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Operations Summary 

The operational objective of SR2411 was to recover 53 broadband ocean bottom seismometers that were 
deployed 15 months earlier during MGL2304.  While transiting between sites, underway geophysical and 
physical oceanographic data were collected, including multibeam, magnetics, gravity, sub-bottom profiling, 
and acoustic doppler current profiling down to 400 m. We also deployed two floats for the GO-BGS global 
array of biogeochemistry sensors. We successfully recovered 49 of 53 ocean bottom seismometers.  Four 
instruments remain on the seafloor; all were responsive to acoustic commands. 

 
Figure 1. Map of ocean bottom seismometer locations (white dots) showing acquired multibeam bathymetry on top of existing 
global multi-resolution topography data (GMRT v4.2.1). 

Science Overview 
The objective of this project is to seismically image the Galápagos mantle plume and the nearby Galápagos 
spreading center. 

The ocean bottom seismometer (OBS) experiment has three main design goals to answer three main 
scientific questions (SQs): 

(1) Determine the thickness of the plume reservoir material in the depth range of 50 to 300 km  

(2) Map the lateral distribution of the plume reservoir over an area large enough to distinguish 
between channeled versus plume flow and detect possible ambient pressure-driven flows 
in the asthenosphere  

(3) Verify the presence of small-scale convection and delineate its scale and nature and 
determine the spatial distribution of the molten material and the compositional 
heterogeneity of the associated mantle. 
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Figure 2. Schematics of plume-ridge interaction regimes inspired by 3D geodynamic models by Ito and Bianco (2014) with seismic 
anisotropy calculated by Ito et al. (2014). The left column: low viscosity, thin plume with channel flow. Right column: High-viscosity 
surface layer dehydrated by melting silicates resulting in thick plume and radial flow. Black flux lines are from material flux from the 
plume, green flux lines are for asthenospheric flow. (Row a): Material maps of the plume (pink) and the melting zone (red). White 
contours are integrated melt volumes calculated with representative geodynamic models (model 1, left, and model 2, right). (Row b): 
West-East section along the GSC (A-A´). The upper panel shows schematics of the isotropic velocity structure of the lithosphere (blue), 
plume (pink), and molten zone (red). In the left panel, the molten zone is pink and the plume layer is red. Bottom panels show radial 
anisotropy patterns VSH > VSV (blue) and VSH < VSV (red) (c) Similar to (b) but for south-north sections, crossing the plume and 
Galápagos ridge (Galápagos spreading center, GSC). The plume material is pink and the melt zone is red. 

Experiment Design  

To address the science questions, an open-access seismic experiment was planned, designed to produce 
the first visualization of the interaction between the Galápagos mantle plume and the Galápagos mid-ocean 
ridge. 53 broadband ocean bottom seismometers were deployed for 15 months in an array covering the 
area between the Galápagos Islands and the Western Galápagos Spreading Center (GSC). These ocean 
bottom seismometers are complemented by previous deployments of broadband seismometers on the 
Galápagos Islands. 
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Figure 3. Array Design. 53 ocean bottom seismometers were installed from the US research vessel Marcus Langseth in 2023. The 
objective of SR2411 was to recover these instruments.  The ocean bottom array is complemented by data recorded from previous 
installations on the islands (IGUANA 1999-2003, orange circles) and the PAYG station of the Global Seismic Network in Santa Cruz. 

The experiment and subsequent analyses are designed to answer three main scientific questions: 

* SQ1) At what depths, in what geographic pattern, and by what mechanisms, does the mantle plume 
material flow north to the Galápagos Spreading Center (GSC) and disperse along the ridge? What is 
the role of the ambient mantle circulation, including the return flow to the asthenosphere? What is 
the implication of the thickness of the plume layer below the GSC on the origin of geochemical 
gradients along the GSC? 

* SQ2) Does the scale and nature of the heterogeneity indicate small-scale sub-lithospheric convection of 
the GSC?  If so, how does this influence the flow of material from the plume along the base of the 
lithosphere? 

* SQ3) What is the spatial distribution of the melting and release of volatiles, as well as the associated 
heterogeneities in composition and rheology due to plume-ridge interaction? 

Beyond the interaction of the Galápagos plume and the ridge, the project will fundamentally advance the 
understanding of the chemical and physical processes of the mantle plumes, the asthenosphere, and 
their interactions with the oceanic lithosphere.  
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Research vessel 

The R/V Sally Ride is a 238-foot, 3,043 gross ton US-flagged research vessel owned by the U.S. Navy and 
operated by Scripps Institution of Oceanography under a charter agreement with the Office of Naval 
Research. The R/V Sally Ride is classified by the US Bureau of Shipping and is inspected by the US Coast 
Guard; certified to transport a total of 44 people, of which ~20 are the ship's crew. 

 
Figure 4. Photo of the research vessel, R/V Sally Ride. Photo by Erik Jepsen, UC San Diego Publications. 

R/V Sally Ride is an Ocean Class Auxiliary General Oceanographic Research (AGOR) vessel designed to 
perform multidisciplinary oceanographic research worldwide, from littoral environments to the deepest 
ocean, from the tropics into first-year sea ice. Aboard R/V Sally Ride, systems permit improved over-the-
side operations, station keeping, trackline maneuvering, and acoustic system performance to support 
demanding scientific tasks. Designed to be reliable, cost effective, and flexible, the Ocean Class AGOR 
capably supports the evolving needs of U.S. scientists. 

The R/V Sally Ride is equipped with an onboard Acoustic Doppler Current Profiler, BGM-3 Gravimeter, a hull 
mounted Kongsberg Sub-Bottom Profiler 29,  Knudsen 3260 3.5/12 kHz single beam echosounder sub-
bottom profiler, a Kongsberg EM124 and EM712 Multibeam array transducers for 3D bathymetric 
surveying.  R/V Sally Ride also tows a Geometrics G-882 Marine Magnetometer and performs Sippican Fast 
Deep XBT profiles daily. 

For this project in the Galápagos, the R/V Sally Ride will be recovering 53 ocean bottom seismometers.  The 
vessel will make use of the onboard and hull mounted systems listed above and the towed magnetometer.   

Ocean bottom seismometers 

The broadband underwater seismometers come from the US academic group, OBSIC, 
https://obsic.whoi.edu, and were recovered by a team of specialized technicians. The instruments are 
completely passive and non-invasive. During MGL2304 the instruments were dropped over the side of the 
ship and sank to the bottom of the sea by gravity. Once on the seabed, an OBS measures very small ground 
movements in three orthogonal spatial directions and changes in seawater pressure; this data are recorded 
on an internal media. After 15 months, the R/V Sally Ride returned to retrieve the instruments. This is 
accomplished by sending out a coded acoustic signal. An instrument constantly listens for a specific code, 
which causes the instrument to drop its anchor and float to the surface by its own buoyancy. Once on the 
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sea surface, the instrument is identified by ship's personnel by means of a top-mounted flag, radio direction 
finder, or a strobe light. It is then recovered with a stick and hook. 

For this project we used three types of instruments 10 new Nanometrics T240 sensors, 18 Nanometrics 
Trillium Compact sensors, and 23 Nanometrics Trillium Compacts in a sphere.  Details in Appendix A. 
 

Permitting process  

The following permits are provided in Appendix J: 

1. Costa Rica  

Ministry of the Environment 
Permit 

SINAC-SE-DE-794-2024 firmado.pdf 

2. Ecuador Navy (INOCAR)  

Marine Directorate Permit AUTORIZACION_02342024O_SALLY_RIDEsigned_signed-signed.pdf 

3. Galápagos National Park (DPNG)  

3.1. Permit permiso_investigación_pc-10-24-signed (1).pdf 

3.2. Addendum Autorización de inclusión.pdf 

3.3. Approved Travel Advisory Aviso de viaje n019-jun-jul-Emilie H.pdf 

3.4. Approved Work Plan Cronogram PC-10-24-addicional-signed.pdf 

3.5. Transeúnte certificates 40294415 FUNDACION CHARLES DARWIN-signed-signed.pdf 

4. Charles Darwin Foundation  

4.1. Cooperation agreement Convenio Emilie Hooft-signed.pdf 

4.2. Addendum Nuevo convenio Emilie Hooft-signed.pdf 

5. Instituto Geofísico  

Data use agreement Acuerdo_uso_datos_sísmicos_IG-EPN-2023-003-signed.pdf 

6. US Dept. of State   

Marine Scientific Research 
Application 

UOLetterofCommitment.pdf 

 Figures. Map of requested study area, EEZs and Marine Protected 
Areas 
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Overview of Results 

Maps and Table of OBS 

Several maps are provided that show the location of all ocean bottom seismometers, seismometers 
recovered, seismometers that remain on seafloor, seismometers by type.  All plots also include the 
locations of island stations that are broadband. 

 
Figure 5. Map of all sites, including recovered OBSs (yellow) and OBSs that remain on the seafloor (grey).  Site numbers are not 
sequential. There are a total of 53 ocean bottom sites. Orange symbols are broadband island sites, including Network Code YH and 
GSN site PAYG. 
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Figure 6. Map of recovered OBSs and (yellow) broadband island sites from Network Code YH and GSN site PAYG (orange). 
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Figure 7. Map of all OBSs by instrument type:  compacts (green), spheres (yellow), T240 (white).  Orange symbols are broadband 
island sites from Network Code YH and GSN site PAYG. 

 

* two OBS (S33 and S81) overheated in the sun on deck and were cooled and stabilized prior to deployment. 
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Marine IGUANA OBS Table 

OBS 
# 

Type OBS 
ID 

Latitude 
(°) 

Longitude 
(°) 

Depth 
(m) 

Date 
Deployed 
(UTC) 

Time 
Deployed 
(UTC) 

Date 
Recovered 
(UTC) 

Time 
Recovered 
(UTC) 

1 sphere AN113 1.0132 -88.9369 2352 04/08/23 14:00:52 06/23/24 4:39:00 

2 sphere S68 0.5157 -89.2889 2369 04/08/23 7:50:22 06/22/24 23:31:37 

3 compact S30 0.1747 -89.6013 2205 04/08/23 2:46:07 06/22/24 18:52:06 

4 T240 AN104 1.1931 -89.5193 2260 04/08/23 20:08:52 06/23/24 10:00:47 

6 T240 AN105 2.0564 -90.6769 2330 04/09/23 9:39:37 06/23/24 20:40:46 

7 compact T114 1.2915 -90.2716 1642 04/09/23 2:39:37 06/23/24 15:17:44 

8 sphere S27 0.7564 -90.4024 2134 04/07/23 18:53:37 06/22/24 9:38:01 

9 T240 AN111 0.4995 -91.2001 2716 04/07/23 11:32:37 06/20/24 16:18:00 

10 compact S87 1.1056 -91.383 2092 04/06/23 16:57:07 06/20/24 21:03:00 

11 sphere S73 1.4694 -91.0228 2137 04/06/23 11:10:37 06/22/24 1:30:11 

12 compact T121 2.3286 -91.2637 2384 04/09/23 15:37:37 NOT RECOVERED 

13 sphere S05 1.596 -91.808 2313 04/06/23 4:15:07 06/21/24 18:36:45 

14 compact T111 1.8038 -92.6189 2489 04/04/23 13:35:52 06/21/24 10:26:05 

15 sphere S86 2.5843 -92.2501 2389 04/05/23 18:39:22 06/24/24 15:35:02 

16 compact S45 2.7949 -93.3285 2668 04/05/23 9:27:07 06/25/24 0:52:45 

17 sphere S85 2.0987 -93.2777 2586 04/05/23 2:50:52 06/25/24 7:56:50 

18 sphere S19 1.5202 -93.2519 2716 04/04/23 20:16:22 06/25/24 14:05:26 

19 compact S42 1.4682 -94.0306 3055 04/03/23 9:11:52 06/25/24 20:04:49 

20 sphere S01 0.8205 -93.4794 2939 04/03/23 17:29:07 06/18/24 19:48:50 

21 compact T105 0.7071 -92.6766 2980 04/04/23 2:30:07 06/19/24 16:02:30 

22 sphere S84 1.2568 -92.5439 2355 04/04/23 8:11:37 06/21/24 4:10:55 

23 sphere S82 0.9001 -92.0216 2414 04/06/23 23:26:37 06/20/24 8:10:00 

24 compact AN112 0.3636 -91.7568 2876 04/07/23 6:03:07 06/20/24 3:17:00 

25 sphere S81 0.2167 -92.1838 2845 03/27/23 21:09:07 06/19/24 22:47:50 

26 sphere S65 0.0857 -92.6597 2945 03/28/23 3:47:52 06/19/24 10:44:46 

27 T240 AN109 -0.183 -93.4209 3114 03/28/23 19:52:37 06/19/24 3:34:10 

28 compact S48 0.2231 -93.9307 3199 03/30/23 13:43:22 06/18/24 13:00:26 

29 sphere S59 0.6349 -94.4401 3239 04/01/23 18:43:52 NOT RECOVERED 

30 T240 AN103 1.2999 -94.808 3250 04/02/23 2:18:22 06/27/24 1:02:24 

31 sphere S66 2.0998 -94.866 2746 04/02/23 10:18:52 06/26/24 17:35:25 

32 sphere S23 2.0958 -94.1394 2821 04/03/23 2:28:52 06/26/24 2:30:00 

33 T240 AN110 2.8879 -94.4777 2628 04/02/23 18:07:52 06/26/24 10:29:39 

37 compact T113 0.6404 -95.7514 3312 04/01/23 7:37:37 NOT RECOVERED 
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39 T240 AN102 -0.9632 -95.7405 3336 03/31/23 18:28:52 06/17/24 4:53:47 

40 compact S53 -0.6857 -95.0473 3381 03/31/23 9:02:07 06/16/24 23:13:29 

41 sphere S61 0.0968 -95.0055 3342 03/30/23 23:57:37 06/29/24 13:28:52 

42 compact T107 -0.4653 -94.1213 3390 03/30/23 6:21:07 06/30/24 3:00:37 

43 sphere S37 -1.2543 -94.4167 3351 03/29/23 21:39:07 06/16/24 16:20:59 

44 compact T104 -1.8313 -93.8518 3410 03/29/23 13:51:52 06/16/24 9:14:59 

45 sphere S88 -1.0878 -93.6678 3401 03/29/23 5:40:52 06/30/24 9:46:28 

46 compact T118 -0.7789 -92.9658 3271 03/28/23 12:28:07 NOT RECOVERED 

47 sphere S67 -0.6645 -92.2008 3210 03/27/23 12:23:52 07/01/24 6:16:56 

48 sphere S33 -1.3364 -91.8914 3306 03/27/23 4:04:43 07/01/24 23:38:38 

49 sphere S71 -1.4457 -92.908 3413 03/26/23 18:30:13 06/30/24 16:53:28 

50 T240 AN108 -2.2971 -93.1627 3500 03/26/23 9:29:42 06/16/24 3:04:59 

51 compact T120 -1.91 -92.417 3356 03/26/23 1:31:37 06/15/24 20:34:59 

52 sphere S70 -2.3945 -91.89 3431 03/25/23 18:05:51 06/15/24 6:24:19 

53 sphere S38 -1.95 -91.361 3137 03/25/23 11:02:06 06/15/24 13:17:09 

54 T240 AN107 -2.4119 -90.812 3110 03/25/23 4:14:36 06/14/24 22:48:34 

56 T240 AN106 -2.4299 -89.0249 3161 03/23/23 2:47:34 06/14/24 12:05:59 

57 compact T117 -1.9576 -89.4941 3129 03/24/23 3:17:36 06/14/24 6:20:14 

58 sphere S69 -1.9414 -90.3423 3147 03/24/23 11:20:36 07/02/24 14:51:00 

59 compact T116 -1.4702 -90.9698 3606 03/24/23 18:57:36 07/02/24 7:21:53 

 

Seismic Data Inspection 

The raw data was converted to miniseed format to check data quality and inspect teleseismic arrivals.  This 
data was not yet corrected for timing drift nor were the horizontal channels oriented. More waveforms and 
quality inspection plots are provided in Appendix C.  

Initial observations are: The vertical component has the cleanest arrivals (lowest noise levels).  The 
horizontal components are noisy (caused by bottom currents and tilt).  Rayleigh waves are usually the 
largest-amplitude arrivals, thus most likely observed above the noise. The signal-to-noise ratios (SNRs) are 
generally lower at longer periods (>30 s). Tidal signal was strong on the DPG channel (HDH).  
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Figure 8. Waveform showing the typical phase arrivals on OBS AN106-56 for a magnitude 6.4 event at distance of 31° and filtered 
from 30 to 15 seconds period. 

Seafloor maps 

Seafloor bathymetric coverage of most of the region is sparse particularly to the south and west of the 
Galápagos archipelago.  The OBS recovery track was designed to optimize for a short recovery time and 
increased bathymetric coverage. Throughout the cruise the survey plan was modified to improve coverage 
of bathymetric mapping, leaving adequate time for OBS recoveries and contingency, and also maximizing 
use of ship days.  Details on multibeam bathymetry mapping and processing are provided in Appendix C.   

 
Figure 9. Seafloor map from SR2411 
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Cruise Log 
Monday June 10: Most of the science team arrives in San Cristobal, lodging at Casa de Nelly. 
Tuesday June 11: R/V Sally Ride arrives in Puerto Baquerizo Moreno.  Science team prepares for cruise. 
Cruise related purchases made during the day.  Planning for boarding ship on Wednesday. 

Wednesday June 12:  Science crew boards R/V Sally Ride at 10 am via motor launch.  Berthing settled for 
Res Techs and OBSIC.  Many return to shore for swimming, dinner, and last night out.  All stay on board that 
evening. 
Thursday June 13: Last day in port.  Launch available for going ashore. All hands on board by 1400 LT.  
Sailing time is 1600 LT; ship departs at 1545 LT.  We are UTC-6. Transit to first site is <7 hours. We arrive on 
site for the first recovery around 22:30 LT. 

Friday June 14:  Recoveries begin promptly after midnight.  Seas calm on transit; science team settles into 
watches.  All hands conduct fire and boat drill after lunch, muster and safety procedures discussed.  Science 
crew donned their survival suits; orange gumbies everywhere.  Tag line training following fire and boat drill. 
Watches begin. A total of 3 OBSs recovered on first day, sites 57, 56, and 54. A long transit between sites 56 
and 54. 
Saturday June 15: Seas remain calm.  Transits are nominally 6 hours in this region of array.  Emilie works to 
add waypoints for collecting additional bathymetry data.  Successful recovery of 4 more OBS, sites 52, 53, 
51, 50. A significant pod of whales spotted off of starboard quarter. Distant, but visible with binocs.   

Sunday June 16: Another calm day at sea, some longer period swell traveling from lows in the south Pacific.  
Good sun. All on board settle into a routine. Successfully recover sites 44, 43, 40, 39. 
Monday June 17: Approximately 90 Nm between sites 39 and 37, a 9 to 10 hour transit.  Arrive at site 37 
just before 9 am LT.  Instrument is enabled, burn command sent.  All comms good and burn command sent 
and received.  OBS does not lift off bottom.  Over the next 1.5 hours nine separate burn commands are sent 
and received.  Slant range remains constant. Each burn command is acknowledged by instrument, then it 
sends a one-minute ping while executing a 15 minute burn.  At the end of 15 minutes, it sends 15 pings at a 
one second interval to indicate that it will stop burning, i.e., stop passing voltage to wire.  We wait on site 
to accommodate for the predicted rise time.  Given that time and some buffer we used RDF and visual to 
search.  However, the OBS clearly remains on bottom. Instrument is disabled and ship continues on with 
recoveries at 1200 LT.  We alter the recovery plan in anticipation of returning to this site later in the cruise.   

Arrive at site 29 (sphere/BBOBS) near the start of the 1600-2400 watch and enable.  Burn commands sent 
and acknowledged.  This instrument has two burn wires on separate systems.  Both are activated multiple 
times, however, the instrument does not lift off.  Around 2300 LT decision is made to disable instrument 
and move on to next site. It is concerning that an instrument with two releases (sphere/BBOBS) does not lift 
off bottom.  The AARA instruments have a single release. 

Tuesday June 18:  Transit from site 29 to site 28.  Arrive onsite at 0438 LT. Seas remain calm, bit more 
humid to the north of the archipelago.  Long period well rocks ship gently. OBS enabled, burn command 
sent, confirmed release at 1118 UTC (0518LT).  Relief all around and site 28 is recovered successfully.  Day 
continues well, sites 20 and 27 recovered successfully.  A low pressure system in the Gulf of Mexico is 
creating steady winds from the south around the archipelago, creating light white caps and a long period 
southerly swell.  Some sickness on board and the Captain provides attentive and thoughtful care. 
Wednesday June 19:  Transit to site 26, which is interrogated and released on the 0000-0400 watch.  Site 26 
successfully lifts off and reaches surface.  The strobe light does not work (flooding) and ship finds the 
instrument using flood lights.  Small fishing vessel seen nearby.  OBS recovered without incident.  Transiting 
northward to site 21 with following seas. Arrived at site 21 at ~0820LT.  Instrument enabled and released 
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Today we sailed past Isla Darwin and Darwin’s Arch, which collapsed in 2021.  It is a remote part of the 
archipelago, and the first time many of us have seen it, even those that have had many visits to the 
region.  The arch is now called the Pillars of Evolution.  If one zooms in, one can see trees on the top of the 
two pillars. This is part of the Wolf-Darwin lineament, a feature that Jason Morgan proposed — over 50 
years ago — is a conduit of mantle plume flow from the hotspot to the spreading center.  Our experiment is 
testing how mantle plumes connect to mid-ocean ridges, a problem that has been outstanding since his 
seminal work on mantle plumes. 

Following our sightseeing tour, we transit to site 13.  Site 13 released at 1103LT, on surface at 1216LT and 
on deck at 1236LT. Transit to site 11, leaving Isla Darwin to aft and Isla Pinta just visible on starboard 
quarter.  Site 11 released at 1814LT, on surface at 1915LT and on deck at 1930LT. All without incident.  
Transit is to SSE against current and toward Site 8.  
Saturday June 22: Site 8 released at 0216LT, sighted at 0321LT, and on deck without incident at 0938LT.  
Today’s weather is grey, water temperature is 75˚C, air is 72˚C.  Light breeze, diffuse light, slightly humid.  
Pleasant to be outside.  Following recovery of Site 8, we continue our transit to SE.  Surface currents steady 
to NW.  
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Between sites 41 and 42 and swath mapping transit is planned to cross over a prominent feature that is 
present in GMRT data but has not been mapped by ship.  The predicted depth to the top of the features is 
1330 m.  We ask the bridge to transit through the way point and are surprised by the absence of any 
significant relief on the seafloor.  In this case, swath mapping has removed a significant artifact from GMRT.  
Sally Ride arrives at Site 42 at 19:25LT, instrument released and sighted at 2046LT and on deck at 2100LT.  
Ship underway for mapping en route to site 45.   
Sunday June 30:  Site 45 enabled and released at 0155LT, sighted at 0324LT, and on deck at 0346LT. Transit 
to site 49 is direct.  Site 49 enabled at 0849LT, released at 0848LT, sighted at 1044LT and on deck without 
incident at 1053LT.  Ship underway to site 46.  Site 46 responds to burn commands at 1501LT but does not 
release from seafloor. A series of 10 burn commands are sent over a period of about 2 hours.  At 1730LT 
the decision is made to disable Site 46 and continue on with other operations. This is our fourth instrument 
that has been successfully enabled, has received and acknowledged burn commands, but has unfortunately 
stayed on the seafloor.  Clearly there is a recurring problem of unknown origin that makes it imperative that 
an ROV on a ship of opportunity visit an unrecovered OBS. The most likely candidate is one left on Axial 
volcano on the Juan de Fuca Ridge.  

Monday July 1: Site 47 released and sighted at 0001LT.  On deck without incident at 0616LT.  A mapping 
transit is completed between Site 47 and Site 48; total time is ~16 hours.  Site 48 released at 1555LT, on 
surface at 1727LT, and on deck at 1738LT.  Transit to Site 59 is direct.   

 
Site 48 coming on board 

 

Tuesday July 2: Site 59 released just before midnight local time.  Site 59 sited at 0106LT and on deck at 
0121LT without incident.  Transit to site 58 is relatively short and parallels the Galápagos platform. Site 58, 
our last site to recover, is released at 0718LT and on deck without incident at 0851LT.  Emilie tags her first 
instrument since EW9608.  Nice to see and be part of. Following the recovery of Site 58 a mapping transit is 
planned so that a gravity line is collected that runs SW to NE over the transition from Nazca crust formed at 
the EPR to the Galápagos platform.  Ship does this at a leisurely pace so that we arrive at anchorage early in 
the morning of July 3.   
Wednesday July 3: R/V Sally Ride arrives in Puerto Ayora and the science team and technicians disembark.  
Post-cruise social event in the evening. 

Thursday July 4:  Post-cruise debriefings with the Science Director of the Charles Darwin research station, 
María José Barragán Paladines, the Executive Director and CEO, Rakan Zahawi, and the Visiting Scientists 
Program Manager, Marta Romoleroux.  We also had a long meeting and science discussion with Stuart 
Banks, Principal Investigator - Deep-Ocean Exploration & Conservation, and Sarah Ryan Enright, Ocean 
Governance Researcher.   
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Friday July 5: The science team travels to Puerto Villamil, Isla Isabella. 

Saturday July 6: Field trip to the caldera of Sierra Negra volcano and return travel to Puerto Ayora. 
Sunday July 7: Departure from the Galapagos via the airport on Baltra island. 
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B: Station location & acoustic survey 

The deployment cruise — MGL2304— used acoustic ranging to relocate all OBS packages on the seafloor.  
The appendix below is identical to that of MGL2304 and included here for completeness.   

Acoustic Survey design: The travel time data used for the OBS relocation is two-way water wave travel 
times from an Edgetech transponder box.  The Edgetech box was connected to the sonar pod on the hull of 
the ship.  It is programmed to emits signals at a frequency  - always 11 kHz for the OBSIC stations – and 
listens to a response from the OBS at a defined frequency – between 11.5 and 13 kHz for the OBSIC 
stations. 

The instruments were deployed “enabled” to respond.  The ship holds station over the OBS as it sinks to the 
seafloor.  The OBS reaches the seafloor when the two-way travel time for 
the response no longer increases.   
After the OBS is on the seafloor, the acoustic survey is started and the two-
way travel time is recorded every 15 seconds together with GPS navigation 
strings.  The pattern for the acoustic survey that was sailed by the ship is 
shown by the red dashed line in the diagram.  This pattern includes 
variations in range to measure OBS depth and variations in azimuth to locate 
the OBS in map view. Any bad lines or errors in headers were removed. 

After the survey was completed the code to “disable” the OBS was sent. Following a successful response to 
this command at least 3 ranging commands were sent to ensure that it was in fact “disabled”. 

 
Figure B1. Plots of OBS relocation result.  The initial and final positions of the OBS (open and red circles, respectively) and an arrow 
representing the motion of the OBS are shown 

Relocation: is done by least squares inversion or grid search.   

The code used is: MGL2304/Public/OBSLocations_AUTO/m-files/run_obs_relocation.m.   

Parameters used were: 

Horizontal offset of transducer 
from GPS location (m) 

Azimuth of transducer relative to  GPS 
location (degrees clockwise from ship's bow) 

Transducer 
Depth (m) 

OBS transducer Height 
above seafloor (m) 

20.2 0 7 0.7 
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Table of OBS relocations (from MGL2304 — Marine IGNUANA deployment cruise) 

 
* two OBS (S33 and S81) overheated in the sun on deck and were cooled and stabilized prior to deployment. 

 

 

Hooft Galapagos Broadband Deployment Cruise
Station Name OBS Type OBS I.D. Deployment 

Date (UTC)
Deployment Time 

(UTC)
Deployment 

Latitude (decimal 
degrees)

Deployment 
Longitude 

(decimal degrees)

Deployment 
Depth (m)

Sounding Speed 
from Levitus 

Database (m/s)

InvertedStation
Lat

InvertedStati
onLon

Inverted Depth 
(m)

Inverted 
Distance Shift 

(m)

Inverted 
Direction Shift 
(deg. East of 

Initial Misfit 
(ms)

Final Misft (ms) 95% Confidence 
Half-Width in 

E/W (m)

95% Confidence 
Half-Width in 

N/S (m)

95% Confidence 
Half-Width in 

Depth (m)
56 T240 AN106 2023-03-23 2:47:34 -2.429672 -89.024328 3181 1494.7 -2.4299 -89.0249 3154 62 251 15 1 1.2 1.3 0.4
57 compact T117 2023-03-24 3:17:36 -1.957820 -89.493092 3141 1494.6 -1.9576 -89.4941 3121 113 285 19 1 1.0 1.1 0.3
58 sphere S69 2023-03-24 11:20:36 -1.907598 -90.340268 3155 1494.4 -1.9414 -90.3423 3139 232 257 30 2 1.4 1.3 0.4
59 compact T116 2023-03-24 18:57:36 -1.469313 -90.969650 3616 1497.1 -1.4702 -90.9698 3599 104 178 16 2 1.3 1.3 0.3
54 T240 A107 2023-03-25 4:14:36 -2.412370 -90.810570 3110 1494.3 -2.4119 -90.8120 3102 160 287 22 1 1.4 1.4 0.4
53 sphere S38 2023-03-25 11:02:06 -1.949110 -91.358628 3151 1493.9 -1.9500 -91.3610 3129 239 255 34 1 1.4 1.5 0.4
52 sphere S70 2023-03-25 18:05:51 -2.394610 -91.889355 3449 1495.6 -2.3945 -91.8900 3424 71 279 17 1 1.3 1.3 0.3
51 compact T120 2023-03-26 1:31:37 -1.908943 -92.415143 3369 1495.4 -1.9100 -92.4170 3348 242 240 38 2 1.4 1.4 0.4
50 T240 AN108 2023-03-26 9:29:42 -2.296338 -93.162998 3503 1496.1 -2.2971 -93.1627 3493 93 160 13 2 1.3 1.3 0.3
49 sphere 71 2023-03-26 18:30:13 -1.446222 -92.907443 3420 1495.5 -1.4457 -92.9080 3405 86 318 13 2 1.3 1.3 0.3
48 sphere S33 2023-03-27 4:04:43 -1.335397 -91.889202 3319 1495.3 -1.3364 -91.8914 3298 274 245 41 1 1.3 1.1 0.3
47 sphere S67 2023-03-27 12:23:52 -0.663887 -92.201450 3218 1494.8 -0.6645 -92.2008 3202 100 131 17 1 1.4 1.3 0.4
25 sphere S81 2023-03-27 21:09:07 0.214493 -92.186367 2853 1493.5 0.2167 -92.1838 2837 378 49 52 1 1.4 1.4 0.4
26 sphere S65 2023-03-28 3:47:52 0.085757 -92.660577 2955 1493.6 0.0857 -92.6597 2937 97 93 17 2 1.3 1.3 0.4
46 compact T118 2023-03-28 12:28:07 -0.779025 -92.965850 3278 1494.6 -0.7789 -92.9658 3263 12 4 9 1 1.4 1.3 0.4
27 T240 AN109 2023-03-28 19:52:37 -0.183657 -93.421785 3122 1494.2 -0.1830 -93.4209 3107 117 54 16 1 1.2 1.0 0.3
45 sphere S88 2023-03-29 5:40:52 -1.087675 -93.667430 3405 1495.6 -1.0878 -93.6678 3394 44 247 8 2 1.5 1.4 0.4
44 compact T104 2023-03-29 13:51:52 -1.830885 -93.851897 3425 1492.5 -1.8313 -93.8518 3402 49 163 15 2 1.9 1.7 0.4
43 sphere S37 2023-03-29 21:39:07 -1.255440 -94.418035 3349 1495.3 -1.2543 -94.4167 3343 195 50 27 1 1.3 1.3 0.4
42 compact T107 2023-03-30 6:21:07 -0.465040 -94.121783 3392 1495.1 -0.4653 -94.1213 3383 65 119 9 2 1.4 1.4 0.4
28 compact S48 2023-03-30 13:43:22 0.223047 -93.931917 3209 1494.4 0.2231 -93.9307 3191 136 87 18 2 1.4 0.9 0.3
41 sphere S61 2023-03-30 23:57:37 0.096458 -95.005775 3342 1494.9 0.0968 -95.0055 3334 43 41 8 1 1.3 1.4 0.4
40 compact S53 2023-03-31 9:02:07 -0.703963 -95.047925 3384 1495.6 -0.6857 -95.0473 3374 68 100 11 1 1.2 1.3 0.3
39 T240 AN102 2023-03-31 18:28:52 -0.962755 -95.740237 3338 1495.1 -0.9632 -95.7405 3328 57 206 9 1 1.5 1.3 0.3
37 compact T113 2023-04-01 7:37:37 0.641120 -95.750072 3310 1495.3 0.6404 -95.7514 3305 167 242 22 1 1.4 1.4 0.4
29 sphere S59 2023-04-01 18:43:52 0.635638 -94.439558 3246 1495.0 0.6349 -94.4401 3231 100 214 16 2 1.4 1.4 0.4
30 T240 AN103 2023-04-02 2:18:22 1.299613 -94.807383 3254 1494.9 1.2999 -94.8080 3243 75 296 11 2 1.3 1.3 0.3
31 sphere S66 2023-04-02 10:18:52 2.100475 -94.863693 2747 1492.4 2.0998 -94.8660 2738 268 253 41 1 1.5 1.8 0.4
33 T240 AN110 2023-04-02 18:07:52 2.888530 -94.477707 2635 1492.4 2.8879 -94.4777 2620 67 176 11 1 1.6 1.6 0.4
32 sphere S23 2023-04-03 2:28:52 2.096063 -94.138965 2826 1492.6 2.0958 -94.1394 2813 58 234 10 1 1.5 1.4 0.4
19 compact S42 2023-04-03 9:11:52 1.468547 -94.029178 3059 1493.5 1.4682 -94.0306 3047 158 257 22 1 1.4 1.4 0.4
20 sphere S01 2023-04-03 17:29:07 0.819208 -93.480620 2940 1493.5 0.8205 -93.4794 2931 195 42 26 1 1.5 1.5 0.4
21 compact T105 2023-04-04 2:30:07 0.705497 -92.677837 2986 1493.4 0.7071 -92.6766 2972 225 37 28 2 1.5 1.5 0.4
22 sphere S84 2023-04-04 8:11:37 1.255495 -92.543385 2365 1491.4 1.2568 -92.5439 2348 158 338 20 2 1.8 1.9 0.5
14 compact T111 2023-04-04 13:35:52 1.802778 -92.618277 2490 1492.1 1.8038 -92.6189 2481 128 328 20 1 1.5 1.4 0.4
18 sphere S19 2023-04-04 20:16:22 1.520982 -93.250967 2721 1493.2 1.5202 -93.2519 2708 136 228 20 2 1.3 1.2 0.4
17 sphere S85 2023-04-05 2:50:52 2.098267 -93.277247 2588 1492.2 2.0987 -93.2777 2579 68 314 12 1 1.4 1.7 0.4
16 compact S45 2023-04-05 9:27:07 2.795160 -93.327188 2673 1492.8 2.7949 -93.3285 2661 149 261 22 1 1.4 1.4 0.4
15 sphere S86 2023-04-05 18:39:22 2.582903 -92.250187 2400 1491.8 2.5843 -92.2501 2381 160 4 24 2 2.0 1.7 0.5
13 sphere S05 2023-04-06 4:15:07 1.593523 -91.809348 2318 1491.5 1.5960 -91.8080 2305 312 29 40 2 1.5 1.7 0.5
11 sphere S73 2023-04-06 11:10:37 1.468952 -91.021745 2139 1491.4 1.4694 -91.0228 2129 123 295 21 2 3.3 4.2 1.6
10 compact S87 2023-04-06 16:57:07 1.103928 -91.384888 2091 1491.4 1.1056 -91.3830 2084 277 49 43 1 1.7 1.8 0.5
23 sphere S82 2023-04-06 23:26:37 0.899308 -92.021358 2416 1491.9 0.9001 -92.0216 2406 98 342 14 1 1.5 1.6 0.4
24 compact AN112 2023-04-07 6:03:07 0.360765 -91.758733 2888 1492.5 0.3636 -91.7568 2869 384 33 57 1 1.7 1.6 0.4
9 T240 AN111 2023-04-07 11:32:37 0.498747 -91.199172 2727 1492.8 0.4995 -91.2001 2709 134 309 23 1 1.5 1.4 0.4
8 sphere S27 2023-04-07 18:53:37 0.756673 -90.403243 2140 1491.4 0.7564 -90.4024 2126 97 106 14 1 2.0 1.9 0.5
3 compact S30 2023-04-08 2:46:07 0.175228 -89.600835 2213 1491.4 0.1747 -89.6013 2197 78 219 13 1 1.8 1.8 0.4
2 sphere S68 2023-04-08 7:50:22 0.516055 -89.289193 2373 1492.1 0.5157 -89.2889 2361 50 134 8 2 1.7 1.7 0.4
1 sphere AN113 2023-04-08 14:00:52 1.014617 -88.935752 2346 1491.9 1.0132 -88.9369 2344 198 218 28 2 1.4 1.5 0.4
4 T240 AN104 2023-04-08 20:08:52 1.193102 -89.519342 2267 1491.7 1.1931 -89.5193 2253 8 52 9 2 1.7 1.6 0.4
7 compact T114 2023-04-09 2:39:37 1.290783 -90.271058 1648 1491.7 1.2915 -90.2716 1635 98 321 16 1 1.7 1.7 0.5
6 T240 AN105 2023-04-09 9:39:37 2.056183 -90.677993 2333 1491.6 2.0564 -90.6769 2322 126 77 18 1 1.5 1.5 0.4

12 compact T121 2023-04-09 15:37:37 2.328233 -91.263345 2392 1491.8 2.3286 -91.2637 2376 60 312 11 2 1.6 1.6 0.4
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C: Seismic Data Inspection 

C.1 File Conversion 

On board the ship, the seismic data from the recovered instruments was processed into miniseed files. This 
was done to check the quality of the data, as well as look for arrivals from teleseismic and regional 
earthquake events. Files exist for each day of deployment for horizontal channels (HH1 and HH2), vertical 
channel (HHZ), and differential pressure gauge (DPG) channel (HDH). All the miniseed data are located in 
SR2411_scienceparty_share/SeismicData/mseed and are organized by instrument (ID_deployment#), year, 
and day of year. The data was not time corrected nor were the horizontal channels oriented, as this will be 
done thoroughly at a later date (by OBSIC team and researchers). After the data is properly processed, it 
will be sent to IRIS. 

Because we are using three different instrument frame types (Angler, ARRA, BBOBS), there are three 
separate scripts for converting the raw multiplexed data to miniseed.  The instrument ID, ‘AN’ corresponds 
to Angler, ‘T’ corresponds to ARRA, and ‘S’ corresponds to BBOB. You can run the scripts for a specific list of 
stations. These python scripts are located in 
SR2411_scienceparty_share/Seismic_data_samples_and_codes/multiplex2miniseed and titled 
run_<INSTRUMENT-TYPE>_miniseed2days_for_eeeh.py. They were written by J.A. Collins from WHOI.  
Be aware that the files contain data for dates from BEFORE instrument deployment, as well as some AFTER 
or during instrument recovery. These files do not have meaningful data. The scripts also unpack a lot of 
additional channels that we did not need, so we only saved HH1, HH2, HHZ, HDH to the drive. 

C.2 Seismograms 

After the data was in miniseed format, we plotted and filtered the seismograms to check data quality and 
look for earthquake arrivals. The vertical component has the cleanest arrivals (lowest noise levels).  The 
horizontal components are noisy (caused by bottom currents and tilt).  Rayleigh waves are usually the 
largest-amplitude arrivals, thus most likely observed above the noise. The signal-to-noise ratios (SNRs) are 
generally lower at longer periods (>30 s). Tidal signal was strong on the DPG channel (HDH).  

C.2.1 Waveforms for Telesiesmic Arrivals  

We were able to find multiple arrival phases beyond P for events ranging in magnitude from 7 to 5.5.  
Plots were made by Kaisa Autumn and Yang Shen.  Yang Shen used SAC.  Kaisa used 
SR2411_scienceparty_share/Seismic_data_samples_and_codes/matlab/plt_event_KA.m and are located in 
SR2411_scienceparty_share/SeismicData/EarthquakePlots.   A 2nd-order zero-phase bandpass filter of 
[0.005 0.05] Hz was found to work well for most of the data, but on some instruments [0.01 to 0.1] worked 
better for horizontal channels. 
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Figure C1. Data from S37, S38, and S70 on 4 channels showing the arrival of the M7.6 May 10 2023 Hihifo, Tonga earthquake. 

 

 
Figure C2. Regional earthquake waveforms in two filter bands for OBS 
AN106-56 and earthquake of M4.9 at 14°. 
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Figure C3. Teleseismic waveforms in different frequency bands on OBS AN106-56 for a M7.6 
earthquake at 210 km depth at a range of 84°. 
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C.3 Evaluation of Signal and Noise Characteristics 

Charles Hoots made power spectral density plots of noise and 491 earthquake arrivals on AN106-56.  Noise 
at periods shorter than 10s is near the New High Noise Model (NHNM).  Noise at longer periods lies below 
this level.  Arrivals of large (M5.5+) earthquakes typically have energy above the noise for periods longer 
than about 10 seconds. 

 

 
Figure C4. Power spectral density plots of noise (top) and 491 earthquake arrivals (bottom) on AN106-56.  The New 
High Noise Model (NHNM) and New Low Noise Model (NLNM) are shown as well as the expected power spectrum 
for an M7 and M6 event at 3,000 km (grey lines). 
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Figure C5. Vertical channel probabilistic power spectral density at four stations. Stations S70 and T114 are both Trillium Compact 
T120s at 3.43 km and 1.64km below sea level, respectively. Stations AN104 and AN108 are both Trillium Compact T240s at 2.26 km 
and 3.5 km below sea level, respectively. These four stations represent the shallowest and deepest points in the array for either a T120 
or T240. 

Charles Hoots also tested the noise removal method of Zali, Zahra, Theresa Rein, Frank Krüger, Matthias 
Ohrnberger, and Frank Scherbaum. “Ocean Bottom Seismometer (OBS) Noise Reduction from Horizontal 
and Vertical Components Using Harmonic–Percussive Separation Algorithms.” Solid Earth 14, no. 2 (March 
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1, 2023): 181–95. https://doi.org/10.5194/se-14-181-2023.  The following show original and cleaned 
waveforms. 

 
Figure C6. Vertical and horizontal record sections for 38 Iguana stations bandpassed at 1-50s. The event is a shallow (43km) M7.2 in 
the Aleutian Islands, Alaska. The dead traces observed on AN109 shown here are prevalent in the first three months of deployment 
and cease around April, 2023. 
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Figure C7. Vertical and horizontal record sections for 38 Iguana stations with Harmonic-Percussive Separation applied to each channel 
(Zali et al, 2023) and bandpassed at 1-50s. The event is a shallow M7.2 in the Aleutian Islands, Alaska. 
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Figure C8. Vertical and horizontal record sections for 38 Iguana stations bandpassed at 1-50s. The event is a deep (621km) M6.5 
beneath western South America. Note the traces for AN109 are no longer dead. 
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Figure C9. Vertical and horizontal record sections for 38 Iguana stations with Harmonic-Percussive Separation applied to each channel 
(Zali et al, 2023) and bandpassed at 1-50s. 
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Yang Shen evaluated noise in 20-minute windows prior to the earthquake origin time and determined 
signal to noise ratios (SNR) for teleseismic and regional Rayleigh waves and P waves to estimate the number 
of useable events.  He also compared the SNR of the 3 different instrument types with a very limited 
sampling of 2 instruments per sensor type. 

  

  

 

 

 

Figure C10. Estimate of the number of usable events based on 
the SNR of Rayleigh waves on the vertical channel for 
teleseismic and regional events. 
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Figure C11. Evaluation of the performance of different instrument types in a range of 
frequency bands by comparison of 6 individual sensors: T240: AN106_56, AN107_54; 
Sphere: S37_43, S70_52; Compact: T117_57, T120_51 
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Yang Shen and Kaisa Autumn plotted the pressure signal from the Differential Pressure Gages for each day 
over a one-month period to illustrate the tidal pressure signal.  Yang Shen noted that noise on the 
horizontal channel appears to correlate with the tides. 

 
Figure C13. Horizontal noise appears to vary coincident with the pressure signal. 

 

C.3 Relative teleseismic arrival times from cross-correlation 

Kaisa Autumn also did some cross-correlations of the data to look at relative traveltime delays for first P 
arrivals. Using data from many stations, waveforms for an earthquake event are aligned using cross-
correlation to get traveltime differences. Arrival times for certain P phases are predicted using TauP and are 
shown by the colored triangles. Cross-correlation code (ProcSeis) is not on the cruise drive, but was written 
by Brandon P. VanderBeek (University of Padua) and modified by Rebeckah Hufstetler (University of 
Oregon). 
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D: Multibeam bathymetry mapping 

The OBS recovery track was designed to optimize for a short recovery time and increased bathymetric and 
gravity coverage of the region.   

 
Figure D1. OBS recovery track on masked GMRT v4.2.1 bathymetric data 

Data Collection 

The bathymetric data was collected using R/V Sally Ride’s Kongsberg EM124 12kHz multibeam echo 
sounder.  The EM122 has a maximum swath width up to 6 times the water depth depending on the sea 
state. Data was acquired by the EM124 system into one hour  ".kmall" files with the filenames 
####_YYYYMMDD_HHMMSS_SallyRide, where "####" is a sequential file starting with "0000" on 
06/13/2024 and ending with "0501". 

The water column velocity structure was determined by XBT throughout the study area and input into the 
EM124 processing software.  The EM124 system converted the XBT EDF file formats into ASVP format by 
applying smoothing to the XBT profiles and extended them from the last sampled depth down to 12 km. 

 

Multibeam Data Editing 

The following chart and list of steps outline the workflow established by Dave Caress (MBARI), the lead 
developer of MBSystem. This is summarized with additional details in “Galapagos 2024 Workflows and 
Notes.xlsx”.   
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Select the files you wish to edit (the *esf files have been edited), and then the grid size you wish to 
view the data.  We used 50 m.  D. Caress recommends the rule of thumb that the Sally Ride 
system’s lateral resolution is about 20 m per 1000m of depth.   
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In the “Mbeditviz Survey Viewer”, you see the 
bathymetry at the grid resolution specified in 
the previous step.  The objective of editing is to 
produce a geologically reasonable map.  And 
this display updates after depth soundings are 
edited (although sometimes not so to be sure 
select Action->Reset display).  Note the 
different buttons shown by the tool; they each 
have separate functions for the 3 mouse 
buttons (MBSystem only works with a 3-button 
mouse).  To edit the data click on “Pick Area” 
and select the area you wish to pick.  

 

 

The “3D Soundings Window” (shown below) is 
the tool we used for removing seafloor 
soundings that appeared as outliers from the 
rest of the soundings (e.g., the green dots in 
the right the above image).  “Pick” removes (or 
more precisely “flags”) individual points, 
“Erase” allows you to drag the cursor over 
whole groups of points for flagging for 
removal.  “Restore” restores points.  By panning, zooming, and rotating, we could view outlier points 
and then remove them.  For all MBSystem tool windows close them using the buttons provided 
(“Dismiss” or “Quit”); do NOT click the red button in the upper left.  If the red button is accidentally 
clicked the program is halted and numerous temporary *lck files remain and will prevent anyone from 
editing those files.  Remove those temporary files and things will work normally.   

 
 

After editing, run “../post_process.cmd” or “../fast_post_process.cmd”.  These scripts create various 
NetCDF grid files of the bathymetry as well as for computing and viewing the “psuedo sidescan”.  
“ZTopo.grd” is a NetCDF file of the edited bathymetry.    
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E: Expendable bathythermograph - XBT 

An XBT is an expendable bathythermograph and is used to measure temperature throughout the water 
column. It’s a small probe that is dropped over the side of the ship and collects temperature data as it falls 
through the water. A small copper wire is attached to the probe to transmit the temperature data back to 
the ship. We can calculate the depth at which the probe is recording because the speed of the probe is 
known, and the time the probe is launched is recorded.  

Using this temperature profile and the salinity of the water, the speed of sound through the water column 
is calculated. This is an important value to know for multibeam mapping of the seafloor, because the speed 
that the sonar wave travels through the water needs to be precise for accurate seafloor measurements.  
The R/V Sally Ride uses the Turo Devil  Bathythermograph Data Acquisition System and uses Sippican Fast 
Deep expendable probes that are performed daily. 

To launch a probe from a vessel, the ship must slow down to around 6 knots and the canister containing the 
probe is inserted into the Sippican Hand-Held Launcher.  Contacts on the canister provide the electrical 
connections to the launcher which is connected by cable to the Turo computer software program. When 
the probe is ready to be launched, the operator pulls a release pin out of the canister, and the probe slides 
out of the canister into the water. The probe’s hydrodynamic shape allows it to descend through the water 
at a stable and known rate, enabling continuous calculation of its depth throughout the entire descent. As 
the probe descends, its sensors continuously measure the water temperature.  Soon after the probe 
reaches its maximum depth around 1,000 meters,  temperatures stop recording and the wire is broken to 
complete the profile. 

 
Figure E1. Map of good XBTs in this study (magenta) with track lines (white). 
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Table of XBT locations 

XBT # Longitude Latitude  
1 -89.927 -2.4211 
2 -91.809 -1.9331 
4 -94.489 -1.1880 
5 -94.754 0.5135 
6 -94.746 0.5135 
7 -93.506 0.7860 
8 -92.345 0.3781 

10 -91.694 1.1466 
11 -91.680 1.5759 
12 -89.651 0.2317 
13 -90.410 1.5530 
14 -93.051 2.6111 
15 -93.906 1.5855 
17 -94.674 1.5839 
18 -93.638 0.7946 
19 -96.441 0.4650 
20 -94.443 0.2997 
21 -92.956 0.8845 
22 -92.122 -1.1835 
23 -91.257 -1.9349 
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F: Gravity data 

 
Figure F1. Map displaying the FAA gravity as colors along the SR2411 ship tracks.  Black line marks the profile show in the figure 
above.  Gray contours are bathymetry every 1000 meters. 

The gravity field was recorded using a Dynamic gravity Systems AT1M-25 marine gravimeter. Gravity 
measurements were displayed in real-time on a monitor in the main lab throughout the duration of the 
experiment with measurements recorded every 1-second. The gravimeter appeared to be functioning 
properly and producing quality data. Preliminary data processing was performed throughout the cruise to 
ensure data quality. 

The raw data provided by Scripps are in the folder “cruise/SR2411/gravimeter-dgs/ascii_data”, in files written 
daily with the format AT1M-25_2024{MM}{DD}_{JD}.dat, where {MM}, {DD}, and {JD} are 2, 2, and 3 digit 
integers respectively.  Copies of these data are in “SR2411_scienceparty_share/Grav_Mag/DATA/” within 
individual folders with the name format of GravMag_2024{MM}{DD}. Also contained in those folders are 
*.MET files, which were used to extract depth (column 44) for data processing.   

Instrument Detail 

 The Sally Ride’s Dynamic gravity Systems (DgS) Advanced Technology Marine (AT1M-25) gravimeter resides 
on the “First Platform”, one deck below the main deck Software at approximately sea level.  The location of 
the gravimeter relative to the navigation reference point (NRP) of the R/V Sally Ride is detailed in Appendix 
I.3 on Sensor Offsets.  (note that “Z” in Sensor Offsets is positive down and relative to the reference plate 
on the lower-most deck. Z = -3.411m places the meter on the First Platform, one deck above).   
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The data were output at 1-second intervals and logged by the Dgs Marine Logger Software.  The raw data 
are recorded at 1 Hz without additional filtering (except for Qc) and are output to mGals using conversion 
calibrations kept by DgS.  The expected accuracy at sea is 0.7 mGals or better.  The raw data for each day 
are stored as a .dat file in an ASCII comma-delimited format. These files have the following layout: 

[1] Qc_Gravity (Cross-coupling corrected gravity in mGal) 
[2] Gravity (Uncorrected gravity) 
[7] Status (Monitors state of the sensor) 
[15] Latitude 
[16] Longitude 
[17] Speed (Knots)ßApparently ~ half of the true speed 
[18] Course 
[20] Year 
[21] Month 
[22] Day 
[23] Hours 
[24] Minutes 
[25] Seconds 

The location of the gravimeter relative to the navigation reference point (NRP) of the R/V Sally Ride is 
detailed in Appendix I.3 on Sensor Offsets.   

Gravity Ties 

CG-5 ship-to-shore gravity tie report 
Vessel: R/V Sally Ride 
Release Date: 2024/06/05 12:14:00 
Software version:  
Port/Pier/Berth: Marina Bahia Golfito, Costa Rica 

Location Time (UTC) CG5 Gravity Readings (mGal) 

First Pier Measurement 
 11:02:00 3561.691 3561.682 3561.672 

Gravity Station Measurement 
 11:41:00 3623.52 3625.405 3625.048 

Second Pier Measurement 
 12:14:00 3619.904 3642.755 3639.964 

 

 

 

 

 

 

Gravity station number UCRG (?) 

Elevation of station (meters) 10.121 

Gravity at station (mGal) 9782.26043 

Mean ship gravity at pier (mGal) 9347.597 

Elevation of the pier (meters) 2 
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We did not use gravity tie data measured by the CG-5 gravimeter because the readings appear erroneous 
(measurements at each location should differ by < 0.01 mGal and the two pier measurements should differ 
by < 0.1 mGal given the tidal change recorded by the ship’s meter).  Instead, we assumed the absolute 
gravity at the ship equals that at the benchmark, corrected down to sea level, which is the level of the 
meter on the ship (by adding 0.3086 mGal/m x 10.121m).  As shown below, the tidal effect on gravity is 
very small (~0.1 mGal) so the main error in the above approximation is due to the difference in true 
absolute gravity between the benchmark location and the ship.   

 
Figure F2. The ship’s gravity measured on the day the gravity tie was done, shows a clear tidal signal.  Small circles indicate 
when the two pier measurements were taken. 

Processing Methodology 

The gravity and navigation data are merged with depth measurements (“*.MET” files) via timestamps. To 
beat down noise due to ship motion still present in the “Qc” gravity output (column 1), we applied a 180-
second Gaussian filter, and down-sampled the data at the same interval. The ship speed (column [17] of the 
raw dgs files) was erroneous: the given values were approximately half of the true speed.  We therefore 
computed the ship speed using the navigation at 30-second time intervals.  The computed speed (VT) and 
ship course (azimuth) (column 18) were then smoothed with the same 180-second Gaussian filter and then 
used to compute and apply the Eötvös correction (Eq. 1 below). Navigation (latitude and longitude) 
associated with each (filtered and resampled) gravity point was smoothed with a 10-s Gaussian filter to 
mitigate errors in GPS measurements.  The Free-air anomaly (FAA) was then calculated by subtracting the 
computed value using the 1984 International Gravity (IGF) formula (Eq. 2). The MATLAB script for the above 
is called “SR_Raw2FAA.m” (specify the month and day of data and then run). The output is written in 
“SR2411_scienceparty_share/Grav_MAG/DATA/Processed_Daily_Grav”, in files named grvJD{JD}.txt. 

To verify the consistency of the computed FAA, the MATLAB script “SR_FAA_Satellite_Check.m”(specify the 
Julian Day to run) extracts and compares the FAA values from Sandwell & Smith’s latest satellite-derived grid 
at the navigation points for each shipboard measurement. The output is written in 
“SR2411_scienceparty_share/ Grav_MAG/DATA/Processed_Daily_Grav”, in files named grvJD{JD}sat.txt. 

Eötvös Correction: The Eötvös correction is the change in the Earth’s gravity due to centrifugal acceleration 
when the gravity measurement platform is moving. In mGal, the Eötvös correction is:  

 Eötvös = [7.5038 * VE * cos(f)] + [0.004154 * VT] (1) 
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where VE is the eastward component of the ship’s velocity, f is the latitude in degrees, and VT is the ship’s 
speed in knots.   

Free-air Anomaly:  The Free-air Anomaly (FAA) is computed by subtracting the gravitational effects of the 
reference ellipsoid from the observed gravity values. For this, we used the 1984 International Gravity 
Formula (IGF): 

gIGRF(f) = 978032.67714[1 + 0.00193185138639 * sin2(f)]/sqrt[1 – 0.00669437999013 * sin(f)2] 

 (2) 

 
Figure F3. (top) Comparison of computed shipboard FAA (black) with Sandwell and Smith’s satellite-derived FAA (gray), along the 
ship track between OBSs 1, 4, 7, 6, 2, 15 and 16, which is generally east-to-west, roughly paralleling and north of the Galapagos 
Spreading Center plate boundary, and going over the southernmost end of the Cocos Ridge (labeled in the map below).  The shift 
between the shipboard and satellite date is due to the erroneous gravity tie in Golfito.  The smooth trending data are reliable, but 
interrupted by spikes, which reflect errors or other noise during changes in the ship’s speed and/or heading, especially while 
approaching, during, or leaving OBS recoveries.  During geophysical interpretation or analysis, it is common to remove the data 
where these large errors occur.  (bottom) The EM124 center-beam seafloor depth is shown for comparison.  The miscellaneous 
points above the seafloor are presumably artifacts recorded while on station as the EM124 was turned on or off. 

Measurement Offset and DGS Instrument Drift: 

The measurement offset due to the lack of a gravity tie as well as instrument drift can be measured by 
comparing the shipboard FAA with the satellite-derived field (Figure 4).  We subtract the satellite-derived 
FAA from the ship’s (light orange), apply a median filter with a 2-day window (gray), and resample every hour.  
The median filter addresses the high-amplitude errors associated with changes in ship velocity and true 
deviations between the more-accurate DGS readings at shorter wavelengths compared to the satellite FAA. 
Fitting a line to the median-filtered differences yields, 

 Dg = 2.86 + 0.0137 t 
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where t is time in hours starting from the beginning of the record (Grav_Mag/ 
DATA/Processed_Daily_Grav/grv_all_sat.txt).  The MATLAB script for doing this is called 
“Offset_Drift_Correction.m”.   

Measurement offset correction:  subtract 2.86 mGal to all measurements to achieve a more accurate 
measurements of absolute gravity and FAA: 

 

Drift correction: subtract 0.0137(mGal/hr) × t from all measurements to correct for linear instrument drift. 

 

 
 

 

  

 
Figure F4. The DGS shipboard free-air anomaly (FAA) minus the satellite-derived FAA are plotted versus time in hours since 
the beginning of SR2411 and ~12 hours before the end (light orange).  A 2-day median filter is applied and resampled every 
hour (gray). A line is fit to the filtered differences  (black)  to estimate the measurement offset due to the lack of a gravity  
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G: Magnetic data 

 
Data Collection: 

The magnetic field was recorded using a Marine Magnetics SeaSpy magnetometer towed 300 meters astern 
of the vessel on the port side. Data was logged by the BOB data logging system. The system performed well 
during the survey.  

The magnetic data were collected during transit between each OBS recovery. The magnetometer was 
brought on board ~15 minutes before reaching an OBS station and deployed again after finishing the OBS 
recovery. 

Instrument details: 

Name: Marine Magnetics SeaSPY Towed Magnetometer( SS1+ALT) 
Operating Principle: Overhauser magnetometer sensor? 
Operating range: 18,000 to 120,000 nT 
Operating Zones: No restrictions. SeaSPY will perform exactly according to spec throughout the entire 
range.  

 
Figure G1. Map displaying the total magnetic field anomaly as colors along the ship tracks.  Gray contours are bathymetry 
every 1000 meters.  Bold line locates the profile shown in the previous figure. 
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SS1+ALT Counter Sensitivity: Maximum sensitivity of 15pT RMS at rates up to 1Hz. Up to 4 samples per 
second. 
Heading Error: NONE 
Absolute Accuracy: 0.1nT 
Output: RS-232, 9600bps 
Mechanical: Sensor Fish: Body 12.7 cm dia., 124 cm long with fin assembly, 16 kg. Includes Sensor and 
Electronics.  
Tow Cable: Kevlar Reinforced twisted pair conductor tow cable. Breaking strength 2,500 kg, 1cm in OD, 
7,000 m maximum. Weighs 125 g/m with terminations. 
Operating Temperature: -45°C to +60°C 
Storage Temperature: -45°C to +60°C. Moderate temperatures are recommended  
Water Tight: O-Ring sealed for up to 6000 m depth operation 

Data file:  

The files are “cruise/SR2411/magnetometer-bob/data/ SR2411_Galapagos_Recovery{DD}{MM}2024.csv”, 
where {DD} is two-digit day and {MM} is the two-digit month. The columns are as follows: 

[1] Reading_Date (day-month abbreviation- yr) 
[2] Reading_Time (UTC) 
[3] Total Magnetic_Field 
[4] Signal_Quality 
[5] Depth (from sea level) 
[16] Mag_Latitude 
[17] Mag_Longitude 

Data processing 

The raw 1-second total magnetic field measurements were filtered with a 60-second Gaussian filter and 
resampled every 180 seconds.  As with the gravity processing, the navigation was smoothed using a 10-
second Gaussian filter.  We then subtracted the International Geomagnetic Reference Field (IGRF) to 
produce the “total magnetic field anomaly”, which reflects local variations largely due to magnetized 
oceanic crust.  This is done using the MATLAB script “SR_mag.m” (set the Julian Day in the script and run) to 
generate a file called: {DD}{MM}tot_mag.txt.  
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Figure G2. (top) The total magnetic field after Gaussian smoothing and down sampling (black) compared with the IGRF field 
(gray).  (Bottom) The total magnetic field anomaly is computed by subtracting the IGRF field from the total magnetic field 
measurements from the ship. The data are along the ship tracks between OBS’s 30, 31, and 33, which includes SR2411’s furthest 
west crossing of the Galapagos Spreading Center (marked on the map in the next figure). Here the Galapagos Spreading Center 
is located at ~ 2.6°N. The ridge axis “central magnetic high” is relatively high amplitude, but is negative given that we are near 
the Equator. 

H: Oceanography: Sea-surface temperature, salinity, currents 

H.1 Salinity and temperature 

The Shipboard Meteorological Acquisition System (MetAcq) onboard the R/V Sally Ride acquires, filters, 
displays and distributes meteorological sensor data from a wide variety of sensor types and data input 
devices. Atmospheric meteorological sensors are generally located on either the forward part of the ship on 
the MET mast and/or above the ship's upper bridge deck. Sensors that measure seawater properties are 
generally located near the uncontaminated seawater in-take area or in one of the ship's laboratories that 
has a connection to the uncontaminated seawater line. 

For fun and curiosity, and because oceanographic currents in the vicinity of the Galápagos interact in 
several ways, sea surface temperature and salinity values were extracted from MetAcq and plotted below.  
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Figure H1. Salinity and sea surface water temperature along the track 
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H.2 GO-BGC Floats 

We deployed two floats (1578 and 1538) for the Global BioGeochemistry Array progam. The Global Ocean 
Biogeochemistry Array is a global robotic network of profiling floats carrying chemical and biological 
sensors that will revolutionize our understanding of ocean biogeochemical cycles, carbon uptake, 
acidification, deoxygenation, and ecosystem health. 

GO-BGC utilizes autonomous robotic floats to measure temperature, salinity, pH, nitrate, chlorophyll, 
suspended particles, light, and derived parameters DIC, pCO2 and total alkalinity in the ocean from the 
surface to 2000m. These floats can operate continuously for years in all weather conditions, providing near 
real-time observations of ocean biogeochemistry and ecosystems throughout the world’s oceans.  GO-BGC 
will deploy 500 autonomous floats in the world’s oceans between 2021 and 2026 as part of the OneArgo 
array. GO-BGC data are made freely available through the Data page and the Argo data system. 

  
h"p://runt.ocean.washington.edu/argo/homographs/TP/1578.shtml h"p://runt.ocean.washington.edu/argo/homographs/TP/1538.shtml 

Also available: Trajectories for float 1578 Also available: Trajectory for float 1538 

The first profile from 1538 (right) looks good but the pH is shifted way to high, shows a bit of a pump offset 
(unusual for NAVIS) and also a big step shift at 200m. The salinity sensor looks to have gotten fouled from 
300 to 200 dbar and then recovered. There is also a big offset in CDOM between 1538 and 1578. 
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I.3 Sensor offsets 
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 67 

I.4 Timeline 
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J.2 Ecuador Navy (INOCAR) 

Marine Directorate Permit: AUTORIZACION_02342024O_SALLY_RIDEsigned_signed-signed.pdf 
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J.3 Galápagos National Park 

J.3.1 DPNG Permit - permiso_investigación_pc-10-24-signed (1).pdf 
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J.3.3 Approved Travel Advisory: Aviso de viaje n019-jun-jul-Emilie H.pdf 
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J.3.4 Approved Work Plan: Cronograma de actividades-signed.pdf 
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J.4 Charles Darwin Foundation 

J.4.1 Cooperation agreement: Convenio Emilie Hooft-signed.pdf 
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J.4.2 Addendum: Nuevo convenio Emilie Hooft-signed.pdf 
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J.4 Instituto Geofísico Data use agreement: Acuerdo_uso_datos_sísmicos_IG-EPN-2023-003-signed.pdf 
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J.5 US Dept. of State  

Marine Scientific Research Application: UOLetterofCommitment.pdf 

 

 
               
              College of Arts and Sciences 

 

Department of Earth Sciences 
100 Cascade Hall 
1272 University of Oregon, Eugene OR 97403-1272 
541-346-4573 |  FAX 541-346-4692  earthsciences.uoregon.edu 
 
An equal-opportunity, affirmative-action institution committed to cultural diversity and compliance with the Americans with Disabilities Act 

November 29, 2023 
 
 
Letter of commitment for a scientific investigation 
 
To whom it may concern, 
 
This letter is in regard to the project, “An Open Access Experiment to Image Galápagos Plume-Ridge 
Interaction”, supported by National Science Foundation grant OCE-1928197 to the University of Oregon.   
 

• The name and address of our representative in Ecuador is: 

 Dr. Mario Ruiz, Director of the Instituto Geofísico, ESCUELA POLITÉCNICA NACIONAL 

 mruiz@igepn.edu.ec, +593 2 2428 723 

Av. Ladrón de Guevara E11-253 - Fac. Ing. Civil y Ambiental  

Apartado Postal 2759 – Quito, Ecuador 

• The name and address of the shipping agent in the Galapagos is: 

Mr. Antonio Moreano, Sea Masters Group 

6066-911-+593 99  

https://www.seamastersgalapagos.com 

• We commit that we will deliver to the Ecuadorian Government, with no cost, the complete results 

and conclusions of the developed research. 

• We also commit to observe the regulations of marine environment preservation and compensation. 
 
 
Sincerely, 

 
 

Emilie Hooft, Professor  
Dept. Earth Sciences 
emilie@uoregon.edu 
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K: List of Contacts 

K.1  Ecuador and Galápagos  

K.1.1  Charles Darwin Research Foundation (CDRF) 

Dr. Maria-José Barragán 

Directora de Ciencias / Science Director 
Fundación Charles Darwin/Charles Darwin Foundation 
Puerto Ayora, Islas Galápagos, Ecuador 
Tel. +593 5 2 526 146 Ext. 225 

Email: mariajose.barragan@fcdarwin.org.ec 

www.facebook.com/darwinfoundation 
www.twitter.com/darwinfound 
www.darwinfoundation.org 

Ms. Marta Romoleroux 

Visiting Scientists Program/Programa de Científicos Visitantes 
Fundación Charles Darwin/Charles Darwin Foundation 
Puerto Ayora, Islas Galápagos, Ecuador 
Tel. +593 5 2 526 146 Ext. 105 

Email: cientificos@fcdarwin.org.ec 

 

Dr. Stuart Banks 

Senior Marine Scientist - Investigatora Marina Profunda 
Charles Darwin Foundation - Fundación Charles Darwin 
Puerto Ayora, Santa Cruz Island, Galápagos - Ecuador 
Email: stuart.banks@fcdarwin.org.ec 

Office Phone: (+593)-5-2526-146/147  
 

K.1.2  Galápagos Ship Agent  

 

Mr. Antonio Moreano  
Sea Masters Group - Yacht Support 
for Galápagos  
Cell.  +(593) 999 11 6066 
WhatsApp 593 9 99116066 

Agency.          www.seamastersGalápagos.com  
Provisions.     www.Galápagosprovisions.com  
Villa Rental.    www.blueheronGalápagos.com  
AYSS Member:          www.ayss.org 

 

K.1.3  Instituto Geofísico – Escuela Politécnica Naciona 

Dr. Mario Ruiz 
Director, Instituto Geofísico de la Escuela Politécnica Nacional 
mruiz@igepn.edu.ec; cell: +593-0984 524695 
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K.1.4  Galápagos National Park 

Jennifer Suarez 
Email: jmsuarez@Galápagos.gob.ec 

K.1.5  INOCAR – Ecuadorian Navy 

Capt. Edwin Pazmino 
Capitán Edwin Pazmino 
Director de Oceanografía y Meteorología Marina 
Instituto Oceanográfico y Antártico de la Armada 
Guayaquil-Ecuador 
npazmino@armada.mil.ec; +593 93 984 4938 

Dr. Pritha Tutasi, Ph.D. 
Investigador Oceanográfico 3 
Responsable de la División de Oceanografía Operacional 
Dirección de Oceanografía y meteorología Marina 
Av. 25 de Julio vía Pto. Marítimo. Base Naval Sur 
Email: pritha.tutasi@inocar.mil.ec 
Tel.: + (593-4) 3813440  Fax: (593-4) 2485166 
Código Postal: 8940  -  Guayaquil-Ecuador; www.inocar.mil.ec  

K.1.6  US Embassy in Ecuador Contacts 

  ** (added for future use on May 23, 2023) 

Alex “Sash” Lewis 
handles RATS State Department requests for permits 
US Embassy in Quito 
Email: LewisAG@state.gov 

Stater, Timothy M (Guayaquil)  
Consul General 
U.S. Consulate General in Guayaquil, Ecuador 
Email: StaterTM@state.gov 

Genevieve “Genny” Vidlak-Masura 
Political Economic Officer 
U.S. Consulate General in Guayaquil, Ecuador 
Email: MasuraGM@state.gov; +593 098 531 5130 

  

K.2 NSF and Research Vessel  

K.2.1  NSF Program Manager 

Gail Christeson 
Program Director for Marine Geology and Geoophysics, Directorate for Geosciences 
Division of Ocean Sciences, National Science Foundation, USA 
gchriste@nsf.gov; +1-703-292-2952 
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K.2.2  Ship Managers – R/V Sally Ride 

Ms. Hannah Delapp 
Research Vessel Expeditionary Coordinator  
858.900.1728 hdelapp@ucsd.edu  

Mr. Joost van der Zwaag  
Marine Superintendent  
858.534.1643 jvanderzwaag@ucsd.edu 

K.2.3 Resident Technicians for SR2411 R/V Sally Ride 

Deck Technicians 

Josh Manger 
jmanger@ucsd.edu 

Amber Boettiger 
aboettiger@ucsd.edu 

Instrument Technician 

Maya Thompson 
m6thompson@ucsd.edu 
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L: Participants  

L.1 Participant List 

Nombre Last name Email Role Organization 
Emilie Hooft emilie@uoregon.edu PI University of Oregon 
Douglas   Toomey drt@uoregon.edu  Chief Scientist University of Oregon 
Garrett   Apuzen-

Ito 
gito@hawaii.edu  Scientist University of Hawaii  

Yang   Shen yshen@uri.edu  Scientist University of Rhode 
Island  

Andrea  Quisanga 
Tinillo 

andrea.quisanga@epn.edu.ec IG-EPN  Undergrad student 

Andres  Castillo 
Toapanta 

washington.castillo@epn.edu.ec  IG-EPN  Undergrad student 

Esther  Marcayata 
Vaca 

esther.marcayata21@gmail.com CDF  and GNP CDF volunteer & 
DPNG observer 

Madeline  Young youn1613@vandals.uidaho.edu PhD student  University of Idaho  
Kaisa  Autumn kautumn@uoregon.edu PhD student  University of Oregon 
Panupong   Kongpet panupong.k.nik@gmail.com MSc student  University of Hawaii  
Charles  Hoots choots@hawaii.edu PhD student  University of Hawaii 
Vincent  Sassard vsassard@purdue.edu Apply to Sail PhD 

student  
Purdue University  

Saiful  Apu saifulapu@ku.edu Apply to Sail PhD 
student  

University of Kansa 

Michelle  Nathan mhw@hawaii.edu Community 
College Instructor 

Honolulu Community 
College 

Buddhi  Rai buddhi.rai@hawaii.edu Community 
College Instructor 

University of Hawaii 
Maui College 

Hannah   Brewer hbrewer@whoi.edu Marine Technical 
lead 

OBSIC - WHOI 

Daniel   Kot  dkot@whoi.edu Marine Technician OBSIC - WHOI 
Alan  Gardner agardner@whoi.edu Marine Technician OBSIC - WHOI 
Gavin  McCarthy gavin.mccarthy@whoi.edu Marine Technician OBSIC - WHOI 
Josh  Manger jmanger@ucsd.edu Sally Ride 

Technician 
SIO 

Amber  Boettiger aboettiger@ucsd.edu Sally Ride 
Technician 

SIO 

Maya  Thompson m6thompson@ucsd.edu Sally Ride 
Technician 

SIO 

Brent De 
Vries 

 
tbdevries@ucsd.edu Sally Ride 

Technician 
SIO 
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Departure from San Cristobal: 

All cruise participants must be onboard Wed July 12.  Embarkment will be by motor launch. Dr. Hooft  

Ecuadorian participants will embark in San Cristobal on March 21st and should arrive there on March 19th. 
Participants should book their own accommodations. 

Disembarking in Puerto Ayora, Santa Cruz island, Galapagos, Ecuador: 

All cruise participants will disembark in Puerto Ayora by motor launch on July 3th.  We will stay in rooms at 
the Charles Darwin research station and depart the Galapagos on July 7th unless you have arranged for an 
earlier departure.   

1. Science 

The overarching goal of this expedition is to collect data that will allow for seismic imaging of Galapagos 
plume-ride interaction. To this end, we will recover up to 53 ocean-bottom seismometers primarily to the 
east of the Galapagos archipelago and along the southern flank of the Galapagos spreading center. These 
data will be used to address key science questions regarding the dynamics of plume-ridge interaction and of 
hotspot systems more broadly. These questions include: 

i. At what depths, in what geographic pattern, and by what mechanism does mantle plume 
material flow northward to the Galapagos Spreading Center (GSC) and disperse along the 
ridge? What is the role of ambient mantle circulation, including asthenospheric return 
flow? What does the thickness of the plume layer beneath the GSC imply about the origin 
of geochemical gradients long the GSC? 

ii. Do the scale and nature of heterogeneity indicate small-scale, sub-lithospheric convection 
(SSC)? If so, how does that influence the flow of plume material along the base of the 
lithosphere? 

iii. What is the spatial distribution of melting and volatile release, as well as the associated 
heterogeneity in composition and rheology due to plume-ridge interaction? Beyond 
Galapagos plume-ridge interaction, the project will substantially advance a broad 
understanding of the chemical and physical processes of mantle plumes, the 
asthenosphere, and their interactions with the oceanic lithosphere. 

2. Life at Sea 

We will work 24 hours a day while at sea. Each person will be assigned a shift of 4 hours on duty, 8 hours of 
off-shift for personal time, followed by another 4-hour shift and 8 hours off-shift. When you are on shift, 
your primary responsibility is to assist in the cruise science activities which will include keeping shift notes, 
monitoring and logging data from the instrument panels in the science lab, processing of bathymetric, 
magnetic and/or gravimetric data, deploying XBT (Expendable Bathythermograph) probes, and assisting in 
the recovering of the OBSs (Ocean Bottom Seismometers). 

When you are off shift, enjoy your free time! The ship has several common spaces including a small library, 
movie room, and a small gym. Please remember that the ship’s common areas are used by both science 
party and crew and are often near a crew’s berth, so we need to respect them as shared spaces. 

Keep in mind that internet access is limited. 



 106 

You will be assigned a berth with a bunk mate and a shared bathroom between a couple of berths. The 
berths have two bunks (an upper and lower) with a curtain and bed light, a small sink, and a shared cabinet 
for your belongings. Bedding and towels are provided. There is also a life vest, and survival (“gumby”) suit 
in the berths for each occupant that you will need for the fire drill, and in the case of an emergency. 
Generally, bunk mates are on different shifts in which case it is important to not disturb your roommate 
during their rest hours. 

There are 3 scheduled meals a day (breakfast, lunch, and dinner) at set times – these never change, unless 
we’re in port. The crew who are about to go on shift have priority at the start of meal times. There are 
leftovers, snacks, coffee, and tea available in the fridge and galley at any time. 

Overall, keep in mind that we are visitors to the ship, and we want to be as clean and respectful as possible 
to the crew. If you have any questions or concerns, at any time, let the Chief (Doug Toomey) or co-Chief 
(Emilie Hooft) Scientist, or the Captain know! We will do all we can to be sure you feel comfortable aboard. 

3. Medical 

Bring your personal medicines.  However, not everything should, or can, be anticipated.  If something 
comes up, however small, physical or mental, please let the Chief (Doug Toomey) or co-Chief (Emilie Hooft) 
Scientist know or talk to the Captain or First Mate.  They should be able to find medicines and can access 
medical services for any questions you have.  Below are details on seasickness, medical emergencies, and 
importantly the COVID protocol for the cruise.   

Seasickness: Seasickness is normal and not necessarily predictable. The most common seasickness 
medication is Dramamine. Another option is Bonine and if you know you are prone to motion sickness you 
could ask your doctor about getting a Scopolamine patch prior to boarding. Usually, one does not require 
sickness medication for the entire cruise but please bring enough in case you find yourself in that unlucky 
situation. Some prefer to take medication 24 hours before and a few days into the cruise before going 
without while others simply take it on an as-needed basis (e.g. take Dramine if you start feeling sick and 
take a nap). Generally, not eating too heavily before departure is helpful (dry crackers and ginger ale can 
help settle the stomach). 

Medical Emergencies: The Captain and or First Mate are fully trained in emergency medicine, the ship has a 
sick bay with medicines and medical tools, the ship subscribes to an onshore medical service, and the vessel 
has a helicopter deck for extreme emergencies. 

COVID Protocol:   

If fully vaccinated:  no pre-travel testing or self-quarantine, 7 day symptom tracking prior to boarding, 
embark testing based on pre-boarding symptom screening.  

If not fully vaccinated:  PCR test is needed prior to travel, 7 days of self quarantine followed by a PCR test, 7 
day pre-boarding tracking 

See https://www.unols.org/document/document/unols-updated-covid-19-guidance-21june2023 

Recommendations while traveling 

• Avoid contact with anyone who is sick or shows symptoms 
• Wear mask in indoor public spaces or outdoors in crowds 
• Clean your hands often and avoid touching eyes, nose, and mouth 
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4. Packing List 

Clothing 

Plan to bring enough for 5-6 days. There are laundry facilities and detergent on the vessel. Think in layers – 
for any given day, you’ll want short sleeve shirts, long sleeve shirts, and fleece/puffy jackets/sweatshirts. 
The lab of the ship can feel chilly, and the deck can get windy. Bring clothing that you don’t mind getting 
dirty or, possibly, damaged. 

• Masks 
• Close-toed work shoes are a must-have! Required while moving about the ship. Ideally, a 

waterproof hiking-type boot. Consider bringing an extra pair of more comfortable close-toed 
shoes for use while off-shift.  

• Work pants (e.g., jeans) 
• Shirts 
• Underwear 
• Jacket 
• Waterproof windbreaker (ideally one that can get a bit dirty/that you don’t care much about) 
• For abandon ship practice/scenarios you need:  

• hat with a brim 
• sunglasses 
• long-sleeved shirt and pants 
• a flashlight  

• Sleeping clothes 
• Flip-flops (convenient for showers) 
• Gym cloths if you would like to use the exercise room during your free time 

Toiletries 
• The ship will have towels. 
• Otherwise bring all toiletries needed for the trip – the ship does not have soap, shampoo, etc. 
• Any personal medications required.  
• Seasickness medication 
• Earplugs if you are a light sleeper 
• Sunscreen – the sun is very strong at the equator because it travels straight down through the 

atmosphere and not along a longer angled path. 

Other 
• Your computer, backup disks, and everything necessary to work without internet 
• Books/reading material 
• Comfort snacks – sometimes the best way to ward off minor seasickness is to snack on salty or 

sweet things, and having your favorite snack helps. Ginger candies are always nice for the 
stomach. 

• Laptop and charger 
• Phone and charger 
• Headphones 
• Camera 
• Notebooks and writing utensils 
• Pre-download any movies/music/podcasts/shows you might want to enjoy (do not expect to 

download/stream such material via the ship’s internet) 
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• Any other items that you find improve your quality of life and are portable! 

6. Useful Contacts and Resources 

Chief Scientist:  Doug Toomey: drt@uoregon.edu 

Co-Chief Scientist, Project Principal Investigator: Emilie Hooft: emilie@uoregon.edu 

Project co-Investigator:  Garrett Apuzen-Ito, gito@hawaii.edu 

Project co-Investigator: Yang Shen yshen@uri.edu 

https://scripps.ucsd.edu/ships/sally-ride 

https://rvsallyride.ucsd.edu/about-the-ship/ 

 

M: Cruise T-shirt 

 

 




