slip
scarps in the mid-slope area of the continentalgmar is controlled by the dewatering of
subducted sediments. Morphological, geochemicalpgical, geophysical and volcanological
investigations of the forearc of the Chilean suliducsystem between 33-37°S were the main
focus of the SO-210 expedition to test the modéhefsubduction hydrogeological system.

2.1 Objectives
(P. Linke)

Major goals of the expedition were:

1) to investigate the dewatering processes in theaforef the central Chilean subduction
zone, in particular the origin and output flux @t fluids and volatiles,

2) to study biological processes fuelled by the disghaof fluids and volatiles (e.qg.
methane),

3) to use cold seep carbonates as a geochemical awhoold seep activity,

4) to evaluate the role of forearc fluids in trigggrimass wasting events that could
generate tsunamis,

5) to characterize geochemically the subducting sedlisnén order to determine the input
flux of climate-relevant volatiles (CO sulphur and halogens) and a variety of trace
elements, necessary for determining the mass malahchemical fluxes through the
subduction system, and

6) to investigate the distribution of volcanic ashesmprove estimates on the volume of
material emitted by volcanic eruptions and to ahstinct events within the sedimentary
sequence. An additional goal was to detect redesges in the morphology of the sea
floor and the discharge activity of fluids and gasehich are related with the earth
guake on February 27 and the associated tsunami.

Preliminary investigations by Chilean colleagueswadl as sampling during cruise M67/1

revealed definite indications of fluid venting whitogether with detailed, recent geophysical
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and bathymetric investigations on the RVs VIDAL G@RZ and JAMES COOK (3-4/2008)
were basis for the present cruise.

2.2 Geological Setting of the Study Area and Maps
(D. Volker, J. Geersen)

The South Chilean forearc is formed by the subduactf the Nazca Plate under the South
American Plate at a present rate of 6.6 cm/yr arcdrevergence azimuth of about 80° (Fig.
2.2.1) (Angermann et al., 1999). The oblique subdaocresults in a northward increase in
plate age at the trench of about 1 Ma/100km (Teblaed Cande, 1997).

Since about 4 — 6 Ma the part of the margin betwa®s, where the Juan-Fernandez Ridge
collides with the lower forearc, and the Chile Teidunction at 46.5°S is in an accretionary
state (Kukowski and Oncken, 2006; Melnick and EhtP006). Before 4 — 6Ma, the marine
forearc has experienced subduction erosion. Thegehrtom subduction erosion to sediment
accretion is supposed to have occurred during tisetoof glaciation in the Patagonian Andes
about 6 Ma ago, resulting in increased sediment ftuthe trench (e.g. Bangs and Cande,
1997; Melnick and Echtler, 2006). Today, the trefiththickness in the study area varies
between 1500 m in the South and 2000 m in the N@ithz-Naveas, 1999; Ranero et al.,
2006; Volker at al., 2006). In the trench betwe8AS3— 42°S, sediment is being transported
northward guided by a trench-parallel axial charthat cuts 100 - 200 m into the sedimentary
trench fill (e.g. Volker et al., 2006).

In the region of the cruise, the most prominent photogic features on the oceanic Nazca
Plate are the Mocha and the Valdivia Fracture ZdqRr&s 2.2.1). The Mocha Fracture Zone
intersects the trench around 38°S and the Valdiiacture Zone around 40.5°S. These
fracture zones separate young (0 - 25 Ma) oce#himsphere at the south from old (30 — 35
Ma) oceanic lithosphere at the north. The morphploigthe lower continental slope appears
complex with a rough seafloor and a series of mapgirallel accretionary ridges at the
lowermost slope. In contrast the seafloor at theeumontinental slope appears quite smooth
and undisturbed (Bangs and Cande, 1997; Geersdn 2011-A). The smooth morphology of
the upper slope is interrupted by north-south tirgnddges and escarpments that displace the
seafloor up to 500 m (Fig. 2.2.2). These morphaldgatures represent surface expressions of
deep-seated thrust and normal faults (Geersen, @0dl1-A).

The continental slope is deeply incised by a nunabgrrominent submarine canyon systems
that feed terrigenous material of Andean origintihe trench (Fig. 2.2.2). Where swath
bathymetric data is available, it can be shown thatcanyons directly connect to major river
systems that drain both the Andean and the Co&xiadillera. The activity of individual
canyons is evident from their sheer size as théyuputo 1000 m deep into the continental
slope as well as by canyon fan systems that haweeft where the canyons end in the Chile
Trench.

2.2.1. Seismotectonic segmentation of the Soutle@hmargin

The Chilean continental margin is affected by rdogr great subduction earthquakes.

Earthquakes occur in distinct seismotectonic sed¢gninat break every 150 — 200 years (e.g.
Lomnitz, 1970, 2004). Two seismotectonic segmerddacated in the working area of cruise

S0210 (Fig. 2.2.1), the Valdivia Segment to thetlscand the Concepcidén-Constitucion

Segment to the north of the Arauco Peninsula. TakeliVia Segment was last ruptured by the
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Mw 9.5 Valdivia (or great Chile) Earthquake on 22yW1960. This earthquake ruptured about
1000 km of the Nazca — South America plate bountatween the Arauco Peninsula and the
Chile Triple Junction and resulted in a verticalast@al uplift of up to 5.7 m. The last
earthquake in the Concepcion-Constitucion Segmexd the Maule Earthquake on the 27
February 2010 with Mw 8.8. The hypocenter of theuMaearthquake lies at 35.9°S, 72.7°W
in about 35 km depth, and the rupture area extatatgy the marine forearc between 33°S -
38.5°S (Fig. 2.2.1) (e.g. Moreno et al., 2010).djeoastal uplift of up to 2.5 m was observed
(Farias et al., 2010).
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Fig. 2.2-1: Morphologic and tectonic features otihern Central Chile between 33°S, where the Feanandez
Ridge is subducting and the Chile Triple Junctibd&f30'S. Epicentres and rupture areas of the 1960
and 2010 megathrust earthquakes are indicatedrutare areas define the seismotectonic Valdivia
and Concepcion-Constitucién segments that ovetl@paaico Peninsula.
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Fig. 2.2-2: Bathymetry of the working area and seuiracks of both legs of SO210. One can distitgaisough
lower continental slope that is part of the acorry wedge from a relatively smooth upper
continental slope that is interrupted by few eldag&rench-parallel ridges and escarpments. Themaj
submarine canyon systems of the working area dieated.
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3 Participants
3.1 Scientific Crew
Legl Participant Working area Institution
1 Linke, Peter Chief scientist IFM-GEOMAR
2 Voélker, David Hydrosweep/Parasound/Sediments SBB5
3 Geersen, Jacob Hydrosweep/Parasound/Sediments 578FB
4 Bodenbinder, Andrea Methane / Oxygen IFM-GEOMAR
5 Treude, Tina Microbiology IFM-GEOMAR
6 Steeb, Philip Microbiology, PhD SFB574
7 Rovelli, Lorenzo CTD, Eddy Correlation IFM-GEOMAR
8 Wefers, Peggy Methane SFB574
9 Scholz, Florian Porewater Geochemistry IFM-GEOMAR
10 Domeyer, Bettina Porewater Geochemistry IFM-GEBM
11 Surberg, Regina Porewater Geochemistry IFM-GE®MVA
12 Lomnitz, Ulrike Porewater Geochemistry IFM-GEORA
13 Liebetrau, Volker Carbonates/Isotope geocheynistr IFM-GEOMAR
14 Kutterolf, Steffen Volcanic Ashes SFB574
15 Freundt, Armin Volcanic Ashes SFB574
16 Bannert, Bernhard Video-technian, TV grab Oksopu
17 Cherednichenko, Sergiy Lander-Electronics IFMEBEAR
18 Valdés, Francisco Seep Macrofauna/Chilean Observ. ~ UCV
19 Petersen, Asmus Coring IFM-GEOMAR
20 Queisser, Wolfgang TV-MUC/ROV-Winch IFM-GEOMAR
21 Abegg, Fritz ROV-Coordinator/Pilot IFM-GEOMAR
22 Pieper, Martin ROV-Mechanics/Pilot IFM-GEOMAR
23 Hussmann, Hannes ROV-Electronics/Pilot IFM-GECGRIA
24 Cuno, Patrik ROV-Programming/Pilot IFM-GEOMAR
25 Meier, Arne ROV-Winch/Pilot IFM-GEOMAR
26 Suck, Inken ROV-Pilot IFM-GEOMAR
27 Foster, Andrew ROV-Pilot Schilling Robotics
Leg2 Participant Working area Institution
1 Linke, Peter Chief scientist IFM-GEOMAR
2 Vélker, David Hydrosweep/Parasound/Sediments SBB5
3 Geersen, Jacob Hydrosweep/Parasound/Sediments 578FB
4 Bodenbinder, Andrea Methane / Oxygen IFM-GEOMAR
5 Treude, Tina Microbiology IFM-GEOMAR
6 Steeb, Philip Microbiology, PhD SFB574
7 Bryant, Lee CTD, Eddy Correlation Duke Univ.
8 Wefers, Peggy Methane SFB574
9 Scholz, Florian Porewater Geochemistry IFM-GEOMAR
10 Domeyer, Bettina Porewater Geochemistry IFM-GEBM
11 Surberg, Regina Porewater Geochemistry IFM-GE®VA
12 Lomnitz, Ulrike Porewater Geochemistry IFM-GEORA
13 Liebetrau, Volker Carbonates/Isotope geocheynistr IFM-GEOMAR
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14 Kriwanek, Sonja

15 Grundmann, Bernd
16 Turk, Matthias

17 Cherednichenko, Sergiy
18 Valdés, Francisco
19 Petersen, Asmus
20 Queisser, Wolfgang
21 Abegg, Fritz

22 Pieper, Martin
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24 Cuno, Patrik

25 Grossmann, Tibor
26 Suck, Inken

27 Engemann, Greg

3.2 Ship’s Crew

No. Name
1 Mallon
2 Korte
3  Gobel
4  Aden
5 Dr. Heuser
6 Leppin
7  Grossmann
8  Ehmer
9 Rex
10 Klinder
11 Thomsen
12 Zebrowski
13 Blohm
14  Krawazcak
15 Freiwald
16 Wieden
17  Garnitz
18 Schmandke
19 Royo
20 Schrapel
21 Bierstedt
22 Kraft
23 Stangl
24 Dolief
25 Ross
26 Dehne
27  Altendorf
28 Ide

Lander/Benthic Fluxes IFM-GEOMAR
Photographer freelancer
Video-technian, TV grab IFM-GEORA
Lander-Electronics IFM3BEAR
Seep Macrofauna/Chilean Observ ~ UCV
Coring IFM-GEOMAR
TV-MUC/ROV-Winch IFM-GEOMAR
ROV-Coordinator/Pilot IFM-GEOMAR
ROV-Mechanics/Pilot IFM-GEOMAR
ROV-Electronics/Pilot IFM-GECRIA
ROV-Programming/Pilot IFM-GEOMAR
ROV-Pilot freelancer
ROV-Pilot IFM-GEOMAR
ROV-Pilot Schilling Robotics
Given Name Rank
Lutz Master
Detlef Chief Mate / 1. Officer
Jens 2. Officer
Nils 1. Officer
Sabine Ship's Doctor / Surgeon
Jorg Electronic Engineer
Matthias System Manager
Andreas System Manager
Andreas Chief Engineer
Klaus-Dieter 2. Engineer
Sascha 2. Engineer
Dariusz Electrician
Volker Fitter
Ryszard Motorman
Petra Motorman
Wilhelm Chief Cook
Andre 2. Cook
Harald Chief Steward
Luis 2. Steward
Andreas Boatswain
Torsten A.B.
Jurgen A.B.
Glnther A.B.
Joachim A.B.
Reno A.B.
Dirk A.B.
Denis S.M. / Apprentice
Steven S.M. / Apprentice



12 SONNE 210/ CHIFLUX Cruise Report

Fig. 3.2.1: Composite picture of all participantsl@rew members

Addresses:

Duke University , Civil and Environmental EnginegyiDepartment, , 121 Hudson Hall, Duke
University, Durham NC, 27708 USA

IFM-GEOMAR, Leibniz-Institut fir Meereswissenscraft Wischhofstr. 1-3, 24148 Kiel,
Germany

Oktopus, Wischhofstr. 1-3, 24148 Kiel, Germany
Schilling Robotics, 260 Cousteau Place, Davis, GA18 U.S.A.

UCV: Dpto. de Biologia Marina, Facultad de Ciencied Mar, Universidad Catolica del
Norte. Larrondo 1281, Coquimbo, Chile
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4 Cruise Narrative
(P. Linke)

At 10:30 a.m. on September 22, a group of 12 dsisnend technicians embarked RV
SONNE in Valparaiso (Chile). Immediately after emdadion the unpacking and loading of 11
containers with scientific equipment was startegetber with the ship’s crew and a group of
harbor workers. At the same time divers were engjdgdreat the dense colonization of the
ship’s hull, which occupied already 1/3 of the nhdam array and hampered the
hydroacoustic measurements and the ship’s speeilicgtly. On board the vessel a cooling
container was stored in the lower hold as well @ 3 ROV containers and 1 container with
coring equipment on deck. Loading was complete@eptember 23 at 16:00 and rigging of
the major sampling gear was started. On the crovdee#t beside the gravity corer and ROV
Kiel 6000, a TV grab, multicorer, a video sled anldnders of IFM-GEOMAR are tied, which
can be deployed video-guided. On September 24:8018e main group of 14 scientists and
technicians embarked and started with the unpac&inthe numerous boxes to equip the
laboratories.

On the morning of September 25 our Chilean paramet observer arrived, completing the
boarding of the scientific crew and allowing RV SRE to leave the harbor at 15:00. Outside
the harbor we successfully completed the firstiexdi dive to test the function and handling
of the ROV on the aft deck and steamed with 12 «niotvards the first coring station. We
arrived at 06:00 on the first coring station onoming the plate (GC-1), the weather was
getting rough (Bft 7), but we sampled GC-2 and Gdu8ng the night.

On September 27, a winch test with the new 11 mbieckor the CTD was performed, at
14:45 we did the first deployment of the new CTBatbe on the new cable. After this, we
recovered the 4th gravity corer on the incomindepl&ravity coring on the toe of the Reloca
slide during the next morning failed, but the Posid calibration and first OFOS deployment
in Box 3 (CSMA_N) was conducted with first visuahding of cold seep communities
followed by a CTD in the early morning of the"28f September.

Afterwards we headed towards the 5th gravity cgoesition on the incoming plate.
Unfortunately, we had to abandon the station ahaketo drop of an ill crew member at the
hospital of Talcahuano. After successful ,deliverwe used the wind shelter of the
Concepcion peninsula for further mapping of thelfsheea (Box 5), where our Chilean
colleagues suspect a massive slide after the #at guake — which, however, we were not
able to verify. Instead we spent a rather calm tnagspite some strong wind and continued
OFOS-mapping in Box 3 and gravity coring by repatitof abandoned core position 5 and
new position 6 on the incoming plate during tfieof October. In the night between 1st and
2nd of October, we conducted two further OFOS ®atssin Box 2 until the early morning.
Here, black and white spots colonized by sulfidetizing bacteria were found on the
sediment surface. We were able to sample thess sptiit the first video-guided multicorer.
The first analyses of the water samples obtaineth&yCTD rosette showed elevated methane
concentrations at these sites.

OFOS surveys in Box 1 and Box 4 during the nigbtlted in finding, beside the carbonates,
biological indicators of cold seeps. Here, we fodatge numbers of large tube worms
(Vestimentifera) and white clams (Vesicomydae) Wwhiove in symbiosis with sulfide-
oxidizing bacteria.
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On the & of October the weather calmed down and we were t@btleploy the ROV for the
first time in Box 1. The images obtained duringsthirst dive largely compensated everybody
for waiting so long for this moment. At the seaface we were accompanied by sea lions,
while at the bottom, huge Humboldt squids were deaq visitors. We entered a new and
foreign world flying amongst large carbonate blowkh Gorgonians and soft corals growing
on them, hosting tube worms within their crevass®s overhangs indicating passage-ways of
seeping fluids. The highlight of the first dive wie discovery of a whale skeleton, the tissue
of which had probably offered substrate for a fasmailar to those found at hot and cold
seeps. This whale, however, had by now been redwacad bones of which the ROV pilots
were able to retrieve two vertebrae and close-byingent samples for microbiological
analyses. The first deployment of the TV-Grab om 4A of October failed due to problems
with the hydraulics.

The 29 ROV dive aimed towards an area with extended dlalis and bacterial mats, which
were sampled with push cores for microbiologicad geochemical analyses. In the following
nights measurements and sampling was conductdteb@TD rosette, the microstructure CTD
and the gravity corer. Thé%3live was conducted in the working area of the fiige (Box 1)
and was dedicated to the sampling of authigenibaraates. For this purpose the ROV was
equipped with a hydraulic chain saw which was usgld the ORION manipulator. The ROV
was positioned in front of a carbonate block, itkesabove a crevasse was covered by white
bacteria. The first sawing attempts under waterevetarted with excitement. They were set in
full length showing the methodological potentialdatme ability of the several components.
Even horizontal cuts were performed by the wellrdowated ROV pilots. The following cut
was made to obtain a smaller sample segment dtaheof the carbonate block. Finally, the
sample had to be retrieved from the block by usanghisel. During this manoever, the
hydraulics of the ¥ manipulator, the Riggmaster, here used to keefRD¥ away from the
rock, failed and we had to abandon the dive. Thieviing deployment of the new TV-grab
was abandoned as well due to problems with thedwids and without samples.

In the morning of the '8 October the new elevator lander of IFM-GEOMAR @meid with
two eddy correlation (EC) modules as well as thefghder equipped for the measurement
of the current regime and physical parameters wepoyed video-guided at the sea floor.
During the following ROV dive the two EC modules reetaken from the elevator and
deployed in the vicinity of bacterial mats to cootlmnon-invasive oxygen measurements
combined with high resolution turbulence measurdamefurthermore, we found a big
bacterial mat in the vicinity suitable for the camddd sampling by pore water sampler (PWS),
push cores and the INSINC-modules for in situ imtigm. During the % dive these
instruments were positioned on the bacterial mdtthe samples recovered. While the PWS
conducted a preprogrammed sampling of the porervigtehizones, both EC modules were
carried back to the elevator. The very successfid was completed by the transport of the
PWS after its sampling was done back to the elevato

In the early morning of October 7, profiles wittetmicrostructure CTD were repeated in Box
2 at the deployment site. After a gravity corerBox 4 (clam site, ROV dive 2) the ROV
started its B dive to deploy the pore water sampler togetheh tie Insinc modules and push
cores at a bacterial mat in Box 2. The dive endgl the recovery of the 2 eddy correlation
modules and the pore water samples on the elevizterwind had peaked up again during the
day when the ROV began to surface in the afterratoh6:00. The manoever went smooth
until the first floats on the cable were recovevdten a sudden crash was noticed on the fan
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tail and the holder of the recovered Insinc modwese floated on the sea surface. The ROV
was hit by the propeller and dove down immediat&lye recovery procedure was completed
and the damage of the vehicle was visible. The R@¥ hit by the ship’s propeller in the right
open front of the floatation unit, the Orion was dmd the porch was disrupted. However, the
electronics, telemetry and hydraulics were stiki@pional and the ROV team decided to repair
the ROV on board. Due to the weather conditiongas decided not to retrieve the landers.
The program was continued with the last missingigraorer at the Bio Bio slide and with a
multibeam track heading south in parallel to thastdine.

After leaving the station a slide in the Bio Bioryan and during the following day the last
two stations on the incoming Nazca plate were sathplith the gravity corer and sediment
cores like from a text book were recovered. Aftes,twe steamed towards our working area at
Isla Mocha and mapped the fault in the south ofgl@nd during stormy seas to search for gas
flares in the water column until the morning of @ugr 10. After the second CTD we stopped
station work until 19:00 and seeked for some sheit¢he wind shade of the island to enable
the delicate repair of the ROV. In the late aftermave headed north performing a bathymetric
survey and stopped in the early morning at the @dwaed lander station and recovered the
POZ-lander. As the swell was still high we decidedcontinue the transit to Valparaiso and
leave the elevator on the sea floor.

After a 6 hour stay at the harbor of Valparaisahvéin exchange of personal and expedition
goods (TV-grab), demobilization of the Core Laulacidl Recovery System (LARS), taking on
of provisions and a tour for 10 Chilean studentsuad the vessel, SONNE left the harbor
under full speed to reach the position of the lbeftvind elevator to be able to recover it prior to
another prognosed change of the weather to theew@/hile the small POZ-Lander had been
already recovered during the transit to Valparatse,larger landers are more easily and safely
recovered without the Core LARS on deck. We were &b get the elevator back on board
during perfectly flat seas without any difficultjeend thus the two Eddy Correlation Modules
and the Pore Water Sampler were recovered safalylaen with large amounts of data.
Afterwards, another gravity core and two night-ti@#-OS-surveys (east to west) were
conducted on a profile on which high heat flow aabas had given first hints to the existence
of an advection of deep fluids.

On the 1 of October, the video-guided Profiler Lander wéscpd on a bacterial mat. The
Lander was equipped with an optode as well as piH saffide sensors and completed 27
profiles in micrometer steps. Subsequently, 2 &mlthl gravity cores were taken, both
indicating active de-gassing. Due to increasingdwapeeds, the following two days were
dedicated to the sampling of carbonates using tfiegiab. Thus, several large carbonate
samples could be retrieved in Box 1.

On the 1Y of October, the wind had calmed down enough shah &fter successful recovery
of the Profiler Lander, the ROV was able to divaiag The first dive after the accident at
Mound Felix showed that the ROV is entirely backbumsiness, and that the team effort to
repair it on board had been a great success. Alreadhe next day, the second dive was used
to employ the hydraulic chain saw for the more iedasampling of carbonates in Box 1.
After carefully choosing the cutting level, thism@-situ tool was able to show its capabilities
and several pieces of carbonates were retrieveeh Ehe sample we were not able to retrieve
during the first use of the chain saw, due to lfaiof the hydraulics, could be retrieved now.
Heavily laden with carbonate samples, the ROV natdrto the surface. In the following, the
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Profiler Lander was deployed once again in Box RetrAintense night-time sampling of the
accretionary prism with the gravity corer the erggagnt of the pore-water team was finally
rewarded with first indications of deep fluids asfdoride anomalies.

After recovery of the BIGO-Lander, the elevator va@ployed on the 1Bof October, again
equipped with two Eddy Correlation Modules, thedP@fater Sampler and for the first time a
Benthic Chamber in Box 4. During the subsequenVRIYe, all of the modules were taken
out of the elevator and deployed in a previouslysem site. The POZ-lander was deployed in
the vicinity to record the current regime and tiglapact. The work was hampered by a large
swell with hardly any winds sent to us by a large pressure system from Antarctica. Launch
and recovery of the ROV reminded of a surfer wagifior the right wave in order to deploy the
central tool of our cruise without any damage. Timgh dive was used to collect the tools
deployed the previous day sent down by the Oceavadr Lander. On the way, we inspected
the surface morphology and fauna of the hill-topollshowed a characteristic sequence of
plate-like depressions and lifted rims. Along amdtop of these rims, we discovered rather
long crevasses and small scarps in the sedimeahtaitimg recent deformation of the seafloor.
On one of these small ridges we found single spulessely covered by Pogonophora,
completing our collection of characteristic seemownities. At the end of the dive, the ROV
pilots transferred all deployed tools back to thee&h Elevator Lander. As, due to weather
conditions, it was not clear when we would be a@bleetrieve the lander, the Benthic Chamber
was placed on the porch of the ROV and thus brougho the surface.

After successful recovery of the ROV, we conducadther night-time OFOS survey on the
accretionary wedge. Gravity core sampling here heslilted in interesting geochemical
anomalies of the pore water. The pore water pofdé the sediments of the accretionary
wedge had shown enhanced concentrations of elerseatsas chlorine and bromide. These
possibly result from alteration of volcanic asheshe deep sediment whereby large amounts
of pore water are integrated into freshly generateiherals which normally behave
conservatively i.e. they are not part of any geaubal or biological processes in the
sediment. Further geochemical and isotopical ingagsbns on land will add to our
understanding of the importance of such ash-aitergirocesses for the geochemical budget
in the subduction zone.

On the following day, the Profiler Lander couldreeovered while the weather got worse. The
subsequent TV-multicorer deployment reminded of uleav of a bungee jumper above the
seafloor. After successful sampling, we abandohedurther sampling stations as well as the
recovery of the two remaining landers and contintiedmapping of the landslides south of
Concepcion.

Decreasing wind enabled us to do this on the fotigwday. Both landers were recovered and
the tenth ROV dive could be conducted. Again, samgpbdf carbonates was the main focus
and this time we were able to sample carbonates atctive venting hole. In the following
nights, two more gravity cores were taken at aysfaalt and a thrust fault in the forearc.

On the 28 of October, the 11 dive of the ROV was conducted along a ridge stmectvhich
had been investigated during an OFOS survey dbeéhening of the cruise. We succeeded in
sampling numerous carbonates as well as single g@amunities on the site. Similar to an
oasis in the desert we discovered locally resttittet active vent holes at the base of a slope,
around which bacterial mats, gigantic clams ofdeausArchivesicasp. and tube worms had
settled. This habitat was intensely sampled tosasg®e heterogeneity of methane impact and
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chemosynthetic activity in close vicinity. Duriniget night until midday of the following day,
we tried to sample the Valdez and Reloca slidesguie gravity corer.

Subsequently, we once more started a transit t&lliguisco working area, located closely to
the harbour of Valparaiso. Here, the Profiler Landas deployed for the remaining days of
the cruise. Results of the first two deploymentshef lander had given clear indications of a
coupling between oxygen flux and the bottom curregime, which is to be verified by the
present measurement of the Profiler Lander.

Furthermore, we started to obtain a profile by CHRd Multicorer-casts through the oxygen
minimum zone and a gravity core was taken in tlesity of the Tasca slide. Mapping of this
area had shown a cover of the slide by recent ssdsnand we thus hope to obtain
information on the age of the slide.

On the 28 of October 2010 the ROV Team finally wanted to\knehether their gear with all
its technical components deserves its name — KIEO6 In perfect weather conditions and
after three long hours of descent, the bottom daioesight on the monitors in the control van.
The onboard-CTD showed a depth of 5988 m, whileDg@Quartz depth sensor went up to
6057 m. We are all happy to have reached the marimive depth without any damages,
especially after the accident earlier during thesa and the successful repair of the ROV.

In the morning of the 27of October the ROV was launched for the last dif/the cruise at El
Quisco. After this the multicorer deployments at tbrofile were continued and the vessel
transitted to the coring stations in the San Araddanyon. Gravity coring within the slopes of
the San Antonio Canyon was performed without sic@sl we completed the multicorer
profile through the oxygen minimum zone at El Qaisat 15:00 on October 28 station work
for sampling ended and we started with mappingileofor de-installation and packing of the
equipment.

In the morning of October 30 we arrived at Valpswaiand started demobilisation of
equipment and loading of containers on shore whia continued on the next day. On tfe 1
of November, a catholic holiday in Chile, the ceuSO210 ended by disembarkment of the
scientific crew.
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Fig. 4.1: Cruise tracks, working areas, and grasitser (GC) stations of leg 1 and 2 of cruise SO210
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5 Scientific EqQuipment
5.1 Shipboard Equipment

(D. Volker, J. Geersen)
511 Parasound

The hull-mounted parametric subbottom profiler Baved P70 (Atlas Hydrographic GmbH,
Bremen) was operated whenever the ship was moltrgovides real-time information on
sedimentary structures of the uppermost 50-200 sediment with a resolution of tens of cm
and can image features such as gas flares in ther walumn. Parasound P70 works as a
narrow beam sediment echo-sounder, simultaneousityiegy two primary frequencies of 18
kHz (PHF, fixed) and 18.5 — 28 kHz (adjustable)strgenerating parametric secondary
frequencies in the range of 0.5 — 10 kHz (SLF) 86cb — 48 kHz (SHF). The secondary
frequencies develop by nonlinear acoustic intepactf the primary waves at high signal
amplitudes. This effect is restricted to the emoisscone of the primary signals, which is
limited to an aperture angle of only 4°. Thereftre footprint size is only 7% of the water
depth and vertical and lateral resolution is sigarftly improved compared to conventional
3.5 kHz echosounder systems.

The fully digital system offers a number of feasilé&e simultaneous recording of the 18 kHz
primary signal and both secondary frequencies,imootis recording of the water column,
beam steering, different types of source signatst{ouous wave, chirp, barker coded) and
signal shaping. Digitization is done at 96 kHz toyide sufficient sampling rates for the
secondary frequency. A down-mixing algorithm in freguency domain is used to reduce the
amount of data and allow data distribution overegibt. For the standard operation, a
parametric frequency of 4 kHz and a sinusoidal a®wravelet of 2 periods was chosen to
provide a good relation between signal penetratitm the seafloor and vertical resolution of
sedimentary structures. The system was operatedrem Quasi-Equidistant-Transmission
mode (water depth > 1000m) or in Single Pulse Mpdater depth < 1000m). Both modes
worked reliably throughout the entire cruise. Theter depth was taken from the PHF signal.
A 400 m long reception window centered at the seaflwas recorded in PS3 and SEGY
format with Phase and Carrier to allow processirity wtandard seismic processing software
(e.g. VISTA Seismic Processing). About 25% of tleaBound data were directly processed
on board. Processing included adding of delay,yapgla wide band pass filter to improve the
signal-to-noise ratio and writing a navigation filll lines were then loaded to a Kingdom
Suite Project. The processed data provide detarlemrmation of variations in sea floor
morphology, sediment thickness, sedimentation petand gas flares in the water column
along the ship’s track.

The real-time Parasound data images were usedn®tune the location of sediment-
penetrating instruments such as gravity cores dsawdor the detection of gas emission sites.
On the cruise, three particular sites were chosea survey combining Parasound and EM120
multibeam on a a dense rectangular grid.

51.2 Kongsberg EM120 Multibeam Bathymetry System

Parallel to the Parasound system, a multibeam badtry system was operated whenever the
ship was not on station. The Kongsberg EM120 sysiema deep-water multibeam
echosounder. It provides accurate bathymetric nmgppip to full ocean depth. Basic
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components of the system are two linear transdaicays in a Mills cross configuration with
separate units for transmission and reception.nidminal sonar frequency is 12 kHz with an
angular coverage sector of up to 150° and 191 bgrmnging. The emission beam is 150°
wide across track, and 2° along track directione Téception is obtained from 191 beams,
with widths of 2° across track and 20° along trathus the actual footprint of a single beam
has a dimension of 2° by 2°. Achievable swath widltha flat ocean floor can be up to six
times the water depth, dependent on the charattbeseafloor and the chosen angle of the
emission beam. The angular coverage sector and Ipeaming angles can be set to vary
automatically with depth. This maximizes the numbkusable beams. The beam spacing is
normally equidistant with equiangle available. F@pth measurements, 191 isolated depth
values are obtained perpendicular to the tracketmh ping. Using the two-way-travel-time
and the beam angle known for each beam, and takiogaccount the ray bending due to
refraction in the water column by sound speed tiana, depth is calculated for each beam. A
combination of amplitude (for the central beamg] phase (slant beams) is used to provide a
measurement accuracy practically independent dbélaen pointing angle.

Standard processing of multibeam data requiressegquences of processing steps: a profile—
oriented sequence followed by area-based processimg profile-oriented processing of the
EM120 data comprises the check of navigation datarpolating missing navigation values,
the calculation of water depth and positions of thetprints of the beams by raytracing
through the water-column taking into account thensb velocity profile, and removing
artefacts and erroneous data points. Area-baseceg$smg comprises the calculation of a
digital terrain model (DTM) and the visualisatiori the data. For these purposes the
NEPTUNE software package from Kongsberg is avaslaisiboard RV SONNE. However,
mainly for easier integration of other data frorffetent systems in various data formats, the
“open source software” packages MB-System (CaredsGhayes, 1996) and GMT (Wessel
and Smith, 1995) were used for the processingefrtbltibeam data.

Data of the multibeam system Kongsberg EM-120asest continuously during operation on
the disks of the operator workstation in a veng@csic raw-data format. Data is organized in
Surveys. A survey is initiated by the operator lo& dperator console. Generally a new survey
was initiated on a dayly basis. In the MB-Systeritvgare the Kongsberg vendor specific raw
data format is defined as format 56. Further preiogsof the data requires the conversion of
the data to the MB-System format 57. In additioomne auxiliary files have to be created,
containing meta-information for each file. In MB<3m the management of the data is
maintained by so-called datalist-files, that caomtaames, paths, format-ID and a weighting
factor for each file. Datalist files are set upuesively, i.e. entries in a datalist refer to other
datalists, that point to the actual data files.sT$tructure helps to keep track of the data files
which grow to several thousands for a normal-sipegject. The format conversion, the
creation of ancillary files and the set up or upuatthe respective datalist files is
accomplished by shell scripts.

The cleaning of the raw data by flagging outliensl @artefacts is done with the programme
mbedit for each of the raw data files. This tim&saming step requires inspection of all pings
and beams in each raw data file. Following this rtagigation has is checked interactively
with the programme mbnavedit for each raw data filee interactive editor programmes do
not modify the data files, but store the edit instions to separate files. Following the
interactive editing, the data files are updatedabgall to the programme mbprocess. After
successful completion of mbprocess the profileriigd data processing is finished.
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The new seafloor depth information was then intisgianto a bathymetric grid based on
former cruises on a daily basis for the producbbmegional maps and DEMs. Georeferenced
maps, essential for other on board operations K@V diving, TV grabs and OFOS
observations were provided on demand. Apart from tlepth information, the signal
backscatter information was used to create mapleobackscatter properties of the seafloor,
which were helpful to locate former seep siteshiose regions where a dense survey was
performed.

5.2 Water Column Measurements
(L. Rovelli, S. Sommer, L. Bryant, P. Wefers)

At the different seep sites water samples werentakeging several CTD casts in order to
detect methane anomalies that might be relatedabesi methane release. Beside for chemical
analyses, these CTD casts were important to gaiessary background information about the
physical properties of the water column. Furtheemdhey provide valuable data for the
calibration of other instruments such as soundaigidor hydro-acoustic devices or absolute
concentrations of solutes for in-situ sensors (exygnethane, pH).

CTD technical notes, methane and oxygen analysis

Water column measurements were mainly carried atlit the onboard CTD (Conductivity-
Temperature-Depth) system. Additionally to thesevemtional CTD casts a Microstructure-
CTD was deployed during the first leg.

The CTD system consisted of a carousel with a SRE9GTD (Sea-Bird Electronics, Inc.,
Washington, USA) equipped with standard sensorsi@Gctivity, Temperature, Pressure and
Dissolved Oxygen) a pH sensor and a 24 Niskin &éattkette for discrete water sampling.
During the second leg an optical backscatter semss added. A HydroC CH4 methane
sensor (Contros GmbH, Kiel, Germany) was mountealtile CTD water sampling rosette to
act as a sniffer for high methane concentrations.

As is common practice, undisturbed physical prefilere taken during the downcasts, while
the water sampling occurred during the upcastseWsampling was conducted primarily in
the lower water column as well as along sharp gradiof oxygen and temperature (oxycline,
thermocline) indicating high biological activity dichanges of water masses.

Methane and oxygen measurements were carried othheowater samples by means of gas
chromatography fitted with a FID detector usingadsecarrier gas for the detection of £dhd
Winkler titration for dissolved oxygen. Methane waasdracted from the water samples using
the vacuum degassing method according to Keir. ¢2@08). Subsequent to gas extraction, the
gas phase was sub-sampled into headspace viaim@d@heric pressure for onboard methane
measurements. Methane-carbon stable isotope measuie will be conducted at IFM-
GEOMAR. During the first leg oxygen concentrationsre determined only occasionally,
mainly to calibrate the CTD readings, while durthg second leg each Niskin bottle was sub-
sampled for oxygen measurements.

ROV and lander based water sampling

In addition to water sampling during CTD caststtiar water samples were taken during ROV
dives and during the lander deployments. An aagmntof lander and ROV based water
sampling is that the samples were taken very ctoséhe sea floor whereas CTD casts
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generally only provide CiHand Q data to within ~ 5 m above the sea floor. In thistance
from the sea bed a substantial fraction of theimsigmethane concentration might be lost
during mixing.

Microstructure-CTD

In order to allow the calculation of methane anggen fluxes in the water column, vertical
turbulent transport was determined using a Micumstre-CTD. We deployed a MSS90-D
profiler (Sea & Sun, Trappenkamp, Germany). The MBS a specialized oceanographic tool
that is capable of profiling the water column wathhigh resolution (mm scale, depending on
the sensors). The profiler was equipped with 2 iskeasors (for turbulence measurements), a
fast temperature sensor and standard CTD sensertheAstudy sites were characterized by
strong dissolved oxygen gradients we tested anrempetal fast oxygen sensor that should be
able to resolve the oxygen fine structures at ascale which is not possible for standard
oXygen sensors.

Using the high resolution data collected with thiedgistructure-CTD, it is possible to quantify
the vertical transport of solutes by mean of theie& eddy diffusion coefficient which is
derived from the turbulence level according to @s@980). Flux estimations can be carried
out using the gradient method in which concentragcadients are multiplied by the vertical
eddy diffusion coefficient.

5.3 Seafloor Observations by OFOS
(P. Linke)

OFOS (Ocean Floor Observation System) is a framgpgd with the following instruments:
two video cameras, a digital still camera systerthwio remote flash heads (Ocean Imaging
Systems), two Xenon lights (Oktopus), CTD (RBR) 8ned lasers (Oktopus).

The frame is towed behind the vessel at a speabait 0.5-0.8 knots (kn). The distance of
about 1.5 m to the seafloor is adjusted manuallyhgywinch operator. For this purpose, a
ground weight (20 cm wide) is suspended below ke an a rope of 1.5 m length. Two laser
pointers were used to scale the video and the cddithera images. The laser pointers are
parallel and 50 cm apart, while a third one poattan oblique angle, getting in line with the
other 2 lasers when the sled is 1.5 m away fromstwee floor. The images were taken by
remote control.
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5.4 ROV Operations

(F. Abegg, P. Cuno, G. Engeman (leg 2), A. Fodeg 1), T. Grossmann (leg 2),
H. Huusmann, A. Meier (leg 1), A. Petersen, M. BrepV. Queisser, I. Suck)

The ROV (remotely operated vehicle) KIEL 6000 i©$@00 m rated deep diving platform
manufactured by Schilling Robotics LLC. As an dliectvork class ROV of the type QUEST,
this is build no. seven, and is based at the Leibnstitute for Marine Sciences, IFM-
GEOMAR in Kiel, Germany. The UHD vehicle is equippeith 7 brushless thrusters, with
210 kgf peak thrust each. Power is supplied thrargbmbilical with up to 4160VAC/460 Hz.
The data transfer between the vehicle and the depsbntrol van is managed by a digital
telemetry system (DT®) which consists of two surface and four subseaespdach
representing a 16-port module. Each port may beiohehlly configured for serial, video or
ethernet purposes. The vehicle is linked to thsitgcontrol unit via a 19 mm diameter steel
armed umbilical. No tether management system (TM3)sed. To unlink the vehicle from
ship’s movements, floats are attached to the uopabiliFor further details please visit the
GEOMAR homepage. Tools standardly installed onvé@cle include a HDTV camera, two
high-resolution colour zoom cameras and one digitidll camera as well as three black and
white observation cameras. Besides the video chipedi the two manipulator arms are the
major tools used on this platform. One is a sewsmction position controlled manipulator of
the type ORION and the other one is a five-functiate controlled manipulator, type
RIGMASTER. Further tools include ai®QUARTz depth sensor, aIRAD sonar system, a
PNI TCM2-50 compass, a motion reference unit (MRU) aombg a gyro compass, and an
RDI doppler velocity log (DVL). For navigation th¢SBL-based IXSEAPosIDoNIA™ system
was employed. The tool sled (Fig. 5.4.1) in thedowost part of the vehicle is especially
dedicated to take up the scientific payload. An 88EastCAT CTD is permanently mounted.
Located on portside front of the tool sled is a glenray which can be opened hydraulically.
On starboard front there is a drawer, likewise hytically driven, which can take up sample
containers, probes or other scientific tools camimsly mounted or handled by the
manipulator. Port aft and starboard aft are resefee additional scientific payload which
differ from mission to mission.
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Fig. 5.4.1: View of the ROV KIEL 6000 front witheh
scientific tooling most frequently used
during the SO 210 cruise.

During cruise SO210, the port side sample tray mgged for sampling push cores and hard
rocks. Additionally, it contained two nets and talasels. On the front plate of the drawer, two
5 | Niskin bottles for water samples were mouniBuke starboard drawer was equipped with a
sample box with six compartments of different siz@s the starboard aft of the tool sled, a
Falmouth Scientific Instruments CTD was mountedpHsensor which was connected to the
FSI probe was mounted on the starboard front lethefROV frame. A premiere was the
application of an underwater hydraulically driveram saw (Figs. 5.4.2 a & b). The necessity
of obtaining samples of carbonates let to the nattégn of the saw into the hydraulic cycle of
the ROV. The chain saw was mounted that way theduld be reached and operated by the
ORION manipulator. During several deployments, aceasful sampling strategy was
developed which let to a large set of samplesh@pter 6.4).

Figs. 5.4.2 a & b: Chain saw used to sample cariesna
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5.5 Lander Operations
(S. Sommer, P. Linke, L. Bryant, S. CherednichemkoTurk, S. Kriwanek)

Sea bed methane seepage represents a global phemortieat occurs predominantly at
continental margins and is related to subductian,abso to salt tectonics or mud volcanism.
Beside the green-house potential of methane wharhiregy the atmosphere, seabed methane
release significantly affects benthic cycling ofjoraelements, particularly carbon and sulfur.
One aim of this research cruise was to measurétunseabed methane emission rates and
associated fluxes of sulfide and major electroreptmrs such as oxygen at seep sites along the
Chilean margin and to understand its controls.

To approach this aim we used the benthic landerBIBiogeochemical Observatory), a
benthic chamber module as well as a transectingomicofiler for the high resolution
measurements of oxygen-, sulfide-, and pH gradientbe surface sediments. Additionally,
the POZ-Lander was deployed for measurements ophliysical control parameters in the
benthic boundary layer and the elevator for thdajepent and recovery of modules handled
by the ROV. A TV-guided launching system allowedostih placement of the landers at
selected sites on the sea floor.

BIGO type lander and benthic chamber module depltyea ROV

BIGO contains two circular flux chambers (interdémeter 28.8 cm, area 651.4 cm2). Two
to three hours after the observatories were placethe sea floor the chambers were slowly
driven into the sediment (~ 30 cribh During this initial time period where the bottahthe
chambers was not closed by the sediment, the wadigle the flux chamber was periodically
replaced with ambient bottom water. The water bodyde the chamber was once further
replaced with ambient bottom water after the chanfias been driven into the sediment to
flush out solutes that might have been released the sediment during chamber insertion. To
trace fluxes of methane ,ONOs, NO,, NH,", sulphide, and total alkalinity 8 sequential water
samples were taken from inside each benthic charbpemeans of glass syringe water
samplers. The syringes were connected to the chandiey 1 m long Vygon tubes with a
dead volume of 5.2 ml. To monitor the ambient hottevater an additional syringe water
sampler (hosting 8 glass syringes) was employed. gdsitions of the sampling ports were
about 30 — 40 cm above the sediment water interfRceing the BIGO deployment the
sediments were retrieved for latter pore waterys®sl, pore water methane determination and
microbiological studies.

In addition to the BIGO a single chamber was depioguring ROV dive #9. This ROV
deployed chamber was carefully inserted into tlignsent using the ROV arm. After chamber
insertion the overlying water body was replacechvaiinbient sea water in order to establish
start conditions which are not affected by solutes are released from the sea bed during
insertion. Similarly to the BIGO the sediment iresithe chamber was retrieved for latter
onboard analyses.

Profiler Lander

The profiling unit consists of a lower and uppeasgl fibre frame, which are connected by four
glass fibre poles. The upper frame extends aboutn®Qowards the front defining the area

across which sensors can be moved in mm increnadog the x and the y axis. Along the

vertical z axis, the sensors can be moved fredgctble increments. The rear part contains
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pressure housings for data logging, for the contmat controlling the movements of the
sensors, and batteries. For the deployment thdipgotinit was mounted into a lander frame
(Fig. 5.5.1). Commercially available oxygen, su#fidnd pH sensors (tip diameters: ~ 50 pum.
Unisense, DK) were used to measure in-situ micadips in the sediment. Two optodes, one
mounted at the same height as the micro-sens@&settond one mounted in ~ 1 m above the
seafloor recorded time series of &d temperature in the bottom water.

Fig. 5.5.1: Profiler Lander to conduct
microscale spatial measurements of
oxygen, sulfide and ph in sediments.
Profiler is mounted within a benthic
lander frame (top left). The picture is
taken by ROV during deployment at El
Quisco.

In addition to the profiling unit during deploymef#il and #2 the lander hosted an upward
looking ADCP (300 KHz, sentinel, RDI), a camerateys (Ocean imaging system) taking
image series of the sediment surface, as well alRBR CTD. During deployment #3
furthermore a downward looking Aquadopp ProfileMBiz, Nortek) was installed to measure
currents close to the bottom (Fig. 5.5.1).

POZ-Lander

The POZ-Lander is a low-profile lander equippedwvet300 kHz ADCP and a RBR CTD with
pressure sensor. Aim of this design was to decriéhgssize of the instrument in settings with
high bottom water current velocities. Additionahetdesign put all sensors close to the
sediment at ~50 cm above the seafloor. The flaatas provided by modular syntactic foam
cylinders. The POZ RBR CTD was equipped with terapge, conductivity, and a Digiquartz
pressure sensor to monitor and log tidal-drivenrbgchphic changes. During this cruise the
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lander was deployed with the launcher in the vigiruf the area where lander and ROV

operations were conducted. The anchor weight ueddhnnthe lander keeps the system in a
horizontal plane during free-fall descent and dgmient at the sea floor (Fig. 5.5.2).

Upon recovery the lander rises to the sea surfatte the floatation, flag, radio beacon and

strobe light first while the heavy ADCP and CTD ar&ented vertical below and are protected
during recovery.

Fig. 5.5.2: POZ-Lander deployed on soft sediment in
Box 4.

Ocean Elevator

The elevator is a newly designed lander which seagea carrier system for scientific payloads
which are handled by the ROV on the seafloor. Tlamkess steel frame of the lander is of
squared design and has two platforms on which sfteeROV modules can be transported.
Two large blocks of syntactic foam are used foryamey, additional blocks or cylinders can
be added to achieve a total payload of approx.Kg0@Beneath these blocks 2 drawers can be
used for transport of push corers or other sciens&émples. The lander is equipped with 2
acoustic releasers and a release line which camabdled by the ROV to drop the anchor
weight.

During the cruise the elevator was used for thet fime and served as a platform to deploy 2
benthic chambers, 2 eddy correlation modules aagdne water sampler in the vicinity of the
seep sites. The lander and the ROV modules wergmepi with Homer beacons for
relocation. After its video-guided deployment witie launcher (Fig. 5.5.3), the ROV unloads
these modules from the elevator and deploys thedrstnct sites at the seeps. After the end of
the measurement or sampling the ROV carries therk teathe Elevator, secures the modules
on the platform by hooks and rubber bands. Afteovery of the ROV the anchor weight of
the elevator is released by acoustic command amndiatider is picked up by the vessel (Fig.
5.5.4).
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Fig. 5.5.3: Video-guided deployment of the Fig. 5.5.4: Recovery of the elevator with 2 Eddy
elevator with launcher on top. Correlation modules and pore water sampler.

Eddy correlation modules

The Eddy Correlation (EC) technique is a well elssabtechnique to measure constituent
fluxes in the atmosphere (Lee et 2004). Its use to measure fluxes at the sedimetdrwa
interface in the BBL of lakes and oceans, howeigestill a relatively new approaclso far
Berg et al. (2003, 2007, 2008, 2009) and Kuwael.e{2806) used the EC technique to
determine DO fluxes in coastal marine systems, gae€ous marine sediments. McGinnis et
al. (2008) and Brand et a2008) studied DO flux dynamics in a riverine resér and a
freshwater seiche-driven lake, respectively.

The general idea of the eddy correlation is thatdayelating the vertical velocity fluctuations
w’, with the fluctuations of the constituents (DO, @), the instantaneous exchange flux
w'C'(t) can be calculated in a straight-forward manneraiteragew'C' yields the net flux

directed towards (consumption) or away from (praidung of the sediment.

Since Berg et al. (2003) first tested the EC tegph@j by combining oxygen micro-sensor and
acoustic velocimeter (ADV) measurements, the egpeg and confidence have increased with
respect to instrumentation, deployment and datésisaAn extensive method paper is now
being published by Lorrai et al. (2010).

The outstanding advantage of the EC technique aeerbenthic chambers and in-situ
microprofilers, is the potential to record undisied fluxes with high temporal resolution. The
EC techniques will not disrupt the hydrodynamicstioé system and is less affected by
localized bioturbation.

Using the IFM-GEOMAR facilities and technical skill we have developed the next
generation of EC for oxygen measurements. Two cera@ystems were developed based on
knowledge and experience gained from Eawag sys&oGinhnis et al., 2008), together with
experience from internationally recognized expéptsBerg, R. Glud, V. Meyer). Our system
consists of a Nortek ADV coupled with a Clark-typeygen microsensor. The sensor
microamplifiers as well as the ROV deployable lightx steel EC frame were completely
designed at IFM-GEOMAR (Fig. 5.5.5).
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Fig. 5.5.5: Eddy Correlation module deployed blig. 5.5.6: View on the sensors: Temperature sefhstiy
ROV next to bacterial mats in Box 2. addition to the oxygen sensor (middle) and the
ADV in the upper part.

During this cruise one of our goals was to exteme é¢xisting @ Eddy Correlation (EC)
systems (McGinnis et al., 2011) to include heat flieasurements with fast (7-12 ms response
time) FPO7 temperature microsensor system (semasoplifier and housing). The new EC
system now non-invasively and simultaneously messtemperature, LOand velocity and
their associated turbulent fluctuations (Fig. 5.5The coupling of benthic heat and fluxes

is expected to help determine if, and to which mixt€, fluctuations are due to active
turbulence or to non-active (fossil) signals. Tleenbined EC system will also help determine
temperature dependencies onflDctuation as well as the extraction fluxes. By integrating
concurrently measured water column turbulence dais, then possible to more accurately
characterize the transport of dissolved gasseseaatiwithin both the water column and at the
sediment-water interface.

Pore water sampler (PWS)

The PWS has been used for the first time in thetiNSea for high-resolution extraction of

pore water within a depth range of up to 40 cmeloe sediment surface. The advantage of
this method is to separate pore water and seditvefiore sample retrieval, which prevents

artifacts by decompression and temperature chafigesdevice basically consists of a lance
with small filtering elements (Rhizones) and a sge carrier. After penetration of the lance

into the seafloor the Rhizones can be moved ldyepal into the sediment. Pore water will be

ingested by applying a vacuum through pressureteaisyringes.

5.6 TV-Grab Operations
(V. Liebetrau)

During various OFOS tracks (see 5.3. and 6.3.)edfit types of authigenic cold seep
carbonates were observed and potential sites (6eec®uld be defined for the recovery of
large samples with a video guided grab (TVG). Tgrab (Fig. 5.6.1), made out of approx. 2.5
t of steel, was originally designed to dig intotssgédiments and very successful used for the
recovery of Fe-Mn-concretions or gas hydrates ftbenseafloor. This tool is characterized by
a penetration depth of 0.5 to 1 m, a sample volafregound 1 mand a deployment depth of
up to 6000 m. The integrated online video systdowa a detailed search for suitable targets
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and sampling documentation by a straight vertieaflsor observation through the open jaws
of the grab. Due to the fact of a closing pressafraround 2 t, provided by the integrated
battery-driven hydraulics, the claws can hold aswbver samples even larger than the volume
of the closed grab. The successful deployment e leock samples depends strongly on the
coordination of ship positioning, winch control amide timing of jaw closure. A final
challenge is getting the recovered sample on ddunwts weight is more than doubled by
leaving the water column. Often several attempésrecessary for successful sampling of a
seep site. Nevertheless, this technique provideguanlarge samples for detailed profile
studies through the uppermost calcified sediments dhemoherm structures. Vertical cross
cuts enable the detailed sub-sampling and recantigtnuof long sequences of fluid activity
and reflect new insights into growth structureslciiaation processes and fluid-pathway
systematic in one sample. Furthermore, the recoakhyg bolders and blocks includes quite
often the sampling of whole habitats, with typisabfloor fauna on the hard-substrates (e.g.
coldwater corals, in this context important geoclvamarchive of the bottom water column)
and adjacent or during calcification incorporatggidal cold seep fauna (tube worms, clams,
bacterial mats; as indicators of seep activity)e TWG technique for sampling of large single
blocks and detailed continuous depth profiles tinegean important completion of the surface
oriented ROV sampling. The latter provides unigageral profile samples covering the
extension of whole seep structures.

Fig. 5.6.1: Video guided grab (TVG) of RV SONNE ithgy cruise
S0210.

5.7 Sediment Sampling and Sedimentology
(S. Kutterolf, D. Vdlker)

Gravity coring was performed using a gravity costh a headweight of 2t and a steel pipe,
fitted to contain PVC-liners of 120 mm diametereTpipe was composed of segments of 3 or
6 m. Depending on the sediment type, either 3 m,& 12 m were used. Liners were cut into
~ 1 m segments, sealed and stored at 5 degreet@gjeftier, 32 cores were retrieved (Annex
[l). With the exception of six cores that are dastl for geotechnical experiments at the
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University of Kiel, the gravity core segments wetg into halves, one being the work half to
be sampled and one the archive half to be keptdardestructive analysis and description.
The archive half of the split core segments werdimely photographed digitally. We used a
home-designed photographic rack, where the canseraoved at a fixed height and with
constant illumination in defined steps over thetsgtgment, in order to obtain a series of
photos that can later be assembled to photo moSdiese mosaics reveal much of the surface
structure and internal composition of the cores amd/e as addition to the visual core
description protocol.

A visual core description (vcd) of the archive lavof the split cores was performed,
according to ODP standards and classificationsngakto account the grain size composition,
colour (according to MUNSELL soil colour chartsgdamentary structures and major as well
as minor components of the sample. The writtenogds were transformed into digital core
descriptions after the cruise (Annex IV).

At particular sedimentary layers (ash layers, tlitbgs), smear slides were prepared and later
fixed for inspection of the mineral and microfossintent under a microscope. This was done
by rubbing a small quantity of material with waterto a microscope carrier.

5.8 Zoology
(F. Valdés)

The faunal assemblage of the Concepcion methapeasea (CMSA,; 36°27, 87'S ; 73° 43, 25'
W) is diverse, and comprises a large proportiogpafcies that are new to science. Among the
reported chemosymbiotic species &alyptogena gallardoi(Sellanes & Krylova, 2005),
Archivesicasp. and the siboglinid tubeworrhamellibrachiasp. Although taxonomic analysis
Is still under way, most of the chemosymbiotic speseem to be endemic. The CMSA is also
a hotspot for non-seep benthic megafauna too; agd were present, but most of them are
colonists or vagrants (i.e. not endemics of methegeps). The objective of the zoological
study was the collection of samples of megafaumhra@iofauna in the CMSA and other seep
zones.

Material and methods

Study area. The Concepcidon methane seep area (CMSkcated 72 km northwest of
Concepcion Bay (36°22"' S ; 73°73"' W), on the mapsl (740 —870 m water depth). Previous
piston-core deployments have found large gas hgdtaposits with carbon isotopic values of
-62.8 + 1.0%0 for both the hydrates themselves asdingentary porewater (Coffiet al,
2006); this value is indicative of a biogenic onigif the methane (Usslet al, 2003). There
are abundant blocks formed by carbonate-cementet] heu mud breccia. Previous faunal
studies have indicated the presence of eight sp@efiehemosymbiotic bivalves belonging to
the families Vesicomyidae, Lucinidae, Thyasiridad &olemyidae, as well as three species of
polychaetes (families Siboglinidae, Antonbruunidaed Nautiliniellidae). An abundant
accompanying heterotrophic fauna has been alsoteghhacomposed of more than a hundred
species of benthic organisms (Sellaaeal, 2004; Sellanes and Krylova, 2005; Sellagtesl.,
2008).



32 SONNE 210/ CHIFLUX Cruise Report

Biological sampling

Different methods were used for biological samplimgluding the Kiel 6000 ROV, TV-Grab
and TV-MUC, at different stations within and neathg CMSA. Megafaunal sampling with
the ROV was performed by a collecting net and naeio&l samples through push-corers, both
devices manipulated with the ORION arm during thedives performed. Samples were put in
the ROV sample basket and transported to the surfde TV-Grab allowed selecting through
online video the sampling sites at the 8 deploys@arformed. The fauna contained in the
large sediment blocks recovered was sorted onbdethfaunal samples were also obtained
from TV-MUC deployments. All the samples were fixading 10% formalin or absolute
ethanol for morphological or genetic analysis, esspely.

Video survey and analysis

Still images and video footage were collected doghthe Ocean Floor Observation System
(OFOS) as well as by the ROV Kiel 6000. Ocean flotxservation allowed to obtain
important insights on the identification, distrilmut, zonation, spatial heterogeneity of the
fauna and allowed a visual identification of thedtpcarbon seep sites. Videos and high
resolution still images taken by both devices atdtiferent transects will be studied in greater
detail at home.

5.9 Microbiological Studies
(T. Treude)

Multicorer Cores

Four sediment cores taken from each multicorer wesed for (1) microbial turnover rate
measurements (methane oxidation and sulfate rexh)c{i2) molecular studies (Fluorescence
In-situ Hybridization = FISH, RNA/DNA, biomarker§3) flow through experiments, and (4)
sampling of active sediments. Microbial turnoveesaof methane and sulfate were measured
in three parallel sub-cores (i.d. 26 mm), respetyivby radiotracer techniques. Fifteen ul of
“C-methane tracer (activity 2 kBq) and 6ul of th&3ilfate tracer (activity 200 kBq) were
injected into the sediment, respectively, in 1-griteivals. After an incubation time of 18-24
hours at in-situ temperature, the reactions wemep&td by slicing the cores into 1-cm intervals
and transferring the sediment into 2.5% (w/w) sodiwdroxide and 20% (w/w) zinc acetate,
respectively (Table 5.9.1). For molecular studibs, first five centimeters of one sediment
core was sliced into 1-cm intervals. Below five tometers, the core was sliced in 2-cm
intervals. Each depth section was sub-sampledifi@reint purposes (Table 5.9.1). A sub-core
(i.d. 60 mm) was taken from one multicorer coredediment flow-through experiments in the
home laboratory. The core liner was specificallgigeed to be installed into a flow-through
system enabling biogeochemical studies under céedrdluid flow settings. To gain active
sediments for in-vitro studies, one core was slized larger depth sections depending on
sediment stratigraphy. Sediments were transfeméa glass bottles, sealed with a rubber
stopper, and cooled.
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Table 5.9.1: Sampling scheme for the microbioldgitadies during SO210.

Parameter | vial | Chemical | Sample Volume (ml) | Storage

Microbial turnover rate measurements (1 core)

3 x methane oxidation 40 ml Snapvials 20 ml 2.5%Na ca. 5 ml sediment room temperaturg

3 x sulfate reduction 50 ml Corningvials 20 ml 20%AZ ca. 5 ml sediment room temperature

Molecular studies (1 core)

FISH 10 ml PE Testtubes 1.5 ml 4% Formalin 0.5 edliment - further
processing on
board

RNA/DNA 4 ml Cryovials - fill vial 2/3% w/ s. -80°C

Biomarker Aluminum + Ziplock - Ca. 30g sediment or | -20°C

carbonates

Sediment flow through studies (1-2 cores)

For flow-through - - Sediment core 60 mm| + 4°C

studies i.d., length ca. 20 cm.

Active sediments (1 core)

For in-vitro studies. 100 or 250 ml glass | - 100 or 250 ml +4°C

vials, rubber stopper , sediment
screw cap

ROV-Pushcores

Pushcores (i.d. ~8 0 mm) taken by the ROV KIEL 60@0e sampled basically after the same
scheme as multicorer cores. For flow through expents two special pushcores (i.d. 60 mm)
were used per samplings site that can later dyréetlinstalled into the flow-through system.

Authigenic carbonates

Authigenic carbonates gained during TV-Grab or R@¥ployments were frozen for
biomarker analyses. In some cases (see Table Gl#el1¢arbonates were also sampled for
further molecular and in-vitro studies.

Whale bones

Two whale vertebras were sampled from an old nkawinale fall. One bone was sub-sampled
similar to sediments (sulfate reduction, FISH, RNNA, biomarker, active bone pieces kept
cooled in seawater). The bone was cut in the migdtk a saw and then cut into smaller
pieces from surface to center. The second bondrazasn completely at -80°C.

Clams
Four clams ArchivesicaSp.) were frozen at -80°C for molecular studies.

5.10 Pore Water Geochemistry
(F. Scholz)

Sediment sampling and pore water recovery

Sediments were retrieved by means of gravity (G@) moultiple corers (MUC) as well as
ROV-guided push cores (PC). Sediment samples \a&entfrom the GCs at depth intervals of
20 to 60 cm. The MUCs and PCs were stepwise exdrirden the core liners and cut into 1 —
5 cm thick discs. Depending on sample type anddbpective parameters to be analyzed, pore
waters were recovered by pressure filtration (Arg@s at 4 — 7 bar), centrifuging after
sediment processing in an Argon-flushed glove [28gninutes at 4000 rpm) or by the aid of
rhizons (obtained from Rhizosphere, the NetherlpnB®re water samples were filtered
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through 0.2 um cellulose acetate membrane fil@esween 5 and 20 ml of pore water could
be recovered per depth interval by the technigessribed above. About 5 ml of wet sediment
sample were stored for the determination of watetent and porosity.

For methane and hydrocarbon isotope headspacesasaydefined sediment volume of 6°cm
was sampled into glass vials that contain 3ml 102% & 3ml 0.1 M NaOH solution, tightly
cramped, and suspended. The above procedures we@nped at approximately in situ
temperature of 6°C in a cold room.

Sediments remaining after pressure filtration (8geecakes) and centrifuging were stored for
potential solid phase analyses in shore-baseddadrges.

On-board chemical analyses

Analyses for ammonium (Nf)), phosphate (P§), silicate (SiQ*) and dissolved sulfide
(HS) and iron (F&) were completed onboard using a Hitachi U2800Aspphotometer. The
respective chemical analytics follow standard pdoces and are described in detail in
Grasshoff et al. (1999) and on the IFM-GEOMAR weagma(www.ifm-geomar.de),
respectively. Aliquots for Nii analyses were partly diluted prior to measuremientsder to
avoid interferences with HSFor the same purpose, aliquots for,P&nd SiQ* analyses were
acidified and bubbled with argon for at least onarh

The total alkalinity of the pore water was deteredirby titration with 0.02 N HCI using the
Tashiro indicator, a mixture of methyl red and ny&ghe blue. The titration vessel was
bubbled with argon to strip any G@nd HBS produced during the titration. The pore water
contents of chloride (CI-), bromide (RBrsulfate (S&) and nitrate (N@) were determined by
ion-chromatography (Metrohm 761 Compact). The IAPS€water standard was used to
check the reproducibility and accuracy of all cheshanalyses.

In addition to the shipboard analyses, sub-sampie® taken for shore-based analyses of
major and minor cations (acidified with HNQiodine and methane concentrations as well as
oxygen and carbon isotopes (poisoned using merchigride). Table 6.10.1 gives an
overview about the analyses carried out and sulpiesntaken at each station.

5.11 Volcanology
(S. Kutterolf, A. Freundt)

Tephra layers are typically much better preservethe ocean floor than under the commonly
erosive conditions on land. Offshore sediment dyagoring thus potentially improves the
determination of areal distribution particularlytbfn, fine-grained distal tephras. All volcanic
fallout layers of the Chilean southern volcanic eanapped on land show dispersion axes
directed to the east (into Argentina), reflectihg (presently) strictly eastward directed wind
at all but the very lowest atmosphere altitudesweieer, little fallout tephra is preserved in the
central valley and coastal cordillera west of tbhé&anic front. In contrast, the central valley is
filled by numerous ignimbrites, deposits of pyratia flows of which many probably reached
the coast. The search for tephra beds on the Paaé&an floor thus aimed to identify distal
deposits related to ignimbrites emplaced on land,ta detect any unusual fallout dispersal to
the west.
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6 Work Completed and First Results
6.1 Hydroacoustic Work

(D. Volker, J. Geersen)
6.1.1 Parasound

Parasound data was collected whenever the shipnveatng. In addition, detailed surveys
were carried out (a) on the shelf between Concepaii Constitucién, (b) along flanks of
submarine canyons and across previously known stithenslides.

On the continental shelf between Concepcion andst@anién off Punta Lugurne, Chilean
colleagues had reported on a change in the watgthdef up to 50 m after the Maule
earthquake in relation to existing nautical chaHgre, the idea was to see whether this
apparent change is result of an earthquake triggawbmarine slide. However, the Parasound
profiles display undisturbed shelf sediments of b60 ms two-way-traveltime (TWT)
thickness, absent of indications for recent massting (Fig. 6.1.1.2). The apparent
discrepancy in seafloor depth is therefore likehgsult of imprecise nautical charts.
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Fig. 6.1.1.1: Position of Parasound profile lineewn in the consecutive figures, on the contineshalf offshore
Punta Lugurne (line A-AA, Fig. 6.1.1.2), at BioB&lide (line B-BB, Fig. 6.1.1.3), as well as to the
north of Mataquito Canyon (line C-CC, Fig. 6.1.1.4)
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Fig. 6.1.1.2: Parasound profile of the continestaIf between Constitucion and Concepcion (off IRtgurne)
where a change in water depth had been reportedta#t Maule Earthquake of 27 February 2010 in
relation to nautical maps. The profile line showsumit of undisturbed shelf sediments lacking
indications for mass movement. Profile length ik&0

Detailed surveys around previously mapped slidaes aanyon walls were done in order to
search for mass wasting features triggered by ¢bent (27 February 2010) Mw 8.8 Maule
Earthquake. One of the targets was the BioBio Skdg. 6.1.1.1) which is a 5 by 6 km wide
depression of 29 kfrextent that is 55-160 m deep in relation to theainding sea floor. The
depression lies at the northern edge of and opemiset deeply incised BioBio Canyon. The
steep head- and sidewalls of the slide are inddmyeml number of smaller and less deep, flat-
floored depressions which are interpreted as redssjve failures of the canyon walls.
Parasound profiles give a comprehensive insighd the deformation associated with the
BioBio Slide (Fig. 6.1.1.3). Outside and upslopetloé depression, parallel reflections are
interpreted as undisturbed (e.g. not affected bgsnveasting) part of the continental slope.
Here the seafloor appears smooth. At the headpaibllel reflectors of the undisturbed strata
are bluntly truncated and the style of the seaftd@mnges to a rough and blocky morphology.
This morphology is interpreted as caused by sluelpid that originates from the headwall
area. Further towards the BioBio Canyon, a straegflsor reflector that appears less blocky
represents the glide plane of the slide. WithinBl@Bio Canyon, a terrace that is also found
in the bathymetric data is visible above the thglveexd may represent a fraction of the
sediment volume displaced by the major causing siidretrogressive events.
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Fig. 6.1.1.3: Parasound profile across the BioBideS The profile shows main morphological featuocfsthe
slide. A 20° steep headwall truncates a 60m théckrsent unit upslope of the slide. At the floortloé
evacuation site, the slide scar is partly exposati @artly covered by debris. The slide opens to the
deeply incised BioBio Canyon. Profile length is &rB.

Similar work was done in the vicinity of the Taz&d§, the Valdes Slide, the Mataquito
Canyon, and the San Antonio Canyon (Figs. 2.2.2 @&ddl.1). These profiles need to be
processed in the future to further analyze, if neédgossibly seismically triggered) mass
wasting took place. Taza Slide appears to be mldgr than BioBio Slide or Valdes Slide, as
the bottom of this depression and presumable glldae of the slide is covered by tens of
meters of well-stratified hemipelagic sedimentse Tlanks of the canyons are ornamented by
mass-wasting features that extend from the canyalis wnto the open slopes to the sides of
the canyons (see chapter 6.1.2). Parasound datatBhbretrogressive sediment deformation
upslope of failed segments of the canyon wall tgdase as sediment creep, where 75 ms
TWT thick, well-stratified sediments form sinusdifialds (Fig. 6.1.1.4).
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Fig. 6.1.1.4: Parasound profile to the north of &mito Canyon. Here, the collapse of canyon walls lled to
retrogressive, translational failure of the slopehte canyon sidea as well as sediment creep stasct
The profile shows regular, small-scale folds that@served exclusively in the direct vicinity ugys
of the sites of failure. Profile length is 12 km.

6.1.2 EM120

Main goals of the multibeam bathymetric mappingimyiSO210 were (a) to fill data gaps in
the existing bathymetric data (Fig. 6.1.2.1) angt(remap critical areas for mass wasting,
such as flanks of submarine canyons or head- al®ivalls of previously detected submarine
slides. Data gaps were particularly annoying atupper and middle continental slope off
Arauco Peninsula (Figs 6.1.2.1), where there igatobn of continental slope indentations that
may evidence giant slope collapses in the pastr@@eect al., 2011-B). The newly gathered
data in fact show that these depressions are detiby escarpments (sidewalls) of some 100
m height and that some of them extend from theeChiench floor to the shelf where they
modify the course of the shelf edge, thus spantiwegfull depth range of the continental
margin. In total, ~1600 kmdf the continental slope and ~4150%af the abyss were newly
mapped, whereas most of the mapped areas weralyalceaered by previous cruises. The
detailed remapping of previously known areas offérs possibility to directly monitor
seafloor deformations related to a Mw 8.8 earthqualy comparison of DEMs of the
bathymetry and derived seafloor attributes suclslape gradient, aspect and curvature of
before and after the event. Differential gradiergps which provide an easy visual way of
monitoring seafloor deformation were calculated fioe areas mapped on cruises of RRS
JAMES COOK, RV SONNE and RV METEOR prior to the Nak&arthquake.
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Fig. 6.1.2.1: Bathymetric dataset of the workingaaprior to cruise SO210 (a) and after it (b). Anber of gaps
in the combinded dataset of previous cruises of3ONNE, METEOR and RRS JAMES COOK were
filled (red arrows). At the continental slope, thmapping of three large slope failure embayments
offshore Arauco Peninsula was nearly completed.

As a first result, we can say that in spite of Maule Earthquake (the fifth largest ever
instrumentally recorded earthquake), no newly fafmretrogressions were found at the
headwall of BioBio Slide although a number of oldetrogressive failures of the headwall are
obvious (Fig. 6.1.2.2). At first sight, the samarige for a number of other previously known
slides (Taza Slide, Valdes Slide). The sidewallsBodBio, Mataquito and San Antonio
Canyon are ornamented by a number of canyon wlHpses as well as translational slides
that appear to origin from the first and extendodhie open slopes to the sides of the canyons.
Here, no immediately apparent changes were notedwere newly formed slide-related
depressions found on the open continental slophddrontal scales of < 1 km however, new
slides may exist and could show up in further amdenthorough data revision.
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Fig. 6.1.2.2: Slope gradient map of BioBio Slideeaawith headscarp, central depression and retrsigees
secondary slides (arrows).
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6.2 Water Column Studies
(L. Rovelli, S. Sommer, L. Bryant, P. Wefers)

The research areas CMSA Box 1, Box 2 and Box 4 weestigated with several CTD casts.
With the exception of the well mixed surface bounydayer (SBL) the water column was
stratified (Fig. 6.2.1). With the CTD casts profdidown to 5 m above the sea floor it was not
possible to detect a well mixed bottom boundareitayBBL) thus suggesting that its extent
might be confined to the first couple of meters\abthe sea floor.
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Fig. 6.2.1: Physical information on the water cotum the different study sites as collected frofested CTD
casts. It shows, from left to right, potential teemggture, salinity, potential density and dissolved
oxygen.

Oxygen measurements showed an oxygen minimum (8@sasan) at ~200 m and a deep
water maximum (64%) at ~540 m depth respectivelye b the presence of a great variability
in the oxygen concentrations (multiple oxyclingBg CTD readings were corrected according
to absolute values from Winkler titrations to pied more accurate results.

Furthermore, the oxygen dynamics was also invesiigasing the Microstructure-CTD, which
was equipped with a standard sensor (Oxyguardh, tivite constants similar to the ship CTD
one, and a fast oxygen sensor (0.2 s time consfEm) preliminary results on a selected casts
(Fig. 6.2.2) revealed that the oxygen variabilgylarger than it is measured by the standard
sensors and that the depth location and magnitdidéeo oxyclines might be larger than
thought. This is of major importance not only fbetoxygen transport but also for the fate of
methane in the water column (i.e. methane oxidation
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Fig. 6.2.2: High resolution oxygen profile from @lexted Microstructure CTD cast. Left: Oxycline and/gen
minimum as measured by the standard oxygen se@®sgg(ard) and the fast sensors. Right: Zoom-in
of the upper part of the oxygen minimum. Note thesiderable displace of the oxycline caused by the
standard oxygen sensors resolution at the profépepd (0.6 m s-1).

Water sampling for methane measurements was cattlattthe different seep sites by using
the CTD and the ROV (Fig. 6.2.3 left and right darespectively).

During CTD casts at all sites elevated methane eanations of up to ~ 170 nM were
determined close to the bottom. Highest,@dncentration was found at CMSA Box 4 over a
dead clam bed. However at this site variabilityegrpd high as a second CTD cast that was
sampled 18 days later did not reveal high,@G#¥els. Overall bottom water GHoncentration
was about 50 — 100 nM.

In contrast to the CTD casts, the £¢bncentrations determined in water samples olddnye
the ROV were generally strongly elevated. Abovediaen bed (CMSA Box 4) up to ~ 3800
nM CH, was measured indicating that methane releasesagith was still active although the
clams were dead. The high variability of methan¢hat site presently cannot be explained
conclusively.

In addition, near bottom water sampling was perfanduring ROV dives and during the
lander deployment BIGO #1 at CMSA Box 2. During ROWVes water samples were taken at
locations where methane seepage was suspected bast#t: presence of bacterial mats,
distinct fractures within carbonate crusts or sfp@tauna such as tubeworms.

Future activities will include methane carbon igmaneasurements and the analyses of the
microstructure CTD data in conjunction with the wentional CTD data. Based on this data
processing it will be tried to calculate fluxesadfygen and methane in the water column. This
analysis will be conducted in close consideratibthe water column data that were obtained
during the BIGO and Profiler deployments.
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Fig. 6.2.3: Left panel: methane concentrationsvabite different seep sites (CMSA Box 1, CMSA Bagx 2
CMSA Box 4), water sampling was by CTD casts; righhel: methane concentrations (log scale)
determined at these seep sites in water samplasetitby the ROV.
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6.3 Seafloor Observations (OFOS, ROV)
(P. Linke)

During the cruise the OFOS and ROV were used foumpl-truthing of information which
indicated possible seep activity and has been mddadluring previous cruises to the Chilean
fore-arc. Of special help in our search for caes activity were the sidescan sonar images
obtained in the Concepcion Methane Seep Area (CM@&#)ng cruise JC23 with RRS
JAMES COOK (Fluh & Bialas, 2008). In this geophyistudy, several indications for fluid
venting were observed on ridges on the upper argtlmislope between 35.5 and 36°S
(CMSA North) and on the upper-slope between 36& 26.8°S (CMSA South) along the
seaward margin of an intra-slope basin (Klauckal.etin press). Here, backscatter anomalies
indicated widespread authigenic carbonate pretipitawhich was suspected to result from
the expulsion of methane-rich fluids.

During cruise SO210 a total of 11 OFOS deploymémt§ working areas were conducted
(Table 6.3.1). If manifestations of fluid dischangere seen, the survey was followed by ROV
dives and subsequent sampling of bottom waterpsaus, carbonates and fauna. A complete
list of the 13 ROV dives is given in Table 6.4.1ltlve following chapter.

Table 6.3.1: Summary of OFOS tracks during the Sa2aise (*followed by ROV dive)

Station | OFOS Date Time At Off Time End | Picture No. Location
No. No. Start | Bottom | Bottom | (surface) taken at
S0210 (UTC) | (UTCQC) (UTC) (UTC) seafloor
8 1 28.09.10| 22:59 23:22 03:472 04:09 7 — 13( CM3X B
11 2 30.09.10| 21:45 22:18 02:45 03:17 5-13§ CNBBKX 3*
14-1 3 02.10.10| 05:58 06:20 08:08 08:33 5-68 CMBRKX 2*
14-2 4 02.10.10| 09:06 09:30 11:24 11:50 69-110 SBMBox 2*
18 5 02.10.10| 20:11 20:41 02:22 02:42 5 - 50( CNBBKX 1*
19 6 03.10.10| 04:06 04:33 08:46 09:20 5-81 CM3¥% B*
56 7 13.10.10| 22:49 23:38 04:44 05:18 3-185 CNBBA 6
57 8 14.10.10| 06:04 07:16 10:2( 11:00 186 - 221 BNBSX 6
71-1 9 16.10.10| 23:16 23:57 00:51 01:25 5-102 BNBBX 7
71-2 10 17.10.10] 01:5@ 02:24 03:19 03:54 103 - 19TCMSA Box 7
89 11 21.10.10| 00:55 02:18 07:0( 08:20 6 - 354 Acqrism

The first two OFOS surveys were conducted in Bar the vicinity of Itata Canyon (CMSA
North). The sidescan sonar images showed areaglobhckscatter intensity that are several
hundreds of meters in diameter with highly irregwatlines and forming elongate ridges or
domes (Klaucke et al., in press). The OFOS surshgsved that the steep flanks of the ridges
were covered with large carbonate bolders and crusbetween the carbonates bacterial mats
(Fig. 6.3.1), shells of vesicomyid clams and lai§boglinid tubeworms of the genus
Lamellibrachiawere visible (Fig. 6.3.2).

Box 3 was revisited during the 10h-long ROV dive51®8ROV-11) starting from the
southerly ridge towards the summit of the northeédge. Similar to an oasis in the desert we
discovered locally restricted but active vent haethe base of a slope, around which bacterial
mats, gigantic vesicomyid clams of the geAushivesicasp. and tube worms had settled (Fig.
6.3.3). This habitat was intensely sampled to ases heterogeneity of methane impact and
chemosynthetic activity in close vicinity. The séopf the northern ridge was covered with
carbonates and large fields of vesicomyid clams &ifwbglinid tubeworms of the genus
Lamellibrachia.On the top of the northernmost elevation we foumdialifted carbonate block
which was sticking like a pinnacle in the sedimg@ng. 6.3.4).
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Fig. 6.3.1: Bacteria mats near a large carbonatekdh Fig. 6.3.2: Shells of vesicomyid clams and large
Box 3. Siboglinid tubeworms of the genus
Lamellibrachia.

) ©

Fig. 6.3.3: A seep community with bacterial matapnt Fig. 6.3.4: Uplifted carbonate block on top of the
field (Archivesicasp.) and tube worms. northernmost elevation in Box 3.

The OFOS surveys 9 and 10 were conducted in Baxhéye the sidescan sonar survey had
shown a fault trace (Klaucke et al., in press).|ltSaappear to be the pathway for fluids, as
patchy high backscatter intensity around the fawdfgested. This fault has been imaged during
cruise JC23 for at least 1 km surrounding the serixpression of the fault. It widens from
east to west reaching a width of about 500 metetheawestern end of the sidescan sonar
profile. However, the OFOS surveys did not revesl aigns of present seepage, only some
single carbonates were found (Fig. 6.3.5). At the ef the track indications for a slide event
or canyon fill were seen (Fig. 6.3.6).

2 . ; - 2

Fig. 6.3.5: Single carbonates and a rope (no tubig. 6.3.6: Indications for a slide event or cangitin
worms) at the seafloor, Box 7.
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Box 6 was chosen due to a heat flow anomaly medsaorthe sediments on transect HF0307
at 35.8°S by Grevemeyer et al. (2006). This transes followed by OFOS tracks 7 and 8.
During this survey only buried carbonates (Fig..®.3and no indication of recent fluid
discharge were visible (Fig. 6.3.8).

Fig. 6.3.7: Sediment-covered carbonates, Box 6. . B=8)8: Indications for a slide event.

OFOS surveys 3 and 4 covered Box 2 in the soutbarnof the CMSA. In the sidescan sonar
record, ellipsoidal to elongated patches of higbkbeatter intensity indicated the presence of
either authigenic carbonate precipitates and/orchasged sediments (Klaucke et al., in prep.).
The OFOS surveys showed only some authigenic catbsifFig. 6.3.9). Most of the area was
covered with sediments and some patches with balcteats were found (Fig. 6.3.10). Push
coring with the ROV revealed sub-surface carbonated rising gas bubbles from the
methane-charged sediments. During the subsequevitd@@s 108 and 109 the bacterial mat
patches were found and sampled with push coretaadérs (see chapters 6.4 and 6.5).

Fig. 6.3.9: A small ridge with carbonates, Box 2. ig..3.10: Patches with bacterial mats.
Box 1 was selected as the sidescan sonar mosanedhareas of high backscatter intensity
that are several hundreds of meters in diametdr highly irregular outlines and forming
elongate ridges or domes (Klaucke et al., in pr&3BJ0S survey 5 showed massive blocks and
pavement of authigenic carbonate in the areascoéased backscatter activity. In the cracks of
carbonate small patches of clams, bacterial matdaage clusters of Siboglinid tubeworms of
the genud.amellibrachiawere found (Fig. 6.3.11). On the southernmost sunmmihis box
large numbers of ray egg cases were discovgfigd 6.3.12). This box was investigated in
great detail by 4 subsequent ROV dives.
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Fig. 6.3.11: Cracks in the -carbonate witkig.6.3.12: Large number of ray egg cases.
manifestations of fluid seepage, Box 1.

During the first ROV dive (21ROV-1) the observasowith OFOS were confirmed and
investigated in greater detail (Fig. 6.3.13). Tadgathe end of the dive the remains of a whale
fall were discovered (Fig. 6.3.14). Parts of thelston were sampled for microbial and
biomarker studies (see chapter 6.9). During therothROV dives carbonates were sampled
by a chain saw and fauna for biological investigyadi

Fig. 6.3.13: Typical cold seep community in Box 1 ig..3.14: Remains of a whale fall.

Box 4 was selected as Agassiz trawls and the asailf/svater samples from CTD casts during
the INSPIRE cruise with RV MELVILLE in March 201CGvealed indications for active
methane discharge (A. Thurber, pers. com.). OF&&k 6 confirmed this by the observation
of large fields of clam shells and patches withtéaal mats on top of the small ridge. Closer
inspection of one extended clam field revealed desgicomyid clams on top of sediments
with high sulfide concentrations (see chapter 6.3)ring 3 subsequent ROV dives these
fields and patches were sampled in great detailinDuive 113 (88ROV-9) inspection of the
surface morphology and fauna of the hill-top showedharacteristic sequence of plate-like
depressions and lifted rims. Along and on top adséhrims, we discovered rather long
crevasses and small scarps in the sediment, inticacent deformation of the seafloor (Fig.
6.3.15). On one of these small ridges we foundlsisgots densely covered by Pogonophora
(Fig. 6.3.16), completing our collection of charatdtic seep communities.
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Fig. 6.3.15: Crevasses in the sediment, Box 4. 6-18)16: Sampling of Pogonophora.

The last OFOS survey (11) was conducted along fieomm the accretionary wedge. Gravity
core sampling here had resulted in interesting lyemical anomalies of the pore water. The
pore water profiles of the sediments of the accnetty wedge had shown enhanced
concentrations of elements such as chlorine anchidey These possibly result from alteration
of volcanic ashes in the deep sediment whereby langounts of pore water are integrated into
freshly generated minerals which normally behaveseovatively i.e. they are not part of any
geochemical or biological processes in the sedimédatever, during the OFOS survey no
visible manifestation for this anomaly was found.

ROV dive 110 (74ROV-6) was conducted in Box 8 whwhs selected as PARASOUND
Images obtained during this cruise hint to the gmes of a mud diapir. The dive showed
several areas with small carbonate pebbles anermcmats which might indicate an early
stage of carbonate precipitation (Fig. 6.3.17). SEneites were sampled by push corers and
nets (Fig. 6.3.18).
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Fig. 6.3.17: Seep site with small carbonate pebéhes Fig. 6.3.18: Sampling of a seep by push corer.
bacterial mats, Box 8.

The last ROV dive (118ROV-13) was conducted inEhQuisco seep area. This area has soft
sediment and some small patches of bacteria m@itsaiive for the presence of methane in the
sediment. During the dive the deployment site ef Emofiler Lander was visited, which had
been deployed in the immediate vicinity of the bael mats (see chapter 5.5). Large swarms
of shrimps and squids followed the lights of the \R@uring the dive. Pockmark-like
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depressions were seen in the scanning sonar apeciesl on the gently dipping slope (Fig.
6.3.19) but no visible and clear sign of fluid @sgeepage was found (Fig. 6.3.20).

Fig. 6.3.19: Pockmark like depression in the EIQai Fig. 6.3.20: Possible bacterial mat and large nurobe
seep area. shrimps.
6.4 ROV Deployment and Sampling

(P. Linke)

In total, the ROV conducted 13 scientific dives {lEa6.4.1), 12 of which were generally
shallower than 1000 m. The ROV reached a bottore tiralmost 80 hours, which in relation
to the total dive time of approx. 100 hours is teraf more than 78% bottom time. The
maximum diving depth was 5988m in the trench off @hilean slope.

Table 6.4.1: Summary of ROV dives during cruise $M2

, Time o
Stgtioogll(\)lo. DNi\c/)e Date -lS—ItI:s Bo?ttom Bocitfcf)m (sfr?a?ce) Bzgg/m Bot/'som Location
' (UTC) | (UTC) | (UTC) (UTC) Time | Time
Harbour Test
25.9.2010 Valparaiso
21ROV-1 | 105| 3.10.2010Q 17:0( 17:30 22:%6 23:14 05(287.17 | CSMA Box 1
25R0OV-2 | 106| 4.10.2010 14:21 15:03 21:04 21:39 06;082.42 | CSMA Box 4
30ROV-3 | 107| 5.10.2010Q 12:44 13:23  19:23 19:54 06;083.92 | CSMABox 1
37ROV-4 | 108| 6.10.2010 14:52 15:21 22:44 23:10 07;288.96 | CMSA Box 2
42ROV-5 | 109| 7.10:2010Q 13:00 13:26  20:08 20:48 06[485.90 | CMSA Box 2
74ROV-6 | 110| 17.10.2010 1554 16:28 21:29 22:05 D5.081.13| CMSABox8
78ROV-7 | 111| 18.10.2010 12:14 12:45 20:51 21:49 ®8:.084.52 | CSMABox1
84ROV-8 | 112| 19.10.2010 15:39 16:04 20:47 21:26  ®4:481.56 | CSMA Box 4
88ROV-9 | 113| 20.10.201¢p 13:57 15:.05 22:01 22:48 ®6:578.34 | CSMA Box 4
95ROV-10| 114| 22.10.201p 12:5¢6 13:27 2201 22:31 349€8: 89.39| CSMABox1
98ROV-11| 115| 23.10.2010 11:40 12:17 22:24 23:15 02Q: 87.34| CSMA Box 3
112ROV-12| 116 | 26.10.201Q0 11:27| 14:44 14:52 17:15 00108 2.30 rendh
118ROV-13| 117 | 27.10.201Q 12:13 12:34 17:15 17:44 04141 84,89 El Quisco
Total: 13 scientific dives 79:48 | 78.29
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Beside observation and ground-truthing (see ch&h8r the ROV was used to obtain distinct
samples and deploy instrumentation on the seafloong these dives. This instrumentation
was either on board the vehicle (chapter 5.4) ptayed by the elevator lander (chapter 5.5)
in the vicinity of the seep site.

The 29 ROV dive aimed towards an area (Box 4) with exéehdlam fields and bacterial
mats, which were sampled with push cores for miotogical and geochemical analyses (Fig.
6.4.1). Living specimens of vesicomyid clams wexeovered with a net (Fig. 6.4.2).

1FM-G

P

Fig. 6.4.1: Push core recovery. Fig. 6.4.2: Recovery of clams.

The 3° dive was conducted in the working area of the fiise (Box 1) and was dedicated to
the sampling of authigenic carbonates. For thisppse the ROV was equipped with a
hydraulic chain saw which was used with the ORIO&hipulator (see chapter 5.4). The ROV
was positioned in front of a carbonate block, itkesabove a crevasse was covered by white
bacteria. The first sawing attempts under waterevget in full length (Fig. 6.4.3) showing the
methodological potential and the ability of the es& components. Even horizontal cuts were
performed by the well-coordinated ROV pilots. Thaeldwing cut was made to obtain a
smaller sample segment at the front of the carleob&ick. Finally, the sample had to be
retrieved from the block by using a chisel. Durithis manoever, the hydraulics of th& 2
manipulator, the Riggmaster, here used to keeRtD¥ away from the rock, failed and we
had to abandon the dive.

&

1R G

Fig. 6.4.3: Sampling of carbonates with the hydcaulFig. 6.4.4: View on the carbonate block with the
chain saw by the ORION manipulator. missing sample section, Box 1.

1EM-Gi
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However, on ROV dive 111 and 114 we returned tg thorking area. After carefully
choosing the cutting level, this new in-situ toassvable to show its capabilities and several
pieces of carbonates were retrieved (Figs. 6.4d% &ven the sample we were not able to
retrieve during the first use of the chain saw, dwea failure of the hydraulics, could be
retrieved now (Fig. 6.4.4).

Fig. 6.4.5 a: Vertically oriented carbonate blodkwan epifaunal anemone; b: first cut of the chedw; c: ,co-
operation“ of the two manipulators for recoverysaimples; d: the vertical cutting face with visible
fine-structure of carbonate precipitation (Box 1).

In summary, the work-class ROV proved to be thalitieol for the sampling of carbonates by
diamond chain saw from massive build-ups, brealsmgle heavy fragments, picking-up
fragile biological substrates (e.g. cold water torelam shells, tube worms). This
accompanied by well positioned bottom water sangplicombined with CTD monitoring
enables unique and well targeted investigatioratral and surface penetrating profiles across
large scale cold seep structures.

On cruise SO210 four different work areas were @skld by this technique (see appendix V)
and supported by TVG based sampling (chapter G.@versized single blocks for detailed
local depth profiles.

In areas with sediments, e.g. Box 2 and 4, the R@¥ deployed in combination with the
elevator lander. In Box 2 the elevator carried ploge water sampler (PWS) and 2 Eddy
Correlation (EC) modules which were deployed byRi@V (dive 108) on bacterial mats or in
their vicinity and recovered during the subsequive (Fig. 6.4.6 a-d).
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Fig. 6.4.6 a: Deployment of ROV modules by the atevin Box 2; b: EC module deployed on soft seahme
next to bacterial mats; c. PWS and push cores geglin bacterial mats; d. recovery of the PWS on
the elevator.

. &

Fig. 6.4.7 a: Deployment of the elevator |n- Bo>b4EC module at the fringe of the large clam fleidPWS and
benthic chamber in the clam field, EC visible ie thpper part; d: close-up of the BC.
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In Box 4 the elevator carried additionally a beatltkhamber (BC) which was deployed
together with the PWS and the two EC modules inandnd a large clam field (Fig. 6.4.7 a-
d) which had been discovered during tH¥ ROV dive. All modules were successfully
retrieved on the subsequent dive and after recadettye elevator.

6.5 Lander Deployments

(S. Sommer, P. Linke, L. Rovelli, L. Bryant, S. @mnichenko, M. Turk, S.
Kriwanek).

The area around CMSA was extendedly covered withoteate crusts that did not allow an
intense lander sampling programme (Table 6.5.1grdfore, our work focused on Box 2
characterized with sediments that were covered smiall-sized bacterial mats and CMSA
Box 4 where a dead clam bed has been discoveraagdeg 1. At ElI Quisco a third profiler
deployment was conducted at a site which was regas a seep site (Thurber pers. comm.).
In this region we found small patches of bactemats and placed the profiler next to them.

Table 6.5.1: List of lander deployments

Gear Date Location/Habitat Parameter

Profiler #1, Stat. 58 14.10.201 CMSA Box 2, Seaptérial mat | @ S, current, CTD, image

BIGO #1, Stat. 75 17.10.201 CMSA Box 2, closeaotbmat Geochem, GHO,

Profiler #2, Stat. 79 18.10.201 CMSA Box 2, refee Q, S, current, CTD, image

ROV #9, Stat. 88 20.10.201 CMSA Box 4, clam besh(t) Geochem, CHO,

MUC #5, Stat. 91 21.10.201 CMSA Box 2, close totimaat Geochem, C{pH

@IRARIE=IR =i

Profiler #3, Stat. 109 25.10.201 El Quisco, climsseep @ S, current, CTD, image

During the transecting micro-profiler deployment Battom water time series of,Gand
temperature indicated periodic, @uctuations that apparently were related to tiftating
(Fig. 6.5.1).
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Fig. 6.5.1: Upper panel: Temporal variability oétburrent magnitude that was measured in ~ 9 coeath® sei
floor (bin 6) plotted in relation to the thicknesithe diffusive boundary layer. Lower panel: Diien
of the current plotted in relatioo the thickness of the diffusive boundary lay

During each profiler deployment #1 and #2 a tofab#é C,- and 27 sulfide profiles wel
obtained. The distance between each successivepatiing the -axis was 16 mm. Vertici
resolution was 100 um and maximum profile deptmi2d. Unfortunately the pH sensor fail
during these deployments. A typical exan of a sulfide and oxygen gradient within 1
bacterial mat is depicted in Figure 6.5.2. Oxygengtration depth was about 2.3 mm. -
depth distribution of oxygen and sulfide was sefgardy a ~ 10 mm thick suboxic zor

02, H2S (rel. units) Fig. 6.5.2: Micr-gradients (profile #14) of

0 200 400 600 oxygen and sulfide measured dur
5 1 [ Profiler deployment #1 at a meths
' seep site in CMSA BOX 2 cover:

0 XXX X X X X XXX with bacterial mats. Depth within t!

sediment is indicated in positi

E ® numbers, negative figures indici
E <02 o .

= 10 vertical distance in the bom water.
:‘:’ % H23 The position of the sediment wa
-

interface was deduced from the cha
in the slope of the C-gradient that
occurs when moving through the wa
column into the sedime!

Solutes that were taken up or are released frorsddenent must pathe diffusive boundar
layer, DBL, which covers the sediment as a thipearWithin this layer transport is media
via molecular diffusion rather than via turbuledtzaction which proceed much faster. Her
a thick DBL can impede benthic materialnover even if organic carbon is not limiting. T
thickness of the DBL is related to the currentrggtb as is indicated in Figure 6.5.1. Her
shifts in the current regime will have strong eféeon the benthic turnover as well as
release and uptaksd solutes
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Future activities will include analyses of the naata fluxes as well as post processing of the
profiler data. This post processing comprises datmn of diffusive oxygen uptake rates and
sulfide fluxes at methane seep sites in contraseswby reference sediments.

During the cruise four Eddy Correlation (EC) moddkployments were carried out. Due to
not suitable sea conditions on the first leg, tl@ reodule deployment in Box 2 (Fig. 5.5.5)
was interrupted prematurely, although 22 hrs ofsecontive measurements were collected
before the ROV safely placed the devices on thea&be. On the second leg the deployment
lasted for slightly more than two days in Box 4oifarthe four EC module deployments only
one was subject to severe electrical noise andnaosemalfunction leading to an overall
deployment failure, i.e. no usable data. All otltmployments were successful and the
preliminary results are very promising. Figure 8.provides an overview of the dissolved
oxygen fluxes from the Oxygen/Temperature EC sysi@sndeployed during the first leg in
Box 2. The average dissolved oxygen fluxes wer@+14 mmol i d* on average although
fluxes up to 7 mmol fmd™ were measured.

< A . . . 360
o g —— Magnitude Direction
g | [ o
~ - 270
9 6 .S
=, B
= 44 - 180 O
2 . o
= 24 >
- ) -90 G
5 o
e 07 S
w T I T I T I T I T I T I T I T I T I T I T O
>
2 4 6 8 10 12 14 16 18 20
c Deployment Time (hrs)
94 — —4.80
] I O
<93 ] L 475 &
- . [ g
g 02 ] F470 5
- = ©
R 465 T
7, 90 - 460 o
O g1 [ 455 5
]—0, Temperature [ @
88 ———— 4.50

O, Flux (mmol m” d”)

I Vean Removal
I Running Average

Linear Detrending
20 min average

Fig.6.5.3: Overview of the Oxygen/Temperature EGtey data. Top panel: water current velocity magiait
and direction as measured from the ADV. Center paiesolved oxygen and temperature time series.
Bottom panel: Dissolved oxygen fluxes calculatedulsing different methods over a 2 min window
size. The black line the fluxes over a 20 min agera
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Future processing of the collected data involvesctirrection of the oxygen reading according
to other in-situ oxygen measurements such as froiodes to obtain more robust fluxes, and
the processing of the high resolution temperatareesolve heat fluxes. Furthermore, the EC
data will be coupled with the water column measwet®m (CTD and MSS) to better
understand the oxygen dynamics in the studied area.

6.6 TV-Grab Deployments

(V. Liebetrau)
During the cruise six TVG deployments were condiieted resulted in 4 samples (Tab. 6.6.1)
of different size from 3 locations, CMSA Box 3 (#s) and CMSA Box 1 (1 site).

Table 6.6.1: TVG sampling.

Station| TVG_no area Lat. "S"| Long. "W'| Depth | figure no. & remarks
24 1 CMSABox 1 not successful
31 2 CMSABoOx 1 |36°25.108 73°42.188| 638 | no sample retrieved
massive carbonate block, 2 buckets mud
63 3 CMSABoOx 3 | 35°58.549 73°38.410| 1026/ (no spec. fig.)

la & b, largest block recovered on cruige
including solitary cold water coral

64 CMSABoOx 3 | 35°58.558 73°38.388| 1022 (Bathycyathus chilensis)

gl

69 CMSABox 1 |36°25.117 73°42.180| 670| 2a &b, 1 large block from NW-base o
NW-top, cold water coralsJaryophyllia
huinayensispn top and in downside
niches, disrupted contact to 2nd medium
size carbonate block visible, additional
fragments with thin white layers

70 6 CMSABOX 1 | 36°25.457 73°41.975| 678| no chance for TVG, massive carbonate

The most promising and impressive sample (Fig.l&)etepresents a large block retrieved in
CMSA Box 3 from a water depth of 1022 m. It reflethe dominating type of calcification
with a network of thin white layers within a caleil sediment matrix and porous surface
structures. The latter is often combined with Higihe worm abundances.

Fig. 6.6.1a & b: Large authigenic cold seep carbt®iéock from 1022 m depth in CMSA Box 3 (appro#01x
70 x 80 cm, TVG-4). The red-brownish colored pagswisible on top of the sediments and the
greyish part was within the sediment partly coneédb deeper carbonate structures (visible atlfresh
broken surfaces of the bottom side). The big whitatch is just a trace of a grab claw. Living eold
water corals are visible in the upper left anchia tenter as red and a white dot, respectivelgi¢hure
width approx. 12 cm).
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Fig. 6.6.2a & b: Authigenic cold seep carbonate:b‘lbom 670 m depth in CMSA Box 1 incl. living celdater
coral Caryophyllia huinayensigecovered with TVG-5 (b: picture width approx.r)c

Due to the spread of the two major sampling sitesliferent depth levels, a comparison and
reconstruction of cold vent activity for potentialidifferent geological settings seems
achievable and is one aim of the on-going isotamelhemical investigation.

Additionally, cold-water corals were recovered agraportant archive of chemical changes in
the bottom water (Fig. 6.6.1b and 6.6.2b).

6.7 Sediment Sampling and Sedimentology
(S. Kutterolf, D. Vdlker)

Sediment sampling and sediment description was chiateéwo goals, (a) the description of
volcanic ash layers from eruptive volcanic centkthe Southern Volcanic Zone (SVZ) of the
Andes that were either deposited as fallout oneooiteanic Nazca Plate or, alternatively, were
transported down the slope and across the Chilechren large mass transport processes and
(b) the description and dating of previously mappadmarine landslides as well as retrieval
of slide-related material for geo-technical expennts.

Eight gravity cores (Annex lll, List of core stati®) of 12 m length (GC1-GC4, GC6, GC7,
GC15, GC16) were retrieved seaward of the Chilen@ekhon the outer rise of the Nazca
Plate. The distance from the trench and the reaglevation were chosen to minimize the
influence of turbiditic trench sedimentation at thiges. In total we found 34 horizons in 7
cores that exhibit ash layers, ash pods or poddayenly in GC2 we did not recover any
tephra. 22 of those 34 horizons mark distinct aglers that have whitish to black colors. This
is also reflected by the transparent through bretwrand dark brown glass shards that
presumably represent the whole range of magmatigositions from basalt to rhyolite. Most
of the layers have sharp basal contacts to therlynag sediment but erosional contacts or
diffuse transitions into the overlying sediment.

In the northern working area (33-36°S), we fourdesy prominent, normal graded ash layer
(GC1-664-670 cm) that has mineral and lithic fragteeenriched at the base. Transparent
glass shards are highly vesicular. The occurreridéhic fragments at the base of the ash
layer, next to mineral enrichment, at a distancerobably more than 200 km away from the
source and against the prevailing wind directiansinusual and will be investigated in detalil.
First results on major element compositions of gktsards suggest this ash layer correlates to
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the Diamante Tuff eruptelom the Diamante Caldera, vch today hosts the Maipo volca
(Fig. 6.7.1). Since the Diamante ignimbrite is viydéistributed n the Central Valley of Chil
between Santiago and Rancagua, we assume transpoa density current down tl
continental slope, across the trench and ontontening plate seems a plausible scenaric
emplacement of the ash lay
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Fig. 6.741: 4cm thick, normal graded, ash layer with biotitel lithic components enriched at the base (pjcay
transparent glass shards (b); tubular glass shitid elongated vesicles (c); glass shard shoy
structures of round vesicle remnants (dotite (e); (f) MgO versus FeO plot of glass shafmsn
Diamante Ignimbrite on land (black) and SO210/1-744 cm (red).

A black tephra layer found in cores GC15 and GG&léros-bedded and was thus emplas

by flow processes rather than simple fal. In both cores (GC15/7-765 cm; GC16/786-
799cm) the tephra layer is overall normally gratlaticonsists of three units: a massive b

unit overlain by a parallel and cross stratifiedddie unit that is followed by a massive

planar stratified unibf very fine ash mixed with hemipelagic sedimeng(F.7.2). Furthe

investigations will clarify the apparently variab&mplacement processes of these me
tephra layers and their soul

Ten gravity coregAnnex lll, List of core stationsof 3 to 6m barrel length were collected
the continental slope at m-wasting sites (GC5, GC9, GC11, GC12, GC14, C-28,
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GC30). The sites were chosen to sample referenes cpslope of slides, the glide plane
redeposited material downslope of the slideacuation area. This strategy aimed at
determining the general nature and rheology of blaekground sediments as well
sedimentation rates, (2) determining the naturéhefglide plane (potential “weak layer”) a
(3) dating the transition of slicdeposits to posttide sedimentation. In general, the samp
of such locations is critical, as it involves a donation of old and redeposited or exposed
lithified material, steep slopes (>10°) and/or lpsurfaces which explains the high num
of four attempts that either failed or gained vemngrs cores

Fig. 6.72: Mafic marine ash layel
showing distinct interne
structures. (a) GC15/746-765
cm; (b) GC16/78-799cm.

We were successful at the BioBio Slide, where ay wevung sma-scale slide deposit

observed in the central depression of an oldegelaslide plane (core GC11). Multiple slidi
is evident in a core from an elevated bank withie BioBio Canyon (G14). At Reloca Slids
and Valdes Slide, material for ¢-technical tests was retrieved which will complemertes
retrieved during RRS James Cook cruise JC23b. Waimed from taking samples at Te
Slide, as Parasound Data clearly showed that #a$ire is buried beneath a p-slide
hemipelagic sediment unit too thick to be penetrdg our 6m barrel. We also tried to samr
a bank within San Antonio Canyon for remains of yzanwall collapse material (GC3(
similar to GC14 in the BioBio Canyon. e, however, the little retrieved material consisié
chiseled, angular metamorphic hard rock gravels ghowing that presently no sediments
deposited here.
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6.8 Zoological Studies
(F. Valdés)

Sampling

A diverse set of biological samples has been obthiWe recovered 79 different taxa; the
taxonomic composition and details of the sampliiagien are compiled in Annex Il

Two taxa appear to be species new to science:asteopod Provannidae definedRr®vanna
sp., and the bivalve Mytilidae of the gerAdipicola Provannasp. was collected from a block
of carbonate, recovered by the ROV in Box 4 frord # water depth (Fig. 6.8.1Adipicola
was collected at Box 4, but unfortunately onlyardated valves. This is the first record of a
chemosymbiotic mytilid in the SE Pacific off Ch{lleig. 6.8.2).

Six live specimens of the giant clafmchivesicasp. were collected in Box 3, this material is
crucial for future taxonomic classification (Fig8e3).

i

Fig. 6.8.1: GastropodProvannasp., some individuals Fig. 6.8.2: Probably mytilid of the genédipicola. The
were collected at station 25, Box 4, during animal was collected in Box 4, in the soft
ROV-2, Bar = 0.5 cm. sediments neaCalyptogena gallardoi.

Fig. 6.8.3: Vesicomyid clarArchivesicasp. collected in Box 3. Bar = 2 cm.

In addition, six live specimens of the siboglinudbéwormLamellibrachiasp. were collected.
The collection made by the ROV allowed to obtaimptete individuals, including the caudal
region or opisthosome. This segment is cruciatHertaxonomic characterisation (Fig. 6.8.4).
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Fig. 6.8.4: Siboglinid tubeworm of the
genus Lamellibrachia sp. (A)
vestimentum, (B) opisthosome,
(C) calcareous tube of body. Bar =
3 cm.

It has not been possible to establish the taxonatatus of several species collected. The
samples were stored at the Laboratory of Subtidaitdc Ecosystems (ECOBENS) of the
Universidad Catdlica del Norte. Some examples efdbllected fauna are shown in figures
6.8.5t0 6.8.10.

Fig. 6.8.5: Colony ofClavularia magelhanicathe Fig. 6.8.6: The ophiuroidAstrodia tenuispinain the
colony is attached to the tube of the cold water coraCallogorgiasp. Bar =5 cm.
polychaeteEunicessp.Bar = 2 cm.

Fig. 6.8.7: The ophiuroi®phiocantha antarcticaThe Fig. 6.8.8: The sea star Pteraster gibber. The lesmp
samples were collected from the TV-Grab at  were collected during ROV-9, station 88, Box 4.
station 64, Box 4. Bar =2 cm. Bar =2 cm.
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Fig. 6.8.9: (A)Munida propinquaand (B)Sterechinus Fig. 6.8.10:Leptochiton americanugA) ventral view,
cf. meumayer. The samples were collected (B) dorsal view. The samples were collected
during TV-Grab-5, station 69, Box 1. Bar = 3 during ROV-10, station 95, Box 1. Bar = 1 cm.
cm.

The meiofaunal biological samples were stored e@ECOBENS laboratory, from a total of
seven stations. The details of the sampling ofntleéofauna and the stations are compiled in
Annex Ill.

Observation

The detailed visual observation of the CMSA wadqrered for the first time during the cruise
S0210 by using the OFOS (Ocean Floor Observatioste8)) and the ROV (remotely
operated vehicle) Kiel 6000. Both instruments bglda the Leibniz Institute of Marine
Sciences (IFM-GEOMAR) in Kiel, Germany.

Different transects were made, the beginning ohdemnsect, as well as the location and type
of instrument used is described in Annex Il

According to the video surveys, an enhanced diseisiobserved at the sites where methane
Is seeping, probably associated to the spatiatbgd@eity generated by carbonate crusts.

Chemosymbiotic fauna

Siboglinid tubeworms of the genusamellibrachia were distributed in small and large
aggregations (Fig. 6.8.11). They were often attdd¢becarbonate crusts at sites where seepage
is active. These bushes are used as a substrateskile species and as refuge by some mobile
species, which in turn serve as food for largermanigms. Among the most abundant sessile
taxa observed were cnidarians, sponges and bryszaarmong others. Bushes of living
tubeworms were abundant at the CMSA sites (Box@Buox 4) and a new seep located 26
miles south of the CMSA (Box 3).

Patches of clams and bacterial mats (Fig. 6.8.1s2) suggest an enhanced chemosynthetic
activity in the area. Most abundant clam speciestifled in the videos wer€alyptogena
gallardoi and Archivesicasp. Another abundant bivalve Ehyasira methanophilawhose
distribution seems not to be obligate to seep,ssiese Thyasirids as well as Lucinids seem to
be facultative. Another bivalve, apparently a mgtibf the genusidipicolawas collected at
Box 4, but unfortunately only articulated valvesisTis the first record of a chemosymbiotic
mytilid for the SE Pacific off Chile. Different aae covered by patches of white bacteria
belonging to the genuBeggiatoa Pogonophoran tubeworms, Vesicomyid clams belantgn
speciesCalyptogena gallardoand Archivescasp.; also siboglonid polychaetes of the genus
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Lamellibrachiasp. are indicators of chemosynthetic activity. Togerage of these taxa will
identify areas where seepage is more active.

Fig. 6.8.11: Living Siboglinid tubeworms of the gsn Fig. 6.8.12: Cluster of living clams of the species
Lamellibrachia sp. from CMSA, the ensemble is  Archivesica sp., the animals live in soft
formed by several individuals. Picture was  sediments. Picture was taken during station 98,
obtained at station 84, ROV-8, Box 4. ROV- 11, Box 3.

Non chemosymbiotic fauna

The faunal assemblage of the CMSA is diverse, amdpcises a large proportion of species
that are new to science (Sellaretsal., 2008). Spatial heterogeneity at seep sites pronstes
great biological diversity (Levin, 2005).

At the CMSA at least 10 species of cold water cajpbcies have been reported, with
Callogorgia sp., Paragorgia sp., Swiffia sp., Touarellasp andAntipathes speciosheing the
most abundant. Corals in turn provide habitat ftneo species of ophiuroids, actinians,
briozooans and crustaceans. The ophiurdissotoma agassizi, Gorgonocephalus chilensis,
Astrodiasp.,Ophiumusium biporicum, Ophiacantha antarctiead five other species are the
most abundant. The galathditlinidopsis trifidadominates among the decapod crustaceans,
which prefer the black coréintipathes specioddig. 6.8.13).

Most abundant among the gastropods vidgatthybembix macdonaldi, B. humboltii, Margarites
huloti, Zetela alphonsi, Calliostoma chilena, Custulum, Fusitriton magellanicus, Trophon
ceciliae, T. condei, Miomelon alarcoamong others. The giant Humboldt sqiidssidiscus
gigas is also abundant and has been often seen in sevel@bs preying on fish and
crustaceans. Among bivalyeBnnucula grayi, Limopsis ruizanand Acesta patagonicare
the most often seen species at the CMSA.

Among the several species of polychaetes colle@&adijcesp. was dominant at the CMSA.
Several individuals were collected attached to dadbonates obtained by the ROV and the
TV-Grab. Different species of decapods of the fgn@Halatheidae (genus Munidopsis and
Munida) were observed with the ROV and OFOS. Idieation at the species level is still
pending.

Within the crevices of the carbonates lithodid eratf the genusParalomis were also
observed. Main species of echinoids observed atCi&SA were Dermechinus horridus
Sterechinusp. andCidaris sp. whileD. horridusand Cidaris sp. have an aggregated patchy
distribution (Fig. 6.8.14)Sterechinusp. is more sparsely distributed over the carbenartel
also over black corals. Swarms of pelagic holotlugr®f the genugnypniastesvere also
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often seen (Fig. 6.8.15). The most prevalent fistthe CMSA correspond tGoelorinchus
fasciatus, C. chilensiand Coryphaenoides ariommuspecies, also different Scualidae and
more other fish species that occupy the tubasaafellibrachiasp. as a hideout.

Over soft substrates where no seep activity isbsdebiological diversity and abundance of
the fauna is diminished. Dominant species is tHggbaeteHyalinoeciasp. which is sparsely
distributed over the substrate. Other abundant da&ahe ophiuroiétegophiurasp. and three
other species, the asteroid§ppasteria hyadesi, Solaster regulaasd Luidia magellanica
The solenocerid shrimidaliporoides diomedeais quite abundant.

Further detailed analysis of the video footage a#f as the still images obtained during the
S0210 cruise will certainly help to improve our ergtanding of the ecology, diversity and
biogeography of the seep habitats at the SE Pacific

)

ROV KIEL6000 2010-10-03 19:07:07 IFM-GEOMAR —

Fig. 6.8.13: The cold water corAhtipathes speciosand the little crustaceavunidopsis trifida.Picture was
obtained during station 21, Box 1.

Fig. 6.8.14: Clusters of the echinoidermechinus Fig. 6.8.15: The bentho-pelagic  holothurian
horridus in a patchy distribution. Picture was Eunipniastes sp. uses the water column for
taken during station 21, ROV- 1, Box 1. displacement. The picture was taken during

station 42, ROV- 5, Box 2.
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6.9 Microbiological Studies
(T. Treude)

We detected and sampled active chemosynthetic comigsl in CMSA Box 2-4 and at
Mound Felix. Whereas in Box 2 chemosynthetic comitresy were found on extended
sediment areas, they occurred within rather loedligediment islands embedded in carbonate
outcrops in Box 3, 4, and at Mound Felix. Box 2 vamsninated by patchy black sediment
spots or bacterial mats (Fig. 6.9.1). Even "normag@pearing sediment with an oxidized brown
sediment coverage featured a reduced sulfidic lapelerneath, suggesting that the seepage
area must be much larger than visible from the ®gsides bacterial mats (most likely
BeggiatoaSp.) we found living specimens of the clarhyasiraSp. (Fig. 6.9.2) inside the
sediment (at depths between 5 and 9 cm) as wetidisations for the presence of the giant
sulfur bacteriaThioplocaSp. (sheaths retrieved). In the Box 3 area, seeppgeared much
localized. We discovered a small but diverse chgmibgtic community at the bottom of a
hill. Two seepage openings (through carbonate raok)de the sediment were found
surrounded by tubeworms, bacterial mats as wdlirge dead and living clam#uichivesica
Sp). The sediment in each area (Fig. 6.9.1) ancesspacimens of the claArchivesicaSp.
(Fig. 6.9.2) were sampled for analyses. In Box lrge dead (but very sulfidic) clam field as
well as patches of Pogonophorans (Fig. 6.9.2) wamepled. On Mound Felix, the sediments
were covered by small (4-6 cm diameter) carbonatiules. Here, two sites dominated by
either clams or bacterial mat were sampled (Fig.1$.

Table 6.9.1 Overview of stations, sample type (eedit or carbonates), and use (analyses) of samples.

CARD-FISH, Cooled (alive) | Flow-through
Station CMSA-BOX |Sample type Rates RNA/DNA | Biomarker samples cores
beside black spot -
. X X X X X
16, MUC-1 2 sediment
whale fall - bones
A X X X X -
21, ROV-1 1 and sediment
dead clam field -
X X X X X
25, ROV-2 4 sediment
bacterial mat -
X X X X X
42, ROV-5 2 sediment
reference -
X X X X X
52, MUC-2 2 sediment
64, TV-Grap-4 4 carbonates - X X X -
dead clam field -
X X X X X
66, MUC-3 4 sediment
"outside seep"
reference - X X X X X
68, MUC-4 Reference |sediment
69, TV-Grap-5 1 carbonates - - X - -
carbonate-rich
bacterial mat and X X X X X
74, ROV-6 Mound Felix |clam field
78, ROV-7 1 carbonates - - X - -
beside bacterial «
82, BIGO-1 2 mat - sediment
84, ROV-8 4 carbonates - - X - -
pogonophoran « « « o «
88, ROV-9 4 field- sediment
95, ROV-10 1 carbonates - - X - -
bacterial mat,
tubeworm, clams - X X X X X
98, ROV-11 3 sediment
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Fig. 6.9.1: Examples of sediment cores that wetgexed and analyzed for micobiological studiesatisn
numbers are given.

Beside sediments we sub-sampled carbonates (m&onlpiomarker analyses) that were
retrieved from Box 1 and 4.

In Box 1 an old whale fall was discovered on topaafarbonate hill (probably an extinct cold
seep site, Fig. 6.9.3). The skeleton was very moend showed no signs of chemosynthetic
activity. It was surrounded by a few clam shellswhver, it was impossible to identify
whether the clams used to be associated to theewhklor to former seepage activity. We
sampled two whale vertebras (Fig. 6.9.3) as weflase sediment from around the whale fall
for analyses. The sediment coverage was very #ifter just a few centimeters, pushcores
could not penetrate deeper, probably due to a salidonate plate situated underneath.
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Fig. 6.9.2: Examples of chemosynthetic organisniiected during the cruise: (A) the clahhyasiraSp., (B) the
clamArchivesicaSp., (C) pogonophorans, (D) tubeworms on carbamadeles.

Fig. 6.9.3: Whale fall discovered in Box 1: (A) af) skeleton on the seafloor, (C) and (D) one h&f two
vertebra that were retrieved and sub-sampled forahiological studies.
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6.10 Pore Water Geochemistry
(F. Scholz, B. Domeyer, R. Surberg, U. Lomnitz)

The pore water geochemistry group participatedssertially all research activities during the
cruise SO210 resulting in a total number of 19 GIXSPCs and 12 MUCs (Table 6.10.1).
Coring locations were selected according to thelt®®f previous surveys using Side Scan
Sonar, Parasound, Multibeam bathymetry or a deepdaamera sled (OFOS). Furthermore,
1 benthic chamber, the samples of 2 in situ poréewaampler deployments and 1
Biogeochemical Observatory (BIGO) were analyzed ttogir pore water chemistry. The
results for the different working areas will bealissed on the basis of appropriate examples in
the following sections.
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Table 6.10.1: Stations which were processes bpdine water geochemistry group during SO210.

Water

#  Station Device Longitude Latitude depth Region/ Sample
(dec deg) (dec deg) (m) purpose #
1 01 GC 01 -73.571 -33.200 3785 Oceanic plate 18
2 05 GC 04 -74.667 -35.167 4306 Oceanic plate 19
3 12 GC 06 -74.705 -35.833 4387  Oceanic plate 21
4 13 GC 07 -75.167 -36.500 4043 Oceanic plate 20
5 16 MUC 01 -73.679 -36.471 700 Cold seep, CMSA 15
6 25 ROV 02 PC02 -73.711 -36.383 680 Cold seep, CMSA 10
7 25 ROV 02 PCO5 -73.712 -36.381 682 Cold seep, CMSA 8
8 25 ROV 02 PCl6 -73.713 -36.381 681 Cold seep, CMSA 8
9 29 GC 08 -73.678 -36.471 707 Cold seep, CMSA 14
10 35 GC 10 -73.734 -36.471 1008 Reference site 14
11 37 ROV 04 PC0O3 -73.669 -36.473 688 Cold seep, CMSA 9
12 39-1 GC 11 -73.717 -36.607 1448 BioBio Slide 10
13 41 GC 13 -73.711 -36.383 697 Cold seep, CMSA 7
14 42 ROV 05 PCO5 -73.679 -36.471 707 Cold seep, CMSA 9
15 42 ROV 05 PWS01 -73.679 -36.471 707 Cold seep, CMSA 10
16 43 GC 14 -73.763 -36.634 1824 BioBio Canyon 18
17 44 GC 15 -75.512 -38.128 3950 Oceanic plate 18
18 45 GC 16 -75.417 -37.271 4213 Oceanic plate 18
19 54 MUC 02 -73.679 -36.470 707 Cold seep, CMSA 12
20 55 GC 17 -73.540 -35.904 1417 Cold seep, CMSA 15
21 60 GC 18 -73.721 -36.364 859 Cold seep, CMSA 14
22 61 GC 19 -73.623 -36.188 716 Cold seep, CMSA 14
23 66 MUC 03 -73.713 -36.381 679 Cold seep, CMSA 12
24 68 MUC 04 -73.735 -36.471 1006 Reference site 15
25 72 GC 20 -74.053 -36.343 3544 Accretionary wedge 14
26 74 ROV 06 PCO5 -73.691 -36.443 699 Mound Felix 9
27 74 ROV 06 PCl2 -73.690 -36.443 697 Mound Felix 8
28 75 BIGO 01 -73.678 -36.470 700 Cold seep, CMSA 36
29 80 GC 21 -73.999 -36.347 3192 Accretionary wedge 13
30 81 GC 22 -74.053 -36.343 3491 Accretionary wedge 14
31 88 ROV 09 PCO1 -73.710 -36.381 685 Cold seep, CMSA 8
32 88 ROV 09 BCOl1 -73.712 -36.381 688 Cold seep, CMSA 11
33 88 ROV 09 PWS02 -73.712 -36.381 688 Cold seep, CMSA 10
34 91 MUC 05 -73.679 -36.470 705 Cold seep, CMSA 13
35 96 GC 23 -73.869 -36.366 2199 Accretionary wedge 14
36 97 GC 24 -74.107 -36.337 3842 Accretionary wedge 14
37 98 ROV 11 PC0O5 -73.632 -35.986 1008 Cold seep, CMSA 7
38 98 ROV 11 PC13 -73.632 -35.986 1009 Cold seep, CMSA 6
39 98 ROV 11 PCl16 -73.632 -35.986 1008 Cold seep, CMSA 6
40 104 MUC 06 -71.880 -33.390 334 El Quisco/OMZ 12
41 107 MUC 07 -71.780 -33.391 120 El Quisco/OMZ 17
42 1132 MUC 09 -71.867 -33.390 235  EI Quisco/OMZ 11
43 119 MUC 10 -71.897 -33.390 438 El Quisco/OMZ 16
44 121 MUC 11 -71.921 -33.390 599 El Quisco/OMZ 16
45 124 MUC 12 -71.850 -33.390 165 El Quisco/OMZ 14
46 125 MUC 13 -71.903 -33.390 485 El Quisco/OMZ 14

CMSA Concepcion methane seepage area

OMZ  Oxygen minimum zone at 33°23.385'S
GC Gravity core

MUC  Multiple corer (video guided)

ROV  Remotely operated vehicle
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Ash alteration and early diagenesis on the inconplage

GCs (12 m) from the incoming Nazca Plate were eet&d in order to evaluate the
geochemical composition of sediments and pore dlpidor to subduction. An example for a
core from the incoming plate is shown in FigureO6l1l Deep-sea sediments on the incoming
plate contain little organic matter, thus hostingather sluggish microbial activity. This is
reflected in the small decrease of dissolved®Sfiom seawater-like concentrations at the top
to 23.1 mM over the entire core length of almostriLOrhree distinct ash layers were observed
in the core, each with a thickness of several pesttrs. The presence of ash layers is
accompanied by significant deflections in the paer profiles of alkalinity, Nif, PQ*
and, to a lesser extent, silica. For alkalinity ailita the deflections might be directly related
to the production of HC® and the release of silica during the alteratiowa€anic ashes to
clay minerals (e.g. smectite). lon exchange preasessid desorption could account for the
peaks in NH" and PQ*. Some of the cores on the incoming plate did rispldy any pore
water anomalies, although they contained ash lageomparable thickness. This could be
related to the age, and thus reactivity, of the ksfers. Determination of the age and
provenance of the ash will help to solve this goest
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Fig. 6.10 1: Pore water profiles of chloride, aikay, SO42-, NH4+, PO43-, silica and bromide fdr-GC01
from the incoming place (3785 m WD).

Pore water geochemistry of sediments in Concepdiethane Seepage Area

Previous findings from Side Scan Sonar surveyscatdd the presence of authigenic
carbonates related to methane seepage at watérsdspiund 700 m in the in the Concepcion
Methane Seepage Area (CMSA). This could be confirimethe aid of video-guided seafloor
surveys (ROV, OFOS). The apparently most activesdite. presence of bacterial mats, clams
and tube worms) were sampled using ROV-guided P@s3a0 6 m long GCs. Examples for
short and long sediment cores from the CMSA arergin Figure 6.10.2 and 6.10.3. The red
lines represent the pore water profiles of refeeecares that were retrieved away from the
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seep site. The cold seep cores display a compasablow zone of sulfate depletion (<1 m
and <10 cm as opposed to 4.5 m in the referena® wdrich is likely the result of anaerobic
methane oxidation. During this microbially mediafgdcess, the reduction of seawater sulfate
is coupled to the oxidation of methane derived fateeper sediment strata.

The concentration of chloride in pore water is aamegful parameter for the detection of
subduction-related diagenetic processes such dartiescale alteration of volcanic ashes (ClI
> seawater) or clay mineral dehydration (Cl < sdawyan the subsurface. However, 60-GC18,
42-ROV05-PCO05 (Fig. 6.10.2 and 6.10.3) and all oflegliment cores from the CMSA display
seawater-like chlorinity profiles throughout thengded depth intervals. It is therefore
preliminarily concluded, that the CMSA does not gass a hydrological connection to the
deep subsurface. Accordingly, the methane whidhaissported upwards in this area should
have a comparably shallow and biogenic origin. Wiisbe further investigated by means of
carbon isotope analyses.
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Fig. 6.10.2: Pore water profiles of chloride, alkiy, SO,> (black circle), HS (gray circle), NH', PQ?>, silica
and bromide for 60-GC18 from the Concepcion Meth&eepage Area (859 m WD). The red lines
represent a reference core (35-GC10) which wagvetl close by and which is not influenced by
methane seepage.
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Pore water geochemistry of sediments on the aceraty prism

Figure 6.10.4 shows pore water profiles of alk&inchloride and bromide for 2 GCs from the
central accretionary prism. Both cores show dowmdncreasing concentrations of chloride
and bromide, two parameters that behave largelysaroative in shallow diagenetic
environments (i.e. up to several meters depth).eldeer, the pore water profiles increase
almost linearly with depth suggesting the preseice deep-seated diagenetic process beyond
the sampled depth interval. Possible mechanisndingao an enrichment of chloride and
bromide in pore water are the consumption of witesugh ash diagenesis or the addition of
evaporated seawater (i.e. a primary brine) (Maatial., 1995). The presence of primary brines
has, to our knowledge, not been reported for seuisnat the SE Pacific margins. The
hypothesis of ash diagenesis, however, is furtbpparted by the alkalinity profile of 81-
GC21. The alkalinity in this core increases beytm maximum value that may be produced
through bacterial sulfate reduction (~> 60 mé& Iln a simplified manner, alteration of
volcanic ash in a seawater environment may be egpdeby the following equation:

Volcanic ash + C®+ H,O — clay minerals + dissolved cations + dissolvedait HCQ

It implies that ash is altered to clay minerals ifhyasmectite), which is accompanied by the
consumption of water and the conversion of,@@®bicarbonate. These processes are clearly
reflected in the pore water profiles 81-GC21 shawhigure 6.10.4.
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Fig. 6.10.4: Pore water profiles okalinity, chloride (black circle) and bromide (graircle) for 7:--GC20 and
80-GC21. The dashed line in the alkalinity profile88-GC21 represents the maximum value that
be produced through bacterial sulfate reduc

Pore water geochemistry sédiments from the Bio Bio Sl

Bio Bio Slide is a landslide of unknown age locatéase to the submarine canyon of the
Bio river. One core from the glide plane has begehjexted to pore water geochemi
analyses. The resulting alkalinity profis compared with a reference profile, correspontbr
undisturbed sediments, in Figu6.105. At the glide plane, two similar alkalinity pries
seem to be shifted above each other. This is ds®uwos from the core description reveal
two light brownmud layers, one on top of the core and one at 989t@m depth. Thes
superimposed sediment layers are most likely theltref a recent slide event. If the event |
occurred longer time ago, the steep concentr-depth gradient at the transition vid be
equilibrated by molecular diffusion. This processl ats effect on the pore water profile
indicated by the red line and black arrows in Fe&c6.105. A possible trigger mechanism f
the mass wasting event could be the Februa™ 2010 earthgake whose epicenter w
located close by.
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8 Data and Sample Storage and Availability

The raw data acquired during cruise SO210 were hadhallowing for an immediate
exchange of the data within the project group. 8gbent results may be added in the same
context avoiding redundant metadata input. CTD détae cruise are already uploaded to the
server at IFM-GEOMAR (https://portal.ifm-geomar.dd)SHIP data of this cruise are
available at the BSHh(tp://dship.bsh.de The sample material will be stored in the IFM-
GEOMAR Lithothek.

The metadata is already publicly accessible imntelgiaThe associated scientific data will be
made public in 2013. Published data and data omaftorium will be submitted to World
Data Centers (WDC) such as PANGAEA. The IFM-GEOMWRiversity Kiel data
management team will take care of the data trasistetong-term archives in order to ensure
the data availability worldwide and for the farite.
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Annex I: List of Stations

Station gear | gear_ area 2010 Start s_lat"S" s_long "W" s_depth Bottom d_lat"S" d_long "W" | d_de End e_lat"sS" e_long "W" | e_depth
no no (UTC) (UTC) pth (UTC)
1 GC 1 Incoming Plate | 26.09. 10:20 | 33711.941 | 7338.298 3790 11:31| 33%11.979 | 73%34.280 | 3791 12:58 | 33712.000 | 7334.311 3792
2 GC 2 Incoming Plate | 26.09. 17:00 | 3348.957 | 7349.487 4081 18:57 | 33%48.979 | 73%49.571 | 4069 20:55 3348.78 73%49.36 4064
3 GC 3 Incoming Plate | 27.09. 1:00 | 34725.496 73%45.784 4663 2:51 34°25.496 7345.792 | 4664 5:00 3425 7345 4665
4 CTD 1 Graben | 27.09. 18:53 | 3443.463 | 73%40.664 5172 21:17 | 3443.463 | 73%40.664 5100
5 GC 4 Incoming Plate | 28.09. 2:41 | 3509.895 | 74%40.042 4308 4:09| 35°0.004 | 74%39.994 | 4305 5:43 | 35710.054 | 7439.871 4311
6 GC 5 Reloca Toe | 28.09. 10:34 | 35%33.150 73%54.689 5045 12:15 3532.987 73%54.664 | 5044 14:50 3532.98 73%4.73 5045
Posidonia
7 Calibration- 1 slope | 28.09. 16:41| 3543.705 | 73%38.170 2021 20:55| 3543.566 | 7338.094 2100
8| OFOS 1 CMSA BOX 3 | 28.09. 22:59 | 35%8.401 7338.479 1095 23:22 35%8.523 7338.483 | 1055 4:09 | 35%9.744 7338.386 936
9 CTD 2 CMSA BOX 3 | 29.09. 5:37| 35%8.970 | 7317.917 1050 7:21| 35%9.388 | 7338.178 1055
10 | MB, PS 1 shelf | 30.09. 8:14 | 3604.908 72%56.028 185 18:25| 35%4.174 7390.198 250
11| OFOS 2 CMSA BOX 3 | 30.09. 21:45| 35%8.192 7337.752 1098 2:45 35%9.936 7338.297 897 3:17 | 35%9.890 7338.213 930
12 GC 6 Incoming Plate | 01.10. 10:16 | 3549.960 | 74%42.315 4389 11:48 | 35%0.000 | 74%42.305 | 4385 14:07 35%0.03 74%42.36 4413
13 GC 7 Incoming Plate | 01.10. 19:25 | 36%29.985 75909.992 4042 20:45 3630.002 7509.996 | 4046 22.25 36730.12 75°10.11 4052
14.1| OFOS 3 CMSA BOX 2 | 02.10. 5:58 | 3627.750 | 7340.365 696 8:08| 36%28.853 | 73%40.408 702 8:33 | 3628.919 | 73%0.280 700
14.2| OFOS 4 CMSA BOX 2 | 02.10. 9:06 | 3627.847 | 7340.957 718 11:24 | 36%28.631 | 73%40.792 713 11:50 | 3628.774 | 73%40.759 714
15 CTD 3 CMSA BOX 2 | 02.10. 12:53 | 36%28.210 73%40.720 698 15:10 | 36%28.227 73%40.220 700
TV-
16 MuUC 1 CMSA BOX 2 | 02.10. 15:15| 3628.217 | 73%40.729 699 16:06 | 36%28.244 | 73%40.735 700 16:30 3628.28 7340.71 700
17 CTD 4 CMSA BOX 2 | 02.10. 16:56 | 36%28.231 7340.714 700 19:23 | 36%28.234 73%40.699 699
18| OFOS 5 CMSA BOX 1 | 02.10. 20:11| 3623.978 | 73%42.076 702 20:41| 3623.452 | 7342.097 705 2:42 | 3625.560 | 73%41.860 700
19| OFOS 6 CMSA BOX 4 | 03.10. 4:06| 3621.774 7342.477 756 8:46 3623.592 7343.124 759 9:20 | 3623.590 73%43.040 756
20 CTD 5 CMSA BOX 1 | 03.10. 9:54 | 3624.646 73%42.201 688 12:57 | 36%24.670 7342.214 682
21 ROV 1 CMSA BOX 1 | 03.10. 16:45| 3624.520 | 7342.177 688 22:50 | 3625.493 | 7342.056 683 23:16 3625.56 7342.11 692
22 MS- |1 bis CMSA BOX 1| 04.10. 1:18 | 3624.660 73%42.146 690 6:00 | 3624.650 73%2.238 687
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Station gear | gear_ area 2010 Start s_lat"S" s_long "W" s_depth Bottom d_lat"S" d_long "W" | d_de End e_lat"sS" e_long "W" | e_depth
no no (UTC) (UTC) pth (UTC)
CTD |3
MS- | 4 bis
23 CTD |8 CMSA BOX 1 | 04.10. 6:18 | 3624.466 | 7342.380 701 9:15| 3622.696 | 73%42.322
24 TVG 1 CMSA BOX 1| 04.10. 10:40 | 36%25.174 73%42.064 671 13:35| 36%25.370 7342.157 673
25 ROV 2 CMSA BOX 4 | 04.10. 14:10 | 3621.997 | 7342.785 775 19:26 | 36%25.161 | 73%42.040 674 21:40 3622.90 73%42.62 678
26 CTD 6 CMSA BOX 4 | 05.10. 0:20 | 3622.868 | 7342.757 685 3:45| 3622.855 | 73%42.762 685
MS-
27 CTD|9-11 CMSA BOX 4 | 05.10. 5:00| 3622.856 73%42.760 693 6:32 | 3622.862 73%42.784 690
28 CTD 7 CMSA BOX 1 | 05.10. 7:35| 3622.221 | 7342.735 699 10:09 | 3622.240 | 73%42.730 708
29 GC 8 CMSA BOX 2 | 05.10. 10:30 | 36%28.226 73%40.730 708 10:42 3628.235 7340.705 707 11:01| 36%28.219 73%40.709 707
30 ROV 3 CMSA BOX 1 | 05.10. 13:00 | 3625.265 | 7342.038 675 19:15| 36%25.152 | 73%42.024 671 20:00 | 3625.140 | 73%42.042 672
31 TVG 2 CMSA BOX 1 | 05.10. 21:15| 3625.003 | 73%42.196 678 22:26 | 3625.108 | 7342.188 638 23:40| 3625.002 | 73%42.399 688
WOOD-
32 | Sample 1 06.10. 0:10 | 36%22.872 | 73%42.776 688
33 GC 9 BioBio Slide | 06.10. 1:36 | 3642972 | 7342.595 1314 2:11| 36934.998 | 73%42.617 | 1315 2:39| 3634.999 | 7342.619 1308
MS-|12 -
34 CTD | 15 CMSA BOX 2 | 06.10. 5:18 | 3628.228 | 7340.727 703 7:56 | 3628.248 | 7340.762 702
35 GC 10| Reference Core | 06.10. 10:30 | 3628.259 | 7344.036 994 10:51 | 36%28.255 | 73%44.069 | 1008 11:40 | 3628.255 | 73%44.064 1008
36 OCE 1 CMSA BOX 2 | 06.10. 13:32 | 36%28.194 73%40.697 699 14:06 3628.222 7340.714 699 14:35| 36%28.206 73%40.678 699
37 ROV 4 CMSA BOX 2 | 06.10. 14:55| 3628.229 | 7340.714 700 23:11 3628.43 73%40.15 688
38 POz 1 CMSA BOX 2 | 06.10. 23:55| 36%28.227 73%40.690 700 0:30 3628.242 7340.737 698 0:52| 3628.970 73%40.700 701
39-1 GC 11 BioBio Slide | 07.10. 2:06 | 36%6.390 73%43.039 1450 2:36 3636.432 7343.041 | 1448 3:40 | 36%36.403 73%43.044 1448
39-2, 40 GC 12 BioBio Slide | 07.10. 3:45| 3636.394 | 7343.048 1448 4:14| 3636.430 | 7343.023 | 1449 4:51| 36%36.430 | 73%43.010 1450
MS-
40 CTD |1-2 CMSA Box 2 | 07.10. 6:06 3628.14 7340.71 697 10:01 3628.35 7340.69 698
41 GC 13 CMSA BOX 4 | 07.10. 10:30 | 3622.982 | 7342.691 681 11:22 | 36%22.995 | 73%42.637 675 3623.871 | 73%42.993 694
42 ROV 5 CMSA BOX 2 | 07.10. 12:55 | 36%28.207 7340.728 707 13:00 3628.382 7440.147 703 20:42 36728.21 7340.75 703
43 GC 14 BioBio Slide | 07.10. 22:35| 36%38.001 73%45.750 1822 23:00 3638.048 7345.763 | 1824 0:20 | 3638.104 73%45.944 1825
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Station gear | gear_ area 2010 Start s_lat"S" s_long "W" s_depth Bottom d_lat"S" d_long "W" | d_de End e_lat"sS" e_long "W" | e_depth
no no (UTC) (UTC) pth (UTC)
44| MB/PS 2 Arauco | 08.10. 0:22| 36%938.050 73%45.970 1847 9:25| 3747.930 74°11.880 1202
45 GC 15 Incoming Plate | 08.10. 15:43 | 3807.426 | 75%30.055 3953 16:59 | 3807.666 | 75%30.723 | 3950 17:45| 3807.666 | 7530.723 3950
46 GC 16 Incoming Plate | 08.10. 23:50| 37916.238 | 7525.267 4213 1:00 | 37°16.266 | 75%25.013 | 4213 3:20| 37716.266 | 7525.013 4213
47 | MBI/PS 3 Isla Mocha | 09.10. 11:50 | 3896.760 74°15.520 539 0:32| 3822.640 74906.520 196
48 CTD 8 Isla Mocha | 10.10. 1:12 | 3822.776 | 7406.401 180 2:12 | 3822774 | 7406.425 183
49 | MB/PS 4 Isla Mocha | 10.10. 2:42 | 3822.990 74906.850 383 11:10 | 38%14.730 74902.990 89
50 CTD 9 Isla Mocha | 10.10. 11:20 | 38%14.770 74903.032 90 12:12 | 38%14.770 74903.032 97
Abwettern /
51| ROV reparatur Isla Mocha | 11.10.
52 POz 1 CMSA BOX 2 | 11.10. 7:14| 36%27.851 7340.297 692 7:31| 3627.851 73%40.297 692
53 OCE 1 CMSA BOX 2 | 13.10. 13:53 | 3627.608 | 7340.463 705 14:30 | 3627.608 | 73%40.463 705
TV-
54 MuUC 2 CMSA BOX 2 | 13.10. 16:15| 36%28.222 7340.724 707 16:40 3628.222 7340.722 707 17:10 | 36%28.245 73%40.730 706
55 GC 17 CMSA BOX 6 | 13.10. 20:33| 35%4.255 | 7332.340 1417 20:58 | 35%4.230 | 7332.370 | 1417 22:23 | 35%4.290 | 7331.560 1344
56| OFOS 7 CMSA BOX 6 | 13.10. 22:49 | 35%4.257 7331.613 1352 4:49 35%4.25 7334.55 | 1370 4:52 | 35%4.272 7334.512 1376
57| OFOS 8 CMSA BOX 6 | 14.10. 6:04 | 35%4.252 7339.670 1848 10:20 35%4.246 7341.147 | 2298 11:00 | 35%4.317 73%41.183 2310
58| PRFL 1 CMSA BOX 2 | 14.10. 15:36 | 3628.194 | 7340.792 706 16:07 | 36%28.228 | 73%40.718 705 16:23 | 3628.227 | 7340.718 705
59 CTD 10 CMSA BOX 2 | 14.10. 16:49 | 36%28.232 7340.715 706 18:57 | 36%28.197 73%40.708 706
60 GC 18 CMSA BOX 4 | 14.10. 19:50 | 3621.778 | 7343.299 865 20:20 | 3621.869 | 7343.282 845 20:55| 3621.692 | 73%43.659 869
61 GC 19 14.10. 23:02| 36711.257 | 7337.359 716 23:34| 36711.250 | 7337.531 729
62| MB/PS 5 BioBio Slide | 14.10. 2:21| 36933.819 73%43.924 1344 8:10 | 3632.890 73%43.710 1259
63 TVG 3 CMSA BOX 3 | 15.10. 12:29 | 35%8.290 | 7338.458 1113 14:10 | 35%8.549 | 73%18.410 | 1026 14:46 35%8.57 7338.41 1026
64 TVG 4 CMSA BOX 3 | 15.10. 15:17 | 35%8.558 7338.427 1034 16:00 35%8.558 7338.388 | 1022 16:30 35%8.63 7338.331 1004
65 CTD 11 CMSA BOX 3 | 15.10. 16:58 | 35%9.060 7337.740 1045 20:16 | 35%9.120 7337.770 1047
TV-
66 MuUC 3 CMSA BOX 4 | 15.10. 23:00 | 36%22.254 73%42.746 745 1:36 3622.857 7342.767 679 2:22 | 3622.873 7342.776 686
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Station gear | gear_ area 2010 Start s_lat"S" s_long "W" s_depth Bottom d_lat"S" d_long "W" | d_de End e_lat"sS" e_long "W" | e_depth
no no (UTC) (UTC) pth (UTC)
67 | MB/PS 6 | Isla Santa Maria | 16.10. 5:53| 36%2.871 73%46.486 1067 11:22 | 36%8.450 73%44.840 370
TV-
68 MuUC 4 14:00 | 3628.195 | 7344.032 998 14:37 | 36%28.242 | 37%44.071 | 1006 15:23 | 3628.248 | 73%44.012 1000
69 TVG 5 CMSA BOX 1 |16.10. 16:00 | 36%24.950 73%2.150 680 17:03 3625.117 7342.180 670 17:20 | 36%25.190 73%42.180 673
70 TVG 6 CMSA BOX 1 | 16.10. 17:37 | 3625.212 | 7342.154 672 20:10 | 3625.457 | 7341.975 678 20:35| 3625.463 | 73%41.990 666
71-1| OFOS 9 CMSA BOX 7 | 16.10. 23:16 | 3602.308 73%41.483 1235 0:51 362.64 7341.62 | 1254 1:25 362.67 7341.62 1261
71-2| OFOS 10 CMSA BOX 7 | 17.10. 1:50 | 36902.296 73%41.591 1265 3:19 3602.611 7341.744 | 1250 3:54 362.63 7341.79 1292
72 GC 20 17.10. 10:04 | 3620.509 | 7403.097 3476 11:05| 36%20.599 | 7403.168 | 3544 12:54 | 3620.516 | 7402.516 3537
73 PRFL 1 CMSA BOX 2 | 17.10. 14:50 | 36%27.892 73%40.510 694 15:05 3628.006 7340.531 694 15:15| 36%28.055 73%40.607 697
74 ROV 6 CMSA BOX 8 | 17.10. 15:50 | 3626.489 | 7341.359 706 16:28 | 36%26.418 | 73%41.323 700 22:06 3626.63 7341.35 697
75 BIGO 1 CMSA BOX 2 | 17.10. 22:50 | 3628.184 | 7340.739 705 23:32| 3628.213 | 7340.708 706 23:33| 3628.216 | 7340.706 699
76 CTD 12 CMSA BOX 8 | 18.10. 0:30| 3626.530 73%41.350 700 2:06 | 3626.550 73%41.360 700
77| MB/PS 7 Arauco | 18.10. 2:22 | 3626.810 | 7341.430 725 12:20 | 3625.234 | 73%42.169 664
78 ROV 7 CMSA BOX1 | 18.10. 12:20 | 3625.234 | 7342.169 664 12:44 | 36%25.161 | 73%42.113 673 21:50 3625.53 7342.27 685
79 PRFL 2 CMSA BOX 2 | 18.10. 23:08 | 36%28.195 73%40.740 720 23:48 3628.233 7340.705 700 23:48 | 36%28.233 73%40.705 700
Accretionary
80 GC 21 Prism | 19.10. 2:07 | 3620.854 | 73%59.899 3193 3:05| 3620.834 | 7359.961 | 3792 4:20| 36%20.834 | 73%9.961 3792
Accretionary

81 GC 22 Prism | 19.10. 5:00| 3620.594 74903.179 3528 6:11 3620.604 74903.171 | 3491 7:10 | 3620.604 74903.171 3491
82 BIGO 1 CMSA BOX 2 | 19.10. 11:00 | 3628.184 | 7340.380 697 11:02 | 36%28.189 | 73%40.389 697 11:35| 3628.239 | 73%40.674 700
83 OCE 2 CMSA BOX 4 | 19.10. 14:20 | 36%22.864 7342.671 687 14:47 3622.878 7342.702 688 15:10 | 36%22.855 73%2.666 687
84 ROV 8 CMSA BOX 4 | 19.10. 15:40 | 36%22.870 73%42.687 687 16:18 3622.868 7342.606 682 21:27 3622.96 7342.84 686
85 POz 2 CMSA BOX | 19.10. 22:09 | 3622.840 | 73%42.685 680 22:40| 3622.844 | 7342.678 688 23:00 3622.85 7342.72 682
86 | MB/PS 8 CMSA BOX 8 | 19.10. 23:46 | 36%23.030 73%42.820 716 10:38 | 36%25.410 73%2.990 793
87 CTD 13 CMSA BOX 4 | 20.10. 11:18 | 3622.890 | 7342.730 687 13:08 | 3623.100 | 73%42.790 690
88 ROV 9 CMSA BOX 4 | 20.10. 14:00 | 3622.960 | 7342.135 700 15:05| 36%23.225 | 73%42.328 687 22:47 3622.83 7342.91 689
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Station gear | gear_ area 2010 Start s_lat"S" s_long "W" s_depth Bottom d_lat"S" d_long "W" | d_de End e_lat"sS" e_long "W" | e_depth
no no (UTC) (UTC) pth (UTC)
Accretionary
89| OFOS 11 Prism | 21.10. 0:55| 3620.859 73%59.844 3202 7:00 3620.38 74901.64 | 3324 8:20 | 3620.681 74901.428 3197
90| PRFL 2 CMSA BOX 2 | 21.10. 11:28 | 3628.036 | 7341.259 714 12:04| 3628.139 | 73%41.150 709
TV-
91 MuUC 5 21.10. 13:36 | 36%28.140 73%40.749 706 14:25 3628.222 7340.719 705 14:26 | 36%28.222 7340.717 705
92 | MB/PS 9| Isla Santa Maria | 21.10. 17:37 | 36%3.530 | 7343.325 558 5:55 36%52.75 73%50.27 1097
93 OCE 2 CMSA BOX 4 | 22.10. 11:00 | 36%22.620 73%42.638 700 11:39 3622.62 7342.64 689
94 POz 2 CMSA BOX 4 | 22.10. 11:41 | 36%22.588 73%42.544 700 12:10 | 36%22.737 73%42.634 700
95 ROV 10 CMSA BOX 1 | 22.10. 13:13 | 3623.759 | 7342.267 698 13:27 | 36%23.701 | 73%2.206 703 22:40 3624.89 7342.33 683
96 GC 23 Slope | 23.10. 0:10| 3621.461 73%2.157 2202 0:52 3621.952 73%52.144 | 2199 2:00 | 3621.952 73%52.144 2199
Accretionary
97 GC 24 Prism | 23.10. 3:10| 3620.226 | 7406.427 3850 4:37 3620.22 | 7406.445 | 3842 6:17 | 3620.136 | 74906.535 3833
98 ROV 11 CMSA BOX 3 | 23.10. 11:52 | 35%9.749 7338.389 927 12:17 35%9.790 7338.318 966 23:25| 35%8.772 7338.096 1001
99 1 GC 25 Valdez Slide | 24.10. 2:20| 3531.411 7322.807 1280 2:46 3531.438 7322.806 | 1295 3:25| 35T1.444 7322.823 1290
99 2 GC 26 Valdez Slide | 24.10. 3:31| 3531.488 | 7322.843 1241 3:56 | 35%31.489 | 7322.837 | 1243 4:32| 3531.479 | 73%22.837 1280
100 GC 27 Valdez Slide | 24.10. 4:56 | 3530.429 7322.419 1321 5:22 3530.470 7322.368 | 1315 5:58 | 3510.520 7322.371 1316
101 GC 28 Reloca Slide | 24.10. 8:38 | 35%3.081 73%4.755 5047 10:29 3533.182 73%54.801 | 5046 13:00 | 35%33.204 73%54.901 5056
102 GC 29 Trench | 24.10. 13:41| 3519.779 | 73%57.105 5054 15:18 | 35%39.816 | 73%7.118 | 5054 17:39 | 3540.361 | 73%7.273 5059
103 CTD 14 El Quisco | 25.10. 11:02 | 33%23.400 71%52.800 340 12:03 | 3323.400 71%52.100 338
TV-
104 MuUC 6 El Quisco | 25.10. 12:26 | 3323.355 | 71%52.737 337 12:52 | 33%23.388 | 71%52.788 338 13:11| 3323.388 | 71%52.774 340
105 CTD 15 El Quisco | 25.10. 15:21 | 33%23.500 71%46.700 122 15:50 | 33?23.900 7146.700 121
106 CTD 16 El Quisco | 25.10. 16:30 | 3323.400 | 7105.700 549 17:15| 3323.100 | 71%4.600 550
TV-
107 MuUC 7 OMZ | 25.10. 18:20 | 3323.420 7146.728 122 18:33 3323.446 7146.790 120 18:57 | 3323.451 71%46.690 120
108 CTD 17 El Quisco | 25.10. 19:45| 3323.400 | 71%53.500 410 20:37 | 3323.400 | 71%3.500 415
109 | PRFL 3 El Quisco | 25.10. 21:05| 3323.402 | 71%52.745 337 21:31| 3323.402 | 71%52.748 337 21:44 | 3323.395 | 7152.834 342
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Station gear | gear_ area 2010 Start s_lat"S" s_long "W" s_depth Bottom d_lat"S" d_long "W" | d_de End e_lat"sS" e_long "W" | e_depth
no no (UTC) (UTC) pth (UTC)
110 GC 30 Taza Slide | 25.10. 0:25| 3328.081 | 72°16.569 1771 1:00 | 33%28.083 | 72716.560 | 1771 1:55| 3328.120 | 72°16.507 1763
111 | MB/PS 10 Taza Slide | 26.10. 2:00| 3328.140 | 72°16.490 1779 11:41 | 329T4.405 | 7242.112 5973
112 ROV 12 Trench | 26.10. 11:41 | 323T4.405 | 72%42.112 5973 14:56 | 3234.377 | 7242.101 | 5974 17:50 | 32914.377 | 7242.101 5974
TV-
113-1 MucC 8 Quisco / OMZ | 26.10. 23:20| 3323.350 | 71%51.913 227 23:32| 3323.980 | 71%51.499 120 23:52 | 3323.980 | 71%51.499 120
TV-

113-2 MUC 9 Quisco / OMZ | 26.10. 23:53 | 33%23.388 | 71%51.989 232 0:07 | 3323.416 | 71%52.009 235 0:22 | 3323.418 | 71%52.006 235
114 CTD 18 El Quisco | 27.10. 0:52 | 3323.400 | 71%52.000 235 1:01| 3323.400 | 71%2.000 236
115 CTD 19 El Quisco | 27.10. 1:39| 3323.400 | 71%3.800 441 2:27 | 3323.400 | 71%53.800 443
116 CTD 20 El Quisco | 27.10. 2:54 | 3323.100 | 71%5.300 600 4:00 | 33?23.400 | 71%5.400 601
117 CTD 21 El Quisco | 27.10. 4:30 | 3323.400 | 71%57.600 826 6:06 | 3323.200 | 71%57.600 820
118 ROV 13 El Quisco | 27.10. 12:20 | 3323.237 | 71%2.752 334 12:35| 3323.329 | 71%2.752 337 17:45| 3323.393 | 71%53.890 448

TV-
119 MucC 10 Quisco / OMZ | 27.10. 18:22 | 3323.398 | 71%53.812 442 18:40 | 3323.396 | 71%53.792 438 19:01 | 3323.390 | 71%3.011 491
120 PRFL 3 El Quisco | 27.10. 19:20 | 3323.639 | 7152.746 337 19:50
TV-
121 MucC 11 El Quisco | 27.10. 21:37 | 3323.390 | 71%55.241 599 22:00 | 3323.390 | 71%5.250 599 22:27 | 3523.399 | 71%55.247 596
San Antonio
122 GC 31 Canyon | 28.10. 9:05| 3304.560 | 7221.985 3280 10:02 | 3304.617 | 7221.967 | 3246 11:17 | 3304.633 | 7221.957 3214
San Antonio
123 GC 32 Canyon | 28.10. 13:42 | 33277146 72908.332 1787 14:15| 3327.169 | 7208.350 | 1812 15:02 | 3327.155 | 7208.400 1813
TV-
124 MuUC 12 Quisco / OMZ | 28.10. 16:40 | 3323.425 | 71%51.010 165 16:50 | 3323.415 | 71%51.018 165 17:06 | 33?23.425 | 71%51.009 165
TV-
125 MucC 13 Quisco / OMZ | 28.10. 17:39 | 3323.441 | 71%4.252 490 17:58 | 3323.421 | 71%54.208 486 18:21 | 3323.412 | 71%54.201 485
126 | MB/PS 11 Rio Mataquillo | 28.10. 20:00 | 33%18.660 | 7205.110 663 3:55| 33%45.050 | 72907.440 952

Abbreviations: BIGO: Biogeochemical Observatory, CTD: Conductivity, Temperature, Depth probe / rosette, GC: Gravity Corer, MB: Multi Beam, MS-CTD: Micro Structure CTD, OCE: Ocean Elevator, OFOS:
Ocean Floor Observation system, PRFL: Profiler Lander, PS: ParaSound, ROV: Remotely Operated Vehicle, TV-MUC: Video-guided Multi Corer, TVG: Video-guided Grab, WOOD-Sample: Wood exposure
experiment
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Annex II: Carbonate Sample Description

ROV carbonate and related bottom water sampling:
On cruise SO210 four different working areas weatdrassed by this technique, supported by

TVG based sampling of oversized single blocks ftaided local depth profiles.

Stationno.

ROV_no./ VL
prot. sub-pos.

area

Lat. "S"

Long. "W"

depth

figure no. & remarks

25

2/1

CMSA BOX 4

36.381

73.7128

692

Niskin bottle over bacteria

25

2/2

CMSA BOX 4

36.3813

73.7125

689

Niskin bottle over clam field

25

2/3

CMSA BOX 4

36.3813

73.7125

690

1, clam net catch

25

2/4

CMSA BOX 4

36.3813

73.7125

690

no pict., tubeworm on stone sampled, T.T.

25

2/5

CMSA BOX 4

36.3816

73.7121

684

2 a & b, 2 x carbonate sampled, distal rim
around clam field

74

6/1

CMSA BOX 8

36.4428

73.6898

701

Niskin bottle (sb), bacterial mat (PC-13)

74

6/2

CMSA BOX 8

36.4428

73.6898

702

Niskin bottle (ps), bacterial mat (PC-18)

74

6/3

CMSA BOX 8

36.4428

73.6898

702

3, net scoop (2nd), active site (?), lowest
level of structure, juvenile carbonate
concretion (?)

74

6/4

CMSA BOX 8

36.4426

73.6894

702

4, top of carbonate structure, taken from
solid nose incl. soft coral

78

7/1-1

CMSA BOX 1

36.4190

73.7020

678

Niskin bottle (sb), clams and tubeworms
alive

78

7/1-2

CMSA BOX 1

36.4190

73.7020

678

5, 3 x Carbonate, broken from flat (plate-
like) base (a lot living tube worms, some
living clams)

78

712

CMSA BOX 1

36.4188

73.7023

675

6, saw cut, solitary block, some clams and
tubeworms alive at base

78

7/3

CMSA BOX 1

36.4188

73.7024

674

Niskin bottle (ps), “flea site”, above bacterial
mat, (no chance for pc-penetration)

78

7/4

CMSA BOX1

36.4187

73.7024

672

7, broken from tunnel-like structure, in
tubeworm field (alive)

78

7/5

CMSA BOX 1

36.4187

73.7024

672

8, saw cut, 0.5 to 1m high vertical structure,
upper left nose

78

7/6

CMSA BOX1

36.4186

73.7025

668

9, white horizon in/on carbonate, (bacteria
thiotr.,?), massive material, try of large
brake-off failed, small fragments picked
from seafloor (2 x)

78

717

CMSA BOX 1

36.4187

73.7031

667

10, massive laminated aragonite at white
massive edge with bacteria, first triangle
saw cut and tubeworm with bacteria
recovered (T.T.) left from PC-site

78

719

CMSA BOX 1

36.4228

73.7018

660

1la & b, block on top of shallowest site,
saw cut of nose incl. solitary coral
(Bathycyathus chilensis)

78

7/11

CMSA BOX 1

36.4243

73.7019

675

12, on downhill track, vertical structure at S-
base,
saw cut recovered in 2 pieces

95

10/1

CMSA BOX1

36.3983

73.7047

697

13, flat structure on first top in muddy high
Gorgonia density area

95

10/3

CMSA BOX 1

36.4047

73.6995

690

14, fragile porous block, saw cut of
uppermost nose, recovered in 3 pieces, 1-3
big block base of nose, 2-3 picked
potentially top, 3-3 un-fragmented left
counter-side of cut broken from main block

95

10/5

CMSA BOX 1

36.4098

73.7032

685

15a & b, saw cut from big block middle
nose, on track to next top of structure,
recovered in 2 pieces, 1-2 upper part, 2-2
lower part

95

10/6-1

CMSA BOX1

36.4102

73.7033

685

16, saw cut from block surrounded by
enormous amount of living tube worms

95

10/6-2

CMSA BOX 1

36.4103

73.7032

685

Niskin (ps, yellow), high abundance of living
tubeworms

95

10/7-1

CMSA BOX1

36.4105

73.7035

685

17a & b, calcified focused fluid emanation
site, with soft carbonate adjacent to hole,
samples recovered in 3 fragments, 1-3
taken from hole-rim, saw cut into upper part,
downward into massive hole bearing
carbonate, 2-3 broken from main carbonate
and 3-3 large piece of saw cut
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. ROV_no./VL nan Y )
Stationno. prot. sub-pos. area Lat. "S Long. "W" | depth | figure no. & remarks
95 10/7-2 CMSA BOX 1 36.4105 73.7035 685 | 18, clam shells close to emanation hole
95 10/7-3 CMSA BOX 1 36.4105 73.7035 | 685 | Niskin (sh), direct above emanation hole
19, 2 x fragments of flat carbonate at W-
base of last top on track, after passing large
95 10/8 CMSA BOX 1 36.4113 73.7053 | 692 | and steep field of carbonate bolders,

20, 3 fragments of outcropping layered
98 11/1 CMSA BOX 3 35.9956 73.6393 | 940 | basal carbonates

21, 2 carbonates from bolder field (clams in
cracks on top, outflow (?), whitish coated
massive layer at base of porous block), 1-2
on first top of the track, 2-2 broken “nose”
98 11/2 CMSA BOX 3 35.995 73.6399 | 905 | from block above

22, flat carbonate block from the top above
a crack, white “fluffy” stuff on surface, open
vent hole, high abundance of clams on the
98 11/3 CMSA BOX 3 35.995 73.6403 | 901 |way to the top

23a &b, single block in valley-like structure,
carbonate “nose” within outflow hole
sampled, whitish soft coating, tubeworm
and clams close by alive (T.T.: juvenile and
big clams), bacterial mats, black and white
patches, small carbonate plates and chips
98 11/4 CMSA BOX 3 35.9859 73.6318 | 1008 | in net catch

24, 4 fragments of flat carbonate at base of
a m-scaled vertical vein-like structure on top
98 11/5 CMSA BOX 3 35.9768 73.6336 | 974 | of TVG-4 hill site

Abbreviations: T.T.: Tina Treude, cruise participant hosting the sample, sb: starboard, ps: port side, PC site: Pushcorer sampling
site, (?): still needs to be clarified, VL prot. sub-pos: Volker Liebetrau protocol, subsample position
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Fig. 1: Box 4, 690 m; clam shell collection fromadie Fig 2b: Box 4, 684 m; carbonate block from clanidfie
clam field & Fig. 2a: Box 4, 684 m; adjacensurrounding elevated rim. Reflecting disruptioregtn
carbonate rim (block left in this picture). gray) from underlying main carbonate und multiple

intercalated massive white layers.
" T
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recovered by net scoop at potentially active sitep s bolder (incl. soft coral).
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Fig. 5: Box 1, 678 m; carbonates from a siteig. 6: Box 1, 675 m; saw cut from a solitary
characterised by high abundance of living tube v@rrhlockdisplaying internal network, open pore system

and clams. and solidified tube worm hole, the block was
surrounded at its base by some living tubeworms and
clams.

adl

Fig. 7: Box 1, 672 m; flat carbonate broken frorRig. 8: Box 1, 672 m; upper part of one of the Haue
tunnel-like structure within field of living tubewms. characteristic vertical structures, the saw caitaken
around 1m above the _segg floor.

e ¥ o

%
TN \‘\ha ;

Fig. 9: Box 1, 668 m; carbonate on which whitig. 10: Box 1, 667 m; °1 masterpiece of ROV
coating was observed, fragments broken from widéamond chain saw work; massive laminated aragonite
solid layer. at whitish coated edge of massive and wide carleonat
bank covering the seafloor, with living tube wor#as
bacterial mats at base.
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-----

\\\\\\\\\ MV

WU

Fig. 11a: Box 1, 660 m; saw cutted nose of solitaRrg. 11b: Box 1, 660 m; solitary cold water coral
block on top of the shallowest site sampled f¢Bathycyathus chilensisjecovered on saw cut of

carbonates during the cruise. block on top afthigenic carbonate block (Fig. 11a)
shallowest site, saw cut of nose incl. solitaryator

(Bathycyathus chilensis)

Fig. 12: Box 1, 675 m; saw cut of upper part dfig. 13: Box 1, 697 m; flat structure with thin whi

vertical structure at S-base, dense material withes layers surrounding dense detritus-rich material,

open pore space and white vein filling. sampled in muddy & high Gorgonia abundance area.
oy re .
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Fig. 14: Box 1, 690 m; fragile porous block, sandplerig. 15a: Box 1, 685 m; saw cut from big block meld
by diamond chain saw at uppermost nose, recovarethdse recovered in 2 pieces, sample 1-2 upper part

3 pieces, 3-3 displaying characteristic large opere sediment-rich and porous authigenic carbonate raatri
space.
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TR

Fig. 15b: Box 1, 685 m; lower part of saw cut (séampFig. 16: Box 1, 685; saw cut from block surroundbgd
2-2) reflects typical in-situ embedding of clamenormous amount of living tube worms, showing white
preserving original pore space. The lower one sholasninated filling of coarse pore space.

late stage collapse of seII.

Fig. 17a: Box 1, 685 m; calcified focused fluidFig. 17b: Box 1, 685 m;"3 masterpiece of ROV chain
emanation site, with soft carbonate adjacent to tkaw application, calcified focused fluid emanatsite,
hole, samples recovered in 3 fragments, 1-3 digplaysamples recovered in 3 fragments, the saw cut fhem
here was taken direct from hole-rim. upper part downward into massive hole bearing
carbonate (sample 2-3) shows the layered succession
of authigenic carbonate.

Fig. 18: Box 1, 685 m; dead clam shells close fig. 19: Box 1, 692; 2 x fragments of flat carb@nat

emanation hole and related carbonates shown in flg-base of last top on track, after passing large an

17. steep field of carbonate bolder, displaying whiggnv
and pore space filling.
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LTI o R M RN, £

Fig. 20: Box 3, 940 m; 3 fragments of outcroppingig. 21: Box 3, 905 m; carbonates from bolder fieid
layered basal carbonates. top of track, whitish coated massive layer on dadas
(not displ.).

Fig. 22: Box 3, 901 m: shallowest site sampled @x B Fig. 23a: Box 3, 1008 m; single block in valleydik
3, open vent hole in layered matrix, too wide falpg structure, carbonate “nose” sampled directly out
worm remnant, high abundance of clams observedtflow structure, whitish soft coating, tubewormda
during upward track. clams close by alive (T.T.: juvenile and big clams)
bacterial mats, black and white patches, small
carbonate plates and chips in net catch.

L e
Fig. 23b: Box 3, 1008 m; downside close-up dfig. 24: Box 3, 974 m; 4 fragments of flat carbenat
fragment of solitary block in valley-like structyrebase of an extended several m-scaled vertical liken-
showing whitish soft to slate-like coating astructure on top of TVG-4 hill site.
potentially juvenile cold seep driven authigenic
carbonate precipitation, deepest site sampled for
carbonates accompanied by living cold seep fauna
during the cruise.
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ANNEX

Annex lll: List of Core Stations

Station | GC # Date Time Lat S Long W  |Water Area Remarks

# (UTQ) depth

1 1 26.09.10 |10:20 33°11.941 | 7338.298 | 3790 Incoming Plate 12m /10.08m recovery / description in CR

2 2 26.09.10 | 17:00 3348.957 | 7349.487 | 4081 Incoming Plate 12m/ 7.45m recovery / description in CR

3 3 27.09.10 |1:00 3425.496 | 7345.784 | 4663 Incoming Plate 12m / 11.00m recovery / description in CR

5 4 28.09.10 |2:41 3509.895 | 7440.042 | 4308 Incoming Plate 12m / 11.50m recovery / description in CR

6 5 28.09.10 |10:34 3533.150 | 73954.689 | 5045 Reloca Toe 12m / no recovery

12 6 01.10.10 |10:16 35%49.960 | 7442.315 | 4389 Incoming Plate 12m / 8.85m recovery / description in CR

13 7 01.10.10 |19:25 3629.985 | 7509.992 | 4042 Incoming Plate 12m / 8.00m recovery / description in CR

29 8 05.10.10 |10:30 3628.226 | 7340.730 | 708 CMSA BOX 2 3m / 3.00m recovery / description in CR

33 9 06.10.10 | 1:36 36%42.972 | 7342.595 | 1314 BioBio Slide 6m / 5.64m recovery / core not opend yet

35 10 06.10.10 |10:30 3628.259 | 7344.036 | 994 Reference Core 6m / 5.88m recovery / description in CR

39-1 11 07.10.10 | 2:06 3636.390 | 7343.039 | 1450 BioBio Slide 3m / 1.37m recovery / description in CR

39-2 12 07.10.10 | 3:45 3636.394 | 7343.048 | 1448 BioBio Slide 6m / 4.60m recovery / core not opend yet

41 13 07.10.10 |10:30 36?22.982 | 7342.691 | 681 CMSA BOX 4 3m / 1.04m recovery / description in CR

43 14 07.10.10 |22:35 36938.001 | 7345.750 | 1822 BioBio Slide 6m / 5.77m recovery / description in CR

45 15 08.10.10 |15:43 38907.426 | 7530.055 | 3953 Incoming Plate 12m/ 7.80m recovery / description in CR

46 16 08.10.10 |23:50 37°16.238 | 7525.267 | 4213 Incoming Plate 12m/ 10.10m recovery / description in CR

55 17 13.10.10 |20:33 35%4.255 | 7332.340 | 1417 CMSA BOX 6 6m / 5.60 m recovery / sampled on deck (gas samples), no description
60 18 14.10.10 |19:50 3621.778 | 7343.299 | 865 CMSA BOX 4 6m / 5.80m recovery / sampled on deck (gas samples), no description
61 19 14.10.10 |23:02 36°1.257 | 7337.359 | 716 CMSA 6m / 4.90m recovery / sampled on deck (gas samples), no description
72 20 17.10.10 |10:04 3620.509 | 7403.097 | 3476 Accretionary Prism 6m / 5.70m recovery / description in CR

80 21 19.10.10 |2:07 3620.854 | 73%9.899 | 3193 Accretionary Prism 6m / 5.83m recovery / description in CR

81 22 19.10.10 |5:00 3620.594 | 7403.179 | 3528 Accretionary Prism 6m / 4.38m recovery / sampled on deck (gas samples), no description
96 23 23.10.10 |0:10 3621.461 | 73%52.157 | 2202 Slope 6m / 5.70m recovery / description in CR

97 24 23.10.10 |3:10 3620.226 | 7406.427 | 3850 Accretionary Prism 6m / 5.73m recovery / description in CR

99-1 25 24.10.10 |2:20 35%11.411 | 7322.807 | 1280 Valdez Slide 3m / 0.45m recovery / core not opend yet

99-2 26 24.10.10 |3:31 3531.488 | 7322.843 | 1241 Valdez Slide 3m / 0.42m recovery / core not opend yet

100 27 24.10.10 |4:56 35%10.429 | 7322.419 | 1321 Valdez Slide 3m / 0.42m recovery / core not opend yet

101 28 24.10.10 |8:38 35913.081 | 7354.755 | 5047 Reloca Slide 6m / 3.37m recovery / core not opend yet

102 29 24.10.10 |13:41 35%9.779 | 73%7.105 | 5054 Trench 6m / 5.70m recovery / description in CR

110 30 25.10.10 |0:25 3328.081 | 72°16.569 | 1771 Taza Slide 6m / no recovery

122 31 28.10.10 | 9:05 3304.560 | 7221.985 | 3280 San Antonio Canyon 6m / no recovery

123 32 28.10.10 |13:42 3327°146 | 7208.332 | 1787 San Antonio Canyon 6m / 0.20m recovery in core catcher (gravel), no description
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Annex IV: Zoological Sample Collection

Meiofauna samples SO-210

Station Replicate Cut sediment (cm)

MUC 1 16 1 0-1;1-2,2-3;3-5,5-10

MUC 2 54 1 0-1;1-2;2-3;35

MUC 2 54 2 0-1;1-2,2-3,3-5,5-10

MUC 4 68 1 0-1;1-2,2-3;3-5,5-10

MUC 5 91 1 0-1;1-2;2-3;3-5;,5-10

MUC 5 91 2 0-1;1-2,2-3;3-5,5-10

MUC 5 91 3 0-1;1-2;2-3;3-5;,5-10

ROV 4 37 1 0-1,1-2,2-3,3-5,5-10

ROV 4 37 2 0-1;1-2;2-3;3-5;5-10

ROV 6 74 1 0-1;1-2;2-3,;35

Taxa Station

16 25 42 54 64 69 74 78 84 91 95 98 total

Porifera
Axinella crinita 1fra ind
Pseudosuberitasp. 1 1fra ind
Suberites puncturatus 1fra ind
Desmospongiae sp. 1 ind ind 1fra 1fra ind
Desmospongiae sp. 2 1 fra ind
Desmospongiae sp. 3 ind ind
Desmospongiae sp. 4 ind ind

Cnidaria
Actinostollasp. 1 1fra ind
Alcyonium glaciophilum 1 col ind
Callogorgiasp. ind 3 col ind ind
Clavularia magelhanica 1 col ind
Hormathiasp. 1 2 2
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Taxa Station
16 25 42 54 64 69 74 78 84 91 95 98 total
Hydrozoa sp. ind ind
Obeliacf. geniculata ind ind
Paragorgiasp. ind 1 col ind
Parascyphus repes ind ind
Swiffia sp. 30 col 1 col ind
Nemertea
Nemertea sp. 1 1
Nemertea sp. 2 1 1 2
Platyhelminthes
Platyhelminthes sp. 1 1
Sipunculida
Sipunculida sp. 1 1 2
Sipunculida sp. 2 2 2
Sipunculida sp. 3 8 8
Sipunculida sp. 4 1 1
Sipunculida sp. 5 5 5
Annelida
Eunicesp. 1 1 22 1 24
Chaetopterusp. 2 2
Lamellibrachiasp. 6 6
Maldane sarsi 3 4
Nereisp. 1 2 3 16 21
Serpula narconensis 13 13
Serpulap. 19 19
Terebelidae sp. 1 1
Polychaeta sp. 1 5 1 6
Polychaeta sp. 2 1 3 4
Polychaeta sp. 3 1 1
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Taxa Station
16 25 42 54 64 69 74 78 84 88 91 95 98 total
Polychaeta sp. 4 1 1
Mollusca
Acharaxsp. 1 1
Adipicolasp. 6 6
Archivesicap. 6 6
Calliostoma crustulum 1 1
Calyptogena gallardoi 5 5 12 4 28 54
Lepidozonap. 4 4 8
Leptochiton americanus 1 1 2
Lothiasp. 2
Margarites huloti 2 1 3
Propeleda longicaudata 1 1
Provannap. 32 1 33
Pyropeltasp. 4 4 6 14
Scaphopoda sp. 1 2 3
Turridae sp. 1 1
Veneridae sp. 1 3 1 2 1 7
Zetella alphonsini 1 1
Gastropoda sp. 1 3 3
Arthropoda
Aegap. 3 1 4
Cirripedia sp. 1 16 3 19
Munida propimqua 1 1
Scalpellursp. 1 1 2
Amphipoda sp. 1 1 1
Amphipoda sp. 2 1 1
Echinodermata
Astrodia tenuispina 2 2
Astrostoma agassizi 1 1
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Taxa

Station

16

25

42

54

64 69 74

78

84

9]

95

98

total

Lophaster stellans

Ophiocantha antartica

19

Ophiocten amitinum

Ophiomyxa vivipara

23

Ophioplintusp.

Psolusp.

Pteraster gibber

Sterechinus meumayer

Ophiuroidea sp. 1

Ophiuroidea sp. 2

Ophiuroidea sp. 3

[ETSS TSN T Fo N SN

Ectoprocta

Hornerasp. 1

ind

ind

ind

ind

Ectoprocta sp. 1

ind

ind

Ectoprocta sp. 2

ind

ind

ind

Brachiopoda

Brachiopoda sp. 1

Chordatha

Ascidiacea sp. 1

Gnathostomata

Muridae sp.

79 taxa
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Annex V: Core Descriptions
S0210-1

S0210-2

Color Sampl. Description

10YR 4/6 0-8 cm, brown, massive clay

5Y5i2 8-745 cm; olive/green-grey massive clay with moderate Bioturbation

m .
o Llﬂlol Struct. Color Sampl. Description ™ | ithol. Struct.
10YR 4/6 0-8 em, brown, massive clay (0]
oo
5Y6Bi1 8-43 cm; brown-green, massive clay, very strong bioturbation; ce= g
apparent stratifications seems to be BT Gl |
I -
el |
- o
[ 1P
: . =
43-692 cm; olive/green-grey, massive clay °
strong bioturbation Pl |
o o
fe= g
0
moderate bioturbation —
130 em, warm tube ill, light grey =
L]
=
=
o |
—_
0
)
=
260-275 om, vaguely stratified "
& -
5 ‘F:; 275-345 cm, strong bioturbation L
b | it |
oy —_
e =
of L)
i
- = e =
res =
= .
= = 0
i 345-592 cm, moderate bioturbation -
o= =
=y P
)
_
I
=
o
4 = g
=0
= =
| =
-
= =
LY
0 =
o B
[
564-570 cm, norm grad middle/fine ash to vi-fine ash, dark grey, massive ?ﬂ N
= =
5 I —
=iy
= =
Fran 592-620 cm, strong bioturbation 0=
o =
620 em, green horizon &
-«
. =
1.5YR6/1 °
630-1008 em, moderate bioturbation =
o =
= g
=1
E
[
6 =1
— =
I o
720-740 cm, small grey “lenses” of fine ash ° =
|_—=] 740744 cm, normal graded, massive, light grey, middie to fine ash _—
[ . =
te—
=0
= =
5Y4/2 i
-
— =
=
0=
7 .
=0
oo
=,
859 om,Lenses of felsic fine ash ]
= =
S
959-963 cm, 0.5 to 2cm lenses of black/dark grey very fine ash
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S0210-3 S$0210-5

rS Lithol. Struct. Color Sampl. Description n01 Lithol. Struct. Color Sampl. Description
P s, 0-40 cm disturbed (fell from tube)
- -7 ive clay, st ioturbati
3 van massive ciey svar 0-78 cm massive clay, strong bioturbation
N moderate bioturbation
=
. -
° From 60 | black oyrite soot 78-285 cm massive clay, moderate bioturbation
rom 60 cm small black pyrite spots
1
1 =
"n < 100-140 strong bioturbation
i
)
- 0
0 <
o
° 140-11087 cm moderate bioturbation _ 0 2 mm dark grey layer
X [
— > -
2 o ° . [
205 cm Lenses of silty clay
3 =
=
o - ) ) -
' 234 + 250 cm, black, large pyrite concretion
o —
U =
=< 285-400 cm massive clay, strong bioturbation
- [N
° 3 o 2| svae
° =
3 - 295-295.5 cm, black, very fine ash =
! = 2 layers each ~1 cm darkgrey very fine ash
- black spot= very fine ash
o (.
-~
o 0
- - <
! e 375 cm very smooth clay layer
o ° 328 + 385 cm, black, large pyrite concretion = o
= o 4 syar 400-465 cm massive clay, moderate bioturbation
=
- -
4 ° e 434-436 i
o=, cm white ash
- 445 cm lense with shards
°
425 cm, thin double layer of fine sand -
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° =
= P 675 cm dark line, no ash
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0
@ 680 cm, lenses of fine sand
o ‘=
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7 .J 0 700 cm, large pyrite concretion P
- | =
° 720-740 cm, small grey “lenses” of fine ash =1
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I
8 0 =
o ° [N
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o
S o gn bioturbation lenses
= U] svap s
- | =
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o = o
- o
0=,
.- 9 o
° 1| svarz 906-950 cm massive clay, strong bioturbation
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- ! 875 cm, Pyrite concretions = 2
o s
3 —
9 - ~—I\‘=~ ovar 950-1157 cm massive clay,moderate bioturbation
965 cm 1mm layer w. terrestrial components no ash
-
o
o e .
- rare radiolarite-lenses 10 - 1005 cm dark lense with terrestrial particles, no ash
o 7 =
o LS
= =
o
- °l
10 P
° — — ~ 1mm discontinuous layer of black very fine ash
- I =
0
= b
B b=,
o 70 °1
R ° =
— 1080 cm, black, very fine ash r'\/\/\»o\
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™M Lithol. Struct. Color Sampl.

S0210-12

Description

0-145 cm: massive clay
5Y3/2 . "
moderate bioturbation

little bioturbation

2,5Y3/2 at 155cm: 1mm dark very-fine-ash-layer

159-200cm: massive clay
little bioturbation
at 184cm: black clay lense

200-229cm: massive clay

229-279cm: massive clay
strong bioturbation

279-431cm: massive clay
moderate bioturbation

strong bioturbation

5Y4/2

moderate bioturbation

at 598cm black very-fine-ash

at 772cm: dark grey clay layer

strong bioturbation

145-159 cm: darker colour, silty clay, massive

moderate bioturbation, with abundant black bt-tracks

431-490cm: compacted massive clay

abundant black bioturbation streaks
at 440cm: 1cm black very-fine-ash

at 450cm: unconformity or bioturbation?
at 462cm: 3mm dark grey-green fine-ash

490-834cm: compacted massive clay

572-574 normal graded black ash

834-870cm: compacted massive clay with fine black bioturbation streaks

™ Lithol. Struct.

o

S0210-13

Color Sampl.

5Y3/2

5Y3/2

5Y3/2

5Y3/2

5Y4/2

5Y3/2

5Y4/2

5Y3/2

5Y4/2

5Y3/2

5Y4/2

5Y4/2

5Y4/2

5Y4/2

Description

0-129 cm massive clay, moderate bioturbation

21-22 cm brown stripe, clay

65-66 cm ~1cm f-sand

97 cm darker layer, fine-sand

108 cm green f-sand

dark green sandy lenses

129-140cm darker clay, strong bioturbation
144 cm silty layer

148cm, 151 cm, 153 cm green fine sand
154 cm dark green fine sand

155-342 cm massive clay, little bioturbation

342-470 cm massive clay, moderate bioturbation

371cm, 375 cm ~1cm sandy layer

392 cm layer/lenses of very fine ash

470-543 cm massive clay, little bioturbation

543-573 cm massive clay, moderate bioturbation

573-580 cm very strong bioturbation
580-643 cm massive clay, little bioturbation

643-673 cm massive clay, moderate bioturbation

673-700 cm massive clay, strong bioturbation
673 cm dark grey bioturbation lense
688 cm dark grey green bioturbation lense

700-947 cm massive clay, very little bioturbation
710 cm dark grey lense

838 cm thin zone with ash
844 cm lenses with ash

886-890 cm small pods with ash&minerals

947-992 cm massive clay, little bioturbation

964-967 cm lenses with ash
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0]

S0210-29

™M Lithol. Struct. Color Sampl. Description
Glev 1 ca. 50 cm of top is missing
5,13’Y 11-20 cm carbonate clast, mudstone (clay carboniferous cemented);
Gley 1 carboniferous clay
4/10Y 20-35 cm normal background sediment: structurless green clay with carbonate cement)
25 cm lense of dark clay (gley 1- 3/56Y)
30-35 cm horizon with carbonated clay (carbonate clasts), mudstone slightly consolidated
40-62 cm degassing structures in sediment
layer of dark clay (less carbonate in matrix)
54 cm 3mm horizon with the dark clay
62 cm dark lense of less carboniferous clay (~2 cm)
0-302 cm no bioturbation
Crey T 103-106 cm lighter, stronger consolidated (cement!)
Gley 1 106 cm more carboniferous clay. At the base hardened clasts
4/10Y background sediment is structureless, slightly consolidated, slightly carboniferous clay
some “Schlieren” of lighter stronger carboniferous zones between 109-112 cm
129-140cm darker clay, strong bioturbation
#1 137-147 cm horizon with mixture of background sedimentation and lenses of
#2 lighter, stronger consolidated, more carboniferous clay. Within lighter parts clasts
#1 154-160 cm layer clasts of hardened carbonate (mudstone)
gf 167-173 cm layers of hardened carbonate (mudstone)
#2
starting from 205 cm some black small lenses (~1mm)
?/?g\;- same as #2 but lighter in color, structureless, less carbonate,

consolidated like #2



ANNEX

SONNE 210 / CHIFLUX

99

M Lithol. Struct.

S0210-35

0]

2.4Y
2/3

5Y3/2

Gley 1
4/10Y

5Y3/2

5Y4/2

Color Sampl. Description

5-50 cm structureless clay, moderate bioturbation
in the lower half strongly bioturbation -> hemipelagic
24 cm small basaltic clast or sandstone

36-38 cm lenses of continental detritus with minerals+glass+glaukonite

50-52 cm lenses like at 36-38 cm

50-65 cm strong bioturbation

65-99 cm decreasing bioturbation

50-99 cm structureless clay mixed with clay from above by bioturbation

hardened clay clast ~4mm

99-200 cm structureless clay with same hardened clasts and sulfid needles
120 cm clay clast ~4 mm

183 cm bioturbation traces
187 cm shale

claystone clasts until 215 cm
200-300 cm structureless clay, low bioturbation

bioturbation

300-400 cm structureless clay with some sulfide needles

400-465 cm  structureless clay

“Schlieren” at the transition into new colour
horizon with enriched sulfide needles

500-588 cm structureless clay, no bioturbation

530 cm some traces of mussels
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S0210-39-1

Description
m| Lithol. Structure Color
00-04cm: soft brown silty mud,
water-rich
0.25 + — |
I 04-82cm: homogeneous
T chocolate brown silty mud, stiff
0.5 — — |
I 10yr-2/2
0.75 +— —
— 82-85cm: lense of slightly coarser
- silty mud
- — 85-94cm: homogeneous
— chocolate brown silty mud, stiff
— 94-99cm: soft brown silty mud,
1.0 +— — water-rich
I 99-137cm: homogeneous
T chocolate brown silty mud, stiff
125 +— —
S0210-41
M Lithol. Struct. Color Sampl. Description
0 >-<
Gley 1 carbonate matrix of clay
470y darker green parts, slightly carboniferous
Gley 1 lighter green parts stronger carboniferous
5/10Y matrix strongly hardened and very dry
P
mixture from 44 to 96 cm increasing in hardness and

compactation
more carbonate in matrix

In general no visible carbonate clasts
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S0210-43

Color Sampl. Description

m .
Lithol. Struct.
(0]
=== Gley1
~— | 25/10GY
P =
5Y 312
= <7 svae
~ <[ 5Y32
| sy
1 -~ n
\° o
N
N
o~
~
%
QCI
B
aps
D
—— [5Y3R2
& S)| cley6in
J o
=0 |
3 S5
S
o —
—
4
OQ 5Y 3/2
_ %C;
3 q
Ol svane
a

0-5 cm oversaturated and blackish

5-22 cm silty clay, moderate bioturbated

22-25 cm silty clay, silt lenses

25-42 cm clayey silt, moderate bioturbated

42-70 cm clayey silt, bioturbated, pyrite needles

52 cm lenses of fine sand (minerals, rock fragments, glass cherts)

70-80 cm bioturbation

80 cm color contrast

99-111 cm silty clay, bioturbated
114-119 cm fine sand with zircon

119-159 cm silty clay, internal deformation, more consolidated
light lenses, minerals, no HCl-reaction

159/174-199 cm angular clasts of clay and silty clay, stiff
clast supported matrix, matrix silty clay,
roughly inversely graded

199-257/261 cm silty clay- clay
homogenous, structureless

257/261-299 cm angular clasts, same as 174-200 cm
clast rather rounded, degassing pocks

275 cm internal shear

293 cm sheared clast
298-324/333 cm black mottles

324/333-365 cm huge clasts of silty clay-clay
sheared matrix and clasts
huge clast from 336-356 cm

365-399 cm matrix slightly laminated, silty clay

399-477 cm rounded, sheared clasts, silt lenses
in matrix, silty lenses contain carboniferous needles

477-500/512 cm large rounded-angular clasts
(clay- silty clay) in homogenous matrix

539 cm clusters of carbonate

540-555 cm blackish Schlieren
577 cm end of core
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S0210-45

Color Sampl. Description

5Y 4/2

0-9 cm water saturated clay
9-60 cm massive clay, little bioturbation

60-90 cm massive clay, moderate bioturbation

90-522 cm massive clay, little bioturbation

400 cm “discordant” bioturbation structure

440-441 cm ~1mm f-ash pods, mainly felsic
with little sideromelane, crystal-rich

522-570 cm massive clay, moderate bioturbation

570-734 cm massive clay, little bioturbation

734-742 cm strong bioturbation

742 cm ~2mm black f-ash

743-746 cm massive clay

746-754 cm normal graded vf-f black ash

stratified by finer-grained, discontinous beds

754-765 cm massive, well-sorted f-ash, very crystal-rich
765-746 cm increasing sidero-melane

765-776 cm massive clay, little-moderate bioturbation
776 cm pods+layer (~3mm) of black vf-ash

776-780 cm massive clay

S0210-46

5Y3/2

5Y3/2

5Y 3/1

r(')' Lithol. Struct. Color Sampl. Description

0-5 cm water saturated, brown-green

5-301 cm massive clay, moderate bioturbation

54-100 cm this part of section had slipped from liner

236, 258, 266 cm thin layers of silty clay within massive clay

301-317 cm gap in core

317-371 cm massive clay and moderate bioturbation

333-345 cm massive clay and strong bioturbation

361 cm ~2mm dark layer w. vi-ash particles

371-572 cm massive clay, moderate bioturbation

572-581 cm little bioturbation
581-605 cm massive clay, moderate bioturbation

605-774 cm massive clayslittle bioturbation (633-774 cm compacted)

774-786 cm strong bioturbation

786-799 cm planar stratified, individual beds are norm.

graded, color from black-green (base) to light-green (top).
Overall fining upward, little bioturbation up to 792 cm, below

no bioturbation

799-808 cm cross-bedded black f-ash with discontinous laminae
of green silt

lower 2.5 cm with coarser f-ash, very sharp, planar basal contact
but with small “erosion-channel”

808-1028 cm massive clay, strong bioturbation

912-914 cm small pods of blocky felsic shards and
abundant minerals

928-29 cm very mineral-rich, some glass shards

975-999 cm green concave up layers of minerals in clay
within massive clay, strong bioturbation

999-1012 cm massive clay, strong bioturbation
1012-1020cm from core catcher

1020-1028 cm end of core




ANNEX

SONNE 210 / CHIFLUX

103

S0210-72

Color Sampl. Description

M Lithol. Struct.
(0]
C—
= | s5v43
1 -
0 <
oo iTe] YN
5Y 4/3
L]
H
.
2
®
3 s = 5Y 3N
5Y 412
5Y 5/3
5Y 4/2
- .| svan
4
—
] T o= 5Y 3/
o . 5Y 4/2
-
° o
5 =7
-
. ©
— §\\

5Y 4/2

0-17 cm silty clay-clay, soft many voids

17-60 cm silty clay, firm

from ~60 cm on down, clasts of coarse sand ->
dark grey ash particles
60cm, 62 cm, 67 cm, 74 cm, 82 cm ~ up to 5 mm

95 cm silty clay-clay
ash-clasts at 110 cm, 115 cm, 117 cm

131-136 cm Volc. Ash Layer

coarse san particles, dark and Ight grey
downward termination sharp, upward less sharp
136-196 cm silty clay- clay homogenous

ash clasts, dark grey
ash clasts, white

196-296 cm silty clay
216 cm ash clast ~5 mm

230 cm ash clast ~5 mm

257 cm ash clast ~5 mm
260-270 cm bioturbation

298-302 cm ash lens, dark grey

302-311 cm silty clay, greenish brown
311-314 cm silty clay, lighter greenish grey
314-333 cm silty clay, greenish brown

333 cm ash lens, extreme coarse

334-342 cm siltstones of ~1 cm, fining upward?, color gradient
342-350 cm silty clay matrix, ash clasts, silt stones

350-355 cm ash lens, coarse, siltstones of ~5 mm

366-368 cm ash lens, sand
368-444 cm silty clay, homogenous, slight bioturbation

436 cm ash layer/lens

444-450 cm drak grey ash layer,
intersected by clay layer
claystones of ~2-5 mm

450-570 cm silty clay matrix
462, 465 cm siltstone clasts

490,492 cm siltstone clasts
495 cm bioturbation, more colorful

509 cm ash clast

530 cm-end (~570 cm) degassing bubbles
535 cm ash clast
544-548 cm distinct color change at sharp boundary
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S0210-80
'8 Lithol. Struct. Color Sampl. Description

2.5Y3/2

0-74 cm silty clay, brown, homogenous

74-80 cm clay, same color
80-209 cm homogenous silty clay, brown

bioturbation

ash clasts, dark grey
ash clasts, white

209-244 cm silty clay, homogenous

244-250 cm clay
250-330 cm silty clay, degassing

330-340 cm clay

340-388 cm silty clay

388-392 cm clay

392-400 cm silty clay

400-408 cm clay

408-458 cm matrix silty clay, homogenous

429 cm color change

458-470 cm more clayey

487-491 cm clay

505-513 cm clay

513-583 cm silty clay, homogenous, brown
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S0210-96

m| Lithol. Structure Color

S
S

=

2.5y-3/3

2.5y-3/1

5y-3/2

5y-3/2

5y-3/1

Description
00-60cm: silty clay, bioturbation

60-65cm & 93-96cm: clay

96-248cm: homogeneous silty
clay

248-250cm: fine sand layer

280-364cm: siltx clay ith black
streaks, mottles and spots

364-367cm: lighter coloured clay
body

386 cm: fine sand layer

387-487cm: brown silty clay with
black mottles

487-490cm: well-defined clay
layer

490-576cm: brown silty clay with
black mottles
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S0210-97

m| Lithol. Structure Color

Q00000
{ ()

2.54-3/2

2.54-3/2

2.54-3/2

2.54-3/2

Description
0-15cm: silty clay-clay, soft, water-rich

15cm-198cm: homog. silty clay, stiff
30-80cm: small white fragments
75-100cm: bioturbation

100-198cm: silty clay, homogeneous

170-190cm: white ash clasts

198cm: thin fine sand layer
200-250cm: silty clay, homogeneous

250-258cm: large (5mm) clasts of
reworked dark siltstone

265-270cm: graded sand layer, darker
hue

280cm: dark spot, 20mm

282cm, 299cm: siltstone clasts
273cm, 280cm, 292cm: white clasts
(ash?)

305cm: dark clast, 5mm
300-389cm: silty clay matrix
361cm: whitish ash clast

370cm: dark ash clast

389cm: layer of dark ash clasts

404-406cm: fine sand layer, dark
408-409cm: fine sand layer, dark
413-414cm: fine sand layer, dark

425cm, 428-429cm: fine sand layer, dark

440cm: large (7mm) siltstone clast
467cm: siltstone clast

482,488cm: fine sand layer, dark
505cm: dark single clast

522cm: sand-sized ash layer
Matrix: silty clay with black streaks

565cm: blackish horizon
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S0210-102

Lithol.Structure Color

m
C _ | S
= s
— — 2.54-3/2
14 |
 —
] (=)
2 (=
— ] 2.54-3/2
[ ash?
e—
ST —
I 2.54-3/2
. —
I 2.54-3/2
s b —
| ==
gy}

Description

00-17cm: silty clay, brown

17cm: fine sand layer

17-110cm: silty clay, brown, dark
mottles, bioturbation

Silty clay matrix with fine sand layers,
grading upward at:
110-112cm;119-120cm;127-128cm
136-137cm;141cm;143cm;153cm
155-158cm, possibly two sand layers
166-168cm

170-173cm

177¢cm

180 cm

192-200cm interfingering Bouma
sequences, 4-6 distal turbidites

brown silty clay with thin, sandy layers
(distal turbidites) at:

216cm; 222cm;230cm;234cm

260-263cm: Thick, fine sand layer, sharp

transition at top & bottom, no visible
grading. Ash layer?

thin fine sand layers at:
276-277cm;284-285cm;293cm
307-308cm

328-330 cm: thin double fine sand layer

337-338cm: thin fine sand layer
347-348: thin fine sand layer, sharp
lower bound

388-389: thin fine sand layer, sharp
lower bound

398cm: fine sand layer

fine sand layers at:
401-402cm:411-412cm;417¢cm;
422cm;435-436¢cm;444-445cm;
472cm

fine sand layers at:
502cm:506cm;
512cm;526cm

530-538cm: multiple fine sand layer
brown silty clay with thin, sandy layers
(distal turbidites) at:
543cm;553-555cm;559-560cm:;
562-563cm
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