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The U.S. R/V Marcus G. Langseth (oper-

ated by the  Lamont-  Doherty Earth Obser-

vatory of Columbia University) sailed in 

late June 2008 from Manzanillo, Mexico, 

to the 9º50’N area of the East Pacifi c Rise 

(EPR), a site of vigorous hydrothermal vent-

ing (Figure 1). The cruise, MGL0812, the 

fi rst research deployment of the Langseth’s 

advanced  three-  dimensional (3-D) seis-

mic imaging capability, had as its objective 

obtaining  high-  resolution images of crustal 

structure beneath the ridge crest and adja-

cent regions.

The benefi ts of 3-D seismic imaging had 

been outlined in a U.S. National Science 

Foundation (NSF)– sponsored workshop 

in 2005 [Mutter and Moore, 2005]. Short 

courses on techniques of 3-D survey plan-

ning were given at AGU Fall Meetings in 

2007 and 2008. This brief report describes 

experiences during the cruise, with the 

objective of aiding future researchers in 

planning cruises using Langseth’s unique 

imaging capability for 3-D.

3-D Seismic Acquisition

To acquire 3-D data, researchers on 

board Langseth deployed a system similar 

to that used for industry acquisition (see Fig-

ure S1 in the electronic supplement to this 

Eos issue (http:// www .agu .org/ eos _elec/)). 

Four solid  Thales/  Sercel hydrophone array 

“streamers”—with no fl uid inside the 

streamer jackets, thus improving streamer 

 signal- to- noise ratio—were deployed. Each 

streamer was 6 kilometers long and con-

tained 468 groups of hydrophones, with the 

groups of hydrophones spaced 12.5 meters 

apart. Paravanes (towed submerged planar 

devices; see Figure S3 in the electronic sup-

plement) separated the streamers to 150-

meter spacing so that the total spread sepa-

ration between the two outermost streamers 

was 450 meters. The air gun source com-

prised four linear arrays, each with nine 

guns, for a total of 1650 cubic inches, towed 

beneath a linear fl oat that allows towing 

depth to be held constant at 7.5 meters. The 

air gun source was fi red in a “fl ip-fl op” man-

ner, alternating between two port and two 

starboard linear arrays so that each sail line 

along which the vessel traveled acquired 

eight common midpoint (CMP) profi les 

spaced 37.5 meters apart with a 3300-cubic-

inch source and shot spacing of 37.5 meters. 

Streamers and air gun arrays were navigated 

with a combination of a Global Positioning 

here would represent dramatic improvements 

over the “do nothing” situation in which 

nearly all of the delta will be lost.
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Fig. 1. (a) The complete line coverage from R/V Marcus G. Langseth cruise MGL0812. (b) A detail 
from Figure 1a of the area of  three-  dimensional acquisition. The locations of hydrothermal vents 
are indicated by stars. Survey sail lines were acquired in regular racetrack pattern loops. Extend-
ed line changes that can be seen outside the regular racetracks accommodated the maintenance 
of air guns and other equipment.
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System instrument, acoustic transponders, 

and streamer compasses, providing receiver 

position accuracy of better than 3 meters. 

Twenty devices (“birds”) that contained the 

compasses controlled the depth of each 

streamer to accuracies better than 1 meter 

(towing depth initially was 7.5 meters but 

then deepened to 10 meters due to weather 

conditions and to improve control during 

turns by the vessel).

Survey sail lines were separated by 300 

meters and were acquired in racetrack pat-

tern loops with each loop having a breadth 

of about 6000 meters (see Figure S5 in the 

electronic supplement). Successive race-

track loops were therefore offset 300 meters 

(to the south, in this instance) to achieve 

continuous coverage (see Figure S2 in the 

electronic supplement). Sail lines 24 kilome-

ters long were acquired, providing full-fold 

coverage across 16 kilometers. A typical 

sail line took about 3 hours to acquire, and 

a complete loop took 8.5–10 hours. As is 

typical industry practice, maintenance was 

carried out on air guns and other systems 

by using extended line changes, continuing 

along the shooting direction, and delaying 

the vessel’s transit to the next sail line.

Operational Experience
During Summer 2008

Eventually, 3-D coverage was achieved in 

two areas (Figure 1b). The larger area com-

prises a set of 94 lines (one partial) between 

9º57’N and 9º42’N made up of two complete 

racetracks and the northern lines of a third 

racetrack that was not completed.

Lines are of three types: primary (P, those 

acquired along the intended grid pattern), 

infi ll (I, those acquired in between P lines 

where streamer feathering, i.e., the angle 

the streamer makes to the sail line, resulted 

in discontinuous primary coverage), and 

reshoot (R, those that were reacquired along 

planned P tracks due to either technical 

problems during primary acquisition or data 

gaps associated with power-downs for ani-

mal sightings). Infi ll was performed to ensure 

that full data collection achieved at least 

80% of the nominal fold in the offset range 

of about 200–3100 meters (i.e., the fold that 

would have been achieved in case of per-

fectly regular acquisition). This satisfi ed the 

survey’s main objectives because the prin-

cipal seismic signals of interest that permit 

imaging of the axial magma chamber and 

to some extent of the layer 2A event (i.e., a 

horizon in the crust that may lie at the base 

of the extruded layer) were recorded in that 

range of offsets. Experiments conducted 

over different geologic targets may require 

a different infi ll criterion, appropriate for 

the specifi c imaging objectives. The second 

3-D area comprised 14 lines acquired in the 

southern part of the third racetrack where 

no infi ll and reshoots were acquired. Addi-

tionally, data were acquired along the ridge 

axis through the 3-D area and to the south, 

and a number of individual lines outside the 

3-D area also were acquired (Figure 1a).

During the main acquisition phase of the 

cruise, extended line changes that increased 

the size of the racetrack loops totaled 

44 hours and were used for various main-

tenance tasks and operational disruptions: 

air guns, 14 hours, 39 minutes; streamer, 

16 hours, 45 minutes; compressors, 11 hours, 

10 minutes; recording system, 27 min-

utes; workboat, 20 minutes; whale sighting, 

22 minutes; and ship steering, 21 minutes. 

Loss of acquisition due to marine mammal 

sightings (three) was minimal, as expected 

for the area; however, a signifi cant amount 

of time was lost during eight turtle sight-

ings, which required air guns to be powered 

down. Among the nine lines along which 

gaps in the acquisition arose due to single 

or multiple power-downs, fi ve were reshot 

and one was compensated for by an infi ll. 

The initial streamer and air gun deploy-

ment required 56 hours; the second deploy-

ment required about 22 hours. Equipment 

retrieval took 13 hours the fi rst time and 

14 hours the second.

In all, the cruise acquired 3781.95 kilome-

ters of sail line data. These data comprise 

111 lines (one partial) acquired perpendicular 

to the ridge axis (888 CMP lines). How-

ever, 10 lines needed to be repeated, and 

14 infill lines were required as well. That 

is, the completion of 111 cross- axis lines 

suitable for 3-D processing required a total 

of 135 lines of acquisition. This means 

that 18% of the total cross-axis acquisition 

was used for reshoots and infill, less than 

the 25% multiplier on planned lines that 

often is used in the seismic industry. Given 

the modest streamer feathering (average, 

0º ± 5º) during the survey, 25% is proba-

bly a more appropriate figure for planning 

most academic surveys.

Details of acquisition systems and data 

quality are available at http:// www .ldeo 

. columbia .edu/  3DMCS and in the electronic 

supplement to this Eos issue. A detailed dis-

cussion of 3-D cruise planning prepared by 

John Diebold of the  Lamont-  Doherty Offi ce 

of Marine Operations is available at http:// 

www . ldeo . columbia .edu/ res/ fac/ oma/ 3D 

_ Seismic/  3Dcapabilitiesandcruiseplanning 

.html.
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FIGURE S1. Major components of the towed source and receiving arrays. Note that the four streamers are six
kilometers long and so cannot be shown correctly at the scale of this illustration. All other components are
shown approximately to scale. Photos included here show some of the components mentioned in the text and
diagramed in this figure.
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FIGURE S2. View of the R/V Marcus G. Langseth. Features of interest include the three enclosed decks at the
stern. The lowest is the deck from which airgun arrays and floats are deployed (see S4). The next above is the
streamer deck, and above that the deck from which the paravanes are deployed. The starboard paravane can be
seen secured to the side of the vessel near the stern of the vessel. The high structure in the middle of the vessel
is the marine mammal observation station.

http://www.agu.org/eos_elec/2009/mutter_90_42.html#s4
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FIGURE S3. The starboard paravane about to enter the water. The paravanes permit the streamers and other
towed equipment to be widely separated as shown in FIGURE S1.

http://www.agu.org/eos_elec/2009/mutter_90_42.html#s1
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FIGURE S4. The upper image shows the gun strings on board looking aft on the gun deployment deck. Below
at left At right is one of the airgun arrays being depoyed, and below at right an array in its towed
configuration. The GPS antenna can be seen in the mid section of the float.
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FIGURE S5. Schematic of a typical racetrack 3D shooting pattern showing fold taper and migration aperture
scaled to be approximately correct for MGL0812. The length of the shooting lines (the straight line segments)
exceeds the width of the area to be imaged (shown in deep gray) to account for two factors — the migration
aperture (light gray shading) that recognizes that dipping events will have their reflection response outside the
volume to be imaged, the run-in and run-out tapers needed to ensure that the streamer is straight following a
turn and to obtain full fold in the imaged volume plus migration aperture (Yilmaz, 2001; Ashton et al, 1994).
In practice run in and run out taper lengths may differ and lines shot in different sail directions will have
different taper geometries. We acquired lines 24 km long giving full-fold coverage over approximately16km
(full fold here means offsets to 4km available and 4km of the streamer tracking straight). We accomplished
two complete and one incomplete racetrack (Figure 1b). Both the migration aperture and fold tapers will differ
depending on streamer length and survey objectives. For deep targets a wider aperture would be
recommended.
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