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1 Introduction

In December 2007 the SEA-CALIPSO active-source seismic survey was conducted to investi-
gate the upper crustal structure of Montserrat and its magmatic system. The field campaign
consisted of the 5-days seismic cruise JC19 on the RRS James Cook plus the OBS deployment
from the vessel Beryx. A list of participants to the JC19 cruise and the OBS deployment is
given in Tab. 1.

The JC19 cruise lasted from the 16" to the 215 of December and comprised 77 hours of
continuous shooting with an artificial seismic source and collection of MCS seismic data around
the island of Montserrat. The cruise started and finished in Saint John’s, Antigua. The shooting
took place between the 17" to the 20" of December (Fig. 1).

The OBS deployment was accomplished from the vessel Beryx, by a team hosted by the
Institut Regional de Peche et Mer (IRPM) in Gourbeyre, Basse Terre, Guadeloupe, where
it was given access to dry working space for the setup of the instruments. The deployment
was scheduled to take place in the days 9th, 10th, 11th and 12th of December 2007, but was
delayed due to the late delivery of the equipment. The equipment was delivered on the 12th
of December and the instruments deployed in the days 13th, 15th and 16th of December. The
deployment locations had to be changed from the previously agreed locations mainly due to
concerns about the safety of the team and the equipment because of rough seas caused by the
presence of a tropical storm over Haiti that sent reinforced trade winds over the Lesser Antilles.

The instruments recovery was accomplished on the 21st and 22nd of December.
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Table 1: List of participants to the cruise JC19 and the OBS deployment.

Name Role Institution
Steve Sparks Chief scientist Bristol University
Chistine Peirce scientist Durham University
Peter Malin scientist IESE, University of Auckland
James Hammond scientist Bristol University
Simon Dean scientist Southampton University
Graham Ryan scientist Montserrat Vocano Observatory
Michele Paulatto scientist Southampton University
Peter Leary scientist IESE, University of Auckland
Gayle Hough scientist Halcrow Group Ltd.
Murray Grigor scientist IESE, University of Auckland
Jess Trofimovs scientist Southampton University
Lee Ellet streamer technician Scripps
Brandy Murphy streamer technician Scripps
Leonid Akentiev gun technician GeoPro
Alecsander Kazakov gun technician GeoPro
Alan Burchell OBS technician OBIC
Chris McCoy OBS technician OBIC
Alex Keily director Darlow Smithson Productions
Max Williams cameraman Darlow Smithson Productions
Michael Unwin MMO Ketos Ecology

Caroline Weir MMO Ketos Ecology
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Figure 1: Bathymetric map of Montserrat with SEA-CALIPSO station array and shot
positions.  The digital elevation model was obtained by merging the GEBCO_08 Grid
(http://www.gebco.net) with a detailed elevation model of Montserrat and the surrounding
sea floor from Le Friant et al. (2004).
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2 Diary of events

Brief diary of events. All times are local, i.e. 4 hours behind GMT time.

Monday 3" - Saturday 15" December

The GeoPro engineers set up and test the airgun array and controller on the James Cook during
cruise JC18.

Friday 7" December

The OBS deployment team of C. McCoy, A. Burchell, M. Paulatto and C. Pierce flies to
Guadeloupe through Paris Orly. A car is hired. Arrive at Marine de Riviére Sens, Gourbeyre,

Basse Terre and check in at the Hotel La Crosiére.

Saturday 8" December

First meeting with Paul Gervain at IRPM and inspection of the Beryx and the workshop. We
are informed by the shipping agent that our container with all the instrumentation is still held
at the Customs office awaiting clearance. Since the office is closed during the weekend the first

possible day for delivery is Monday.

Sunday 9" - Tuesday 11" December

Corrected documentation is supplied through the shipping agent. The container is released the

late afternoon on Tuesday 11th.

Wednesday 12" December

The container is delivered at 12:00. We set up the lab at IRPM and start the assemblage and
initialization of the instruments. At 15:00 the team leaves port on the Beryx and performs the
acoustic release test in about 1000 m of water off the West coast of Guadeloupe. The test is
successful. However, even in the lee of the island, the sea is rough and most of the team soon

feels the effects of sea sickness. We are back in port at about 18:00.

Thursday 13" December

The OBS team sails at 07:30 on the Beryx with four instruments on board. The plan is to
deploy them at sites 8, 9, 10 and 6. The working conditions on board are very poor. The sea
is rough especially when the boat leaves the lee of the island and since the waves come from
the East while our course is mainly North-South the roll of the boat is particularly unpleasant.

Soon all the scientific crew is seasick and almost unable to work. The deployment of instruments
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in these conditions and from such a small boat is a particularly tricky operation, with the risk
of injuring the crew or damaging the instrument. The experience of the skipper is essential to
the success of the operation. Three out of four instruments are deployed (sites 8, 9 and 10).
We are back in port at 19:00.

Friday 14" December

No deployments. Instead all the remaining instruments are assembled and programmed so that
they are ready to be deployed and the operations at sea are limited to lowering them in the
water and log keeping. A new deployment plan is designed by M. Paulatto and C. Pierce and
approved by T. Minshull with more instruments to the west, on the lee side of Montserrat, and
no instruments to the east. Sites 1-5 are abandoned and new sites 11-16 are added (see figures
5 and 6).

Saturday 15" December

M. Paulatto and C. Pierce fly to Antigua to join the RRS James Cook. C. McCoy and A.
Burchell leave port on board the Beryx at 06:00 to deploy instruments on sites 11, 12, 15 and
16. Since the weather is slightly improved, the vessel less crowded and the operations better
organised, the deployment goes smoothly. Return to port at 19:00. Pre-cruise meeting in Saint

John’s, Antigua.

Sunday 16" December

C. McCoy and A. Burchell deploy instruments on sites 6, 7 and 14. Leave port at 06:00, return
to port at 19:00. All instruments deployed.

The RRS James Cook arrives in port in Saint John’s, Antigua, at 09:00 as scheduled.
The scientific party boards the ship at 12:00 approximately, after immigration and customs
formalities. All equipment is loaded and arranged on deck and in labs. The MCS streamer
winch is severely damaged and needs a new hydraulic motor, a replacement is sought. GPS
antennas for data-logger synchronisation are installed. P. Malin and M. Grigor set up a Reftek
data logger in the deck lab to record shot timing. S. Dean, C. Peirce and M. Paulatto set up
an OBS data logger with the same purpose. GeoPro airfreight is delivered at 18:00. The ship
leaves port at 19:30, heading to a way-point south of Antigua.

Monday 17" December

Start of gun deployment at 07:00. At 7:35 deployed Passive Acoustic Monitoring (PAM) equip-
ment and start of marine mammal monitoring. At 10:12 beginning of shooting soft start. Guns

are activated sequentially from gun 8 to gun 1 to increase source power gradually. At 10:18 soft
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start is interrupted due to yacht on ship’s course. Second soft start at 10:24. Soft start com-
pleted at 10:46. 10:43 - 12:48 streamer deployment. At 14:06. shooting and acquisition system
deployment is complete, and MCS acquisition can start. The speed of ship over ground is 4.5
kn. The captain decides that the ship will not sail over the shallow shelf around Montserrat.
We note that if the ship turns at 5 °/min or more the streamer is pulled too close to the guns. 2
°/min turns are adopted. The shooting track is modified accordingly and a provisional version
is passed on to the ship’s officers. At 14:11 gun 8 is shut down. At 15:54 the ship’s speed is
reduced by 1 kn due to overheating of thrusters. 18:54 - 23:43 starboard array shut down and
brought on deck for repairs. 19:52 - 19:59 soft start. The gun controller is rebooted at 20:01
possibly due to power failure. After another soft start is performed, guns are back on full power
at 20:59. Guns are shut down at 22:45 due to dolphins in the vicinity. XBT probes keep failing

after a few hundred meters and wires get tangled on the guns and streamer.

Tuesday 18" December

Continue shooting. Gun 3 shut down at 07:13. Speed increased to 4.5 kn. At 13:02 the port
side gun array is shut down and serviced to fix gun 3. Guns are redeployed and of soft start
begins at 15:30. Starboard gun array is shut down and serviced at 21:08. All guns are shut
down at 22:05 due to a yacht. Shooting restarts at 22:44.

Wednesday 19" December

Continue shooting. Shooting track is adjusted to allow manouvering in proximity of Redonda.
From 04:00 gun 8 is repeatedly shut down and turned on again, until 06:24 when it is shut down
definitely. All guns are shut down at 10:14 for dolphins. Soft start at 10:46. Problems with
port side guns at 11:57. Port side array shut down and serviced at 14:41, soft start begins at
18:03, full array firing at 18:14. Some MCS data plots are produced on board by S. Dean.

Thursday 20" December

Continue shooting. Starboard gun array shut down at 07:24 for service. Soft start begins at
07:43 full array firing at 07:52. All guns shut down at 09:32 due to marine mammal. Soft start
at 10:10, full array firing at 10:30. Some errors on port side guns, possibly caused by air leak
betwen 10:53 and end of shooting. A yacht crosses the ship’s track at 13:23. The ship is forced
to slow down and turn to avoid collision. All guns are shut down at 15:00. Guns and streamer

are retrieved.

Friday 21" December

The RRS James Cook returns to port in Saint John’s, Antigua. Instruments recovery. C.
McCoy and A. Burchell leave Guadeloupe on the Beryx at 06:00. Instruments 07, 11, 12, 15,
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16 are recovered. The team spends the night on the boat anchored in a cove on Montserrat.

Arrive at anchorage at 19.00.

Saturday 22"¢ December

The Beryx leaves anchorage at 03:00. Instruments 06, 08, 09, 10 are recovered. Return to port
at 18:00. M. Paulatto flies back to Guadeloupe from Antigua, to help with instruments recovery
and packing.

Sunday 23" - Monday 24" December

Container packing. C. McCoy flies back to the U.K..

Thursday 27" December

A. Burchell and M. Paulatto fly back to the U.K..

3 Seismic source

The seismic source, provided by GeoPro, consisted of eight Bolt LL units assembled on two rigid
frames connected to the ship by electric cables and high-pressure tubes, towed side by side with
a separation of 9 m. The total volume of the array was 2600 cu. in. (42.61 1), subdivided into
1430 cu. in. on the port-side frame and 970 on starboard-side frame (Fig. 2). Synchronization
of the guns was obtained by GPS using a Long Shot gun controller and time triggering were
given by a quartz clock driven by GPS timing. The source fired at a constant shot interval of
60 s at a pressure of 2000 p.s.i. (1.382 x 107 Pa ). The array was towed at a depth of 10 m
and at an average speed of 4.5 knots (2.3 m s~!), giving a mean shot spacing of 139 m. Shot
coordinates were calculated by interpolating the ship’s navigation using a gun setback of 91 m
(Fig. 4). 4414 shots were fired over a period of 77 hours, with a few interruptions due to gun

mantainance or the presence of marine mammals or other vessels in proximity of the guns.

—_
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Figure 2: Schematics of the gun array. Gun numbers and volumes in cu. in. are shown. The
total volume is 2600 cu. in.
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4 QOcean Bottom Seismometers

The OBSs were supplied by OBIC, the Ocean Bottom Instrument Consortium (Minshull et al.,
2005), comprising the University of Southampton, Durham University and Imperial College.
The Instruments deployed were 3 LC2000 two-component OBSs and 7 LC2000 four-component
OBSs designed by Scripps Institution of Oceanography, San Diego, California. The four-channel
OBSs were equipped with a hydrophone and a three-component 4.5 Hz geophone package, and
the two-channel OBSs were equipped with a hydrophone and a 2 Hz vertical geophone (Tab.
2). The sample rate for the experiment was set at 250 Hz. Figure 3 shows frequency response
spectra for the 1- and 3-component geophones.

OBS sites were chosen to avoid potentially hazardous areas, such as submarine canyons,
steep slopes, areas covered by recent debris flows, and to be outside the Maritime Exclusion
Zone around the south of Montserrat. Sites to the west, on the lee of the island with respect
to the predominant trade winds, were preferred to facilitate deployment and recovery of the

instruments.

Table 2: Sensors characteristics of the two- and four-component LC2000 OBSs.

hydrophone geophone
two-channel | High Tech HTI-90-U  Mark Products L-22 2 Hz
instrument 0.05 Hz - 2500 Hz

four-channel | High Tech HTT-90-U 3 orthogonal Mark Products
instrument 0.05 Hz - 2500 Hz L-15B 4.5 Hz in gimballed
package

OBS coordinates have been determined by minimizing residuals between observed and cal-
culated first arrivals of seismic waves through the water from GPS located shots near each OBS,
leading to OBS position uncertainties of 20-50 m, from shot location uncertainties of 5-20 m.
Site coordinates are listed in table 3. Table 4 lists the distance between deployment position
and relocated position and the direction of drift from the north and serial number and number
of channels for all instruments. Table 5 lists instrument deployment and recovery times, sync
time, end of record periods, and time drift of instrument clock during recording period.

All instruments deployed were recovered, after recording continuously the 4414 shots fired
from the RRS James Cook. Most instruments recorded successfully on all channels. The only
exceptions were the instruments on sites O09 and O14. The instrument on site 009 was a four-
component OBS but recorded only on two channels, the hydrophone and the vertical geophone,
because of a weak connection in the data logger. The Instrument on site O14 was a four-
component, but the geophone mounted in the vertical position was a horizontal type phone,

this resulted in unusable data on the vertical component.
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Figure 3: Above, Frequency response for the Mark Products L-22E 2 Hz geophone (curve A)
used in the 2-channel LC2000 instruments. Below, Frequency response for the Mark Products
L-28LB 4.5 Hz geophone (curve A). The Mark Products L-15B 4.5 Hz geophones used in the
4-channel LC2000 instruments have the same frequency response as the L-28LB.
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5 Land array

The land array consisted of 28 three-component short-period seismographs (Reftek 130 with
2.0 Hz 122 sensor, hereafter referred as Reftek) and 209 one-component geophone seismographs
(Reftek 125 with 4.5 Hz L40 sensor, hereafter referred as Texan). Reftek sites were chosen
to form an evenly spaced regular grid wherever possible, while Texan sites were chosen to
be roughly aligned along five across-island transects. Sites were primary chosen to be easily
accessible by car, but many instruments had to be deployed on foot or by boat from the sea,
especially in the south of the island. Limited access within the exclusion zone resulted in poorer
coverage in the south than in the north. The permanent Montserrat Volcano Observatory
(MVO) seismic network, currently comprising 9 broad-band seismographs (Guralp CMG-40T)
and 2 short-period vertical-component seismographs (Mark products L4) evenly spaced around
Soufriére Hills, also recorded the shots. Land station coordinates have been determined by
direct GPS measurement, leading to uncertainties of about 5 m in horizontal position and 50

m in station altitude.

6 Seismic lines, sonobuoys and XBT probes

A 600 m, 48-channel streamer, provided and operated by Scripps Oceanographic Institution
recorded 26 seismic lines during shooting. The geometry of the steamer is shown in Fig. 4. The

sample frequency was 500 Hz.

streamer streamer airgun GPS position
tail head array stern reference bow
600.00 m 51.25 m| 45.00 46.00 m 43.50 m

A
¥

Figure 4: Schematics of the ship and streamer geometry.

48 sonobuoys were deployed during the cruise (Tab. 7 ), with the aim of providing better
ray coverage offshore. The sonobuoys were stripped from the parachute and deployed by hand
from the stern of the ship. A radio receiver was set up to record the signals transmitted by
the sonobuoys. The sonobuoy data was then digitised and recorded on 2 additional channels
on the MCS data logger. Due to the bad state of preservation of the instruments, most failed
immediately and sank, and only a few recorded more than a few shots.

XBT probes were deployed (Tab 6) and measured the vertical temperature distribution in
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Table 3: OBS coordinates and depth before and after relocation. Depth is extracted from
DEM by Le Friant et al. (2004).

deployment location relocated location
Site Lat Long Depth (m) Lat Long Depth (m)
006 | -62.250733 16.595983 -870 -62.251171  16.597089 -869
007 | -62.255333  16.651000 -745 -62.256428 16.651361 -750
008 | -62.137300 16.565700 -928 -62.139665 16.565798 -933
009 | -62.059300 16.566800 -1079 -62.060371  16.568520 -1077
010 | -62.121600 16.648200 -969 -62.122545 16.647756 -960
O11 | -62.314400 16.877900 =774 -62.315155 16.876821 =775
012 | -62.271700 16.825000 -804 -62.270869 16.823636 -799
014 | -62.123367 16.500733 -1005 -62.123463 16.500731 -1005
015 | -62.378300 16.691000 -1066 -62.377177  16.691361 -1061
016 | -62.317600 16.711800 -841 -62.317137 16.711166 -842

the water column. The maximum depth reached was 875 m. In most cases the copper wire

snapped when the probe reached a depth of about 200 m.

Table 7: Sonobuoy deployment times and coordinates

no day time Lat Long
1 | 17/12/2007 19:04:53 | 16.819500 -62.130500
2 | 17/12/2007 19:31:17 | 16.786167 -62.128667
3 | 17/12/2007 19:54:38 | 16.756833 -62.126833
4 | 17/12/2007 21:32:00 | 16.661833 -62.106667
5 | 17/12/2007 21:36:00 | 16.660833 -62.103167
6 | 17/12/2007 21:48:00 | 16.653167 -62.091833
7 | 18/12/2007 02:02:00 | 16.527000 -62.028167
8 | 18/12/2007 03:38:00 | 16.607333 -62.109833
9 | 18/12/2007 03:44:00 | 16.613167 -62.097833
10 | 18/12/2007 05:23:00 | 16.655833 -62.192500
11 | 18/12/2007 06:01:00 | 16.676667 -62.235000
12 | 18/12/2007 07:10:00 | 16.744500 -62.277667
13 | 18/12/2007 11:17:00 | 16.804667 -62.111000
14 | 18/12/2007 11:44:00 | 16.824167 -62.082333
15 | 18/12/2007 13:40:04 | 16.808000 -62.016167
16 | 18/12/2007 14:19:46 | 16.792500 -62.064833
17 | 18/12/2007 14:25:47 | 16.790167 -62.072500
18 | 18/12/2007 15:36:12 | 16.750000 -62.108667

Continued on Next Page. ..
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Table 7 — Continued

no. day time Lat Long

19 | 18/12/2007 20:23:04 | 16.719000 -62.010000
20 | 18/12/2007 21:13:00 | 16.713500 -62.078500
21 | 18/12/2007 21:27:00 | 16.712000 -62.097500
22 | 18/12/2007 23:08:00 | 16.612167 -62.151667
23 | 18/12/2007 23:17:00 | 16.601833 -62.148833
24 | 19/12/2007 03:04:30 | 16.507333  -62.179500
25 | 19/12/2007 03:16:30 | 16.521833 -62.180167
26 | 19/12/2007 05:46:00 | 16.659167 -62.237667
27 | 19/12/2007 08:54:00 | 16.739167 -62.383500
28 | 19/12/2007 09:24:00 | 16.774500 -62.365833
29 | 19/12/2007 09:28:00 | 16.911500 -62.297333
30 | 19/12/2007 13:10:00 | 16.942500 -62.181167
31 | 19/12/2007 15:12:00 | 16.869167 -62.075500
32 | 19/12/2007 16:23:00 | 16.797333 -62.037500
33 | 19/12/2007 17:38:54 | 16.703500 -62.037000
34 | 19/12/2007 23:32:30 | 16.695333 -62.354333
35 | 20/12/2007 00:49:30 | 16.750000 -62.278667
36 | 20/12/2007 00:54:30 | 16.761333  -62.277667
37 | 20/12/2007 04:48:30 | 16.839833 -62.109167
38 | 20/12/2007 06:05:00 | 16.814500 -62.099333
39 | 20/12/2007 07:24:00 | 16.655000 -62.109167
40 | 20/12/2007 09:02:00 | 16.629333 -62.227833
41 | 20/12/2007 12:52:23 | 16.709667 -62.351167
42 | 20/12/2007 13:23:22 | 16.677167 -62.329000
43 | 20/12/2007 14:34:00 | 16.608833 -62.272500
44 | 20/12/2007 15:35:17 | 16.587500  -62.197000
45 | 20/12/2007 16:25:26 | 16.594500 -62.136000
46 | 20/12/2007 16:59:18 | 16.614333 -62.096667
47 | 20/12/2007 17:47:19 | 16.647667 -62.064500
48 | 20/12/2007 17:50:03 | 16.651333 -62.064667

12
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13

Table 4: Distance between OBS deployment position and relocated position (drift) and direc-
tion of drift from the north (drift azimuth).

Site | drift (m) drift azimuth (deg) | serial no no of channels
006 132 338 07 2
007 123 288 05 4
008 253 272 02 4
009 223 328 03 4
010 112 245 01 2
011 145 215 11 2
012 176 149 09 4
014 10 269 04 4
015 126 72 06 4
016 86 144 10 4

Table 5: OBS deployment and recovery time, sync time, end of record period and clock drift.

Site | deployment recovery sync time record end | clock drift (ms)
006 | 350 17:03:40 356 09:46:00 347 02:52:00 357 15:45:51 -18.4477
007 | 350 16:28:16 355 22:35:00 349 01:23:00 357 15:24:04 0.5746
008 | 347 18:13:00 356 14:19:00 347 01:45:00 357 15:03:45 2.9533
009 | 347 16:17:00 356 13:00:00 347 02:08:00 357 14:27:20 9.0558
010 | 347 17:22:00 356 11:37:00 347 02:36:00 357 14:11:20 8.7390
O11 | 349 16:30:00 355 13:17:00 348 20:08:00 357 12:55:56 -33.8180
012 | 349 17:35:00 355 14:35:00 348 18:53:00 357 13:28:40 3.4500
014 | 350 18:11:00 356 15:25:00 349 00:19:00 357 14:44:21 -4.2175
015 | 349 10:48:30 355 20:56:00 348 20:28:00 357 12:36:25 10.6384
016 | 349 14:20:00 355 15:57:00 348 19:40:00 357 13:11:11 -22.3788
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Figure 5: Bathymetric map centered on the island of Montserrat showing the original OBS
deployment plan. OBS sites are shown in red. DEM from Le Friant et al. (2004).
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Figure 6: The deployment sites with the revised OBS deployment plan. OBS sites are shown

in red. DEM from Le Friant et al. (2004).
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Table 6: XBT probe deployment times and coordinates.

file name day time Lat Long
t4.00002.edf | 17/12/2007 - 351  19:20:58 | 16.805500 -62.129833
T7.00002.edf | 17/12/2007 - 351  19:39:31 | 16.784167 -62.128500
T7.00004.edf | 18/12/2007 - 352 02:43:01 | 16.560333 -62.055167
T7.00005.edf | 18/12/2007 - 352  02:53:16 | 16.570000 -62.063000
T7.00007.edf | 18/12/2007 - 352  04:29:02 | 16.648667 -62.126667
T7.00009.edf | 18/12/2007 - 352 04:43:28 | 16.659833 -62.139167
T7.00010.edf | 18/12/2007 - 352  06:58:03 | 16.720833 -62.278333
T7.00012.edf | 18/12/2007 - 352 08:41:03 | 16.851167 -62.252667
T7.00015.edf | 18/12/2007 - 352  11:34:03 | 16.814667 -62.096333
T7.00017.edf | 18/12/2007 - 352  14:43:54 | 16.785000 -62.087500
T7.00019.edf | 18/12/2007 - 352  15:49:09 | 16.753333 -62.095000
T7.00021.edf | 18/12/2007 - 352 17:35:49 | 16.725833 -62.018500
T7.00023.edf | 18/12/2007 - 352  23:56:05 | 16.561833 -62.138833
T7.00025.edf | 19/12/2007 - 353  00:49:03 | 16.502667 -62.124000
T7.00027.edf | 19/12/2007 - 353  19:03:04 | 16.624167 -62.091833

16
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