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1. Introduction

1.1. Cruise overview

The aim of the project BATHYLUCK (BAThymétrie-HYdrothermalisme-LUCKy Strike)
is to a) understand theinterplay between tectonism and volcanism along the zone of
crustal accretion of a slow-spreading ridge, b) constrain the physical and chemical
characteristics and temporal evolution of hydrothermal activity associated with a slow-
spreading segment and the active processes that occur within, and c) the effect of spatial
and temporal variations in hydrothermalism on geo-microbiological interactions at the
scale of the site. We propose an integrated, multi-scale study of the Lucky Strike
hydrothermal field and its setting, that will be one of the first of such kind at a slow-
spreading ridge. This project is also a necessary step to establish a long-term seafloor
observatory to study active processes at a slow-spreading ridge within the MoMAR
Program. It is fully integrated with other past and on-going research programs, including
MoMARNET (European Network), ESONET (European Seafloor observatory Network),
and builds on prior field research in the area (cruises SISMOMAR’05, Graviluck’06,
MoMARETO'06, MOMAR’07 & ’08).

The cruise was carried out onboard PourQuoi Pas?, with the ROV Victor 6000 and the
AUV AsterX (IFREMER), between the **' of August and the 29" of September 2009
(departure from and arrival to Horta). An exchange of personnel and scientific material
was carried out in the proximity of Lucky Strike on the 9" of September with the BO
Arquipelago (U. Azores). The cruise PI for the 1% leg was J. Escartin, and for the 2™ leg
M. Cannat.

The three main types of operations carried out during the cruise were: a) the installation
and/or recovery of instrumentation to obtain time-series of active processes (including
sismometers, temperature sensors, pressure gauges, geomicrobiological colonizators); b)
sampling of fluids and rocks; and c) high-resolution geophysical surveys (electronic still
imagery, microbathymetry, magnetics, water column studies) to characterize both the
distribution of hydrothermal activity and the interactions between volcanic and tectonic
processes along the Lucky Strike ridge segment. Anciliary biological and microbiological
studies were also carried out.

We carried out a total of 11 ROV Victor dives (dive# 386-396). 5 of the dives were carried
out with the Module Route, 3 for high resolution bathymetry surveys (393, 394, 396), and
2 for imagery and microbathymetry (390 & 391). The 6 remaining VICTOR dives were
dedicated to sampling and instrument installation (Module Prelevement). The AUV
AsterX carried out 9 dives for geophysical surveying, but with limited success due to
failures in the engine (aborted or highly shortened dives).



1.2. Summary of cruise operations

Table 1.2.1. Overview of operations during the Bathyluck’09 cruise, and their time
distribution over a total cruise length of ~650 h.

Monday 31 Aug 2009
Installation and preparation of material at
Horta

Tuesday 1 Sep 2009
15:45 Departure from Horta;

Wednesday 2 Sep 2009
09:12 Arrival at site B1
09:35 Rosette test

10:36 OBS 005 on board
10:42 Rosette test of the acoustic system on
board

12:38 OBS 001 on board
12:57 OBS 002 deployed
14:24 OBS 012 on board
14:36 OBS 003 deployed
16:14 OBS 014 on board
16:19 OBS 004 deployed
17:11 OBS 013 deployed
19:18 OBS 023 on board
20:24 OBS 022 deployed
22:42 OBS 002 relocated

Thursday 3 Sep 2009

00:24 OBS 003 relocated

01:44 OBS 022 relocated

03:23 OBS 004 relocated

05:20 OBS 013 relocated

05:59 CTD 001 in the water

07:21 CTD 001 on board

08:50 ROV in the water — START DIVE 386
10:42 NASA Launch

14:21 ROV on board — END DIVE 386
17:10 AUV in the water

17:35 AUV tested

21:38 ROV in the water —- START DIVE 387

Friday 4 Sep 2009

02:22 ROV on board -END DIVE 387
04:18 Dredge in the water

07:13 Dredge on board

09:41 AUV in the water

13:17 AUV on board

14:30 AUV in the water

16:38 AUV on board

17:33 CTD 002 in the water

21:54 CTD 002 on board

22:27 ROV in the water —- START DIVE 388

Saturday 5 Sep 2009

08:50 ROV on board-END DIVE 388
10:28 AUV in the water

11:03 AUV on board

14:28 AUV in the water

16:26 AUV on board

17:26 CTD 003 in the water

18:48 CTD 003 on board

19:09 CTD 004 in the water

20:28 CTD 004 on board

21:45 ROV in the water —- START DIVE 389

Sunday 6 Sep 2009

00:59 transit to Montsegur
09:09 transit to Tour Eiffel
11:18 transit to NASA
12:35 transit to Montsegur
13:05 Transit to NASA
14:45 NASA Recover

15:16 transit to Y3

17.00? NASA Launch

Monday 7 Sep 2009
00:21 transit to PP4



02:53 transit to Y3

05:17 transit to SINTRA
08:18 Transit to NASA
09:49 transit to Tour Eiffel
11:07 transit to Montsegur
12:09 Transit to NASA
13.00 ? NASA Recover
15:35 transit to Tour Eiffel
16:38 transit to Montsegur
17:40 transit to JPP

20.00 ? transit to Pico

Tuesday 8 Sep 2009

00:10 transit to PP5

00:26 transit to PP6

00:36 transit to White Castle
01:48 Transit to NASA
02:22 transit to Cristall
04:00 Transit to NASA
05:11 transit to White Castle
08:15 Transit to NASA
11.34.00 ? NASA Recover
14:00 Visiting OBS

15:55 going to Barrio Alto
16:36 transit to PP24

17:23 transit to GG

19:22 transit to SINTRA
transit to St Liberté

22:00 transit to Tour Eiffel

Wednesday 9 Sep 2009
00:21 Transit to NASA
03:06 transit to Helene

05:18 trasit to Pico

06:36 transit to White Castle
07:14 transit to GPP

08:00 Transit to NASA
09:00 transit to point A
12:04 transit to St Liberté
13:34 transit to Isabele

15:11 Transit to NASA

16:31 END OF DIVE 389
18:08 ROV on board

18:53 transit half way to Horta

Thursday 10 Sep 2009

08:00 Transfert Personnel

15:22 transit to Lucky Strike

17:18 NASA Recover

18:08 ROV in the water - START DIVE 390
20:16 OTUS Acquisition Start

Friday 11 Sep 2009
06:41 OTUS 001 Deployed

08:08 OTUS Acuisition end. Aquired profiles:

21,22,23,24,25.

09:10 Magnetometer Calibration

10:45 ROV on board -END DIVE 390
11:33 AUV in the water

16:27 AUV on board

18:22 ROV in the water -START DIVE 391
21:25 OTUS Acuisition start

23:53 Aquired profiles:
26,27,28,29,30,31,32,33,34.

Saturday 12 Sep 2009

00:00 Continuing OTUS aquisition

12:08 OTUS aquisition END. Acquired profiles
35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,5
1,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66.
12:18 OTUS end BMF Acuisition Start

12:20 at point Y3

13:39 at point M08_8 and Sintra

15:02 at Tour Eiffel

15:55 OTUS and BMF Acuisition end

17:24 OTUS end BMF Acuisition Start

00:55 OTUS Acuisition end BMF END.
Aquired profiles: 62,63,64,65,66,67,68,69,70.

Sunday 13 Sep 2009

01:03 Continuing OTUS and BMF aquisition
23:46 Continuing OTUS and BMF aquisition.
Aquired
profiles:71,72,73,74,75,76,77,78,79,80,81,82,83,84
,85,86,87,88,89,90,91,92,93,94,95,96,97,9899.

Monday 14 Aug 2009

00:11 Continuing OTUS and BMF aquisition
06:36 OTUS end BMF Acuisition end.Aquired
profiles:100,101,102,103,104,105,106,107,108,109
,110,111,112.

08:12 ROV on board -END DIVE 391

09:14 AUV in the water

10:40 AUV on board

12:06 CTD 005 in the water

13:48 CTD 005 on board

13:49 Transit to CTD A site

14:14 CTD 006 in the water

15:49 CTD 006 on board

15:50 Transit to AUV deployment site

17:14 AUVO05 in the water

17:44 AUV on board

18:53 Transit to CTD B site

19:24 CTD 007 in the water

21:20 CTD 007 on board

21:50 CTD 008 in the water

22:01 CTD 008on board

22:16 CTD 009 in the water

23:19 CTD 009 on board

23:41 Transit to ROV deployment site

Tuesday 15 Sep 2009

02:25 NASA Launch

03:10 ROV in the water -DIVE 392
06:48 Transit to NASA
07:19 Transit to JPP Est
07:36 Transit to NASA
08:55 Transit to JPP Est
09:05 Nasa on board

09:46 transit to White Castle
15:17 NASA Launch

15:55 Transit to JPP West
16:38 Transit to NASA

18:41 Transit to marker C
19:22 Nasa on board



20:59 transit to Tour Eiffel

Wednesday 16 Sep 2009

01:46 transit to Isabele

04:53 ROV on board. END OF DIVE 392
05:09 Transit to point D for CTD Deployment
06:33 CTD 010 in the water

07:46 CTD 010 on board

08:30 CTD 011 in the water

10:25 CTD 011 on board

10:25 Transit to AUV deployment site
11:32 AUVO06 in the water

18:37 AUV on board

18:38 Transit to ROV deployment site
21:17 ROV in the water -DIVE 393

Thursday 17 Sep 2009

00:02 Continuing BMF aquisition

23:50 Continuing BMF aquisition. Acquired
profiles: 1,2,3,4,5,6.

Friday 18 Sep 2009

00:21 Continuing BMF aquisition

23:50 Continuing BMF aquisition. Acquired
profiles: 8,1,2,3,4.

Saturday 19 Sep 2009

00:31 Continuing BMF aquisition

08:14 end of BMF acquisition. Acquired
profile: 1,2,3,4,5,6,7,8.

10:13 ROV on board. END OF DIVE 393
11:24 AUVO07 in the water

17:13 AUV on board

18:26 ROV in the water -DIVE 394

23:30 BMF aquisition. Acquired profile: 1,2.

Sunday 20 Sep 2009

00:00 Continuing BMF aquisition.

23:50 End BMF aquisition. Acquired profile:
4,5,6,7,8,9,10,11,12.

Monday 21 Aug 2009

00:00 Continuing BMF aquisition.

07:47 End BMF aquisition. Acquired
profile:13,14,15.

09:40 ROV on board. END OF DIVE 394
11:21 AUVO08 in the water

20:27 AUV on board

22:05 ROV in the water -DIVE 395

23:41 transit to White Castle

Tuesday 22 Sep 2009
00:27 transit to Cristal
04:12 transit to Y3

07:45 transit to nasa 1
08:04 NASA Launch
11:25 NASA 1.Recovered
12:25 transit to Y3

13:38 transit to Montsegur
16:13 transit to Tour Eiffel
19:19 Trasit to NASA 2
20:51 transit to Tour Eiffel
22:50 Transit to Asics

10

23:00 transit to M08-9

Wednesday 23 Sep 2009
00:53 transit to SINTRA

02:33 transit to Montsegur
03:36 Transit to NASA

05:49 transit to Montsegur
06:29 Transit to NASA

08:40 transit to “site inconnu”
11:46 Transit to NASA

13:23 transit to Pico

14:25 Transit to Cipress

15:55 transit to Aisics

17:25 Transit to NASA 3
19:30 NASA Recovered

20:00 Exploration of Lava lake
22:10 transit to SINTRA

Thursday 24 Sep 2009

00:05 ROV on board. END OF DIVE 395
01:00 Transit to Dredge deployment site.
01:40 Dredge#2 in the water

04:09 Dredge on board

06:53 ROV camera Test start

07:11 ROV camera Test end

07:23 Currentmeter #2

07:48 Currentmeter #1

07:48 Transit to AUV deployment site
09:27 AUV09 in the water

18:31 AUV on board

19:44 ROV in the water -DIVE 396

23:48 BMF aquisition. Acquired profile: 1.

Friday 25 Sep 2009

00:00 Continuing BMF aquisition.

23:34 Continuing BMF aquisition.Acquired
profile: 2,3,4,5,6,7,8.

Saturday 26 Sep 2009

00:00 Continuing BMF aquisition.

20:13 End BMF aquisition. Acquired
profile:9,10,11,12,13,14,15,16.

22:27 ROV on board. END OF DIVE 396
22:29 Transit to CTD deployment site.
23:24 CTD 012 in the water

Sunday 27 Sep 2009

01:06 CTD 012 on board
01:32 CTD 013 in the water
02:50 CTD 013 on board
03:15 CTD 014 in the water
04:37 CTD 014 on board
05:21 CTD 015 in the water
07:08 CTD 015 on board
07:58 CTD 016 in the water
09:24 CTD 016 on board
09:49 CTD 017 in the water
11:48 CTD 017 on board
12:36 CTD 018 in the water
13:11 CTD 018 on board
14:20 CTD 019 in the water
15:34 CTD 019 on board
18:01 CTD 020 in the water



18:44 CTD 020 on board
19:40 CTD 021 in the water
21:05 CTD 021 on board
21:29 CTD 022 in the water
22:45 CTD 022 on board

11

23:00 Departure to Horta

Monday 28 Aug 2009
00:00 transit to Hor
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2. Science operations - Instrumentation
2.1. Autonomous temperature sensors

2.1.1 Probe characteristics

We have 4 sets of temperature probes: 20 high-temperature probes (NKE)
able to record temperature up to 450°C, 6 low-temperature probes (NKE) able
to record temperature up to 100°C, 12 high-temperature probes (WHOI) able
to record temperature up to 415°C, 5 low-temperature probes (WHOI) able to

record temperature up to 125°C.

NKE probes are all composed of a 10-cms long, 2cm in diameter cylindrical
body hosting the electronic component and of a rod of variable length at the
end of which the temperature is actually measured. Rods of high-T probes are
~20cms-long and ~0.5cm in diameter (Figure 1). Rods of low-T probes are 5

cms long and ~0.1 cm in diameter.

WHOI HT-probes are composed of a 15-cm long, 9cm in diameter cylindrical
TI body, housing the electronic components (data logger battery), and a 72.4

cm long and 6 mm in diameter rod, housing the J-type thermistor at its tip.

WHOI LT-probes are composed of a 4.5” long, 17(~2.54cm) in diameter
cylindrical, housing the electronic component, in titanium and of a 5”long
rod.

High-T and low-T NKE-probes weight ~250g in air (200g in water) and 230g
in air (180g in water), respectively. A metallic plate (~60g) coated with
neoprene on both sides has been mounted on the body of 14 NKE probes
(serial number starting with 29) to facilitate their catch with ROV /Victor’s
arms (Maestro and Sherpa) and to avoid direct contact between the arms and
the probe body. A Plexiglas plate coated with neoprene on both sides was
mounted on 6 high-T NKE probes (serial number starting with 29 too) for the
same purpose than above. All high-T rods have been torn at their end to help

deployment in smoker orifices (see figurel).
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Figure 1: A picture of 1 high-T probe with its metallic plate.
High-T WHOI probes weight ~5.3kg in air (loger and yellow syntactic handle)
and 0.70kg in water. A wood plate has been mounted on the body of 12
WHOI probes for the same purpose. All high-T WHOI probes have been torn

too for the same reason than above (Figure 2).

Figure 2 : A picture of two high-T probes with their yellow handle and their wood plate in
vents.

Low-T WHOI probes weight 1bs in air (1bs in water). A plastic rod has been
mounted on the body of 5 WHOI probes to help the deployment in vents
(figure 3).
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Figure 3 : A picture of a low-T probe with its yellow plastic rod in a crack.

2.1.2. Recovery of T-probes deployed during MOMAR’08

A first objectif objectif was the recovery of 16 temperatures probes deployed
in smoker-like vents and diffuse seeps during the Momar08 cruise in 2008. 10
of these probes have been recovered: 9 of them are out of order (serynge
corrosion/altération, leak in the probe ‘s body hosting the electronic
components) and the data lost; the last one is working but the data set is
usless because the probe fell from its vent, so it was recoring 5°C (water
temperature at 2000m) during 1 year. We have not been able to find the 6
remaining ones that are probably burried under the ashes of Fallen chimneys

and / or mussel colonies.

2.1.3. Deployment of BATHYLUCK'09 probes (short- and long-
term)

A second goal was the deployment of high- and low-temperature probes in
smoker-like vents and diffuse seeps, repectively. A first set of 11 high-
temperature probes were deployed in several Lucky Strike smokers (Figure 6
and Tab 1) for the duration of the cruise. These probes have been recovered at
the end of ROV/Victor’s last sampling dive (dive number 395). 12 NKE
probes, 12 HT-WHOI probes and 5 LT-WHOI probes were also deployed in
several high-T smokers and diffuse seeps during ROV /Victor’s dives. These
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probes will stay down bottom and record temperature fluctuations for one
year. They will be recovered during our next visit to Lucky Strike site
scheduled next year. 11 NKE-HT probes were deployed temporarily and
brought back to the ship. Two of them are out of order due to
corrosion/altération/leak. One recorded the ambient temperature of the
water above a diffusive field of vents because it fell from the orifice. The 8
remaining have recorded high and low-temperature fluctuations during a few
days depending on deployment day and time. Details (location, deployment
day&time, serial#...) about the deployment of the 50 short- and long-term
probes can be found in Appendix ... and see Figure6 and Tab1.

2.1.4. Temperature gradient measurements in hydrothermal plume

A last objective was, as during MOMAROS, the measurements of temperature
gradients in hydrothermal plumes above smokers. In order to do so, 6
regulary-spaced (every ~5cms, see figure 4 and Tab2) low temperature probes
(those with a short serynge) have been installed on a Plexiglas plate. The plate
has been succesfully deployed above 11 Lucky Strike smokers even if during
the different gradient measurement events , the probe rods were twisted by

the Rov’s arm or in the basket (tab2).

Figure 4 : Array of 6 low-T probes mounted on a Plexiglas plate to measure temperature
gradients in hydrothermal plumes.
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Figure 5 : Deployment of the gradient plate in a vent.

2.1.5. Temperature record examples

Figure 6 : Temperature recorded by 29002 (blue), 29005 (red), 29012 (black) and 29016 (green)
function of the time in days. One the red one, we see an evolution of the T till it stabilizes, and
even the tides. The higher T vents (blue and black) show a modest evolution. Green curve at
very low T, because the 29016 probe fell from the vent down the bottom.
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Zoom :

Figure 7 : Zoom of the figure 5 between 280 and 310 °C, on the red and blue curve. Same
remark than above (figure 7)

Results for each site :

Crystal Montsegur
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Tab 1 : Summation table of all the probe event with the location, time, date of the deployment and recovery.
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Distribution of all T sensors throughout the Lucky Strike field (shaded microbathymetric
map, top right). Other panels: OTUS mosaics of selected sites, with location of T sensors
relative to the hydrothermal structures (vents, mounds, other).

Tab 2 : Measurements in cm of the distance between two rods for every gradient event
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2.2. Ocean Bottom Seismometers

R. Daniel, A. Rai, I. Veludo, A. Blin, C.Courrier

Contact : rdaniel@ipgp.jussieu.fr

Version au 8/10/2009 a 17:00

2.2.1. Introduction

The 5 Ocean Bottom Seismometers (OBSs) deployed during BBMOMAR-I (18-27 July, 2006)
and BBMOMAR-II (8-17 Aug. 2008) have provided important information about the
distribution of seismicity at the Lucky-strike segment of the Mid-Atlantic ridge. The region
is well known for numerous active hydrothermal vents. To study the relation between
seismicity and hydrothermal activity in the region, it was decided to continue the OBS
experiment at nearly the same sites by re-deployment of 5 new OBSs for another year. OBS

experiment contributes significant earthquake data to the multi-disciplinary
BATHYLUCKO09 experiment conducted between 1* Sept. and 28th Sept. 2009.

During the first two days of the BATHYLUCKO09 experiment (01/09/09 and 02/09/09),
five multi-channel (one pressure, two horizontal and one vertical component) ocean-
bottom seismometers (OBSs), deployed during BBMOMAR-II experiment were recovered
after one-year of successful operation at Lucky strike segment. Five new OBSs were
deployed at nearly same locations on 02/09/2009. The four short-period and one broad-
band ocean-bottom seismometer deployed during this experiment will record the
seismicity in the region for the next year.

Instruments deployed during BBMOMAR-II, recovered during BATHYLUCK09

Name Lat.(°) Long.(°) Notes

B1 37°19.3000 -32°16.6625 array N

B2 37°17.9097  -32°19.4248 array W

B3 37°17.5066  -32°17.2777 array central
B4 37°16.9622  -32°14.4609 array E

B7 37°15.6354  -32°17.8473 array south
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Instruments deployed during BATHYLUCKO9 to be recovered in summer 2010

Name Lat.(°) Long.(°) Reloc. Lat. Reloc. Long. Notes

C1 37°19.3000 -32°16.639 37°19.2148  -32°16.6964 array N (SP)

C2 37°17.918  -32°19.426  37°17.8499 -32°19.4913 array W (SP)

C3 37°17.565  -32°17.288 37°17.4767 -32°17.3593 array central (SP)
C4 37°16.967  -32°14.476  37°16.8423 -32°14.5015 array E (SP)

C7 37°15.6354 -32°17.8473 37°15.6146 -32°17.8856 array south (BB)

*SP short period, BB : Broad Band.

2.2.2. Short period OBS:
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Schematic diagram of the Ocean-bottom seismometer assembly

(model: L-CHEAPO, Scripps Institute of Oceanography, San Diego).

Characteristics of short-period sensors:

Sensors
Three axis Geophone Mark Products L-28
Hydrophone Hitech HYI-90-U
Mechanical layout:
Dimensions : Im x Im x Im
Maximum depth : 6000 meters
Material of cylinders: Aluminium 7075
hard anodised and epoxy paint
Weight
In air without drop weight : 72 Kg
In air with drop weight : 110 Kg
In water without drop weight : -14 Kg

In water with drop weight : 19 Kg

Electronics
Nb of real bits : 21 at 16 Hz or 20 a 125 Hz
Number of channels : 4

Available sampling rate : 1000 - 500 - 250 - 125 -
62,5 -32,25-16,125s/s

Crystal — CS5321 — CS5322

Data storage : HD 80 Gb

Clock : Seascan MCXO SISMTB4SC
Surface gear

Flag

Radio beacon

Flash light

Reflectors

Seismometer short period:

The sensor is composed of sismometers L-28LB (manufactured by Sercel). It's caracteristics are the

following :

Natural frequency (f0) 4.5 Hz
Frequency Tolerance +0.5 Hz
Standard Coil Resistance (Rcoil) 395 Q
Resistance Tolerance 6.5%
Maximum Distortion @ 0.7 in/sec 0.2%

peak-to-peak @ 12 Hz

Transduction Constant

V/in/s +10%

0.040- /R,

Open Circuit Damping +10%

1.726
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Coil Current Damping .
10.40-R_,
f'(Rcoil + Rshunl)
Suspended Mass (m) 19.00 g

Power Sensitivity

1.60 mW /in/s

Cast-to-Coil Motion

0.160 inch. Peak to peak

Item Symbol Valeur
Natural Frequency f, 4.50 Hz
Resistance Shunt Rshunt 2490 Q
Open loop dumping ) 1.726
coefficient ’ =0.384
0
Coefficient 10.40-R_,
d’amortissement de la (R_+R. )/ =0.316
bObine coil shunt 0
Facteur d’amortissement 0 0.70 =70%
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- 040 * V(R_;) volts/in/second

Sensivity ou =1.5748 * V(R,,;) volts/m/second
Transconduction
= 31.3 volts/ meter/second
+/-10%
The Hydrophone
The hydrophone used in the ICheapo OBS is a HTI-90u manufactured by High Tech, Inc.
Sensivity:
without preamp « -186dBre:1V/uPa
« 50.1V/Bar

(max) -155 dB re: 1 V/uPa
(max) 1778 V /Bar
(min) -240 dB re: 1 V/uPa

with preamp

(min) 0.1 V/Bar
Frequency response: 2 Hz to 20 KHz
Equivalent input self noise:
RMS from 1 Hz « 63dBre:1uPa
to 1000 Hz + 0.015 uBar
Spectral « 54 dBre:1uPa/sq.root Hz @ 10 Hz

« 35dBre:1uPa/sq.root Hz @ 100 Hz
« 26 dBre:1uPa/sq.root Hz @ 1000 Hz

2.2.3. Broad Band OBS (BBOBS):

Characteristics of Broad-band sensor:

Sensor Electronics

Nanometrics Trillium T240 Nb of real bits : 21 at 16 Hz or 20 a 125 Hz
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Ditferential pressure gauge

Mechanical layout:

Dimensions : Im x 1,5m x 1, 30m

Maximum depth : 6000 meters

Material of cylinders: Aluminium 7075

hard anodised and epoxy paint
Weight:

In air without drop weight : 230 Kg

In air with drop weight : 310 Kg

In water without drop weight :

In water with drop weight :

Number of channels : 2

Available sampling rate : 1000 - 500 - 250 -
125-62,5-32,25-16,125s/s

Crystal — CS5321 — CS5322

Data storage : HD 80 Gb

Clock : Seascan MCXO SISMTB4SC
Surface gear:

Flag

Radio beacon

Flash light

Reflectors
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2.2.4. BATHYLUCKO09 OBS operations

Instruments were tested before deployment on 31* Aug. and 1% Sept for acoustic
communication between the command unit and the OBSs, both on-board and hanging the
acoustic unit at a depth of 1000 m,. 2009. On 2nd Sept., we recovered all the five OBSs
deployed during BBMOMARC-II cruise and deployed five new instruments at almost the
same locations (14 Hours / 5 persons).

To recover the OBSs from ocean-bottom, an acoustic signal corresponding to the particular
OBS was sent using EdgeTech equipment (model 8011XS). The acoustic signal activates the
unlock mechanism between the OBS and its heavy metallic platform, and OBS moves
upward because of buoyancy of the floaters. Once on the ocean-surface, the OBS is brought
back to the ship, and is washed with fresh water, after investigating the signs of corrosion,
etc. The data-logger was then extracted from the unit, it was de-vacuumed and clock-drift
was measured using Zyfer GPS antenna. We used OBSDUMP software to copy the raw
data from the data-logger to the external hard-disk. After correction de Raw-data with fix
software (Lcheapo bug), the Fix-data is then converted to SAC format using ANYPLOT
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software module, to be able to be read by analysis software. The same procedure is
adopted for every other OBS recovered during the cruise.

Recovery:

Cruise recovery parameters:

Site Deployment Site | B4 B3 B1 B7 B2
OBS Number 14 12 5 23 1
deployment File name BBMM?2_B2_14 |BBMM2 B3_12 |BBMM2 B1 05 |BBMM2 B7 23 |BBMM2_B2 01
parameters sample rate 62,5 62,5 62,5 62,5 62,5
nb channel 4 4 4 4 4
Année 2008 2008 2008 2008 2008
Jour Julien 222 222 223 224 225
Synch time
(JJ/MM/AAAA
HH:MM:SS) 09/08/2008 21:07:00 | 09/08/200822:23:00 | ~ 10/08/200817:25:00 | ~ 11/08/2008 18:07:00 |  12/08/2008 12:34:00
Wake up time
(JJ/MM/AAAA
HH:MM:SS) 10/08/2008 22:00:00 | 10/08/2008 22:00:00 | ~ 11/08/2008 01:00:00 | ~ 12/08/2008 18:00:00 |  13/08/2008 12:00:00
Lat deployment
(format °,m) 37°16,919 N 37°17,505 N 37°19,289 N 37°15,627 N 37°17,926 N
Long deployment
(format °,m) 32°14,626 W 32°17,337 W 32°16,801 W 32°17,953 W 32°19,523 W
Lat deployment 37,282 37,2918 37,3215 37,2605 37,2988
Long deployment 32,2438 32,289 32,28 32,2992 32,3254
Depth 2097 1776 1859 1939 2099
recovery parameters Année 2009 2009 2009 2009 2009
Jour Julien 245 245 245 245 245
heure largage 15:17 13:07 9:40 17:56 11:42
Time at surface 16:07 13:59 10:17 19:10 12:25
Time on board 16:24 14:24 10:35 19:18 12:38
Vitesse de
remontée m/s 0,81 0,66 1,03 0,48 0,97
checked at (inst)
(JJ/MM/AAAA
Synchronisation HH:MM:SS) 02/09/2009 17:35:01 | 02/09/2009 16:12:03 |  02/09/2009 10:52:03 | ~ 02/09/2009 22:27:00 |  02/09/2009 13:22:01
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time tag (GPS)

Hinnssmem | DRES| modm| o eds) segm) o naww
drift (inst - GPS) 0,552 2,557 2,001 -0,073 0,644
clock drift rate 1,643E-08 7,613E-08 5,973E-08 -2,182E-09 1,931E-08
Summary EOF at (Shift D) 02/09/2009 17:40:12 | 02/09/2009 16:15:00 | ~ 02/09/2009 10:52:45 | ~ 02/09/2009 22:30:37 |  02/09/2009 13:24:07
Closing Block
Number 50465657 50458005 50412573 50253941 50106373
Poids fichier
(octects) 25838416384 25834498560 25811237376 25730017792 25654462976
MOctects/jour 66,62 66,62 66,62 66,63 66,62
seconds sync to
sync 33507612,000 33502500,000 33472365,000 33366637,000 33269047,000
days recorded 387,82 387,76 387,41 386,19 385,06
Comments Record!!
Det'er'mination Lat (format °,m)
Position 37°16,9622 N 37°17,5066 N 37°19,3000 N 37°15,6354 N 37°17,9097 N
(par ping) Long (format °,m) | 32°14,4609 W 32°17,2777 W 32°16,6625 W 32°17,8473 W 32°19,4248 W
Lat décimal 37,2827 37,2918 37,3217 37,2606 37,2985
Long décimal 32,241 32,288 32,2777 32,2975 32,3237
Depth 2097 1776 1859 1939 2099
erreur (m) 320,7 111,1 256,5 189,2 191,8
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2.2.5. Data Examples:
All the OBS recorded good quality data during 13 months:
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The above figure gives an example of the data recorded by all the five equipments (One
Pressure, two_horizontal and one vertical component).
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Above figure is an example of the 4-channels of the record from site B7 (instrument 23).
Quick review of the data suggests that in general the quality of the records is good.
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2.2.6. Corrosion:

After more than one year under the ocean, the instruments came back with some
important corrosion. Critical parts, such as pull pins, screw washer & nuts, floating
structure are very attacked by corrosion and must be replaced.

Most of damaged screw are in stainless steel A2 that is not recommended for oceanic
application under water, the corrosion started to attack the stainless steel structure because
the 2 metal have a different composition : from now only stainless steel 316L must be use
for metallic parts.

Almost the 4 screw that assure the link between frame and floating are severely corroded

(see picture).
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The link between floating and frame must be secured in future deployment while standard
screws are used: for the BBMOMAR-III we secured with 2 plastic links (2cm large) passed
around blue PE plate of the frame (side plate) and the yellow plastic floating frame.

The balls of the pull-pin are also severely corroded and for most of case the balls are
disappeared. The attachment of the cylinder must be secured with tie-rap links or similar.

Action must be taking once returned to France: we should make a sort of “maintenance”
procedure for the OBS (BBOBS) that come back after a stay under water. After return to
Paris, the OBS (BBOBS) should be completely disassembled, cleaned with clear water (and
soap if necessary), dried, the damaged part should be repaired or replaced. Metallic parts
can also be painted. A follow book or file can be make in order to follow the life (repair,
modification, duration of time under water,...) of the OBS (BBOBS).
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2.2.7. Deployment and relocation information

Site Deployment Site C1 Cc2 3 C4 c7
OBS Number 13 2 3 4 22
deployment File name BBMM3_C1_02 | BBMM3_C2_03 | BBMM3_C3_04 | BBMM3_C4_13 | BBMM3_C7_22
parameters sample rate 62,5 62,5 62,5 62,5 62,5
nb channel 4 4 4 4 4
Année 2009 2009 2009 2009 2009
Jour Julien 244 244 244 244 244

Synch time
(JJ/MM/AAAA HH:MM:SS)

01/09/2009 10:50:00

01/09/2009 14:10:00

01/09/2009 15:04:00

01/09/2009 17:49:00

01/09/2009 20:06:00

Wake up time
(JJ/MM/AAAA HH:MM:SS)

03/09/2009 12:00:00

03/09/2009 12:00:00

03/09/2009 12:00:00

03/09/2009 12:00:00

03/09/2009 12:00:00

Lat deployment (format

°,m) 37°19,3000 N | 37°17,918 N 37°17,565 N 37°16,967 N 37°15,6354 N
Long deployment
(format °,m) 32°16,639 E 32°19,426 E 32°17,288 E 32°14,476 E 32°17,8473 E
Lat deployment 37,322 37,299 37,293 37,283 37,261
Long deployment 32,277 32,324 32,288 32,241 32,297
Depth

Preliminary Acoustic Relocation of Deployed OBSs:

For OBS relocation, one acoustic ping was emitted every 20 seconds while navigating
along an E-W N-S path, 1.5 nautical miles long, crossing each OBS deployment site. The
relocation is then performed using acoustic arrivals time residuals minimization.

36




Data input for the relocation are the deployment position, the boat position at the time of
each ping, transducer depth and the distance (in meters) calculated from the two way time
ping (boat shift until ping back reception considered negligible). Significant outliers were
removed from the relocation file. No CTD was performed at the OBS’s deployment site
and so a mean value of 1510 ms™ for sound speed in the water was used.
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OBS02 site C2

Left: error (m) for each point of acoustic ping before (blue) and after (red) relocation; Right:
path trough deployment position (red & green dots) and relocated position (dark blue area
correspond to the minimal values of RMS). Red dots correspond to outlier values that were
kept in the file for they are not significant outliers or they are consistent with surrounding
values.

OBS03 site C3

OBS04 site C4
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OBS13 site C1

0OBS22 site C7

Location Results

OBS Latitude Longitude Depth Lat Long
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Latitude Longitude Incertitude Incertitude

OBS (m)
©) min ©) min ©) ©)

osan ¥ U PPB 05 000009 0.00011

osas ¥ U, P s 00017 0.00021

ogns 3 1O 101 yess 000009 0.00011

oses ¥ A s 1098 gz 00011 0.00014

osy ¥ POMe a0 1780 e go0011 0.00013

These results are preliminary for one last correction remains to be done. The GPS antenna
is not at a vertical position from the acoustic system, thus adding an error to the system.
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In order to evaluate the significance of this error, every ping position was corrected for
OBS2 at site 2, and the results compared with the uncorrected ones. In both cases, for this
run, only NS and EW branches of the navigation path were considered, thus showing that
the oblique segment of the path, if not crossing the OBS site, is not very effective for
relocation purposes, for it seems to be responsible for the centre oscillation of residuals
after correction has been done.

OBS2 site C2
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Latitude Longitude D epth

OBS02 A (°Lat) A(°Long)

©) min ©) min (m)
Uncorrected 37 17.8415 -32 19.4896 2046 0.0002 0.0002
Uncorrected 37 17.8295 -32 19.5019 2045 0.0002 0.0002

This variation A is above the incertitude limits and the Transducer — GPS distance
correction should be done for a more precise relocation. A dive has been done on the spot
of the OBS 3 and permitted an exact position measurement.

The following table shows the difference between the calculated position by ping method
and the real position The difference is approximately 5 meters (around the accuracy of GPS

system).
Latitude Longitude
OBS03 & D(ep§h ACLat) A€ Long)
®) min ©) min m
With Ping Localisation 37 17.4767 -32 17.3593 1775 0,0027” 0,0007”
ROV localisation 37 17.474 -32 17.360 1768 S5meter Imeter
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2.3. Pressure Gauges

2.3.1 Introduction
B. Lecompte, O. Pot

L’équipe Géodésie fond de mer du groupe de Physique Spatiale et Planétaire de L'IPGP,
s’occupe depuis 1996 d’assurer le développement et 1'utilisation des capteurs de pressions
couplés a des mesures GPS en surface, afin d’étudier la déformation des fonds marins.
Dans ce contexte, les capteurs de pression de type JPP (conception interne) et SEABIRD
assure la continuité des mesures sur le chantier LUCKY STRIKE et permettent 1'étude de
I’évolution géodésique du site.

Les objectifs de la mission consistent a :
- Relever 2 sondes SBE 53 plongées lors de la précédente campagne sur JPPE et JPPW.

- Plonger le module JPP2 avec la sonde Paros 1 (S/N 89534) sur le site JPPE.

- De reconditionner la sonde SBE 53-026 (JPP5) récupérée sur JPPE et de 'implanter
sur JPPW.

- De qualifier I'adaptation des baudruches type SBE sur les sondes Paros (Sonde
Paros 4).

De consigner les données des capteurs relevés sur la base de données de la mission
Bathyluck.
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Figure 2.3.1. Location of pressure gauges.

2.3.2. Mission report
2.3.2.1. Qualification des cdbles en équipression des JPP.

Les cables équipression assurent la connexion entre les sondes Paros et le module de
controle/ énergie des JPP. Ces cables constitués de cables conducteurs passant dans un
tuyau plastique rempli d’huile médicale et fermé par les connecteurs en extrémité. Parfois
ces cables soumis a de fortes pressions successives, se détériorent et rendent possible le
contact de 'eau de mer avec les cables conducteurs.

2 cables ont été amenés pour la mission. Reliés a leur sonde de pression Paros et a un
bouchon étanche, ils ont été plongés pendant 13 heures a une profondeur moyenne de 1700
m. Il faut ajouter un temps de descente/ montée d’a peu pres 3 heures.
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Figure 2.3.2. (left) : Cable équi-pression avec sonde Paros. Figure 2.3.3. (right): Ensembles
montés sur le ROV

Résultat qualification des cables (plongée ROV) :

Début plongée : le 10/09/09 @ 18h10 local
Fin plongée : le 11/09/09 @10h30 local
Tps montée descente ROV : ~ 3 heures

Tps plongée au fond : 13 heures @ ~ 1700 m
Sondes plongées : Paros 1 et 2 (89534 et 97982)

Pas défaillance des cables a l'issue de la plongée.

Le nouveau systeme de baudruche (type Seabird) sur la sonde Paros 4 a résisté.

2.3.2.2. Préliminaires a la mission
Programme des reléeves (voir carte en annexel)

Afin d’assurer la continuité des mesures sur les sites JPPE (Est) et JPPW (Ouest) du Lac de
Lave de Lucky Strike, les deux sondes de pression implantées en 2008 seront remplacées
par deux autres modeles reconditionnés (voir tableau récapitulatif) :

Capteur déployés en 2008

Capteur | Référence Site Coordonnées(Lat/Long) | Date
deploiement

JPP5 SBE 53BPR | JPPE | 37°16.990’ /32°14.857" 11/08/2008
n°27
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JPP4 SBE 53BPR | JPPW | 37°17.552/32°16.891 11/08/2008
n°26

Capteur déployés en 2009

Capteur | Référence Site Coordonnées(Lat/Long) | Mode
déploiement
JPP2 Paros 1 - JPPE | 37°16.990"/32°14.857’ ROV
89534
JPP5 SBE 53BPR | JPPW | 37°17.552/32°16.891 ROV
n°27

JPP5 replongera sur JPPW aprés reconditionnement afin de conserver JPP1 et JPP3 en
prévision de MOMAR SAT en 2010.

2.3.2.3. Préparation des JPP

JPP2 est sorti de sa caisse. Les batteries neuves ont été implantées dans le cylindre au
laboratoire. La tension contrdlée est nominale (15,8V). L’électronique est reliée par un cable
série et un adaptateur USB/série a I'ordinateur. Un check du JPP est contr6lé par
hyperterminal. Le capteur répond. Afin de vérifier le fonctionnement de la JPP ainsi que
I'enregistrement des données suivants les parametres programmés, une procédure
d’enregistrement automatique « Verbose mode » est lancée le 13/09/09.

Trois fichiers sont enregistrés dans la mémoire Flash du JPP.

Cette procédure réalise un cycle de mesure complet sur les trois données physiques
mesurées : pression, tilt (XYZ), et température (Extérieur/intérieure du cylindre).

Le cycle de mesure est le suivant :
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Parametres de mesure des JPP (1a3)

Donnée Mesurée périodicité
Pression 30s

Tilt 1 Heure
Temp. Ext./int 15 min

Le cycle s’est déroulé sans probleme. La carte flash est déchargée et les données effacées.

Les deux horloges (CF2 et DS1306) ne sont pas synchronisées. Une procédure permet de
synchroniser les deux horloges a celle du PC auquel la JPP est reliée. L’heure du PC est
synchronisée a celle du GPS du Bateau. Le temps GMT est le méme que 1'heure locale.

Cette procédure implique l'utilisation de linterface MOTOCROSS plutot
qu'Hyperterminal.

Suite a la procédure, les deux horloges sont synchronisées, mais un décalage de 2min
persiste entre celles-ci et le tps de référence - a prendre en compte lors de la releve.

La commande ‘app’ permet de relancer l'invite de la sonde JPP. Une minute sans
commande ‘setup’ : la procédure d’enregistrement automatique se met en route.

La sonde est préte a étre déployée.
JPP2 a démarré son cycle d’enregistrement le 14/09/2009 @ 13h23 pour la mission.
Un dernier contrdle visuel est effectué sur 1'électronique, les joints contrdlés puis graissés.

Un vide léger est créé dans le cylindre apres fermeture. Ne pas oublier le bouchon sur le
connecteur 8 broches. Le cylindre est fixé dans le chéssis en prenant garde de 1'orientation
pour le tilt (la sonde thermique externe située en bas).

Figure 2.3.4a: JPP sur chéssis : vue extrémité cylinder. Figure 2.3.4b: Vue ensemble JPP
avec sonde Paros.
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La boule de préhension a été remplacée par un T adapté a la saisie du Chéssis par la pince
du ROV. L’ensemble JPP2 est fixé dans le tiroir n°2 de 1’ascenseur NASA.

La masse dans 'eau de 35 kg du capteur a été jugée un peu élevée par les pilotes du ROV ;
Une flottabilité devra étre implantée pour laisser plus de latitude d’emport du ROV dans le
futur.

Un repere (label : MO9/]JPPE) a été fixé sur le chéssis pour localiser facilement la sonde
lors de la releve future.

Figure 2.3.5. a (left): JPP2 dans le tiroir de 1'ascenseur .
Figure 2.3.5.b (right): Chassis+JPP2 prét a plonger.

Rappel caractéristiques [PP2

Référence capteur Cylindre JPP2 / Sonde Paros 1 -
S/N 89534

Référence Marqueur M09 / JPPE

Masse capteur + chassis Air 65kg

Masse capteur + chassis Eau 35kg

Dimensions extérieures (dans 980mmx550mm TBC

chéssis)

Matiere Cyl. : AU4G anodisé — Chassis :
tube alu

Certificat cylindre IFREMER n° H010202 du 20/01/09

Certificat PAROS-SCIENT. 9206 du
26/02/09
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2.3.3. Déploiement de JPP2
Plongée
JPP2 est déployé lors de la plongée 392 de VICTOR le 15/09/2009

Action Heure | Coordonnées(Lat/long) | Profondeur | Picture
Mise a I’eau 02h25 | 37°17.004/32°14.814

ascenseur

Ascenseur au fond 37°16.948 /32°14.872

Mise a I'’eau ROV 03h30 | 37°16.984/32°14.886

ROV au fond 04h45 | 37°16.977/32°14.874 1885m

ROV sur ascenseur | 05h24 | 37°16.948/32°14.872 1963m 23.a
JPP2 a coté 06h00 | 37°16.986/32°14.853 1970m 23Db
benchmark

JPP2 sur 06h45 | 37°16.986/32°14.853 1980m 2.3.c
benchmark

Figure 2.3.6. a (left): ROV sur l'ascenseur .
Figure 2.3.6.b (right): JPP2 a c6té du benchmark

Apres avoir libéré le benchmark de JPP5, une élingue a di étre coupée a l'aide d'un
couteau. Celui-ci a fait bouger le benchmark, qui bascule suivant une de ses diagonales
(mouvement de l'assiette). Le benchmark ne semble pas avoir été déplacé. JPP2 a pu étre
positionnée dans la méme direction que JPP1, 'année précédente (lors de sa releve).

Les vis de réglage des pieds n’ont pas été actionnées.
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L’orientation du JPP2 est la méme que celle de JPP1 lors de la releve 2008

Figure 2.3.7. : Long. : 37°16.986 / Lat. : 32°14.853

2.3.4. Récupération et préparation de JPP5

JPP5 (sonde SEABIRD) a été récupéré sur le site JPPE le 15/09/09 a 06h48 par le ROV lors
de la plongée 392. Puis placé dans le tiroir n°2 de 1’ Ascenseur a 07h01. Des traces de
corrosion sont tres visibles (alumine ?) principalement sur la tranche de la plaque support
de sonde.
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Figure 2.3.8.a (left) Recovery JPP5 by VICTOR. Figure 2.3.8.b (right) JPP5 in elevator
L’ascenseur est remonté sur le Pourquoi pas ? a 09h05. L’ensemble est rincé a I'eau douce.

La corrosion a attaqué sur plusieurs millimetres I’aluminium. Le traitement en alodyne est
insuffisant pour protéger le support sur le long terme. Les éléments en aluminium du
support devront étre remplacés. Les supports des sondes SBE bénéficieront d’une nouvelle
conception pour les déploiements a venir.

Figure 2.3.9.a (left) JPP5 arriving on deck; Figure 2.3.9.b (right) JPP5 after recovery

Figure 2.3.10. a (left): Corrosion on support; b (center) & c (right) Corrosion around bolts

Le bouchon du connecteur série (4 broches) est retiré et la sonde est reliée au port série de
'ordinateur par l'intermédiaire d’un cable spécifique.

La commande ‘DS’ sur l'utilitaire SEASOFTWAVE puis RUN - 3-SEATERMW permet
d’établir un diagnostique de la sonde. L’acquisition est stoppée. Les données sont
rapatriées :

Référence sonde JPP5 -SBE 53 - 027
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Début enregistrement | 11/08/2008

Fin enregistrement 15/09/2009

Fréquence 30 secondes

enregistrement

Coordonnées 2008 N37°16.990 —
W32°14.857

Coordonnées 2009 N37°16.9834-
W32°14.8531

Profondeur sur JPPE 1981 metres

Décalage +50s/ GMT

Horloge/GMT

Données DataJPP5 08_09.HEX

hexadécimales

Données texte DataJPP5 08_09.TID

2.3.5. Préparation JPP5

Les données de JPP5 sont effacées a travers 1'interface Seabird /seasoftwaves/seaterm W.

Les piles neuves remplacent les anciennes. Cette opération est délicate et réclame d’étre
deux personnes. Le desserrage et serrage du circuit créant les contacts entre les piles doit

se faire tres progressivement.

Vérifier les joints toriques et les graisser avant de refermer la sonde.

Connectée a nouveau au PC (DELL-E6500 avec adaptateur USB/série) le début

d’enregistrement est lancé a 13h15'34.

Parametres d’enregistrement de JPP5 avant plongée.

Début enregistrement | 13h15'34”

Vmain 22,0V
Iop 55mA
Vlith 8,9V

Last sample mesure p | 13.9

Last sample mesure t | 23,8035
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Intervalle entre 2 30 secondes
mesures

Tide sample/day 2880

Memory endurance | 685 jours

2.3.6. Déploiement de JPP5
Plongée

La sonde JPP5 est placée dans le tiroir n°2 de I’ascenseur. Un petit flotteur accroché a un
bout a été ajouté pour aider a la préhension de la sonde lors de la sortie de celle-ci du tiroir.

L’ascenseur a été largué a 15h1
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Scénario de la plongée sur JPPW.

Action Heur | Coord. (Lat/long) | Profonde | Image
e ur

Mise a I’eau ascenseur | 15h17

Ascenseur au fond 15h58 | 37°17.512/32°16.88

5
ROV sort JPP5 du 16h06 | 37°17.512/32°16.88 | 1732m 2.5.a
tiroir 5

JPP5 a c6té benchmark | 16h22 | 37°17.547/32°16.88 | 1728m
6

JPP5 sur benchmark 16h28 | 37°17.547/32°16.88 | 1729m 2.5b
JPPW 6

Le repere fixé sur JPPW : M08-1
2.5.b —JPP 5 SUR Benchmark JPPW (repere M08-1)

JPP4 est en attente de récupération a c6té du benchmark . Ce dernier n’a pas bougé lors des
opérations.

Long. : 37°17.547 / Lat. : 32°16.886
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2.3.7. Récupération [PP4 sur JPPW
Arrivée ascenseur NASA en surface a 19h22 TU
Check fonctionnement avec SEATERM W : La sonde continue a enregistrer.

Arrét enregistrement (commande « stop ») @ 20h14

Référence sonde

JPP4 -SBE 53 - 026

Début enregistrement

11/08/2008

Fin enregistrement

15/09/2009 @ 20:14

Fréquence 30 secondes
enregistrement

Coordonnées JPPW N37°17.547 /W32°16.886
Profondeur site JPPW | 1729 metres

« Tide recorded »

1.152.380 soit 400 jours

Décalage +45s/ GMT

Horloge / GMT

Données DataJPP4 08_09.HEX
hexadécimales

Données texte

DataJPP4 08_09.TID

pression moy.
mesure : PSI

2551
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Pression moy mesure :
bar

6,8948.10-2 x PSI=175.9
bar

Profondeur moy.
mesure

1759/1.007 = 1746m

2.3.8. Plongée de JPP1

Les sondes Paros avaient montré des signes de faiblesse au niveau de la canule de
pression. La corrosion de cette canule peut étre la cause d'une défaillance des mesures.

Sur les sondes SEABIRD un systeme de Baudruche chargée d’huile permet de transmettre
la pression au quartz. Ce systeme est séduisant car il met en ceuvre essentiellement des
pieces plastiques. Une adaptation de ce principe a été faite par Olivier Pot sur les sondes

Paros.

La sonde Paros 4 (97982) a été connectée au cylindre JPP1 (voir Photo). L’ensemble a été

placé dans I’ascenseur lors de la plongée 392 du ROV.

Données de Plongée de JPP1

Référence sonde

JPP1 -PAROS 4 97982

Début enregistrement

14/09/09 @ 14:07 :38

Fin enregistrement

15/09/2009 @ 20:14 :16

Temps de plongée

6h30

Coord.ascenseur au
fond

N37°16.948 /W32°14.872
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Profondeur site JPPW | 1963 metres
Décalage 7’40/ GMT
Horloge / GMT

Données P1E 256 a 258 0912.P1E
Données CTE 2562258 0912.CTE

Les données ont été récupérées et seront comparées a des mesures de calibration en caisson
hyperbare afin de valider le montage.

2.3.9. Données
Données [PP4 (SBE 53-026)

Pression : Les données de pression sont en PSI.

1 jour

Imois

1 an
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Températures :

1 jour

1 mois
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lan

Données JPP5

Pressions : données en PSI

1jour

1 mois

1 an

59




Températures en °C

1jour

1 mois

lan
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2.3.10. Conclusions
Les objectifs de la mission ont été atteints.

Toutes les récupérations et déploiements ont été réalisés avec VICTOR et I’ascenseur
NASA.

Deux sondes (JPP2 et JPP5) continuent les enregistrements respectivement sur les sites
JPPE et JPPW.

Les données enregistrées par JPP4 et 5 déployées lors de la précédente campagne ont été
récupérées et sont completes (voir tableaux).

La sonde JPP4 a été remontée et partira prochainement en calibration, permettant
d’appliquer les facteurs correctifs sur les mesures déja effectuées.

Une sonde Paros a fourni des données avec un systeme de baudruche polyuréthane type
SEABIRD en remplacement de la canule initiale.

Les supports de sonde Seabird SBE (JPP4 et 5) sont a revoir. Le traitement Alodyne sur
I’aluminium n’est pas suffisant pour éviter la corrosion.

Une flottabilité supplémentaire sera a rajouter sur les JPP1 a 3 pour faciliter la
manipulation avec le ROV (gestion des Ballasts).

Bilan instrumental Durées de fonctionnement Observations

JPP1 sonde Paros 4 | 6h30 a proximité de JPPE Essai baudruche sur sonde

Paros

S/N 97982

JPP2 sonde Paros 1 | En cours de fonctionnement | Déployée sur JPPE repere
MO08-3

S/N 89534

JPP4 - SBE 53 Start data@ : 06/04/2008 Récupéré sur JPPW

14:07:38
S/N 026 Départ en calibration.

end data @:09/15/2009
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20:14:16 - 20:13:31 GMT

Données Pression /T° : OK

JPP5 — SBE 53
S/N 027

Start data@ : 06/04 /2008
12:35:47

end data @:09/15/2009
10:03:40 - 10:02:50 GMT

En cours de fonctionnement

Récupéré sur JPPE

Déployé sur JPPW repere
MO08-1

Données Pression/T° : OK

Location of P-sensors - Bathyluck’09 cruise.
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2.4. Currentmeters

2.4.1. Description de la campagne

Dans le cadre du réseau Européen ESONET d’exploration et d’étude scientifique de
chantiers marins, plusieurs campagnes ont été consacrées au volcan Lucky strike au large
des Acores, sur le rift médio Atlantique. Sous la direction de Javier Escartin et Mathilde
Cannat, la campagne BATHYLUCK 09 s’inscrit dans la continuité de ces chantiers
pluridisciplinaires.

L’équipe Géodésie fond de mer du groupe de Physique Spatiale et Planétaire de L'IPGP,
s’occupe depuis 1996 d’assurer le développement et I'utilisation des capteurs de pressions
couplés a des mesures GPS en surface, afin d’étudier la déformation des fonds marins.
Dans ce contexte, les capteurs de pression de type JPP (conception interne) et SEABIRD
assure la continuité des mesures sur le chantier LUCKY STRIKE et permettent 1’étude de
I’évolution géodésique du site

Les objectifs de la mission :
Consistent a :

. Au déploiement de deux lignes de mouillage avec largueur acoustique.

. Sur chaque ligne est implanté un courantometre AQUADOPP.

. Les lignes seront déployées depuis le pont du Pourquoi Pas ? sur les sites prédéfinis
appelés C1 et C2.

2.4.2. Description des courantométres

Référence NORTEK AQUADOPP 2000m

Numéro de AQD 2291 et AQD 2311

série

Dimensions L: 600 -2 84

(mm)

Poids air/eau | 4.4kg /1.2 kg

Mémoire 9MB

Matériau Delrin et polyuréthane

cylindre

Matériau Bronze

téte

Piles Alcalines

lien http://www.nortek-
as.com/lib/brochures/DeepAquadopp
%2006%20b.pdf/view

. Les courantometres aquadopp mesurent le courant marin par mesure doppler de

I’écho acoustique dans trois axes. Ils sont équipés d’un compas, d"un capteur de pression et

d’un tilt.
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. Il existe une interface aquadopp DW (windows 2000/ XP) pour paramétrer les
capteurs, lancer ’acquisition, rapatrier et traiter les données.

. La connexion se fait par le biais de la liaison série du PC a l’aide d"un cable
spécifique. L'utilisation d’un adaptateur USB/série est a proscrire.

. Le guide dutilisation disponible de I'interface aquadopp DW n’est pas trés clair et
pas assez détaillé.

. Un manuel a jour est disponible en ligne a I'adresse suivante : http:/ /www.nortek-
as.com/lib/manuals/aquadopp a condition de s’inscrire au préalable.

. Lionel Fichen de la DT INSU BREST, nous a fourni sa procédure de mise en ceuvre
(voir en annexe).

. Une dérive est a assembler sur les courantometres. Nous y avons apposé une

numérotation, comme suit, sur un adhésif réfléchissant, qui correspond aussi au numéro
de la ligne de mouillage.

2.4.3. Mise en ceuvre des courantométres

Prise en main. Matériel recensé dans une caisse de courantometre :

1 -Boite de transport 2 -Aquadopp courantometre 3 -Cable de communication et
d’alimentation 4 -Boite de stockage équipement 5 -Liste équipement 6 -Manuel utilisateur
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Aquadopp 7 -logiciel Aquadopp DW
9.11 -Transformateur 9-16V/220V 10 -Piles

. La prise en main est assez simple ® Voir la procédure de Lionel.
o Le gros cable (3) combine la connexion série (DBY) et la prise vers le transformateur

secteur. Celle-ci permet de paramétrer et de faire fonctionner en laboratoire le
courantometre sans consommer les piles.

. Un PC avec une prise série est nécessaire (pas de convertisseur série/USB).

Sortie connecteur + vis remplacement piles

Nortek forum:

http: / / www.nortek-as.com/en /knowledge-center / forum / current-profilers-and-curr

entmeters 2.2.2.Parametres d’enregistrement.
Les courantometres doivent en principe fonctionner pour une durée d’un an. Mais le
contexte des missions pour 2010 étant mal défini (carénage intégral de VICTOR),
I’autonomie de I'instrument sera étendue a 600 jours. Prolonger 1’autonomie influence
directement l'intervalle de données. Apres une série d’essais de fonctionnement, les
parametres ont été programmés sur chaque courantomeétre comme suit :

S/N courantométre 2311 BA/ 2291BA

Départ enregistrement 23/09/09 @ 23 :20 GMT/ 22:49 :47
GMT

Intervalle de mesure (s) 600

Distance de mesure (m) 0.35

Intervalle de diagnostique (min) 720

Intervalle de Mise a jour compas 600

(s)

Salinité prise en compte (%) 35

Durée des enregistrements (jours) 600

Mémoire requise (MB) 4

Autonomie piles (jours) <600

L’ouverture du faisceau acoustique généré est de 1,7° afin d’obtenir les meilleures
données.

2.4.4. Mouillage des lignes de courantomeétre.

Description de la ligne de mouillage

. Les lignes telles que décrites ci-dessous permettent la station, a quelques metres du
fond pendant la durée d’enregistrement entre deux missions.
. Les largueurs acoustiques permettent de récupérer la ligne en la désolidarisant du

lest par une commande acoustique en surface ou en subsurface, a ’aide de la
télécommande et une téte acoustique.

. Plusieurs bouts épissurés ont été intercalés au cas ou les largeurs ne
fonctionneraient pas. Cela nécessiterait une intervention du ROV ou du Nautile pour les
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sectionner.

. Les balises radio et flasher servent au repérage des lignes apres leur remontée en
surface.

. La masse du lest est calculé précisément en fonction des éléments de la ligne.

Déploiement des lignes de mouillage

. Les lignes ont été lancées le 24/09/09 a I’aube.
. Elles ont été préparées la veille, excepté les flasheurs et les balises radios installées le
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jour méme.

. L’enregistrement des courantometres a démarré la veille du lancement un peu avant
minuit.
. Les marins du Pourquoi Pas ? ont procédé au déploiement depuis le pont arriere.

Les opérations se sont parfaitement déroulées.

Données de déploiement :

Ligne de mouillage n° 1 en cours de déploiement

2.4.5. Repérage des lignes de mouillage

ngng de Site | Heure | Latitude Longitude | Prof. Fréquence Largeu.r
mouillage VHF acoustique
N°1 C2 07h5 | 37°17.38 | 32°16.285 | 1656 m | Canal 70 S/N 310

0 6 156.25MHz 13.5khz
N°2 C1 07h2 | 37°17.53 32°16.572 | 1723m Canal 69 S/N 313

4 2 156.475Mhz 13khz

Le 27/09/09 une tentative de repérage de balise est décidée. Le Pourquoi Pas ? se
positionne au dessus du point de déploiement des lignes. Un repérage est tenté avec la
téte acoustique du bateau et la télécommande des largeurs acoustiques(MORS TT301B).

* Mauvais fonctionnement de la télécommande probablement di a un probléme de
batterie.
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Ce probleme nous a été confirmé comme récurrent par la suite. Un essai a été fait avec les
moyens de GENAVIR pour repérer les balises avec leur équipement (le poisson). Mais les
pilotes du type de largeur des lignes (RT6X1) ne figuraient pas dans leur base. Une
concertation avec GENAVIR sera nécessaire pour disposer des pilotes nécessaires a la
commande de nos largeurs, et permettre leur commande avec différents moyens.
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2.5. Geomicrobiological colonizators — C. Rommevaux (CNRS/IPGP)

2.5.1. Scientific objectives

The main objectives of the geomicrobiological part of the MoMAR project cruises are the
characterisation of the interactions between microorganisms and oceanic mineral
substrates associated with the hydrothermal vents, the understanding of the processes of
colonisation, bio-alteration and fossilization of microbes, as well as their spatial and
temporal variations induced by physical and chemical variations of the hydrothermal
fluids. This project has been initiated three years ago during the Graviluck cruise (Atalante
and Nautile 2006), with the deployment of colonizers at two different sites: the off axis site
and the lava lake Lucky Strike site. The project was carried on during the MoMARDream
leg2 cruise (Pourquoi Pas? and Nautile 2007). But due to mechanical problems on the boat,
we were only able to recover the off axis site samples. For logistical reasons, for the next,
we selected one other off axis site situated East of Lucky Strike volcano. During the
MOoMAROS cruise (Atalante and Victor 2008), we deployed 2 supports of incubators at East
Volcano site, 2 supports of incubators at Lava Lake Site, 1 support of incubators at
Montsegur Ouest Roldan Site, and recover 1 support of incubators deployed at Lava Lake
site in 2006 during the Graviluck cruise.

Oceanic hydrothermal fluids interact with various mineral substrates at variable
temperatures. These fluids sample and carry different chemical elements which are at the
start of the food chain for a large population of chemiolithoautotrophic microorganisms
(Bacteria, Archaea and Eukaryota). These microorganisms are the basis of the
hydrothermal ecosystem. They gain energy through inorganic electron donors and
acceptors, and use metals (Fe, Au, As...) sulphur and methane from hydrothermal fluids,
but also from mineral substrates through the mineral alteration. Very few studies actually
evaluate the abundance, extent, or metabolic diversity of mineral-oxidizing
microorganisms, or quantify their relative contribution to primary biomass production and
mineral alteration. This alteration produces, at different scales, the modification of physical
and chemical properties of rocks constituting the oceanic crust. Because only 1 to 10% of
microorganisms present in hydrothermal environments are known to be cultured species,
there is very few information on their metabolism and ecological influence, as well as on
their role on chemical and mineralogical evolution of the hydrothermal systems.

These are the main reasons why we plan an in situ colonisation study during this project.
This study uses known mineral substrates in order to better understand (1) how
environmental variations act on microbial community at different scale, (2) how microbial
community are organized all together, (3) the relations between phylogenetic composition,
diversity, biomass and mineralogical and/or physical/chemical nature of inorganic
substrates.
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2.5.2. Experiment summary

Incubators consist of Falcon tubes with 3 lines of eight 0.5mm diameter holes, and 3 lines of
eight Imm diameter holes. All samples were sterilised. During this cruise, samples used as
abiotic controls were put inside classical Falcon tubes closed at the top by a 0.22u
polycarbonate filter. The microbiologic box and the incubator supports were sterilised with
Desibac HPC solution and then rinsed with EtOH 96% for sterile descent of incubators
through the water columns. The box was then filled with sterile distilled water and closed
for the descent.

2.5.3. Roldan site
Roldan Site (dive 389-4): BO9BGMO1R 06/09/09 08:51

Instrument type: Support of 6 incubators Roldan
Poids dans l'air: 2 kg

Site: ROLDAN

Lat: N37 17,340 UTMy: 7063
Lon: W3216,598 UTMX: 14183
Im: 1699.2 Cap:75.1

Incubators description:

* MMO08-pA-ROLDAN and MMO08-pB-ROLDAN  Fresh peridotites from Oman

* MMO08-bN7A-ROLDAN and MMO08-bN7B-ROLDAN natural basalt glasses GR06-N7
collected during Graviluck’06

* MM08-bH,A-ROLDAN and MMO08-bH,B-ROLDAN Reduced synthetic basalt glasses
(H, fusion 3-5/06/08)

T sensor attached: NKE LowT 26001, sampling 3 min.

dd/mm/[yy hh:mm:ss (GMT)
Clock set/sync : 13/08/08 20:51:59
Start recording: 13:08:08 20:54:07
End recording: 06/09/09 16:12:16
Clock sync: PC  16:24:27
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TS 16:08:49

Temperature profile obtained inside the Roldan Incubators support
between 14/08/2008 06:12 and 06/09/09 06:48

Deployment information: Date: 16/08/08 at 10:59
Dive#: 360-2 (VICTOR, MoMAROS)
DVDs # 2

080816112207 A.JPG. Deployment during MoMARO8
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Recovery information: Date: 06/09/09 at 08:51
Dive#: 389-4 (VICTOR, Bathyluck 09)
DVDs # 389#5

090906084309A.JPG. Recovery during Bathyluck 09

Samples conditioning
Diversity of bacterial mat covering the incubators and supports:

e 1liter of water from bioboxe filtred at 0,22um, filter conditioned with EtOH 96% at -80°

* Sampling of water and bacterial mat with sterilized pipettes and preserved into Falcon
15ml at -80°C.

FISH imaging:

* Small rocks pieces and polish pieces fixed in Formaldehyde 2% for 45min then rinced
3time with sterilized sea water and conditioned into 5ml tubes with EtOH 50% at -21°C.
1 tube for each sample => 6 tubes

* For Gram+ small rocks pieces and polish pieces conditioned into 5ml tubes with EtOH
50% at -21°C. 1 tube for each sample => 6 tubes

Mossbaiier analysis

* Powders of synthetic basalt glasses BH, biotic conditioned into 5ml tube with EtOH96%
Microorganisms culture
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* Rocks pieces of each biotic substratum conditioned into cryotubes with DMSO5% (sea
water) and stored at -80°C in order to provide ferooxidising bacteria cultivation.

* Rocks pieces of each biotic substratum stored into Eppendorf with sterilized sea water,
before inoculation into 10ml methanotroph and sulfato reduring media under
anaerobic hood (see annexe 1 for media protocols). 2 flasks for each substratum was
then flushed and put under pressure with H,/CO, 80/20 mixture. Flasks were stored at
4°C for incubation.

Note: The dialyse membrane used for the abiotic control were partially broken into the

incubators but away from mineral substrates, therefore, the abiotic controls will be

interpreted with caution.

Notes: Installed at Roldan active site, near Marker MO08-11

2.5.4. Tour Eiffel AISICS Site
Tour Eiffel AISICS Site (dive 389-4): BO9BGM02D 07/09/09 10 :28

Instrument type: Support of 8 incubators LSTE1
Poids dans l'air: 2 kg

Site: Tour Eiffel, chimney Aisics
Lat: N3717,340 UTMY: 7155

Lon: W32 16,598 UTMX: 14187
Im:1690.8m Cap: 58,3

Incubators description:

* MMO08-pA-LSTE1 and MMO8-pB- LSTE1 Fresh peridotites from Oman

* MMO08-bN7A-LSTE1 and MMO08-bN7B- LSTE1 natural basalt glasses GR06-N7 collected
during Graviluck’06

* MM08-bH,A-LSTE1 and MMO08-bH,B-LSTE1 Reduced synthetic basalt glasses (H,
fusion 18/06/08)

T sensor attached: no temperature sensor.

Deployment information: Date: 07/09/09 at 10:28
Dive#: 389-4 (VICTOR, Bathyluck 09)
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DVDs # 389#17-18

080816112207A.JPG Deployment during Bathyluck 09
Recovery information: Date: at

Dive#:
DVDs #

Notes: Installed at AISICS active chimney at Tour Eiffel Site

2.5.5. West Lava Lake
West Lava Lake Site (dive 389-4): BOOBGMO03R 09/09/09 07:46

Instrument type: Support of 10 incubators LSLL3
Poids dans I'air: 2 kg

Site: JPPWEST
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Lat: N3717.5689 UTMY: 7557
Lon: W3216.895 UTMX: 13691
Im: 1729m Cap: 104.8

Incubators description:

* GRO8-pA-LSLL3 and GRO8-pB-LSLL3 few serpentinised peridotites OMAN

* GRO8-bN2A-LSLL3 and GRO8-bN2B-LSLL3 natural basalt glasses GR06-N2
Graviluck (2006)

* GRO8-bN7A-LSLL3 and GRO8-bN7B-LSLL3 natural basalt glasses GR06-N7
Graviluck (2006)

* GR08-bO,A-LSLL3 and GR08-bO,B-LSLL3 oxidised synthetic basalt glasses (O, fusion
26/06/07)

* GR08-bH,A-LSLL3 and GR08-bH,B-LSLL3 reduced synthetic basalt glasses (H, fusion
14/05/07)

T sensor attached: Starmon Temperature sensor Seastar T2886, sampling 3 min.

dd/mm/[yy hh:mm:ss (GMT)
Start recording: 09/08/08 16:56
End recording: 13/09/09 16:17

Clock sync: pPC
TS
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Temperature profile obtained inside the LSLL3 Incubators support
between 09/08/08 16:25:54 and 13/09/09 16:17

Deployment information: Date: 15/08/08 at 19:10
Dive#: 361-3 (VICTOR, MoMAROS)
DVDs # 20 and 21
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LSLL3

[

LSLL4

080815192556A.jpg Deployment during MoMAR 08

Recovery information: Date: 09/09/09 at 07:46
Dive#: 389-4 (VICTOR, Bathyluck 09)
DVDs # 389#39
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090909075827A.JPG Recovery of LSLL3 during Bathyluck 09

Samples conditioning
FISH imaging:

* Small rocks pieces and polish pieces fixed in Formaldehyde 2% for 45min then rinsed
3time with sterilized sea water and conditioned into 5ml tubes with EtOH 50% at -21°C.
1 tube for each sample => 9 tubes

* For Gram+ small rocks pieces and polish pieces conditioned into 5ml tubes with EtOH
50% at -21°C. 1 tube for each sample => 9 tubes

Mossbaiier analysis

* Powders of synthetic basalt glasses BH, biotic conditioned into 5ml tube with EtOH96%
Microorganisms culture

* Rocks pieces of each biotic substratum conditioned into cryotubes with DMSO5% (sea

water) and stored at -80°C in order to provide ferooxidising bacteria cultivation.

Note: The dialyse membrane used for the abiotic control were partially dissolved into the
incubators m abiotic. Nevertheless, the abiotic controls will be interpreted with caution.

Notes: Installed near JPPW and Marker MO08-1

2.5.6. East volcano site

East volcano Site (dive 392-7): BO9BGMO04R 15/09/09 07:31

Instrument type: Support of 10 incubators LSEV1
Poids dans I'air: 2 kg

Site: JPPEST
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Lat: N3716,990 UTMY: 6544
Lon: W32 14,857 UTMX: 16710
Im: 1981.6m Cap: 282.3

Incubators description:

* GR08-pA-EV1 and GRO8-pB-EV1 few serpentinised peridotites OMAN

* GR0O8-bN2A-EV1 and GRO8-bN2B-EV1 natural basalt glasses GR06-N2 Graviluck
. 81%%gsz7A—EV1 and GR08-bN7B-EV1 natural basalt glasses GRO06-N7 Graviluck
. 81%%?3)-bO2A—EV1 and GR08-bO,B-EV1  oxidised synthetic basalt glasses (O, fusion
. jGZRiOS{-%Z%;A—EVl and GR08-bH,B-EV1 reduced synthetic basalt glasses (H, fusion

T sensor attached: Starmon Temperature sensor Seastar T2883, sampling 3 min.

dd/mm/[yy hh:mm:ss (GMT)
Start recording: 09/08/08 16:56
End recording: 16/09/09 10:21:59

Temperature profile obtained inside the LSEV1 Incubators support
between 09/08/08 16:56 and 16/09/09 09:26
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Deployment information: Date: 13/08/08 at 08:54
Dive#: 360-2 (VICTOR, MoMAROS)
DVDs # 2

LSEV1
LSEV2 ad

(Minifilm)080813090244.JPG Deployment during MoM AR08

Recovery information: Date: 15/09/09 at 07:31
Dive#: 392 (VICTOR, Bathyluck 09)
DVDs # 392#2

82



090915073135A.JPG Recovery of LSEV1 during Bathyluck 09

Samples conditioning

FISH imaging:

* Small rocks pieces and polish pieces fixed in Formaldehyde 2% for 45min then rinced
3time with sterilized sea water and conditioned into 5ml tubes with EtOH 50% at -21°C.
1 tube for each sample => 10 tubes

* For Gram+ small rocks pieces and polish pieces conditioned into 5ml tubes with EtOH
50% at -21°C. 1 tube for each sample => 10 tubes

Mossbaiier analysis

» Powders of synthetic basalt glasses BH, biotic conditioned into 5ml tube with EtOH96%
Microorganisms culture

* Rocks pieces of each biotic substratum conditioned into cryotubes with DMSO5% (sea

water) and stored at -80°C in order to provide ferooxidising bacteria cultivation.

Note: The dialyse membrane used for the abiotic control were correct, nevertheless, the
abiotic controls will be interpreted with caution.

Notes: Installed near JPPE
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2.5.7. Seamon site

Seamon Site (Benshmark C) (dive392-7)): B09BGMO05D 15/09/09 20:12

Instrument type: Support of 8 incubators LS§Seamon1

Poids dans l'air: 2 kg

Site: Seamon Marker Benshmark C
Lat: N37 16,990 UTMY: 7470

Lon: W32 14,857 UTMX: 12767

Im: 1741.2m Cap: 35.4

Incubators description:

* GRO8-pA-EV3 and GRO8-pB-EV3 few serpentinised peridotites OMAN

* GR0O8-bN2A-EV3 and GR08-bN2B-EV3 natural basalt glasses GR06-N2 Graviluck
(2006)

* GR08-BN7A-EV3 and GRO8-BN7B-EV3  natural basalt glasses GR06-N7 Graviluck
(2006)

* GR08-bH,A-EV3 and GR08-bH,B-EV3 reduced synthetic basalt glasses (H, fusion
18/06/08)

T sensor attached: Temperature sensor Starmon Seastar T2886, sampling 3 min.

dd/mm/[yy hh:mm:ss (GMT)
Clock set/sync :
Start recording: 15/09/09 09:00
End recording:
Clock sync: pPC
TS
Deployment information: Date: 15/09/09 at 20:12

Dive#: 392-7 (VICTOR, Bathyluck 09)
DVDs # 392#8
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Recovery information: Date:
Dive#:
DVDs #

Notes: Installed near Benshmark C at the centre of Lava Lake, future Seamon
node

090915201249A.JPG Deployment during Bathyluck 09

2.5.8. Montsegur Site
Montsegur Site (dive395-10)): B09BGMO06D 22/09/09 16:07

Instrument type: Support of 8 incubators LSMS1
Poids dans I'air: 2 kg

Site: Montsegur

Lat: N3717.28 UTrMmy: 7067

Lon: W3216.54 UTMX: 4212

Im: 1702m Cap: 66.8 T°C: 6.2 inside mussels bed

Incubators description:
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* GRO8-pA-EV3 and GRO8-pB-MS1 few serpentinised peridotites OMAN

* GR08-bN2A-EV3 and GR08-bN2B- MS1 natural basalt glasses GR06-N2 Graviluck
(2006)

* GR0O8-BN7A-EV3 and GRO08-BN7B-MS1  natural basalt glasses GR06-N7 Graviluck
(2006)

* GR08-bH,A-EV3 and GR08-bH,B-MS1 reduced synthetic basalt glasses (H, fusion
18/06/08)

T sensor attached: Temperature sensor Starmon Seastar T2883, sampling 3 min.

dd/mm/[yy hh:mm:ss (GMT)
Clock set/sync :
Start recording: 22/09/09 08:00
End recording:
Clock sync: pPC
TS
Deployment information: Date: 22/09/09 at 16:07

Dive#: 395-10 (VICTOR, Bathyluck 09)
DVDs # 395#9-10

090922160808A.jpg Deployment during Bathyluck 09
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Recovery information: Date:
Dive#:
DVDs #

Notes: Installed inside mussels bed at Montsegur
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3. Science operations —
Geophysical surveys & water column studies

3.1. Multibeam surveys — ROV Victor + Module Route

3.1.1. The Victor multibeam system

The « Module de Mesure en Route » (MMR) is equipped with a Reson 7125 multibeam
echosounder system. This system measures seafloor depth and reflectivity. Emissions have
a frequency of 400 kHz, with an opening angle of 120° in the direction perpendicular to the
ROV’s track (transversal) and about 0.5° along-track. The seafloor is therefore insonified
over a wide area across-track: about 3.4 times the ROV’s altitude. Within this wide
insonified area, the system identifies 512 equally-spaced « beams », 256 on each side of the
vertical. The typical ROV speed for multibeam measurements is 0.3 to 0.4 m/s, hence, at an
altitude of 8 metres, there was 1 cycle every 4 to 5 cm.

Seafloor depth is measured with a precision of about 0.2% of the altitude of the ROV, with
a maximum precision of 5 cm. Depth data are acquired with a resolution of about 5% of the
ROV’s altitude. In our case, the nominal precision and resolution are therefore of 5 cm and
0.5 m for the bathymetry acquired during the OTUS surveys with an altitude of 10 m.
Precision and resolution are 10 cm and 2.5 m respectively for the bathymetry acquired at
an altitude of 50 m. Seafloor reflectivity is measured with a resolution of about 2.5 cm.
However, reflectivity was not processed onboard.

3.1.2. Multibeam data acquired during BATHYLUCK_Leg 2

MMR altitude |date OTUS |Bathy/reflectivity | magnetism | video
dive n#

05-390 10m 10-11/09/09 Y

06-391 10m 11-14/09/09 Y Y

08-393 50 16-19/09/09 Y Y

09-394 50 19-20/09/09 Y Y

11-396 50 24-26/09/09 Y Y

During Leg 1 (31/08/08 —10/09/09), there were no dives with the module route. During
Leg 2 (10/09/09 —28/09/09), bathymetry and reflectivity (sidescan sonar) data were
acquired at an average altitude of 8 m along the tracks of the two OTUS surveys (dives 05-
390 and 06-391), which are partly included within the area previously mapped during the
MoMARETO and MoMAROS ??? cruises. Multibeam data were also acquired during dives
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08-393, 09-394 and 11-396 at an altitude of ~50 m. Tracks were spaced by 15 m in the OTUS
areas, and by 120 m in the 50m surveys.

Bathymetry and reflectivity :

Original Reson 7125 data is released in .S7k files. These files are processed automatically by
the VICTOR’s acquisition system to produce the .mbg (Caraibes format georeferenced
depth files) , .nvi (caraibes format navigation files) and other files which can be found in
the NetCDF folder. A tool of the Caraibes software (importation/ Tm7125) also allow the
production of .mbg and .nvi files from the .S7k files.

We had time to pre-process a part of the bathymetric data from the OTUS 06-391 survey
and a part of one of the 50m survey (dive 08-393) onboard. The processing time of each
dive is long since the bathymetric data were very noisy (see figure below). A significant
part of the incorrect data was invalidated directly by the acquisition system. However,
about 1/3 to 1/2 of the valid data were also invalidated abusively. This could not be
corrected by Victor crew so bathymetric data collected until the 18/09/09 had to be
revalidated with caraibes before further processing. The processing time to remove
incorrect data was therefore important, especially since there was systematically 1 invalid
cycle every 1 s to 8 s depending on the time.

On the 18" of September, settings on the MMR system were changed (with high intensity
emission and low-intensity reception) and thereafter bathymetric data were much less
noisy and invalid cycles did not occur anymore. The processing time for dives 09-394 and
11-393 as well as for dive 08-393 (from the 18/09/09) will thus be reduced compared to
those of the previous dives.
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‘ ‘Above :
screen capture of the processing using Batmul caraibes module that shows the amount of
data (in white) that needed to be invalidated. Dive 08-393.
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Above : screen capture of “odicee” caraibes module, showing the data that are invalidated
directly by the acquisition system (yellow x) and the ones that are invalidated during post-
processing (yellow squares). Dive 08-393.

Navigation : Navigation data consist in BUC (Base Ultra Courte) acoustic positioning and
dead reckoning navigation (“estime” calculated from loch and attitude data from Victor)
positioning. Until the 15/09/09 (dive 392), BUC data were of unequal quality. After
Pourquoi Pas crew fixed some problems on the BUC system onboard, the quality of data
was generally correct. We sometimes lost reliable BUC positioning during couples of
hours. This seems to be correlated with the attitude of the ship with respect to the Victor
and with the weather: when the weather was not so good, the ship used more frequently
its lateral motors to reposition, such that its noise perturbed BUC transmissions. The MMR
surveys were conducted using the dead reckoning navigation as a guide for ROV
displacements. We will need to reprocess the navigation using the BUC data for dives 392
for which the quality of BUC data was good. For the two OTUS surveys, we also plan to
use the navigation generated by mosaicing of the OTUS images in order to renavigate the
.mbg bathymetric files.

Maps:

Maps in this report were made using caraibes. Raw data (or processed data when
available) were grided with “mailla” module, with 2 metres for the 50 m surveys, and 0.5
to 1 m for the 10 m surveys. We did not make any corrections navigation because we ran
out of time due to the time necessary for data cleaning. After the incorrect data were
removed, the quality of the multibeam data was very good and small features like lava
flows (at 10 m), small volcanic mounds and minor tectonic structures were well expressed
and measurable.

Processing of seafloor reflectivity data will be the last step, carried out using the
renavigated bathymetry as one of the input files and some dedicated Caraibes modules.

Dive 05-390 — 10/09/09 — 11/09/09 : only magnetic and OTUS data were acquired during this
dive at an altitude of 8 meters. Bathymetric and reflectivity data were recorded but are
unusable since the plastic protection of multibeam system antennas was not removed.

Dive 06-391 :11/09/09 — 14/09/09 : This dive started in the vicinity of the lava lake. The
survey was performed at an altitude of 10 metres so that OTUS images could be collected
at the same time as multibeam data. Magnetic data were also recorded. The overlap
between contiguous lines was high in order to insure overlap in OTUS photos.
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Above : Raw bathymetry of MMR dive 06-391, part 2 (10 m altitude). OTUS photos and magnetic
data were also recorded during this dive.
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Above : Zoom on a map of MMR dive 08—3§éb,'5;;art 1(10 m altitude). Some data are cleaned, other
are still raw and noisy.
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Above : Map of MMR dive 06-391, part 2 (10 m altitude).

Victor MMR dive 08 — 393 : 16/09/09 to 19/09/09

Above : Map of MMR dive 08-393, part 1 (50 m altitude).
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Above
: Map of raw bathymetric data from MMR dive 08-393, part 2 (50 m altitude).
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Above : Map of half-processed bathymetric data from MMR dive 08-393, part 1 (50 m altitude).
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Above : Map of half processed (most of the bathymetry is cleaned, however navigation is not
processed) bathymetric data from MMR dive 08-393, part 2 (50 m altitude). In the eastern side of
the survey, 3 volcanic mounds aligned on an almost linear structure are easily discernable.
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Victor MMR dive 09 — 394 : 19/09/09 to 21/09/09

Above : Map of raw bathymetric data from MMR dive 09-394, part 1 (50 m altitude).
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Above : Map of raw bathymetric data from MMR dive 09-394, part 2 (50 m altitude).

Victor MMR dive 11 - 395 : 24/09/09 to 26/09/09

During this dive, Victor was at ~50 m of altitude and travelling at ~0.3 m/s. On the 26" in
the morning, one of Victor’s motor failed which resulted in the ROV not being very stable
until the end of this dive.
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3.2. Multibeam surveys — AUV AsterX

The Autonomous Underwater Vehicle (AUV) used during this cruise was AsterX. It is 4.5
m-long with a diameter of 0.69 cm and can reach a depth 3000 m. Depending on the
payload, its weight is between 600 and 800 kg in air. During Bathyluck cruise, it was
equipped with the Simrad 2000 multibeam system, Seabird (Temperature, Salinity, depth),
GAPS (Global Acoustic Positioing System) navigation system (base courte) and loch
Doppler (200 kHz), inertial system (IXSEA Phins). The longest survey carried out during
this cruise lasted 9 h and the bathymetric and magnetic surveys were ~40 km-long, carried
out until AUV ran out of battery and was forced to come back to surface. All AUV surveys
were done at a speed of 3 knt at an altitude of ~60 m above the seafloor.

The multibeam echosounder Simrad EM2000 (CNRS/Géosciences Azur) operates at a
frequency of 200 kHz. With a beam spread angle of 120°, the beamwidth is 2.5° across-
track, and 1.5° along-track. Asterx was navigated at 50 to 70 m above the seafloor and
survey lines were spaced 200 m, thus allowing for a full seabed mapping coverage with
overlap between two contiguous lines.

Backscatter imagery was also recorded but not processed onboard. A combination of phase
and amplitude detection was used, resulting on a measurement accuracy of 8 cm RMS
being achievable practically independent of beam pointing angle.

There were 9 AUV dives during Bathyluck 2009. AUV failed during dives 1, 2, 3,4, 5 and 7.
Bathymetric data were acquired only dives 1, 2, 4, 6, 7, 8 and 9. Surveys 6, 8 and 9 were
fully successful and AUV stopped these dives when it ran out of battery. Details about
each dive can be found in a table in a chapter in “Navigation” part of the report. The
profiles were slightly offset with respect to the planned profiles due to bottom currents and
a non-perfect localisation of the AUV. During dive 8, during which position of AUV was
corrected by the operator when AUV reached the bottom, the offset was only a few metres.
During dive 6, during which no correction was performed at the beginning of the survey
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(due to safety reasons: the AUV landed in an area with sharp and high reliefs), the
resulting offset was approximately 50 meters.

The multibeam system Simrad 2000 worked well and delivered raw data with very few
invalid data. All the maps below were generated with these raw data and GAPS navigation
was used. The processing of the navigation for AUV is explained in detail in the previous
chapter “navigation”. The processed GAPS navigation file was then imported into caraibes
using module “Tnmg77”. Bathymetric data were imported from xxxx.all files provided by
AUV crew using “Tm2000” module.

= S0

Seabird data to be used for bathymetric processing are :
Dive 1:1496 m/s

Dive 2:1496 m/s

Dive 4:1498 m/s

Dive 6 : 1497 m/s

Dive 7:1498 m/s

Dive 8:1502.8 m/s

Dive 9:1504 m/s

The onboard processing used the value of 1497 m/s for all the dives. This should be
corrected during post-processing.

Dives AUV 1 and 2 : 04/09/09
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Dive 1 started at 10h26 on the 04/09/09 with 2 roll calibration profiles. It stopped at 12h51.
Dive 2 started at 14h39 the same day and stopped at 15h48. No valid bathymetric data
were acquired.

Right : AUV tracks during dives 1 and 2.
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Above : AUV raw bathymetric data acquired during dives 1 and 2. Fissures and dismembered
volcanic feature are clearly expressed.

Dive AUV 04 : 11/09/2009

In this dive (from 12h01 to 15h55), AUV achieved 1 line before failing. GAPS positioning
was of good quality. Valid bathymetric data were recorded between 10h42 and 14h15
approximately.
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Above : AUV tracks during dive 4.

Below : AUV raw bathymetric data acquired during dive 4.
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Dive AUV 06 : 16/09/2009

During this dive, AUV achieved 4 full lines and 3 transverses lines. It also made 2 short
lines at the beginning of the dive for roll calibration. GAPS positioning was of good
quality. The AUV worked well and completed its survey as planned.
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Above : AUV tracks during dive 6. Below : Raw bathymetry of dive 6.

AUV dive 7 (19/09/09)

AUV dive 7 started with 2 superposed lines in order to calibrate the roll. This calibration
was valid for dives 8 and 9. Dive was aborted during the 2™ profile due to an AUV failure.
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CTD data gave a sound velocity of 1498 m/s. This correct value was used to generate the
MBG files thereafter used to process the following bathymetric map (3 m grid).

Above : AUV tracks during dive 7. Below : Raw bathymetry of dive 7.
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Dive AUV 08 : 21/09/2009

AUV achieved 11 lines and stopped the planned survey when it ran out of battery. GAPS
positioning was of good quality. No profile for roll calibration was made because the AUV
was not opened since dive 7. CTD data gave a sound velocity of 1502.8 m/s. However, a
value of 1497 m/s was used to generate the MBG files used to process the following
bathymetric map. This value should be corrected during the further post-processing.

Above: AUV tracks during dive 8. Below: raw bathymetry during dive 8 (Menez Home peridotite
massif)
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AUV dive 9 (24/09/09)

AUV achieved 7.5 lines and stopped the planned survey when it ran out of battery. GAPS
positioning was of good quality. As during previous dive, no profile for roll calibration
was carried out given that the AUV was not opened since dive 7. CTD data gave a sound
velocity of 1504 m/s. However, a value of 1497 m/s was used to generate the MBG files
used to process the following bathymetric map. This value should be corrected during the
further post-processing. Navigation provided using GAPS system seemed to have the
same quality as during previous dives. However, the bathymetric map displayed a strong
offset in navigation, which should be corrected during post-processing.

Above : AUV tracks during dive 9.
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Above : AUV bathymetry, dive 9. Notice the significant offset in navigation which needs to be
corrected.
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3.3. Magnetic surveys

3.3.1. Magnetic measurements

Deep-sea magnetic data were collected with two deep-sea vector magnetometers (WHOI-
DSVM and IPGP-DSVM) set up on Victor (ROV) and on Asterix (AUV). The main objective
of the magnetic survey is the high resolution characterization of the magnetic structures of
the Lucky Strike hydrothermal vents, south segment (including lava lake) and peridotite
massif on the west flank.

3.3.2. Data collection

Deployment
The magnetic data are collected with:

- a fluxgate magnetometer (MAG-03MSL70) from the Institut de Physique du Globe de
Paris (IPGP) during Victor MMR dives 390, 391, 393, 394 and 396.

- a fluxgate magnetometer (Honeywell) from from the Woods Hole Oceanographic
Institution (WHOI) during Victor dive 391 and 393 and all AUV dives.

Both are composed of a data logger and a captor (weight in air: 30 kg for IPGP DSVM and
25kg for WHOI DSVM). During Victor dives the data loggers were set up on the right side
of the Victor, the captor at Victor front right for IPGP magnetometer and right bottom for
WHOI magnetometer (see Figure 1 up). For IPGP magnetometer the power was supplied
by the Victor, WHOI magnetometer is powered by autonomous batteries. The setting for
AUV is shown in Figure 1 bottom.

Acquisition failed during several deployment of the WHOI magnetometer, the
reason for failure is unclear but seems to correspond to interval when AUV had sudden
acceleration.

A summary of the deployment and recovered data is made in Table 1.

Date and location submersible WHOI DSVM IPGP DSVM
04/09/09 AUV Deployed -
Dive 1 N-S in the 37°15 Failure during
area acquisition but data on

) ) the floor between 11:00
Dive 2 technical pb and 11:34.
11/09/09 AUV -

Deployed

Dive 4 : Failure during

siti
37°16 hydrothermal area acquisition

Data on the floor: only

11/09/09 AUV -
Deployed

Dive 4: Failure during

37°16 hydrothermal area acqyisition

Data on the floor: only

Iirtricnanas ITNAN <2 T 1NN



16/09/09 AUV Deployed -
Dive 6: Menez Hom Failure during
massif peridotites - West acquisition no  data
flank recorded during survey
19/09/09 AUV Deployed -
Dive 7: in the 37°15 area Data during all dive, on
the floor 13:03 to 14:10
21/09/09 AUV Deployed -
Dive 8- 11 lines above Data during all dive on
Menez Hom! the floor 12:36 to 19:33
24/09/09 AUV Deployed -
Dive 9: South segment Failure during
37°12-37°13 area acquisition no  data
recorded during survey
10 sept — 11 sept ROV 390 - Deployed
Hydrothermal field Data on the floor
(OTUS dive) o
Missing the loops
going down
11 sept-13 sept ROV 391 - Deployed
Lava lake Data during all
dive
16-19 sept ROV 393 Deployed Deployed
Hydrothermal fields Data during all dive Data during all
(OTUS dive) dive
19 sept -21 sept ROV 394 Deployed Deployed
South of hydrothermal Failure during |Data  during all
fields acquisition no  data|dive
recorded during survey
24 sept-26 sept ROV 396 - Deployed
North of Lava lake Data during all
dive
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Table 1: Summary of magnetic acquisition and recovered data.

Figure 1: General configuration of magnetometer installation on Victor (ROV) and
Asterix (AUV)

3.3.3. Onboard data processing

Raw magnetic data were preliminary processed in order to check data quality, to model
the AUV and Victor remanent and induced magnetization and to calculate the magnetic
anomaly along a few tracks. For the IPGP captor, raw measurements are re-evaluate using
the calibration of the captors at the geomagnetic observatory from “Chambon la forét”
(each components are multiply by 0.97 and the following constant are added to the (X,Y,Z)
components: (-60nT, -150nT, -110nT). Data are then transformed in submarine coordinates
which consists in a permutation of (X,Y,Z) in (Z,X,-Y) leading to (X5 corr Yomes corr Zimes_coriocal-
For The WHOI captor the permutation and calibration is done using the Maggie WHOI
software.

Ambient field
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The ambient magnetic field is calculated with the IGRF10 (IAGA, 2005 as computed
using USGS software), at point (37°22 N; 32°17 W). The magnetic field is calculated for the
Sept, 15™ 2009. For a first order the magnetic filed is considered as constant during the
whole survey. The values are: (X, 25310 nT; Y, -5590 nT; Z: 35130 nT) leading to
(I:53°; D:12°; F=43.6mT).

Submersible field

During the Dive calibration loops are performed to evaluate the magnetic perturbation
linked to the submersibles. The loops consist in a series of 360° loops onto a sub-horizontal
plan. Loops are performed during submarines transit up and down, and are considered
valid in depth intervals with the lowest magnetization sources influence, from 500 meters
below sea surface to 500m above the ocean floor. The magnetic field generated by the
submersible itself is first evaluated by substracting the IGRF field (in submersible
coordinates) to the recorded values during calibration loops (calibration loops shown on
Figure 2 for AUV). The recorded values of the magnetometers are time matched for each
calibration loop with the navigation by using ROV (resp AUV) and magnetic heading
angular speed as slight misfit is detected in the two time series when simple time matching
is done. The angular speed matching allows to have a strict control on the calibration loop
starting time.

A first evaluation using a simple graphical method shows that the data are rather
dispersed (see Figure 3 for Victor data during dive 391). The clockwise and anticlockwise
loops show some differences (especially on the X component), the variation on the Z
component show that a minor angle exists probably between Zsub and Zdown. A
magnetic field model for the submersibles (as seen by the captor) is thus not easily derived.
We filter the data so that outliers are excluded using a first least square weighting function,
these average curves are considered as the best estimate of (Xsub, Ysub, Zsub). A simple fit
on the least square data using a cosine function allows then to derive a heading dependent
formula for the submersible as seen by each component of the captors. Due to the peculiar
condition during calibration loops (only one lateral motor on, no vertical motion, etc...) we
are not assured to have a proper model of the submarine anomaly. At this stage of
processing we estimate the errors to be on the order of a few hundred nT.

The final submersible signature curves with respect to headings are given for Victor (made
on Dive 391) for WHOI and IPGP magnetometer (see Figure 4-a and 4-b), and for the AUV
(Dive 6) for WHOI magnetometer (not shown).
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Figure 2: Calibration loops to estimate the magnetic field generated by the AUV
during DIVE 1.

Figure 3: Results of the (X ., Yo Zew) in resp. black, red and blue series during
calibration loops, the first loop was very noisy and is not shown. A least square fit is
shown.

3.3.4. Magnetic Results

A few tracks were grossly pre-processed onboard. We derived the magnetic
anomaly by removing to each corrected measured components (X, cor Ymes cor Zimes colocal
the submersible (X, Yo Zow)oe Values for the given heading. The total field was then
computed and the local main field the Earth magnetic field (Xi, Yigr Zigooca 1S
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substracted. The data can then be projected onto the main field direction to recover the
anomaly.

An example of the preprocessed data is given in Figure 4-a for IPGP magnetometer
on track 32 and 33 from Dive 391 (through the lava lake and into the higher plateau). As
seen on the Figure a jump in the data occurs around lat 37°17.5 during the course of track
32. Another problem arise from the use of the calibration constant, track 32 and track 33
show offsets (note that the values are represented in submarine coordinates). In Figure 4-b
we compute an anomaly after artificially resetting the values of track 33 to match track 32.
The 1* order bathymetry processes for the same dive is shown for comparison in Figure 4-
c. Interestingly an area of higher magnetization might be seen in the middle of the lava
lake on track 33, the data jump of track 32 prevent from seeing such a structure. This
clearly has to be confirmed.
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Figure 4: a) processed anomaly in (X, y, z) in submarine coordinates for dive 391, tracks 32
and 33, note the data jump during track 32 acquisition b) projection of the anomaly on the
main field unit vector, ¢) bathymetry shown for the two tracks.

121



122



3.4. Nephelometry surveys

The localization of hydrothermal vents is very difficult due to their extreme depth
and small area. Using CTD’s and Miniature Autonomous Plume Recorders, we attempted
to localize new vent sites in the regions surrounding the Lucky Strike vent field.

3.4.1. Miniature Autonomous Plume Recorder (MAPR)
Description

Two Miniature Autonomous Plume Recorders (MAPR’s) were deployed on the
remote-operated vehicle (ROV), the autonomous underwater vehicle (AUV), and the CTD
throughout the Bathyluck 2009 cruise. The MAPR’s were constructed at the Pacific Marine
Environmental Laboratory (PMEL) of the United States National Oceanographic and
Atmospheric Administration (NOAA) by Susan Walker and Edward Baker. The MAPR’s
are self-contained, autonomous sensors for the measurement of temperature, pressure,
oxygen reduction potential (ORP), and nephelometry (Figure 1).

Figure 1. Each MAPR consists of sensors to measure temperature, pressure, oxygen
reduction potential (ORP), and nephelometry (labeled).

Deployment

A single MAPR was deployed with every CTD cast (20 casts in total), with each
AUV dive (9 dives), and for every ROV dive that performed detailed mapping (either 8 m
or 50 m above the seafloor; 4 dives). For each deployment, the sensor start time, the water
entry time, retrieval time, and data recovery time were noted to allow post-cruise
localization of the data with navigation.
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Data

The data show an expected large variability of temperature, ORP, and nephelometry
with pressure (depth). In fact, most of the variations near the seafloor can be correlated
with changes in depth (Figure 2) although there are some small variations that may be due
to hydrothermal sources. A single, strong signal was recorded at the Tour Eiffel vent site
(Figure 3).

Figure 2. (A) Pressure, (B) temperature, (C) temperature anomaly, (D) nephelometry, and
(E) ORP provide several possible means for finding new hydrothermal sites.
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Figure 3. Data from the Tour Eiffel vent site shows a strong signal in (B) temperature, (C)
temperature anomaly, (D) nephelometry, and (E) ORP that is not likely to be associated
with the small changes in (A) pressure.
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3.4.2. Sea CTD
Description

The onboard SEACAT 19 Plus CTD profiler (Figure 4) by Sea Bird Electronics
recorded conductivity, temperature, and pressure information during 20 separate casts.
The SBE 19 plus is a small, easily deployable device that provides real-time data output to
the ship during each CTD cast.

Figure 4. The SEACAT 19 Plus Profiler by Sea Bird Electronics measures pressure,
temperature and conductivity (salinity). The Profiler is shown here with its standard
plastic housing, a version with a titanium housing was used during the cruise.

Data

Each CTD cast provided a measure of the temperature and salinity with depth. The
data were relatively clean and provided consistent results across the survey area (Figure
5A).

126



3.4.3. Data Treatment

Initially, each MAPR data set was examined in detail for signals associated with
hydrothermal venting. A candidate hydrothermal site was marked if there was a data
anomaly in at least two of the three data collected that was not correlated with the
pressure. In addition, an temperature anomaly was calculated by subtracting the median
temperature value from the CTD casts (every 5 meters) from the MAPR temperatures
(Figure 2, 3, 5B). This will provide a better indication of regionally elevated temperature as
opposed to sharp spikes in temperature.

Figure 5. CTD measurements of (A) temperature (blue lines) versus depth were taken at 20
different locations. This data is be compared with (B) MAPR data (blue thin lines) to look
for possible hydrothermal sites. The median (red, thick line) is used subtracted from the
MAPR data to produce a temperature anomaly.

Preliminary Results

Besides locations of previously known vent sites (i.e. Tour Eiffel, Figure 3), no
obvious spikes were located in the collected data. The temperature anomaly data has not
been fully analyzed, however, and the presence of a regional signal from hydrothermal
venting cannot be discounted.

Comments

The vents at Lucky Strike are largely of clear or almost clear fluid and particle
densities are often low. This combination does not favor the localization of new vent sites
through the use of a CTD or MAPR; the most likely signal is a temperature anomaly which
diminishes rapidly with distance from the source. The data indicate that localization of
vent sites is possible, but most likely in very low-level surveys where visual verification is
also possible.
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4. Science operations — Sampling

4.1. Vent fluid sampling
Valérie Chavagnac, Cédric Boulart, Alain Castillo)

4.1.1. Aims and objectives

The aim of BATHYLUCK 09 in terms of fluid sampling is to constrain the physical and
chemical characteristics of the fluids emitted on the Lucky Strike area, and the temporal
evolution of the hydrothermal activity associated with a slow spreading segment.

We will determine the chemical composition of high and low temperature
hydrothermal fluid to better constrain and understand the physical and chemical
conditions taking place during water-rock interactions at a slow spreading segment. This
will enable us to define more precisely the hydrothermal plumbing system including phase
separation process.

Our two main objectives are:

Internal dynamic of the hydrothermal circulation: the chemical composition of seawater is
progressively modified during its circulation in the oceanic crust before being expelled at
the bottom seafloor as hydrothermal fluid. The chemical composition has recorded the
pressure and temperature at which water-rock interaction took place. We propose to
analyze the chemical and isotopic composition of the hydrothermal fluids from the vent
sites at different places around the Lucky Strike area. We will focus on Eiffel Tower,
Montsegur (south), Y3 (east), Sintra (north), White Castle and Crystal (west).

Temporal evolution of the hydrothermal fluid chemical composition: Lucky Strike has
been visited several times in the 90’s but has not been sampled since then. We will
compare the chemical composition of the hydrothermal fluid sampled in 2009 to those
sampled and analyzed in previous years. Therefore, it will be possible to track the
evolution of the fluid composition and to decipher whether the plumbing hydrothermal
system has been altered over time.

4.1.2. Methodology

- Samplers

Two kinds of fluid samplers (Fig. 1) were used to collect high and low temperature
hydrothermal fluids from the Lucky Strike vent site. High temperature fluids were
collected either in 750 ml Titanium syringes, triggered by the hydraulic arm of Victor and
deployed one by one, or in gas-tight titanium bottles of 200 ml capacity. The gas-tight
bottles have been built specially to avoid out-gassing and gas leakage during recovery.
These samplers initially designed for the manned submersible Nautile and deployed by 4,
required modifications to be operated by Victor's hydraulic arm one by one. Low
temperature hydrothermal fluids were only sampled with the gas-tight bottles.
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Figure 1: 750 mL titanium syringe (left) and 200 mL gas-tight bottle (right).

- Fluid sampling strategy

We sampled all sites where a temperature sensor has been deployed for a year-period. We
sampled also two additional sites (Nuno and Cypress). Two new sites, called South Crystal
and Cypress) have been discovered, both located on the western side of the lava lake . Both
low and high temperature vents were sampled when possible during Victor dives 388, 389,
392, and 394. The sites are:

- Montsegur (high and low temperature)

- Eiffel Tower (high and low temperature)
- Y3 (high and low temperature)

- Sintra (low and high temperature)

- Isabel (high temperature)

- Crystal (high temperature)

- White Castle (high temperature)

- South Crystal (high temperature)

- Cypress (high temperature)

- Nuno (high temperature)

Before sampling, the temperature was measured and monitored in real time with a high-
temperature probe (range and precision), mounted on the sampling module of the ROV
Victor (Figure 2). This allowed the operator to choose the best vent for sampling.
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Figure 2: Temperature measurement (top), operating the 200 mL bottles (centre), and the syringes (bottom)
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- Sample processing

Hydrothermal fluids were processed on board the ship straight after the submersible
recovery. Fluids were stored in different containers depending on the type of analysis to be
carried out onshore. In the case of the titanium bottles (200 mL), a gas-tight “blood” bag
was connected to the bottle to recover the gases (Figure 3). Then, an aliquot of the fluid
was transferred in a 60 mL glass bottle, poisoned with Hg(Cl),, and crimp-sealed without
any air bubbles for dissolved gas analysis (CH,, CO,, H,) onshore (Figure 4). Another
aliquot was taken for pH measurement performed straight after recovery of the sample.
The rest of the fluid was transferred in different LDPE Nalgene bottles for chemical and
isotope analysis to be done onshore.

Figure 3: Example of gas collection from gas-tight Ti-bottles (left inside) and of gas pocket (on the right
inside).

In the case of the 750 mL syringes, aliquots were taken directly in 125 mL glass
bottles, poisoned with Hg(Cl),, and crimp-sealed without any air bubbles for dissolved gas
analysis (CH,, CO,, H,) onshore. The pH was measured on board straight after dissolved
gas sample recovery and the rest of the fluid was transferred in different LDPE Nalgene
bottles for chemical and isotope analysis to be done onshore.
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Figure 4: glass bottles for dissolved gas analysis.

4.1.3. Preliminary results

Table 1 presents the full list of the fluid sampling operations during BATHYLUCK 09 and
Table 2 the preliminary results acquired after fluid recovery. 53 hydrothermal fluids were
collected with different quality depending on the mixing ratio between pure hydrothermal
fluid and ambient seawater. We suspect that fluid BOOFLU018 to BO9FLU025 were most
likely of poor quality as the bad weather conditions prevented the return of NASA on
board straight after fluid sampling. We anticipate that the samples are highly “diluted” by
seawater. BOOFLUO16 shows a high pH compared with the sample from the same vent
(BO9FLUO017), which can be explained by a lack of stability of the ROV during the
sampling. Similar situation took place at other site. High temperature fluid pH varies from
3.58 (at Eiffel Tower) to 4.96 (Y3), which is comparable with previous data acquired by
Charlou et al. (2000), Langmuir et al. (1997), Von Damm et al., (1998).
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Tane
Tane
Tane
Tane

TN
TRNY

Tane
Tane

2909
2909
2909
2909

01:24 3717.337
02:32 37°17.337
05:56 37°17.329
06:07 37°17.334
04:18 37°17.338

02:01 37°17.284
02:07 37°17.284
02:53 37°17.286

03:40 3717514
04:05 3717513
04:56 37°17.520
05:12 3717.489

04:31 37°17.330
046:50 37°17.528

09:19 3717382
09:xx 3717380

03:03 37°17.449
03:12 37°17.449
03:50 37°17.443
03:57 37°17.443

06:10 3717.378
06:16 3717.378
04:51 3717.377
07:01 3717377

11:53 37"17.381
12:05 37°17.381
12:15 3717381
13:11 3717.381

14:27 3717432
14:30 3717432

03:05 37°17.380
03:10 3717380

01:16 3717438
01:12 3717438
01:21 3717438

03:45 37°17.447
03:52 37°17.447

05:35 37°17.509
06:02 37°17.509

21:28 3717338
21:3p 3717338

01:27 3717.529
01:34 37°17.529
0l:44 3717.529

03:18 37°17.281
03:30 37°17.281
1411 3T°17.489
14:25 3T17.489
1311 3T°17.440
13:15 3717440
16:45 37°17.401

16:51 3717.401
16:58 3717.401

32°16.337
316,337
32°16.330
316,543
3216534

32°16.532
32°16.531
32°16.531

316671
316671
316671
316674

32°16.306
316514

316.644
3T16.641

32°16.913
32°16.913
3216918
3216918

32°16.860
32°16.861
IP16ET0
IF16ET0

32°16.863
32°16.863
32°16.863
32°16.863

316836
3216036

316013
316013

3216831
3216831
3216031

3216919
3216919

316671
316671

316521
3r16521

32716502
32716502
316502

316334
316334
32°16.925
316925
316873
316873
32°16.650

32°16.650
32°16.650

n° dive ROV n° dive Nautile d

305
305
305

385
385

305
305

305
305

385
385
385

305
305
385
385
305
305
305

305
305

Table 1: List of fluid sampling operations during cruise Bathyluck’09
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M
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310°C

2B5°C
2B5°C
2B5°C
285°C
340°C
340°C
B7TC
BTC

328°C

38T

T
T

e
e

315°C
315°C

196°C
196°C
196°C

137
13T
1547
1547
188°C
188°C
298°C

298°C
298°C

7EE 99 i |

B I T T - T T e I T T T B~ F T R R PP

134

e

b ek

.

PR

1
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Ti-camule inserted in the vent orifice
Ti-syrmgue dropped twince on the sea-bed, fired?
Ti-camle completely bendad at 907
Ti-camle is stright

Ti-camule is stright

second chimmey behind
second chimmey behind
bacterial mats near a femperanre probe
bacterial mats near a femperanre probe

Sample name  Observer

B0 FLU 001-1750 Cédric
B0 FLU 0024750 Cédric
B09 FLU 003-2200 Valérie
B09 FLU 004-5/200 Valérie
B0 FLU 005-7/200 Valérie

B9 FLU 006-1/750 Cedric
B9 FLU 007-3/750 Cedric
B9 FLU 009-8/200 Cedric

BOFLUDI0-3750
BOFLUDL-4750
BO9FLUDI-2200
BO9FLUDI3-9200

BSFLUDN14-7/200
BISFLUDN1-5200

the vent exaust is too small. We can't sample in the same chimney as Javi BISFLUD16-2730
the vent exaust is too small. We can't sample in the same chimney as Tavi BISFLUD17-1730

same chimeey a5 T sensor HTWO0G
same chimeey a5 T sensor HTWO0G
same chimeey a5 T sensor HTNOOL
same chimeey a5 T sensor HTNOOL
the spring is blocked. Got mouble to fire the bottle

doubt during sampling, syringe was Sred before saupling

probabiy bottle fired before hand, then losy sampling

BI9FLUD1E-2T730
BI9FLUD1S-3/750
BISFLUL20-2200
BI9FLUL2L-7/200

BOFLU02I-4750
BOFLU0N-1750
BO9FLU04-5200
BO9FLU02-9200

BI9FLUL27-1750
BI9FLUL2E-2T30
BI9FLUL2S-2200
BI9FLUL30-7/200

BOFLUD31-3750
BOOFLUD31-4730

BIOFLU033-9/200
BIOFLUDZ4-5200

BOFLU035-3750
BO9FLUD36-7:200
BO9FLUDET-9200

BI9FLU03E-1750
BI9FLUD3S-2200

BOFLUDS0-4750
BO9FLUD41-5200

BIOFLU1-2200
BOOFLUN3-1750

BIEFLU=4-7/200
BEFLU-2730
BIFFLUL=E-9/200

BOOFLUN4T-5/200
BOOFLUN4E-2T50
BEFLUE-2730
BEFLUDS0-7/200
BOOFLUD51-0/200
BOOFLUN51-5200
BOFLUDS3-2200

BOFLUDS-1750
BOOFLUDSS-2750

Cedric & Valéria
Cedric & Valéria
Cedric & Valéria
Cedric & Valéria
Valérie & Alain
Valérie & Alxin
Valérie & Alain
Valérie & Alain
Cédric & Valérie
Cédric & Valérie
Cédric & Valérie
Cédric & Valérie



Chimney T°C (ROV) salinity (%c) specific gravity of seawater d20/20 pH = SAMPLING

Eiffel Tower 316°C 26 1017 3.58 BOSFLUQO1-2750
Eiffel Tower 316%C 18 1.021 4.4 BOSFLUOO2Z-4/730
Eiffel Tower 36°C 36 1027 6.36 BOSFLUOO3-2/200
Eiffel Tower 36°C 35 1.026 6.27 BOSFLU(O04-3/200
Eiffel Tower 36°C 36 1027 641 BOSFLU0O05-7/200
Eiffel Tower 315C 25 102 3.52 BOSFLU(42-2/200
Eiffel Tower 315°C 24 1.018 3.42 BOSFLUO43-1/750
Adsics 208°C 35 1.026 7.25 BOSFLU053-2200
Adsics 298°C 34 1.025 3.74 BOSFLUO54-1/750
Alsics 296°C 25 1018 3.32 BOSFLUO53-2750
Montségur 296°C 30 1.023 4.44 BOSFLUOOG-1/750
Montséour 296°C 34 1024 5.26 BOSFLUQOT7-3/750
Montsézur 80rc 34 1.024 545 BOSFLU0O0S-5/200
hMontsegur 2371°C 4 1018 3.68 BOSFLUD4T-3/200
Montsegur 237°C 25 1019 3.43 BOOFLUD4E-2750
Y3 2B6° 33 1.023 4.24 BOSFLUOL0-3/750

Y3 2B6° 35 1.026 4.96 BOSFLUOL1-4/750

T3 B°C 36 1.026 6.51 BOSFLUO12-2/200

T3 3°C 36 1.026 6.57 BOOFLUO13-5/200

Y3 29°C 32 1.023 3.22 BOOFLUO40-4/750

Y3 29 34 1.026 3.7 BOSFLU(41-3/200
Sintra 21°C 36 1.026 7.07 BOSFLUO14-7/200
Sintra 21°C 35 1026 654 BOOFLUO15-5/200
Sintra 196°C 36 1026 7.3 BOSFLU(44-7/200
Sinra 196°C 35 1.0235 4.18 BOSFLUQ43-4/750
Sintra 196°%C 33 1.023 3.52 BOSFLUO46-5/200
South Crystal — 328°C 33 1024 3.84 BOOFLUD33-3/750
South Crystal — 328°C 32 1.023 347 BOSFLUO36-7/200
South Crystal  328°C 32 1023 3.42 BOSFLUO3T-2/200
South Crystal ~ 340°C 30 1.025 3.82 BOSFLUO31-3/750
South Crystal  340°C 34 1.026 4.34 BOSFLU(032-4/750
Crystal 237°C 35 1.025 5.04 BOSFLU033-5/200
Crystal 237°C 31 1.024 3.7 BOSFLUO34-3200
Crystal 327C 32 1.023 3.43 BOOFLUO38-1/750
Crystal 327C 32 1.023 3.89 BOOFLUO3S-2/200
Crystal 325C 35 1.026 4.68 BOSFLUOQLE-1'750
Crystal 325°C 32 1.023 4.1 BOSFLUOLS-3730
Crystal 324°%C 35 1025 4.63 BOSFLUC20-2200
Crystal 324C 35 1.025 T7.75 BOSFLU(21-7/200
Nuno 154%C 33 1.023 4.2 BOSFLU(45-4/750
Nuno 154°%C 33 1.026 7.65 BOSFLUOS0-7/200
Cypress 188%C 35 1026 5.67 BOOFLUOS1-5/200
Cypress 188%C 32 1.023 4.23 BOSFLU052-5/200
Isabel 24%C 35 1.024 6.31 BOSFLUOL6-2/750
Isabel 224°C 30 1.023 4.06 BOSFLUOLT-1/750
White Castle 75C 35 1.025 5.538 BOSFLU(22-4/750
White Castle 75C 34 1.025 5.12 BOSFLU023-1/750
White Castle 3107 8 1.021 345 BOSFLU(24-3/200
White Castle 310°C 33 1.026 7.4% BOSFLUOZ3-%/200
White Castle 285°C 9 1.023 3.51 BOSFLU027-1/750
White Castle 285°C 35 1.023 4.38 BOSFLU028-1/750
White Castle 285°C 34 1.024 3.38 BOSFLUQ30-7/200

Table 2: Preliminary results (Temperature, salinity, density, and pH).

Below, we summarize the principal features of each site. Each sampling site will be
described in an individual sample file with pictures taken during fluid sampling.
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Eiffel Tower:

4 samples of high temperature hydrothermal fluid with a temperature of 315-316°C and a
pH =342 to 4.4;

3 samples of low temperature hydrothermal fluid with a temperature of 56°C and a pH =
6.27 to 6.41

Aisics:

3 samples of high temperature hydrothermal fluid with a temperature of 298°C and a pH =
3.52 to 7.25. We suspect that the sample with a pH of 7.25 is essentially seawater, which
will be confirmed onshore by further analyses of major element concentration such as Mg.

Montsegur:

4 samples of high temperature hydrothermal fluids with a temperature of 237 — 296°C and
apH =23.43105.26

1 sample of low temperature hydrothermal fluid with a temperature of 80°C and a pH =
5.45

Y3:

4 high temperature hydrothermal fluids with a temperature of 229 — 286°C and a pH = 3.22
to 4.96

2 low temperature hydrothermal fluids with a temperature of 8°C and a pH = 6.5

Sintra:

3 high temperature hydrothermal fluids with a temperature of 196°C and a pH = 3.92 to
4.18, the last sample is essentially seawater as evidenced by a pH of 7.3.

2 low temperature hydrothermal fluids with a temperature of 21°C and a pH = 6.54 - 7.07.

South Crystal:

5 high temperature hydrothermal fluids with a temperature of 328 — 340°C and a pH = 3.42
to 4.34.
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Crystal:

8 high temperature hydrothermal fluids with a temperature of 237 — 325°C and a pH =3.43
to 5.04. The last sample is characterized by a pH of 7.75, showing a strong dilution by the
ambient seawater.

Nuno:

2 high temperature hydrothermal fluids with a temperature of 154°C and a pH = 4.2. One
sample is highly diluted by seawater 9pH = 7.65).

Cypress:

2 high temperature hydrothermal fluids with a temperature of 188°C and a pH = 4.23 —
5.67

Isabel:

2 high temperature hydrothermal fluids with a temperature of 2244°C and a pH = 4.06 —
6.31

White Castle:
7 high temperature hydrothermal fluids with a temperature of 275 - 310°C and a pH = 3.51

to 5.58. The last sample presents a high pH of 7.49 due to strong dilution with the ambient
seawater.
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4.2. Microbial fuel cell

Valérie Chavagnac, Cédric Boulart, Alain Castillo, on shore Benjamin Erable
4.2.1. Context

The concept of electro-active biofilm (EAB) has recently emerged from
a few studies that discovered that certain bacteria, forming biofilms on
conductive materials, can achieve a direct electrochemical connection with the
electrode surface using it as electron exchanger, without the aid of mediators.
This electro-catalytic property of biofilms has been clearly related to the
presence of some specific strains that are able to exchange electrons with solid
substrates (Geobacter sulfurreducens, Rhodoferax ferrireducens, etc.). EABs can be
obtained principally from natural sites such as soils or seawater and
freshwater sediments or from samples collected from a wide range of
different microbially—rich environments (sewage sludge, activated sludge, or
industrial and domestic effluents).

The capability of some micro-organisms to connect their metabolisms
directly in an external electrical power supply is very exciting and extensive
research is in progress on exploring possibilities of EABs applications. Indeed,
the best known application is probably the microbial fuel cell (MFC)
technology that is capable of turning biomass into electrical energy.

A marine MFC consists typically in a graphite anode embedded in
anaerobic marine sediments and connected through an electrical circuit (e.g.,
a marine scientific instrument or capacitor) to a cathode set-up in the
overlying aerobic seawater as shown in Figure 5 (Reimers et al. 2001; Tender
et al. 2002). A main feature of this marine MFC is sustainability, which is
attributed to constant supply of fuel and oxidant by environmental processes
that are typically derived from settlement of dead phytoplankton and/or
vegetative detritus, constant regeneration of its microbial electrode catalysts,
and ability of these microbial catalysts to exchange electrons with their
electrodes without electron-transfer mediators. MFCs implemented in marine
sediments with plain graphite electrodes have sustained power density
around 20 mW/m: of anode surface area during several months, with
maximal values up to 28 mW /m: (Tender et al. 2002). In 2008, Tender et al.
described the first demonstration of a marine MFC as a practical alternative to
batteries for a low-power consuming application (Tender et al. 2008). To
generate enough power for the telemetry system, energy produced by the
MFC was stored in a capacitor and used in short bursts. Their prototype
sustained 36 mW power equivalent of ca. 26 alkaline D-cells per year at 25°C.



Figure 5. Schematic representation of the marine MFC principle, also called benthic MFC.

4.2.2. Objectives

In this context, the Bathyluck’09 mission will have two main objectives.

The first objective is to assess the technical possibility of locate a
marine MFC at the seafloor in the Lucky Strike area and then evaluate the
potential of the MFC technology in terms of performance for powering
sensors immersed several hundreds meters deep near to the hydrothermal
site.

The second interest is to discover/highlight new microbes from
hydrothermal environment including electro-active bacteria that can grow in
extreme conditions of temperature, pressure and sulphur content. These
kinds of electro-active micro-organisms are suspected to have a metabolism
that would greatly increase the power densities of marine MFC. This part of
the work will take place directly on board during the cruise using bio-
electrochemical reactor coupled with potentiostats (electrochemical
instrumentation) and “fresh” samples as shown on Figure 5. Different
samples from the seafloor of Lucky strike area will be tested as inoculums for
bio-electrochemical reactors. A systematic screening of samples will be carried
out through an electrochemical technique called chrono-amperometry
(potentiostatic method). Positive samples, i.e. samples that will give a positive
electrochemical response will be then frozen and stored for post-mission
analysis (chemical analysis, microbial analysis, ...).

Figure 6: Set-up of bio-electrochemical reactor coupled with potentiostats on board of
the Pourquoi Pas?



4.2.3.Experiments
Three experiments have been carried out during the cruise:

1. 100 ml of high temperature hydrothermal fluid collected at the Eiffel
Tower hydrothermal vent (sample name: BOOFLU002, T = 316°C, pH =
4.4) was mixed with 400 ml seawater. The fluid was collected using a
Ti-bottle. We added 500mg of acetate to provide food to the micro-
organisms. See Figure 7.

2. 100 ml of low temperature hydrothermal fluid collected at the Eiffel
Tower hydrothermal vent site (sample name: BOOFLU004, T = 56°C, pH
= 6.27) was mixed with 400 ml seawater. The fluid was collected using
a gas-tight Ti-syringe. We added 500mg of acetate to provide food to
the micro-organisms.

Figure 7: Set-up of experiment 1 and 2.

3. During Dive 394, a set of 6 incubators was recovered at the
hydrothermal site Roldan, South of Eiffel Tower (see microbiology
paragraph). These incubators were left on site for a year. They were
taken in a bio-box, which has been filled up with sterile water on board
and taken at depth. The bio-box was opened at the seafloor just before
recovery of the incubators. Numerous filamentous bacteria were
present on the incubators. We took approximately 100 ml of seawater
from the site of recovery. The seawater contained numerous
filamentous bacteria in suspension (See Figure 8). No acetate was
added in this case.



Figure 8: On the left, picture of the bio-box with which the incubators have
been recovered. On the right, picture of the seawater containing numerous

filamentous bacteria.

4.2.4. Preliminary results

Potentiostat 1 et 2 were connected to a data logger, which will allow us
on shore to get a full data set over the experiment period. For each bio-
electrochemical reactor, we have set-up an initial electrical potential around —
100 mV. Only bio-electrochemical reactors 2 and 3 showed an increase of
electrical potential through time. For bio-electrochemical reactor, no response
was observed. Nevertheless, For the potentiostat 3, we have carried out only
punctual measurement of electrical potential between the reference electrode
and the working electrode. The results are reported in Table 3 and shown in

Date reading electrical potential (mV)
6/9/09 -74
7/9/09 -74
9/9/09 19
10/9/09 70
13/9/09 77
14/9/09 80
16/9/09 89
17/9/09 94
18/9/09 101
19/9/09 104
20/9/09 109
21/9/09 110
22/9/09 114

Figure 9.



Table 3: Reading of the electrical potential measured in reactor 3.

150

100 e

so /r/

/p/09 6/9/09/ 11/9/09 16/9/09 21/9/09 26/9/0

J

= o

electrical potential (mV)

-50|

-10

date

Figure 9: Electrical potential measured in reactor 3 as a function time.

In summary, low temperature hydrothermal fluid contains electro-active
micro-organisms. A systematic screening of samples will be carried out on
shore to identify the micro-organisms which have the potential of the MFC
technology in terms of performance for powering sensors.
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4.3. Geological sampling
Samples were collected during two ROV VICTOR dives and two dredges.

4.3.1. ROV VICTOR sampling

Samples of chimneys and basaltic rocks were collected during two ROV
VICTOR dives and bring back to the surface using either the lift or VICTOR's
basket.

Figure 1 : map of the location of the samples collected during the dives



The samples were packed in two plastic boxes labelled :

BATHYLUCK 2009 VICTOR BASALT
BATHYLUCK 2009 VICTOR SULFURES

4.3.1.1. Samples of the 389 VICTOR dive :

17 samples were collected during the 389 dive on the sites of Sintra, Isabel,
Pico, Crystal, and in the north of the lava lake. These samples consist in 10
samples of basaltic rocks and 7 samples of sulphides.

Description of the samples :

B09-ROCT1 : 800 g, highly vesicular glassy basalt with large plagioclases
phenocrysts (2 mm). Surface of a pillow-tube with pronounced reddish brown
alteration.

B09-ROC?2 : 500g, massive fragment at the top of an inactive chimney. Very
ferrous block. Chalcopyrite,

B09-ROCS3 : a big block of vesicled basalt with Fe-Mn crust. Loads of vesicles
up to few mm in size. Very porous but still very heavy in weight. No
phenocrysts.

B09-ROC4 : small block of massive sulphide with a vesicle of 4 cm diameter.
Minerals of pyrite and chalcopyrite have grown in the vesicle. Fe-Mn crust ?
Needle of chalcopyrite sealed in an anhydrite substrate ?

B09-ROCS : very big piece of massive sulphide taken at the top of the chimney
which was inactive. Easy to identify the chimney conduit with its progressive
growth through time. Very fragile piece. High smell of H2S. Anhydrite,
Chalcopyrite which can be in small cracks.

B09-ROC6 : 50g, fragment of a very small chimney. Chalcopyrite, Anhydrite.
B09-ROCY7 : 150g + 1 tube of glass shards, very fresh lava crust from lava lake.

B09-ROC7b : 100g, aphyric and very small vesicles. Glass crust mostly gone
but still pretty fresh.

B09-ROCS : 1kg + tube with glass shards. Nice piece of small lava tube. Very
fresh glass from LS lava lake. Brown/red stain on over surface. No
phenocrysts and no vesicles.

B09-ROC9 : crystal.

B09-ROCI10 : 600g, fragments of two small chimneys from the same location
mixed in the same basket. 6 pieces : 3 are clearly tips of old chimneys with
traces of isocubanite (two more than 150g and one less than 100 g); 2
fragments of similar chimney material (less than 100g). One fragment of light
and very brown material (less than 50g)



B09-ROC11 : 200 g, fragment of altered and highly vesicular basalt containing
extremely altered glass. Upper surface of a thin lava tube. Vesicles up to 0.5
mm.

B09-ROCI12 : 100g, fragment of lava flow crust extremely altered. Reddish
brown alteration. No glass preserved.

B09-ROC13 : 1 kg, fragment of lava tube in talus. Mn-coated on all faces.
Vesicular basalt. Difficult to say more on uncut faces.

B09-ROC14 : 150 g, fragment of crust of vesicular basalt with plagioclase
phenocrysts (up to 0.5 cm). Vesicles up to 1 cm (a few larger next to the upper
surface). Glass is largely altered.

B09-ROCI15 : 400g, fragment of pillow. Vesicular basalt with small plagioclase
phenocrysts (less than 0.5 cm, particularly common in upper 3 cm below over
crust). Vesicles up to 1 mm about 10 cm from over crust.

B09-ROC16 : 100g, fragment of vesicular lava crust (over surface of lava flow
2 cm thick, with “pxx” cavity underneath). Glass is altered.

B09-ROC17 : 500g, fragment of massive sulphide, 2 pieces of same block.
Anhydrite, pyrite, chalcopyrite.

4.3.1.2. Samples of the 392 VICTOR dive :
1 sample of chimney was collected during this dive.
Description of the sample :

B09-ROC18 : 1kg, piece of Tour Eiffel. The sample carried nice mussels
collected by Nélia. Sample is heavy. Sulphides, anhydrite, but also locally
what looks like a little fresh glass. It is the same kind of basaltic rock invaded
by hydrothermal deposits .

4.3.1.3. Samples of the 395 VICTOR dive :

8 samples were collected during the 395 dive on the sites of Sintra, lava lake
and PP6. These samples consist in 6 samples of basaltic rocks and 2 samples of
sulphides.

Description of the samples :

B09-ROC19 : 400g, relatively old hydrothermal deposit. Sample has a red-
green stain altered (copper, grey matrix of sulphides, perhaps anhydrite ...)

B09-ROC20 : 150g, 100% basaltic glass from lava lake. Sample exploded in
multiple fragments. Upper glassy crust is hardly altered (faint reddish brown
tinge).

B09-ROC21 : 200g + tube of glass, aphyric basalt with glassy crust from lava
lake. Upper crust is remarkably fresh. Hardly any alteration very black and



fine strines are visible. Crust is 1 to 2 cm thick. Basalt is aphyric and has no
vesicles. One piece has a glassy crust with striae on both sides.

B09-ROC22 : 2 kg with a tube of glass, large piece of lava from lava lake.
Sample was like a flat hollow tube and broke in multiple fragments in the
basket of ROV. Almost 100% aphyric, very fresh glass. Outer glassy crust has
a faint dark red /brown tinge but striae are well visible. Inside, glassy crust is
smooth with a dark chocolate colour and lots of folds. There are drops and
large vesicle-shaped irregularities in the inside, one with a diameter of 3 cm.

Figure 2 : sample B09-ROC22 before sampling

B09-ROC23 : basalt from edge of the lava lake. Aphyric with up to 1cm thick
glassy crust on both sides. Very fresh . Sample broke in many samples. Basalt
is 2-3 cm thick with glass on both sides. No porphyric clasts but small to large
(2 mm) vesicles.

B09-ROC24 : slab of basalt from edge of lava lake about 2 cm with up to 0.7cm
of glass on both sides. Upper crust coaled with brownish crust (less than 0.5
mm) but very fresh glass underneath. Lower crust with dark smooth
chocolate texture. A very few large vesicles (2.5 cm large, 0.5 cm diameter),
one just under lower glassy crust.



Figure 3 : sampling of B09-ROC24 at lake shore

B09-ROC25 : 4kg, two blocks broken from one from pyroclastic breccia in lava
lake and a few smaller fragments. Rock is pale grey with lots of vesicles up to
2 mm in diameter. In rare pieces that are not altered to muddy friable, it is
apparent that the grey vesicular matrix was probably glass initially. Same
vesicles contain small mineral and rock very altered (white, green, dark
brown). Substantial regions of rock also have a coating of small sulphides
(pyrite?) in vesicles ... The rock then looks like a less sulphide-rich version of
our “slab” samples.



Figure 4 : view of pyroclast deposit (B09-ROC25)

BO9-ROC26 : 200g, fragment of a small chimney. Oxydation on some parts.
Crystallisation of anhydrite. Mussels are still there on a part. Sample used
before by the biology team.

4.3.2. Dredges’

Rocks of the Menez Hom massif were dredged on the 4™ of September 2009
and on the 24™ of September 2009. The dredges were first deployed close to
the start point. Then, after adding to the dredge 500 m of cable compared to
the measured depth, the boat made the profile at a speed of 1 node. It stopped
300 m after ending the profile to allow the dredge to finish the profile at
depth. The dredge was finally recovered and the samples were washed before
being sorted to take the most representative samples.



Figure 5 : map of the location of the two dredges

2.1.04/09/09 dredge :

West wall of the axial valley on Menez Hom massif

Ship lat Ship long depth Wire out
Dredge on 37°08.020 32°25.285 1992 m 2335 m
bottom
Croche « 8.3 37°08.003 32°25.672 1923 m X
tons »
Croche « 13 37°08.002 32°26.340 1870 m X
tons »




Off bottom 37°08.002 32°26.361 1879 m 1960 m

Total estimated weight : 600 kg
2 small fragments of coral.

Carbonaceous ooze and sedimentary breccia with ultramafic clasts : about 20
kg

In which :

* About 18 kg with cream-white carbonaceaous matrix, variably
consolidated (Type 1)

* About 2 kg with orange-red indurated matrix (Type 2)

* 0.5 kg of grey sandstone with fine grained serpentine clasts and
aragonite crystals in matrix (Type 3)

Metabasalts ? angular blocs : about 6 kg (Type 4)

Variably serpentinized and cataclased peridotite with serpentine and
carbonate veins : about 570 kg

In which :

* about 15 % orange cataclastic harzburgite (Type 5)
* about 25% grey-green-pink cataclastic dunite ? (Type 6)
* about 60% orange cataclastic dunite and harzburgites (Type 7)

Most samples are coated by sediment and many have a thin Mn coating. It is
possible we sampled a rock slide. Samples were not cut prior to description
and overlap is likely between these types...

Out of the 600 kg we kept : 100 kg

3 plastic boxes labelled : B0O9 DRAGUEI Type 1-6
B09 DRAGUE1 Type 7
B09 DRAGUEI1 Vrac

The following samples were put in bags :

Weights are estimated.

Type 1. sedimentary breccia with ultramafic clasts cream-white
carbonaceaous matrix, variably consolidated



B09-DR1-1-1. 2 fragments of white carbon. sed 20g
B09-DR1-1-2 sed breccia indurated 500g

B09-DR1-1-3 sed breccia 200g

B09-DR1-1-4 sed breccia indurated , 2 blocs 200g
B09-DR1-1-5 microbreccia, sedimentary, indurated 50g
B09-DR1-1-6 sed breccia 150g

Type 2. sedimentary breccia with ultramafic clasts orange-red indurated
matrix

B09-DR1-2-1 4 small blocs 200g
B09-DR1-2-2 one bloc 300g
B09-DR1-2-3 one bloc 150g
B09-DR1-2-4 3 small blocs 150g

Type 3. grey sandstone with fine grained serpentine clasts and aragonite
crystals in matrix

B09-DR1-3 6 small blocs, not numbered, in one bag
B09-DR1-3-1 one small bloc

Type 4. about 6 kg of angular decimetric blocs, probably metabasalts, but
difficult to be sure with uncut samples. We kept all these blocs in one of the
blue boxes but did not number them on board.

Type 5. Relatively massive (weakly cataclastic) harzburgite. Orange, altered
pyroxenes well visible.

B09-DR1-5-1 small bloc(200g)
B09-DR1-5-2 large bloc, 25 by 20 cm



Type 6. Serpentinized and cataclased peridotite with carbonate veins.
Characteristic grey-pink-green color, no pyroxenes visible... dunite
protolith ?

B09-DR1-6-1 Piece (500g) of a very large bloc (about 30 kg) with a well
defined pattern of white serpentine veins, en échelon

B09-DR1-6-2 about 1kg
B09-DR1-6-3 500g with nice carbonate vein
B09-DR1-6-4 200 gr

B09-DR1-6-5 200g with very thin veins of darker serpentine parallel to faces of
sample

Type 7. orange cataclastic dunite and harzburgites with carbonate veins..... in
fact quite a few small samples which were more green than orange were also
put into this type...

B09-DR1-7-1 100g flat sample, carbonate veins in cataclastic serpentinized
peridotite

B09-DR1-7-2 100g flat sample, carbonate veins in cataclastic serpentinized
peridotite

B09-DR1-7-3 200g flat sample, carbonate veins in cataclastic serpentinized
peridotite

B09-DR1-7-4 50g flat sample, carbonate veins in cataclastic serpentinized
peridotite

B09-DR1-7-5 50g flat sample, carbonate veins in cataclastic serpentinized
peridotite

B09-DR1-7-6 200g intermediate with type 6 (more grey than orange, no
pyroxene visible). Altered vein, possibly gabbro protolith, water green

B09-DR1-7-7 30g sigmoidal fragment of sheared serpentine
B09-DR1-7-8 50g fragment of greenish serpentine

B09-DR1-7-9 50g pale green sheared serpentine, with talc ? This is not at all a
common facies in this dredge

B09-DR1-7-10 50g intermediate with type 6 (more grey than orange, no
pyroxene visible). Altered vein, possibly gabbro protolith

B09-DR1-7-11 50g serpentinized peridotite with one flat face that is coated
with consolidated gravel, cemented by aragonite crystals




B09-DR1-7-12 100g green serpentine with thin white serpentine veins

B09-DR1-7-13 100g cataclatic serpentine, orange, with nice undeformed
carbonate vein and a zone of more green and sheared material next to this
vein... either highly cataclastic serpentine, or sheared and altered gabbro.. ?

B09-DR1-7-14 70g orange serpentinized peridotite (dunite ?) with a strange
erosion pattern, cauliflower-like, possibly due to polygonal pattern of
serpentine veins ?

B09-DR1-7-15 100g orange dunite with large spinels. Quite heavy (fresher
than the rest ?).

B09-DR1-7-16 70g round dunitic ? sample

B09-DR1-7-17 200g also possibly a dunite protolith, orange, flat faces parallel
to set f serpentine veins.

B09-DR1-7-18 200g piece of a large bloc of cataclastic orange peridotite
(50cm/20)

B09-DR1-7-19 large bloc of cataclastic orange peridotite. We keep the entire
sample. Could be used in exhibit

B09-DR1-7-20 70g sheared serpentine, sample is quite hard and has a flat
surface formed by an ivory colored material containing clasts of green
serpentine... what is it ?

B09-DR1-7-21 100g red cataclastic peridotite. This is a very uncommon facies
in this dredge, only seen in this small sample.

B09-DR1-7-22 200g orange cataclastic peridotite, 2 flat faces with sheared
serpentine veins

B09-DR1-7-23 (7cm) orange highly cataclastic peridotite with a flat face
formed by undeformed carbonate vein in sheared yellowish serpentine

B09-DR1-7-24 intermediate with type 6 (more grey than orange, no pyroxene
visible), sheared in sigmoides.

B09-DR1-7-25 200g orange cataclastic peridotite with a sheared serpentine
vein and a set of undeformed serpentine and carbonate veins.

B09-DR1-7-26 300g orange cataclastic dunite ( ?) with serpentine and
carbonate veins

B09-DR1-7-27 150g orange to green sheared peridotite, sample has sigmoidal
shape

B09-DR1-7-28 250g orange cataclastic dunite( ?), flat faces

B09-DR1-7-29 weight ? cataclastic orange harzburgite, clasts have a somewhat
sigmoidal shape.

B09-DR1-7-30 weight ? cataclastic orange harzburgite,a flat face along
undeformed serpentine vein, the main cataclastic deformation network
suggests movement perpendicular to this vein.



Other samples which were not described and looks interesting were put
together in a box (BATHYLUCK2009-DRAGUE1-VRAC)

2.1.24/09/09 dredge :

North wall of the axial valley on Menez Hom massif

Ship lat Ship long depth Wire out
Dredge on bottom | 37°08.773 32°24.984 1969m 2440m
Croche « 7.8 tons » | 37°08.615 32°25.570 X 2280m
Croche « 8 tons » 37°08.572 32°25.691 X 2240m
Croche « 9 tons » 37°08.561 32°25.721 X 2200m
Off bottom 37°08.561 32°25.91 X 1892m

Total estimated weight : 93 kg

Figure 6 : dredge 2 on the deck




Metabasalts, angular blocks : about 8 kg (Type 1)

Variably serpentinized and cataclased ultramafic rocks with serpentine and
carbonate veins : about 80 kg

In which :

* About 30 kg of angular samples (Type 2)
* About 50 kg of samples with less angular irregular surfaces (Type 3)

Strongly altered and deformed samples : about 5 kg (Type 4)
Rocks of magmatic origin : 500 g (Type 5)

Most samples are coated by sediment and many have a thin Mn coating.
Samples were cut prior to description.

Out of the 90 kg we kept : 50 kg
2 plastic boxes labelled :
BATHYLUCK 2009 DRAGUE2 Type 1-2-5
BATHYLUCK 2009 DRAGUE2 Type 3-4
The following samples were put in bags :

Weights are estimated.

Type 1. Altered basaltic rocks.

B09-DR2-1-1. 1kg, two fragments from an initial block of 4 or 5 kg. Metabasalt,
fractures, aphyric. Mn-crust.

B09-DR2-1-2 200g, metabasalt, grey, fractures and lighter alteration halos.
Aphyric. Mn-crust

B09-DR2-1-3 400g, two fragments from an initial block of 2/3kg. Fractures.
Aphyric. Mn-crust?

B09-DR2-1-4 500g, few vesicles, light, fractures from which halos are going
into the rock. Aphyric, Mn-crust.

B09-DR2-1-5 400g, very nice with a cataclased zone showing chlorite and a
fresher zone. Aphyric.

B09-DR2-1-6 100g, dark grey (less altered ?). Mn-crust and few fractures.



Type 2. cataclased and serpentinized angular peridotites.

B09-DR2-2-1 400g, fragment from a block of 4/5kg. Striated fault plane on one
of the faces : fibrous mineral on a width of less than 1 mm. Brown/red, no
pyroxene.

B09-DR2-2-2 300g, strongly cataclased peridotite with lots of veins. Orange.
No pyroxene.

B09-DR2-2-3 200g, orange, spinel, less altered. Serpentine veins network.
Dunite ?

B09-DR2-2-4 300g, cataclased. Brown, many veins. No pyroxene.
B09-DR2-2-5 400g, dunite. Many veins with magnetite. Brown/red. Spinel.

B09-DR2-2-6 200g, many dark veins. Orange. Cataclased dunite without
pyroxene.

B09-DR2-2-7 200g, very nice with alteration halos from green
serpentine/ chlorite veins. Grey / purple. Perhaps ghosts of pyroxenes and
apatite (magmatic injection ?)

B09-DR2-2-8 100g, numerous black veins. Brown/red matrix. Big veins with
serpentine and chlorite on the edges. Dunite (spinel)

B09-DR2-2-9 300g, serpentine veins. Dark brown, many fractures. Spinel
(dunite ?). Chlorite on one of the edges.

B09-DR2-2-10 400g, Brown/Orange. Big vein of serpentine and many black
veins. Cataclased.

B09-DR2-2-11 400g, brown to light yellow, very cataclased with dark veins
and serpentine veins.

B09-DR2-2-12 400g, dark brown, serpentine veins. Very angular and
cataclased.

B09-DR2-2-13 100g, orange /brown with a big dark vein et many other veins.
Mn-crust.

B09-DR2-2-14 100g, orange /brown, very cataclased with veins of serpentine
on one of the faces and a lot of small dark veins.

B09-DR2-2-15 100g, many dark veins. Brown/orange. Veins with serpentine
and carbonates. Mn crust. Quite deformed with elongated spinels, small
pyroxenes (harzburgite).

B09-DR2-2-16 100g, brown, many dark veins. Very cataclased, Mn-crust.

B09-DR2-2-17 150g, brown to light yellow. Cataclased, many dark veins.

B09-DR2-2-18 100g, light brown, serpentine veins. Very altered.

B09-DR2-2-19 70g, brown/orange. Very small grain (homogenous texture).
Spinels, dark veins.




Type 3. Peridotites with less angular and irregular surfaces.

B09-DR2-3-1 100g, brown/grey. Veins with serpentine and carbonates.
Porphyroclasts of pyroxenes (harzburgite ?)

B09-DR2-3-2 200g, yellow /green. Veins with serpentine and a dark brown
halo. Porphyroclasts of pyroxenes (harzburgite ?)

B09-DR2-3-3 200g, orange /brown with many veins of serpentine with a black
halo. Maybe carbonates.

B09-DR2-3-4 150g, cataclased. Alteration halo surrounding a clearly
orange /brown center. Many black veins. Mean color : yellow.

B09-DR2-3-5 150g, very cataclased and a lot of serpentine. Veins with
carbonates and black veins.

B09-DR2-3-6 600g, big blocks in spindle, striated surfaces on all the faces,
veins of serpentine and carbonates. Brown. Pyroxenes.

B09-DR2-3-7 200g, very cataclased with a color grey/green. Many dark veins
with brown/orange halos. Carbonate veins.

B09-DR2-3-8 100g, very altered. Brown veins, big veins perpendicular to the
small one.

B09-DR2-3-9 150g, very altered sample with a green/brown color. A lot of
serpentine.

B09-DR2-3-10 150g, yellow alteration zones surrounding orange centers.
Many dark veins. Cataclased. Carbonates veins.

B09-DR2-3-11 150g, very cataclased. Brown with some dark veins and some
light veins. Conglomerate with carbonate surrounding the sample. Veins with
carbonates.

B09-DR2-3-12 300g, very cataclased with a brown/orange color. Dark veins
and veins of carbonates.

B09-DR2-3-13 300g, very very cataclased with many dark veins. A lot of
serpentine : light green. Some orange /brown parts can be observed.

B09-DR2-3-14 400g, orange /brown with many phenocrysts of pyroxenes.
Surrounded by a conglomerate. Veins of carbonates.

B09-DR2-3-15 three fragments for a total weight of 200g. Brown/orange.
Carbonate veins on one of the faces. Cataclased, veins with serpentine.

B09-DR2-3-16 50g, orange and green on one of the side. Pyroxenes
(harzburgite ?). Cataclased. Veins of carbonate. Vein on one of the faces.

B09-DR2-3-17 70g, grey/ green. Many dark veins, cataclased. Serpentine,
pyroxenes (harzburgite ?). Rounded surface.




B09-DR2-3-18 400g, cataclased, a lot of serpentine. Spinels and perhaps
pyroxenes. Many veins of serpentine. Green/ grey. Talc.

B09-DR2-3-19 50g, green/ grey, spinels. A lot of serpentine. Cataclased. Talc.

B09-DR2-3-20 600g, very cataclased, quite a breche. Yellow /orange. Veins of
carbonates. Sedimentary conglomerate on one of the face. Deformed in a
ductile way (impression of movement), sometimes difficult to distinguish the
veins from the matrix.

B09-DR2-3-21 60g, orange, the freshest one. Big dark vein in the middle.
Ductile shear with dark sigmoids. Many phenocrysts of pyroxenes.

B09-DR2-3-22 light brown with altered zone in orange. Dark veins and veins
of carbonates. Cataclased.

B09-DR2-3-23 50g, heterogeneous rock, cataclased. Blue/grey in some places,
orange/brown in other. Very deformed. A lot of veins.

B09-DR2-3-24 400g, dark brown, cataclased with dark veins. Sedimentary
conglomerate on one face, carbonates. Veins of carbonates.

Type 4. “Unclassifiable” samples. Strongly deformed and altered samples.

B09-DR2-4-1 200g, strongly deformed, cataclased. Close to type 3 ones but
very big veins of serpentine. Fault plane with striations on one of the faces.
Orange/brown, dark veins.

B09-DR2-4-2 100g, very cataclased. Many veins of serpentine, quite light.
White in the center of the altered zones. Visible shear on veins of serpentine.

B09-DR2-4-3 150g, very altered with color blue/green. Small orange
oxidations. Veins of serpentine. Strongly deformed, elongated shape.

B09-DR2-4-4 many fragments (200g for the whole). Very dark part, a lot of
serpentine. Maybe apatite, round-shaped replacement minerals. Shear.

B09-DR2-4-5 100g, spheroid sample with a halo from the center with a few
altered peridotite to the surrounding part which is light blue and then dark
blue. A lot of veins. Serpentine in the halo.

B09-DR2-4-6 100g, white rocks (smectite, talc ?). Light. Many veins,
cataclased.

B09-DR2-4-7 150g, spheroid sample with a halo from the center with a few
brown altered peridotite to the surrounding part which is orange. A few
veins. Pyroxenes.

B09-DR2-4-8 150g, orange /brown peridotite altered by large veins (sometimes
more than 1 cm) with serpentine and chlorite. Dark veins in the peridotite.

B09-DR2-4-9 150g, green/blue. Many veins of serpentine. Alteration halo
from blue in the center to green in the surrounded part. Shear, very deformed.



B09-DR2-4-10 300g, a lot of serpentine, strongly deformed, green. Very dark
in the center. Shear in ductile domain. Regions oriented by the crystallization
of serpentine and less deformed regions.

B09-DR2-4-11 150g, cataclased. Black /blue in the altered parts. Vein of
carbonate. Deformed and sheared.

B09-DR2-4-12 100g, totally green, serpentinized. The texture of the peridotite
can sometimes still be observed.

B09-DR2-4-13 100g, blue and green on the edges. Veins of serpentine and
carbonates.

B09-DR2-4-14 70g, spheroidal sample with an alteration halo. Veins of
serpentine. Blue in the center and brown/orange in the halo.

B09-DR2-4-15 70g, brown/orange, spinels (dunite). A few fine dark veins.
Fine blue/ green alteration halo in the surrounding part (perhaps
preferentially altered halo).

B09-DR2-4-16 50g, green/grey. Many big veins. Very altered and
serpentinized.

B09-DR2-4-17 50g, brown/red, white in the center. Maybe a leached
peridotite.

B09-DR2-4-18 300g, dark peridotite with a blue/green region and the other
part is brown/orange. A lot of veins of serpentine. Cataclased and very
altered.

Type 5. magmatic samples.

B09-DR2-5-1 100g, heavy. Grey with red spots of olivine. Red olivine (3mm)
which is altered at the surface into chlorite. Pyroxenes (3mm), a few
plagioclases (Imm). Rock between a pyroxenite and a troctolite.

B09-DR2-5-2 100g, heavy, white with plagioclase and maybe quartz.
Microgrenue texture. Mn crust. Maybe a dyke.






4.4. Biological sampling
N. Mestre

4.4.1. Sampling and preservation of samples

The fauna collected during the Bathyluck’09 cruise was taken from
different sites within the Lucky Strike vent field (Table 1.1.). All animals were
collected with the ROV Victor 6000, either in sterile bioboxes (Fig. 1.1.) or
using the slurp gun. Samples were taken at the end of each dive, or before the
recovery of the elevator in the case of the bioboxes, to minimize the time
between sampling and arrival at surface. Samples were transferred to cold

rooms either at 4°C or at 10°C.

Fig. 1.1. Left - biobox used for collecting mussels; right - fauna attached to the

microbiology colonizator.

Specimens were identified to the species level whenever possible.
Sampling was directed to the most abundant species present in Lucky Strike,
the mussels Bathymodiolus azoricus, the polychaete Branchipolynoe seepensis and
shrimps Mirocaris fortunata. Other species were also present in the samples,
such as the crab Segonzacia mesatlantica, the polychaete Amathys lutzi, small

gastropods, amphipods.

Fifteen mussels and polychaetes from each sample were dissected and
frozen at -80°C for molecular biology studies; ten were preserved in 4%
formalin for histology. Fifteen shrimps from each sample were preserved in
100% ethanol and ten frozen at -80°C. Ten other shrimps from each sample

were preserved in 4% formalin.



The remaining specimens present in the samples were preserved in 100%
ethanol. The fauna attached to one colonizator for microbiology studies,
recovered from Evan site, was preserved in 4% formalin for later

identification.
4.4.2. Experimental work

Experimental work to study the high-pressure changes effects on
Mirocaris fortunata was conducted during the cruise. Small pressure vessels
connected to a hydraulic hand pump were used to incubate small Mirocaris
fortunata for 1 hour at 10°C, at 1 bar, 100 bar and 160 bar. After the incubation
period, the shrimps were left for 30 minutes at 1 bar, and all shrimps survived
the incubation period at the different pressures. O, consumption
measurements were also conducted in order to insure that the oxygen was not
an added stressing factor, and also as a way to compare the oxygen
consumption rate at the different pressures analysed. In addition, these
measurements will give an idea of the metabolic rate at different pressure
conditions and the degree of stress that each individual is exposed to.
Individuals were then frozen at -80°C, for later analysis of the molecular

changes as a result of the high pressure.

Some specimens of M. fortunata will be kept alive for as long as
possible. Six ovigerous females were found among the samples, and will be
maintained until embryos hatch from the egg capsules. The analysis of the
larval development will be attempted as well as the effect of temperature and

pressure on the larval development.

This work will be incorporated in the Abyss2100 project that aims to
elucidate how marine organisms cope with potential changes in the
environment. This will be achieved by integrating methods ranging from a
molecular, cellular to whole—organism level, in order to reveal their resilience
potential. The approach is based on the concept that physiological effects on
the individual can potentially translate into changes in populations and affect
the ecology of entire communities and on the hypothesis that deep-sea

organisms are potentially at risk due to climate change.



Table 1.1. Location of sampling and method of collection.

BO9TEMO057 | 23/09/2009 | 02:32 | 395 | Sintra 37°17.530 | 32°16.505 | 1617 161.2 | Temperature measured 6-
Event Date Time | Dive | Site Latitude | Longitude | Depth | Cap | De€scription
(m)
BO9TEMO064 | 23/09/2009 | 15:33 | 395 Cypres 37°17.443 | 32°16.860 | 1734 135 Temperature measured
BO9MBIO1IR | 06/09/2009 | 10:42 | 389 | Tour Eiffel | 37°17.340 | 32°16.529 | 1696 S#0fle biobox for mussels
and bacterial matt
BO9TEMO064 | 23/09/2009 | 15:33 | 395 Cypres 37°17.443 | 32°16.860 | 1734 135 Temperature measured 6-
BO9RTEMO10 | 06/09/2009 | 11:01 | 389 | Tour Eiffel | 37°17.340 | 32°16.529 | 1696 B°€3-7.60
B09BIO00Y 07/09/2009 | 15:27 | 389 | Vigmtsegur | 37°17.2839 | 32°16.8807 | 17682 135 | Sterile biobox for mussels
BO9TEMO48 | 03/09/2009 | 22:33 | 389 | Siwtrtsegur | 37°17.3809 | 32°16.56687 | 1602 62.57 | Teppétidnge BRqSurodvet’C
part of flange 8-10°C
BO9TEMO030 | 16/09/2009 | 00:30 | 392 | Tour Eiffel | 37°17.340 | 32°16.529 | 1696 280 emperature measured
B09BIO008 23/09/2009 | 22:41 | 395 | Sintra 37°17.530 | 32°16.505 | 1617 62.57 | SlaxgUn for shrimps
B09BIO002 16/09/2009 | 00:41 | 392 | Tour Eiffel | 37°17.340 | 32°16.529 | 1696 280 | Slurp gun for shrimps
B09BIO003 16/09/2009 | 00:59 | 392 | Tour Eiffel | 37°17.340 | 32°16.529 | 1696 258 | Slurp gun for shrimps
BO9TEMO031 16/09/2009 | 01:12 | 392 | Tour Eiffel | 37°17.340 | 32°16.529 | 1696 258 Temperature measured
5.11°C
BO9TEMO032 | 16/09/2009 | 01:33 | 392 | Tour Eiffel | 37°17.340 | 32°16.529 | 1696 152 Temperature measured
8.8°C
B09BIO004 16/09/2009 | 01:37 | 392 | Tour Eiffel | 37°17.340 | 32°16.529 | 1696 152 | Slurp gun for shrimps
BO9TEMO034 | 16/09/2009 | 02:57 | 392 Crystal 37°17.4310 | 32°16.3697 | 1722 Temperature measured
13.58°C
B09BIO005 16/09/2009 | 03:17 | 392 | Crystal 37°17.4310 | 32°16.3697 | 1722 Slurp gun for shrimps
B09BIO006 23/09/2009 | 02:10 | 395 | Sintra 37°17.529 | 32°16.504 | 1617 161.2 | Sterile biobox for mussels
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4.5. Colonization modules - TRACK

4.5.1. Recovery
Tour Eiffel:
N 37°17.3300
W 32°16.5307
Imm = 1696 m

Colonization Modules (Dive 392)
23:07h - BO9_TRACK_C5R
00:12h - BO9_TRACK_C4R
On the 16 of September 2009, the ROV Victor 6000 took a dive recovered 3

colonization modules that were at Tour Eiffel site. Colonization modules were placed

two years ago in other mission and they contained Alfafa, wood and carbonates.
Substrates which were inside the colonization modules will be for biochemical
analysis, FISH analysis and Immunological analysis. Samples were withdrawn the

top, middle and low.

Fig. 1 - Colonization module.

The Alfafa substrate was removed as follows:
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Table I — Destination and storage of top substrate Alfafa.

No cubes Addressee Storage Mode
3 Sebastian Duperron Ethanol 96%
5 Sylvie Gaudron Ethanol 96%
5 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen

Table II — Destination and storage of middle substrate Alfafa.

No cubes Addressee Storage Mode
3 Sebastian Duperron Ethanol 96%
5 Sylvie Gaudron Ethanol 96%
5 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen

Table III- Destination and storage of low substrate Alfafa.

No cubes Addressee Storage Mode
3 Sebastian Duperron Ethanol 96%
5 Sylvie Gaudron Ethanol 96%
5 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen

At the end of the sampler, were removed Alfafa cubes for FISH. These cubes
were set in Formaldehyde 4% over 2-4 hours at 4°C. Wooden cubes were then rinsed
3 times in filtered seawater using 0,45 microns filters. The next step was to rinse in
Ethanol/ filtered seawater during 30 minutes. To finalize, the ethanol/filtered

seawater was removed and absolute ethanol was added and the sample was stored
at 4°C.

The Wood subtract was removed as follows:

Table IV — Destination and storage of top substrate wood.

No cubes Addressee Storage Mode
3 Laure Guillow Ethanol 96%
3 Sebastian Duperron Ethanol 96%
5 Sylvie Gaudron Ethanol 96%
5 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen
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Table V — Destination and storage of middle substrate wood.

No cubes Addressee Storage Mode
3 Laure Guillow Ethanol 96%
3 Sebastian Duperron Ethanol 96%
5 Sylvie Gaudron Ethanol 96%
6 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen

Table VI — Destination and storage of low substrate wood.

No cubes Addressee Storage Mode
3 Laure Guillow Ethanol 96%
3 Sebastian Duperron Ethanol 96%
6 Sylvie Gaudron Ethanol 96%
5 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen

At the end of the sampler, 13 wooden cubes were removed for FISH. These

cubes were placed in Formaldehyde 4% over 2-4 hours at 4°C. Wooden cubes were

then rinsed 3 times in filtered seawater in 0,45 microns filters. The next step was to

rinse in Ethanol/ filtered seawater during 30 minutes. To finalize, ethanol/filtered

seawater was removed and absolute ethanol was added and the sample was stored

at 4°C.

Colonization Module (Dive 395)

B09_TRACK_C6R

Third colonization module was recovered on 23 September 2009

contained carbonates. Carbonates were shared:

Table VII - Destination and storage of top substrate Carbonates.

No cubes Addressee Storage Mode
3 Laure Guillow Ethanol 96%
3 Sebastian Duperron Ethanol 96%
5 Sylvie Gaudron Ethanol 96%
5 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen
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Table VIII - Destination and storage of middle substrate Carbonates.

No cubes Addressee Storage Mode
3 Laure Guillow Ethanol 96%
3 Sebastian Duperron Ethanol 96%
5 Sylvie Gaudron Ethanol 96%
6 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen

Table IX — Destination and storage of low substrate Carbonates.

No cubes Addressee Storage Mode
3 Laure Guillow Ethanol 96%
3 Sebastian Duperron Ethanol 96%
6 Sylvie Gaudron Ethanol 96%
5 Sylvie Gaudron Formaldehyde 37%
10 Ana Colaco Frozen

4.5.2. Samples of fauna

Mussels:

11:23H - B0O9BIOO001

Tour Eiffel mussels (Fig. 2) were collected on the 7™ of September 2009 with
aid of ROV. Mussels were collected and placed in one biobox, previously sterilized
with ethanol. Once the biobox arrived at surface, mussels were removed and kept
refrigerated until processing of samples.

- 10 were frozen to do immunological and histological analysis;

- 10 mussels were stored in Formaldehyde 10% and chilled at 4°C to do FISH;

- 10 mussels were dissected in gills, foot, digestive gland, mantle and rest to

do biochemical analysis.

Shrimps:

00:41 — BO9BIO02
00:50 - BO9BIO03
01:37 - BO9BIO04
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Shrimps were collected at Tour Eiffel with ROV’s slurp gun and when they

arrived at the surface, 20 shrimps were frozen at -20°C.

Sintra:

N 37°17.5455
W 32°16. 4848
Imm = 1622 m

Mussels from Sintra were collected using a biobox and preserved as follows:
-10 were frozen to do immunological and histological analysis;

-10 mussels were stored in Formaldehyde 10% and chilled at 4°C to do FISH;
-10 mussels were dissected in gills, foot, digestive gland, mantle and rest to do

biochemical analysis.

Fig. 2 — Mussels collected at Tour Eiffel.

Shrimps
Shrimps were collected at Sintra with ROV’s slurp gun and when they arrived

at the surface 10 shrimps were frozen at -20°C.

Cypres:

N 37°17.3300
W 32°16.5307
Imm = 1696 m
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One new site was discovered (Cypres) during the cruise and mussels were

collected at this place. Ten were frozen at -20°C.
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4.6. Microbiologica sampling
Frangoise Lesongeur and Valentin Crépeau (IFREMER)

4.6.1. Microbial mats study (Valentin Crépeau PhD)

Mats samples, performed during Momar-2008 cruise with PEP pump, permit us to
finish the phylogenetic and metabolic characterizations begun during EXOMAR
(2005) and MoMARETO (2006) cruises. Theses studies revealed a poor Archaeal
diversity, dominated by the Marine Crenarchaeota Group 1, especially by the aerobic-
oxidative specie Nitrosopumilus maritimus, which seems to be active. In contrast
Bacterial clones revealed a considerably higher diversity. A large number of them
(29% and 25%) were related to the y and ¢ classes of Proteobacteria, but a and 8 classes
were also represented (11% and 3%). Besides ProteoBacteria, Bacteroides-Cytophaga-
Flexibacter (BCF) group is well represented (25%) and a few clones of many other
groups and phyla were found. Complementary 16S ribosomal RNA clones, obtained
with RT-PCR, revealed clones affiliated to Thiotricaceae as main active specie.
Metabolic study, with specific primers, showed active bacterial populations implied
in autotrophic carbon fixation, sulfur- and methane-oxidization.

During this cruise we took twice (dive 389 and 395) mussels covered by white
filamentous mats, in the Tour Eiffel site. Samples were realized with sterile box and
mussels were properly scrap to collect mats fragments. We also took, from broken
mussels, some shell pieces with attached microbial filaments. These fragments and
shell pieces were :

— freeze at —-80°C in RN Alater® to molecular studies ;
— prepare for Fluorescent In Situ Hybridization (FISH) and store at -20°C ;
— prepare for electronic microscopy and store at 4°C ;

— use to inoculate bioreactor and various culture media (see below).

To complete the molecular studies on biofilms and well understand the relationship
between microorganisms and hydrothermal fauna, we equally sampled some
digestive glands of a few mussels, to characterize them microbial populations.

Cultural approaches are, in microbiology, the natural complement of biomolecular
studies; consequently, we used a wild range of media and techniques to cultivate
specific microorganisms from Lucky Strike biofilms.

* Sulfur cycle is a main way to chemosynthetic microorganisms in
hydrothermal systems and the dominants species in microbial mats from
Lucky Strike are, in all likelihood, implied in sulfur-oxidization. For theses
reasons we decided to realize a longtime culture, in bioreactor, to study
development and variations of sulfur-oxidizers. We wused very poor
autotrophic medium, just supplied with thiosulfate and flushed with
N,/CO, gaz enriched with H,S (sulfide hydrogen).
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* An agar medium, with Na,S/O, gradient, were inoculate to performed the
enrichment of filamentous sulfur-oxidizers, which seems visually
dominate the mats.

* Four others autotrophic media were also inoculate to realize more
classics enrichments for sulfur- and methane-oxidizers.

All cultures are performed in the dark between 8 and 10°C. Actives populations will
be survey by microscopic observations, FISH techniques and RNA extractions
followed by DGGE fingerprinting method.

Figure 1. White filamentous microbial mat on mussels patches (up), temperature measure and
mussels’ sample (down).

4.6.2. Temporal study of microbial populations in hot active chimneys

An active chimney (fluids temperatures after sampling: 162°C), AISICS, was
collected in the Tour Eiffel site. Already sampled during EXOMAR (2005),
MoMARETO (2006) and MoMAR-2008, it permit us to observe and better-
understand changes and variations of microbial populations during the growth of
the chimney. Molecular approach will be performed, using DNA extraction, PCR
amplification, cloning, sequencing and phylogenetic analysis of 16S rRNA genes.
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The chimney was collected in a sterile box and crushed under anoxic atmosphere
(N,/H,; 90:10). We did aliquots in 50mL Falcon tubes and froze them at —-80°C for
molecular studies and we stored an other part in flasks under anoxic atmosphere for
cultures.

Three others hot active chimneys (fluids temperatures after sampling: 176°C, 276°C
and 276°C) were also sampled from Isabel, White castle and Montségur sites.
Samples are conditioned in the same way than AISICS. Phylogenetic diversity
characterization by molecular approach are planned.

Figure 2. AISICS edifice (up at the left) and chimneys sampled from Isabel site (up at the right),
White castle site (down at the left) and Montségur (down at the right).

Table 1. Data samples.

Dive 389
BAO1  Tour Eiffel 06/09/2009 BO9MBIO1R Mussels covered with microbial samples
Tour Eiffel 06/09/2009 BO9TEM 010 Temperature on mussels patch: 6.83°C

Detail:
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Microbial mat collected on mussel

12 nunc tubes at -80°C in RNA later

8 1.5 mL tubes at -20°C for FISH

6 nunc tubes at 4°C fixed in glutaraldehyde
Mussels shell pieces with attached microbial mat
1100 mL container for FISH

4 Falcon tubes at -20°C for FISH

2 Falcon tubes at fixed in glutaraldehyde

Mussels digestive glands

12 nunc tubes at -80°C in RNA later

12 nunc tubes at -20°C for FISH

BA02  Tour Eiffel 07/09/2009 BO9MBI0O2R AISICS chymney samples
Tour Eiffel 07/09/2009 BOOTEM 016 Temperature of fluids before sampling chimney : 124°C
Tour Eiffel 07/09/2009 BO9TEM 017 Temperature of AISICS fluids after sampling : 162°C

5 nunc tube - 80°C for DNA extraction

1 falcon tube at -80°C for DNA extraction

2 falcon tube a -80°C for FISH

1 flask at 4°C for culture

BA03  Isabel 09/09/2009 BO9MBIO3R Chymney samples
Isabel 09/09/2009 BO9TEM 025 Temperature of fluids before sampling chimney : 174°C
Isabel 09/09/2009 BO9TEM 026 Temperature of fluids after sampling chimney: 176°C

1 Falcon tube at -80°C for DNA extraction
1 Falcon tube at -80°C for FISH

1 flask at 4°C for culture

Dive 392
BA04  White castle 15/09/2009 BO9MBI0O4R Chymney samples
15/09/2009 BO9TEM 028 Temperature of fluids after sampling chimney : 276°C
7 Falcon tube at - 80°C for DNA extraction
1 Falcon tube at -20°C for FISH

2 flask at 4°C for culture
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6 nunc tubes with DMSO at -80°C for culture

1 piece of chimney in a bag at -80°C

Dive 395
BAO05 Tour Eiffel 23/09/2009 B09 MBI 05 R Mussels covered with microbial mat samples
23/09/2009 BOOTEM59 Temperature on mussels patch: 7,00°C
Detail:
Mussels shell pieces with attached microbial mat
1100 mL container for FISH
2 Falcon tubes at -20°C for FISH
2 Falcon tubes at fixed in glutaraldehyde
Mussels digestive glands
12 nunc tubes at -80°C in RNA later
12 nunc tubes at -20°C for FISH
Mussels cut in two

2 100 mL container for FISH

BAO6  Montségur 23/09/2009 BO9MBIO6R Chymney sampled in sterile box for microbiology
23/09/2009 BOOTEMO060 Temperature of fluids after sampling chimney : 276°C
6 falcon tubes at -80°C
3 falcon tubes for FISH

2 flask at 4°C for culture
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4.7 Hydrothermal fluid flow quantification

4.7.1. Scientific Objectives

Accurate estimates of heat flux from hydrothermal vent sites are essential to
understanding many biological, geological, and chemical processes at mid-ocean
ridges. Calculations of heat flux rely on measurements of the temperature and the
volume flux of escaping fluid. The goal of the fluid flow portion of the Bathyluck
2009 cruise was to acquire video sequences from both localized hydrothermal vents
and regions of diffuse upwelling and to use these images to calculate the velocity of
the rising fluids. Coupling these calculations with temperature measurements will
allow a more accurate estimate of the heat flux from individual vent sites and from
the entire Lucky Strike hydrothermal field than was previously possible.

4.7.2. Methods

4.7.2.1. Video Capture Protocol

Video was recorded in PAL format at 25 frames per second with an interlaced
resolution of 720 by 576. Before each video capture, the remote operated vehicle
(ROV) was placed in a fixed position and maintained as stationary as possible. The
camera focus and the light level were then adjusted depending upon the flow being
imaged. For localized venting (i.e. venting from a single orifice; Figure 1A), the focus
was set on the upwelling fluid and the light level was adjusted to provide a large
pixel intensity variation within the upwelling plume. The camera focus for flows
with a high particle density (Figure 1B) was set to the plane containing the particles
of interest and the light level was adjusted to maintain a high contrast between
particles and background. In cases of clear, diffuse flow (e.g. along the length of a
fracture; Figure 1C), the camera was focused on the background behind the fluid and
the light level was set to ensure a large variation of pixel intensities in the image
background.

4.7.2.2. Velocity Calculations

Depending upon the type of fluid flow, velocities are calculated in either one
or two steps. First, a cross-correlation of pixel intensities is performed across
subsequent images to calculate pixel displacements. For localized venting of opaque
fluid and diffuse flows with high particle densities, these displacements correspond
to the fluid velocity (Figure 2, 3). However, for clear, diffuse fluids, the pixel
displacements correspond to the apparent deformation of the image background
caused by thermally induced variations in the refractive index. To calculate the fluid
velocities, a second normalized cross-correlation is performed on the pixel
displacement gradients; in effect, tracking the motion of the apparent background
deformation through time (Figure 4).
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Figure 1. Velocity calculations are performed on (A) localized flow from a single
orifice, (B) diffuse flow with a high particle density, and (C) clear, diffuse flow that

acts as a deforming lens due to variations in the refraction index of light.

4.7.3. Acquired Data

A total of 31 individual video events were captured from the main camera of
the Victor 6000 remote-operated vehicle. Each event is composed of between 1 and 12
separate video sequences ranging between ~20 seconds to 3 minutes in length. The
majority of video events were collected in two different type of survey. First, video
events of diffuse flow were collected during a ~6 hour survey of fractures
surrounding the Tour Eiffel vent site. Second, videos were collected at several vent
sites in parallel with temperature and temperature gradient measurements to
facilitate the later calculation of heat flux. The video events are summarized in the

table below.
Video Latitude Longitude Flow Tvpe Event Vent Site
Event (N) (W) yp Length
B0O9VIDO001 37°17.510 32°16.667 Localized 6 min 0 sec Y3
Vent
BO9VIDO002 | 37°17.509 32°16.662 Localized 2 min 0 sec Y3
Vent
B0O9VIDO003 37°17.529 32°16.504 Diffuse 1 min 30 sec Sintra
B09VID004 37°17.325 32°16.526 Diffuse 1 min 20 sec | Tour Eiffel
BO9VIDO005 | 37°17.271 32°16.539 Diffuse 1 min 0 sec | Mont Segur
BO9VIDO006 | 37°17.449 32°16.915 Localized 21 min 1 sec Crystal
Vent
BO9VIDO007 | 37°17.383 32°16.868 Localized 0 min 37 sec White
Vent Castle
B09VID008 37°17.332 32°16.541 Diffuse 41 min 45 Tour Eiffel
sec
B09VID009 37°17.332 32°16.541 Diffuse 17 min 10 Tour Eiffel
sec
B0O9VIDO010 37°17.333 32°16.534 Diffuse 30 min 5sec | Tour Eiffel
B09VIDO011 37°17.333 32°16.534 Diffuse 19 min 38 Tour Eiffel
sec
B09VID012 37°17.339 32°16.533 Localized 2 min Aisics Vent
Vent
B0O9VIDO013 37°17.339 32°16.533 Localized 2 min Aisics Vent
Vent
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B09VID014 37°17.339 32°16.533 Localized 2 min Aisics Vent
Vent

B0O9VIDO015 37°17.379 32°16.862 Localized 2 min 30 sec White
Vent Castle

B09VIDO016 37°17.383 32°16.868 Localized 2 min 3 sec White
Vent Castle

B09VIDO017 37°17.435 32°16.932 Localized 2 min 0 sec South
Vent Crystal

B09VIDO018 37°17.432 32°16.932 Localized 2 min 0 sec South
Vent Crystal

BO9VIDO019 | 37°17.466 32°16.907 Localized 4 min 15 sec Crystal
Vent

BO9VID020 | 37°17.447 32°16.992 Localized 2 min 0 sec Crystal
Vent

B0O9VID021 37°17.507 32°16.670 Localized 2 min 0 sec Y3
Vent

B0O9VID(022 37°17.507 32°16.670 Particles 2 min 20 sec Y3

B0O9VID(023 37°17.510 32°16.667 Diffuse 2 min 0 sec Y3

B09VID(024 37°17.510 32°16.667 Diffuse 2 min 0 sec Y3

BO9VIDO025 | 37°17.280 32°16.535 Localized 2min 5sec | Mont Segur
Vent

BO9VIDO026 | 37°17.281 32°16.535 Localized 2 min 30 sec | Mont Segur
Vent

B09VID027 37°17.336 32°16.529 Localized 1 min 10 sec | Tour Eiffel
Vent

B09VID028 37°17.337 32°16.524 Localized 2 min 10 sec | Tour Eiffel
Vent

B09VID029 37°17.339 32°16.533 Localized 2 min 9 sec Aisics Vent
Vent

B0O9VIDO030 37°17.378 32°16.640 Localized 5 min 45 sec Isabel
Vent

B09VID031 37°17.338 32°16.528 Localized 2 min 0 sec Aisics Vent
Vent

4.7.4. Preliminary Results

Several initial velocity calculations were performed while underway.
Maximum velocities of localized flow range between ~12-30 cm /s, within the values
measured in previous studies at the East Pacific Rise (~8-43 cm/s) [Ramondenc et al.,
2006]. Upwelling, diffuse flow surrounding the tower at Y3 is calculated to range
between 4-16 cm /s (Figure 3). Finally, initial diffuse flow velocities along fractures at

the base of Tour Eiffel are between 1-3 cm/s (Figure 4).

181




Figure 2. Images from a (A) localized vent source are used to calculate (B) time-
averaged velocities (color contours and velocity vectors). Here, the velocities are
averaged over 1 minute.

Figure 3. Images of (A) diffuse flow with a high particle density are used to calculate
(B) the time-averaged velocity (arrows) of buoyant, low temperature flow around the
tower at Y3. Velocities in (B) range from ~3 cm/s to ~16 cm/s. Hotter colors
represent larger velocity magnitudes.
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Figure 4. Images of clear, diffuse fluid flow are used to calculate the (A) apparent
deformation of image backgrounds (small, red arrows). A second normalized cross-
correlation of the deformations across subsequent calculations of (A) is performed to
calculate the (B) time-averaged velocity field of the fluid (red arrows). Here, the
velocities are averaged over 18.5 seconds of video and range between 1 cm/s and 3
cm/s.

4.7.5. Planned Post-Cruise Work

Method Verification

In order to verify the accuracy of the new method of diffuse flow
measurements of clear fluids, we plan to perform a series of tests using both
laboratory and numerical experiments of upwelling hot plumes in fluids with both
constant and temperature dependent viscosity. Initial tests have already been
performed in the laboratory with satisfactory results, but more rigorous verification
and error analysis is needed.

Velocity Calculations

Data processing of the acquired videos will involve as many as three steps
depending upon the video quality and type of venting being examined. In some
areas with strong currents it was not possible to maintain a perfectly steady camera
throughout a video sequence. The first step of video processing will be to remove
the wobble introduced by this motion. Camera movement will be removed by
comparing the position of distinctive points in each image throughout the video
sequence and warping each image so that these points remain steady. The second
processing step will be to calculate either the fluid velocity (localized venting and
high particle density diffuse flow) or the apparent background deformation (clear,
diffuse fluid). Finally, the third step will involve calculating the fluid velocity for
clear, diffuse fluid flow. The processing of fluid velocities is expected to be complete
by March 2010.
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Heat Flux Estimates

Once velocity calculations are complete, heat fluxes will be estimated by
coupling the velocities with the temperature measurements performed during this
cruise. The details of these estimates will vary with the type of flow and will require
extrapolation of the 2D calculated velocity fields to 3D.

4.7.6. Comments

Although the video events and velocity calculations coupled with the
temperature measurements will likely provide a very good estimate of the Lucky
Strike heat flux, there are several difficulties arising from the quality of video
captured. The current system of direct conversion to DVD causes a large loss of
resolution and severely limits the types of analysis possible. For example, the low
frame rate (25 frames per second) causes portions of the fluid to cross several pixels
in a single frame, causing smearing of the image. Thus, velocity calculations on clear
fluids are limited to very slow, low temperature flows. For opaque fluids venting
from a single orifice, the fastest velocities within the first few centimeters of the vent
are unmeasurable. A camera with a faster frame rate and higher resolution with a
direct to DV-tape or hard drive solution would provide a significant improvement
to the current system and eliminate many of the above concerns.
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5. Science operations — Navigation and Data
5.1. Engine navigation

5.1.1. Victor Navigation

5.1.1.1. Positioning systems

The Victor 6000 is a ROV (Remote Operated Vehicle). It is driven by the ROV team
from the ship thanks to an optical cable. Two different positioning systems are
available: the estimated navigation and the BUC.

Estimated Navigation
During the dives, the ROV Victor 6000 calculates its geographical position from its
last position and the data given by an inertial sensor. This positioning system is very
accurate locally but a drift can be introduced by submarine currents.

BUC - Base Ultra Courte
The BUC is an ultra short baseline acoustic positioning system. The ship sends out a
sound wave and when the ROV receives this signal, it calculates its new position
base on the travel-time of the acoustic wave. This positioning system is not affected
by submarine currents so its absolute location is more accurate but there can be a
large error locally.

Two complementary systems
The BUC is theoretically better than the estimated navigation. But sometimes, the
transmition of the acoustic wave is blocked because of a bad choice of the frequency
or too much noice from the boat.

As a consequence, the Estimated Navigation is more stable than the BUC system so
the ROV team uses it to drive the robot. But they need to relocate regularly the
estimated navigation in order to reduce the drift. This relocalisation is indispensable
for the dive in survey mode in order to respect the profiles and to reach dive’s
cartographic objectives without holes in the original profiles.

5.1.1.2. Data processing

Raw Data
For each dive, the Victor Team made a CD (or a DVD) containing all the data
recorded by the ROV. This data includes the estimated navigation, the BUC data, an
hybrid navigation, the images taken by the scientists during the dives, and
informations about the camera during the shooting. The hybrid navigation is a
combination of the BUC data and the estimated navigation. It has never been used
for the processing of the navigation because of a lack of information about the
methodology used to build it in the Ifremer documentation.

At the beginning of the cruise (until the dive number 392 on the 15" of September),
there was a technical problem in the transmition of the acoustic wave. So, the BUC
data are unusable for the dives 386 to 392. For these dives, the estimated navigation
was processed with regard to the BUC and the relocalisation done by the pilots.
These dives were done in a sampling mode or with the OTUS acquisition which will
allow recalculating later a better navigation during the generation of the mosaic.
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Comparaison of the BUC data before and after the dive 392

Bad BUC transmition in sampling mode Bad BUC transmition in survey mode

Good BUC transmition: only a few points are aberrant

Number Positionning System used for the processing
Dive

386 - 1 Estimated Navigation

387 -2 Estimated Navigation

388 -3 Estimated Navigation

389 -4 Estimated Navigation

390 -5 Estimated Navigation

391-6 Estimated Navigation

392-7 BUC

393-8 BUC
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394 -9 BUC

395-10 BUC
396 - 11 BUC
Methodology

The raw data are first imported thanks to an Ifremer software module, “Import des
données du Victor 6000”. This software converts the raw data to ArcGIS format (.dbf)
and sorts the data by type.

Navigation data was processed with the Ifremer software, Adelie. This software is
delivered as an extension of the GIS software ArcGIS of ESRI enterprise. Adelie gives
tools to draw tracks and export them to a readable format for the ROV team (Vemo+
format) before the dives and tools to process the navigation after the dives (filters,
conversion of points to lines, smoothing of the tracks...).

Aberrant points were removed from the navigation data by filtering. Then, the
navigation tracks were smoothed using a Gaussian algorithm.

Processing Line

Victor raw navigation data Victor imported navigation data

Victor processed navigation data

(Every ArcGIS Shapefile contains 6 files)
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Output Data

Once processed, the data are in an ESRI format: one shapefile (.shp) for each dive
with the time and the coordinates. They were converted to different formats for those
who needed the navigation data.

So, in the final data storage, there are three folders:

*  One with the Shapefiles (ArcGIS-ESRI format)
=  One with Excel files
= One with text files formatted for Caraibe (for the bathymetry processing)

5.1.1.3. Chronological summary of dives

Dive 386-1 01/09/09 to 02/09/09

: 3 short dives in sampling mode with a
Dive 3872 02/09/09 to 03/09/09 technical problem on the arm “maestro”

Dive 388-3 04/09/09 to 05/09/09

Dive 389-4 05/09/09 to 09/09/09 1 long dive in sampling mode

Dive 390-5 10/09/09to 11/09/09 5 4ives with OTUS, magnetism and MMR at
Dive 391-6 11/09/09 to 14/09/09 an altitude of 8m

Dive 392-7 15/09/09 to 16/09/09 1 dive in sampling mode

Dive 393-8 16/09/09 to 19/09/09
Dive 394-9 19/09/09 to 21/09/09

2 dives with MMR at an altitude of 50m

Dve 35 21/09/091024/09/09 1 dive in sampling mode
Dive 39 24/09/09t026/09/09 1 dive with MMR at an altitude of 50m

5.1.1.4. Sampling dives

Three dives have been performed in sampling mode to sample fluids and fauna and
capture video of the LuckyStrike vent sites. During these three dives,
instrumentation was deployed and recovered too: at the very beginning of the cruise
temperature probes were deployed on the volcano area, at the middle of the cruise
two pressure gauges were replaced, at the end of the cruise the short period
instrumentation was recovered, and the rest of the instrumentation was deployed for
one more year.
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Before this, three dives were performed in sampling mode but only a few operations
were successfull because of technical problems on the arm of Victor.

Dive 386

Date 03/09/2009

Observateurs CANNAT Mathilde
ESCARTIN Javier

Station Lucky strike

Latitude Moyenne | N 37 17.5000

Longitude W 32 16.7000

Moyenne

Objectifs 3 sites d'études prévus : MontSegur, Tour Eiffel et Roldan

de la plongée Récupération de capteurs de températures et de boites microbio.

piong Pose de nouveau capteurs de température et de boite microbio.

Préléevement de fluides et de biologie.

Bilan Aucune opération effectuée

de la plongée Probleme technique diagnostiquée sur le bras du Victor
Plongée écourtée
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Dive 387

Date 02/09/2009

Observateurs CANNAT Mathilde
ESCARTIN Javier
CHAVAGNAC Valérie

Station Lucky strike

Latitude Moyenne | N 37 17.5000

Longitude W 32 16.7000

Moyenne

Objectifs 3 sites d'études prévus : MontSegur, Tour Eiffel et Roldan

de la plongée Récupération de capteurs de températures et de boites microbio.
Pose de nouveau capteurs de température et de boite microbio.
Préléevement de fluides et de biologie.
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Bilan
de la plongée

Aucune opération effectuée
Probleme technique diagnostiquée sur le bras du Victor
Plongée écourtée
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Dive 388

Date 04/09/2009
Observateurs CANNAT Mathilde
ESCARTIN Javier
CHAVAGNAC Valérie
BOULARD Cédric
BARREYRE Thibaut
Station Lucky strike
Latitude Moyenne | N 37 17.5000
Longitude W 32 16.7000
Moyenne
Objectifs 3 sites d'études prévus : MontSegur, Tour Eiffel et Roldan
de la plongée Récupération de capteurs de températures et de boites microbio.
pong Pose de nouveau capteurs de température et de boite microbio.
Préléevement de fluides et de biologie.
Bilan 1 capteur de température posé
de 1a ploneée 2 capteurs de température récupérés
plong 3 seringues de fluide prélevées
2 bouteilles de fluide prélevées
Probleme technique diagnostiquée sur le bras du Victor
Plongée écourtée
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Dive 389

Date 05/09/2009

Observateurs BARREYRE Thibault, BOULART Cédric, CANNAT Mathilde,
CARLUT Julie, CHAVAGNAC Valérie, CREPEAU Valentin,
CASTILLO Alain, ESCARTIN Javier, LEFEBVRE Alice,
LESONGEUR Frangoise, MALVOISIN Benjamin, MESTRE
Nelia, MITTELSTAED Eric, ROMEVAUX-JESTIN Céline,

SALOCCHI Aura
Station Lucky strike
Latitude Moyenne | N 37 17.5000
Longitude W 32 16.7000
Moyenne
Objectifs Sites d'étude: MontSegur, Tour Eiffel, Roldan, Pico, Isabel,
de la plongée Crystal, White Castel, Y3. Récupération de l'instrumentation

mise en place durant la campagne MoMAR'08 (capteurs de
température et colonisateurs microbiologiques), Mise en place
d'une série de capteurs de température pour une an ou un mois
de mesures. Pélevements de fluides et faune sur les sites
hydrothermau. Capture vidéo de plumes hydrothermaux

Bilan 26 capteur de température posé et 5 récupérés

9 seringues et 10 bouteilles de fluide prélevées

2 colonisateurs microbiologiques récupérés et 1 déployé

11 vidéos capturées

de la plongée
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Dive 392

Date 15/09/2009

Observateurs BARREYRE Thibault, BOULART Cédric, CANNAT Mathilde,
CARLUT Julie, CHAVAGNAC Valérie, CREPEAU Valentin,
CASTILLO Alain, ESCARTIN Javier, LEFEBVRE Alice,
LESONGEUR Frangoise, MALVOISIN Benjamin, MESTRE
Nelia, MITTELSTAED Eric, ROMEVAUX-JESTIN Céline,
SALOCCHI Aura, LECOMTE Benoit, POT Olivier, SILVA Catia

Station Lucky strike

Latitude Moyenne | N 37 17.5000

Longitude W 32 16.7000

Moyenne

Objectifs Récupération et remplacement des capteurs de pression
de la plongée Prélevement de fluides et d’échantillons biologiques

Récupération et pose de colonisateurs microbiologiques
Remise en place du dernier capteur de température

Mise en place d'un panneau de calibration pour la caméra
Bilan 1 capteur de température posé et 6 récupérés

4 seringues et 4 bouteilles de fluide prélevées

3 colonisateurs microbiologiques récupérés et 1 déployé

4 prélevements biologiques

1 vidéo capturée

de la plongée
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Dive 395

Date 21/09/2009

Observateurs BARREYRE Thibault, BOULART Cédric, CANNAT Mathilde,
CARLUT Julie, CHAVAGNAC Valérie, CREPEAU Valentin,
CASTILLO Alain, ESCARTIN Javier, LEFEBVRE Alice,
LESONGEUR Frangoise, MALVOISIN Benjamin, MESTRE
Nelia, MITTELSTAED Eric, ROMEVAUX-JESTIN Céline,
SALOCCHI Aura, LECOMTE Benoit, POT Olivier, SILVA Catia

Station Lucky strike

Latitude Moyenne | N 37 17.5000

Longitude W 32 16.7000

Moyenne

Objectifs Récupération et remplacement des capteurs de pression
de la plongée Prélevement de fluides et d’échantillons biologiques

Récupération et pose de colonisateurs microbiologiques
Remise en place du dernier capteur de température

Mise en place d'un panneau de calibration pour la caméra
Bilan 11 capteur de température posé et 11 récupérés

12 seringues et 9 bouteilles de fluide prélevées

1 colonisateur microbiologique récupéré et 1 déployé

5 prélevements biologiques

16 vidéos capturées

de la plongée

195



5.1.1.5. Survey Dives

Two types of survey dives were performed:
» For the OTUS acquisition, two dives (390 and 391) were performed at an
altitude of 8m with an interval between tracks of 15m. During these two
dives, the MMR was turned on but there were several technical problems.
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» For the MMR acquisition, three dives (393, 394 and 396) were performed at
an altitude of 50m with an interval between tracks of 120m.
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Dive 390

Date 10/09/2009

Station Lucky strike

Objectifs Compléter le survey OTUS de la campagne MoMARO8 au
de la plongée Nord-Est du lac de lave
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Dive 391

Date 11/09/2009
Station Lucky strike
Objectifs Compléter le survey OTUS de la campagne MoMARO08 au lac de lave
de la Compléter la couverture OTUS des sites hydrothermaux principaux
c Trouver le site Hydrothermal Ewan découvert durant la campagne
plongée .
Graviluck06
Bilandela |3 vidéos capturées
plongée Ewan est proche
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Dive 393

Date 16/09/2009

Station Lucky strike

Objectifs Compléter la couverture cartographique au centre et au sud du volcan
de la LuckyStrike

plongée

Dive 394

Date 19/09/2009

Station Lucky strike

Objectifs Compléter la couverture cartographique au sud du volcan
de la LuckyStrike et vers le sud le long de ’axe de la dorsale
plongée
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Dive 396

Date 24/09/2009
Station Lucky strike
Objectifs Compléter la couverture cartographique au sud du segment
del LuckyStrike
ela
plongée
5.1.2. AUV Navigation

5.1.2.1. Data and Positioning systems

AsterX is an AUV (Autonomous Underwater Vehicle). Its trajectory is programmed
on board before each dive and is not modifiable during the dive. In real time it
reports its acoustic position which allows a relocalisation to its actual position. The
only modification permitted during a dive is to force the AUV to jump over portions
of the curent dive plan.

PHINS - Estimated navigation
During the dives, the AUV AsterX calculates his geographical position from his
previous position and the data given by his inertial sensor, the PHINS. This
positioning system is very accurate locally but a drift can be introduced by
submarine currents. In consequence, the AUV always thinks that it is on its
programmed trajectory but actually it often drifts off course, especially during
descent. So, the AUV team must occasionally relocalisate it using the acoustic
position.

201



GAPS - Global Acoustic Positioning System
The AUV can have the same data as Victor 6000 because it has the same BUC
positionning system, but the GAPS is used by the AUV team because it is more
accurate and more stable.

5.1.2.2. Data processing

Raw Data

For each dive, the AUV Team gives a numeric folder with all the data recorded by
the AUV during the dives. This folder had 4 subfolders which contain:

» The ‘log_ AUV’ with the GPS data, the PHINS data (roll, pitch, heading,
depth, altitude, CTD, and vehicle status during the dive)

* The bathymetry data in the folder “CU” (charge utile)

» The GAPS raw data

= All the files which Mimosa outputs (Mimosa is the software used by the
AUV team to manage the dives: programming of the trajectory, monitoring
of the dives...). The files are sorted by type.

The data used for the navigation processing is the GAPS synchro data which is
sorted by Mimosa. This data is delivered in a NMEA format: all the PTSAG lines of
the GAPS receptor are grouped in a text file by Mimosa.

Methodology
The first step of the process is the conversion of the GAPS data to a text format
readable by ArcGIS. Once imported in ArcGIS, the methodology and the sofware are
the same as for the Victor navigation processing: first the aberrant points are filtered
and then the tracks are smoothed. But the difference is that the AUV tracks are less
smoothed for two reasons:

» The GAPS data are cleaner than that provided by the BUC.

» The descent and ascent of the AUV is helical and these parts of the trajectory
are usefull for the calibration of the magnetometer. A strong smooth would
erase the helical trajectory.

Output Data
Once processed, the data are in an ESRI format: one shapefile (.shp) for each dive
with the time and the coordinates. They have been converted to different formats for
those who needed the navigation data.

So, in the final data storage, there are three foolders:

*  One with the Shapefiles (ArcGIS-ESRI format)
=  One with Excel files
= One with text files formatted for Caraibe (for the bathymetry processing)
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5.1.2.3. Chronological summary of dives

Dive 1 09:35-13:17 2 short dives with technical problems
04/09/09 2 profiles
Dive 2 14:30-16:09 Orientation North-South

Dive4 11/09/09 11:58-15:56 1 short dive with technical problems | 1 profile

11:32-17:38 4 profiles +

Dive6 16/09/09 1 dive in Menez Hom area

3 transverses

Dive7 19/09/09 11:24-17:19 1 short dive with technical problems | 1,5 profile

Dive8 21/09/09 11:21-20:03 1 long dive in Menez Hom area 11 profiles

09:27-18:14 1 long dive in the South of the

Dive9 24/09/09
segment

7,5 profiles
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Dive 1 and 2

Date 04/09/2009
Objectifs de la plongée | Cartographie du segment LuckyStrike parallelement a I’axe
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Date 11/09/2009
Objectifs de la plongée | Cartographie du segment LuckyStrike perpendiculairement a
I'axe

Date 16/09/2009
Objectifs de la plongée | Cartographie de la zone de Menez Hom
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Date 19/09/2009
Objectifs de la plongée | Cartographie du Segment LuckyStrike

Date 21/09/2009
Objectifs de la plongée | Cartographie de la zone de Menez Hom
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Date 24/09/2009
Objectifs de la plongée | Cartographie du Segment LuckyStrike
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5.2. Video imagery and back ups

Nuno Gracias — ngraciass@silver.udg.edu (with input from J. Ferrer, O. Delaunoy, R.
Garcia and J. Escartin)

5.2.1. Acquisition of images for the calibration of the OTUS camera

Goal and Objective
The OTUS camera has been used extensively for creating mosaics of the sea floor.
The accuracy of the mosaics depends heavily on the knowledge of a projection model
that describes the image formation inside the OTUS camera. The projection model
defines how a point in the sea floor at a given distance from the camera is projected
into a given point in the OTUS image. The projection model is defined by a set of
parameters, such as the camera focal length and radial distortion coefficients. Once
these parameters are known, it becomes possible to do angular measurements
between points in the image, and to correct the image for the barrel distortions
caused by the lens and the camera housing glass.

The process of estimating the camera projection parameters is referred to as camera
calibration. The most common method for calibrating a camera involves acquiring a
set of images of a flat calibration grid. This calibration grid is a set of black and with
rectangles of the same size, and of known dimensions. By acquiring several images
of the calibration grid (minimum 5), at different distances and orientations, it is
possible to estimate the camera projection parameters by minimizing a non-linear
least squares error criterion.

The purpose of the bathyluck09 OTUS calibration task was to acquire the images for
the camera calibration. A relatively large grid was required to fill the image at the
minimum operating distance of 3 meters. A special calibration grid was built for this
task, using Plexiglas and measuring 1500x1500x20mm.

Deployment and acquisition

The calibration grid was attached to the NASA and deployed on September 15" .
Additional weights were required to ensure sufficient negative buoyancy.

Figure 7 - Attachment of the OTUS calibration grid to the NASA.
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The image acquisition was performed between 23:30, Sept. 16 and 00:15 on Sept 17th.
A total of 45 usable OTUS stills were collected, where all the squares are visible.
Video imagery was also collected for the calibration of the down looking science
camera.

Figure 8 - Examples OTUS images used for camera calibration.

Calibration Results

A preliminary calibration was performed using the matlab’s calibration toolbox
detailed in
http:/ / www.vision.caltech.edu /bouguetj/calib_doc/htmls/parameters.html

The following results were obtained, with uncertainty bounds of three times the
standard deviation:

Focal Length: fc=[1196.76902 1196.75632 ] + [ 21.84415 21.88437 ] (in pixels)

Principal point: cc=[529.42286 517.79150 ] +[2.96737 4.30134 ] (in pixels)

Skew: alpha_c =[0.00000 ] + [ 0.00000 ] => angle of pixel axes = 90.00000 + 0.00000 degrees
Distortion: ke =[-0.12429 -0.00000 0.00000 -0.00000 0.00000 ] + [ 0.00477 0.00000 0.00000 0.00000 0.00000 ]
Pixel error: err =[0.24014 0.22358 | (in pixels)

5.2.2. OTUS imagery and 2D optical mapping

A total of 21845 OTUS images were collected on dives 390(5), 391(6), 392(8), 394(9)
and 396(11), at 10 second intervals. The raw image format is a grey level TIFF file
with 16 bits per pixel. The naming convention is Img_DD-MM-YYYY_HH-MM-SS-
DDD-NNN. tif, where DD-MM-YYYY is the date, HH-MM-SS-DDD is the time
including milliseconds and NNN is a the index of the image within the dive.

Three preliminary mosaics were produced onboard for small areas centered at Tour
Eiffel, Sintra and Y3. The mosaics were generated from the ROV acoustic positioni