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Tectonically active terrains on the Mid-Atlantic Ridge 
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Here we present multibeam and geophysical data, collected during AT21-03 

(WHOI, 2012) and KNR-210-5 cruises (WHOI, 2013). The goal of this project is 

to increase our understanding of the morphology and the geodynamic history of 

the formation of oceanic core complexes (OCC’s) on the Mid-Atlantic Ridge 

(MAR). OCC’s are corrugated massifs in which lower-crustal and upper-mantle 

rocks such as gabbros and serpentinized peridotites are exposed at the seafloor on 

long-lived faults known as detachment faults. 

During expedition AT21-03 on the R/V Atlantis in June–July 2012, our pri-

mary goal was to deploy two autonomous hydrophones and service another in the 

equatorial Atlantic in order to complete an array of eight instruments. Five 

hydrophones had already been deployed during previous cruises. The array of 

eight hydrophones is obtaining a two-year, continuous record of seismicity along 

the MAR between 20°N and 20°S (2012–2014), which will provide a detailed 

view of the spatial and temporal patterns of seismicity near the spreading ridge 

and its transforms. Autonomous hydrophones deployed in the North MAR study 

area (1999–2005) indicated high rates of seismicity were correlated to active de-

tachment faults. 
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The aim of the cruise KNR-210-5 on the R/V Knorr in May - June 2013 was 

to understand the processes controlling the formation, evolution, and linking of 

mid-segment detachment faults and to examine the relationship between magma 

supply and detachment fault formation along a segment of the MAR axis. The 

study area was located at 16.5°N on the opposite side from the inactive Krasnov 

hydrothermal field. This segment with active and inactive OCC’s was surveyed 

using the Sentry (Autonomous Underwater Vehicle), a towed camera system, wa-

ter column sensors, magnetometer and gravimeter. Rock samples were also ob-

tained by dredging. 

The preliminary data show that the 16.5°N area can be divided in two seg-

ments. The northern segment is characterized by a deep axial valley (~4500 m be-

low the sea level), in which the seafloor is covered by a thin layer of volcanic 

rocks. In contrast, the shallower southern segment (~3300 m below sea level) 

consists of a robust neovolcanic zone, characterized by a long and continuous ax-

ial volcanic ridge. Both segments are bordered to the west by a region with active 

detachment faulting. We have calculated a total spreading rate in this area of ~24 

km/Ma for the last 4 Ma.  

Transit legs along both cruises provided an excellent opportunity to map re-

gions of the equatorial Atlantic Ocean and MAR axis previously unexplored. 

Smith and MacLeod described the 13°N segment of the MAR in which a number 

of detachment faults extend for 75 km along the western flank of the spreading 

axis, and a field of extinct core complexes extends westward away from the axis 

for at least 100 km. Based on the multibeam data alone, we identified extinct 

OCC’s on the eastern and western flanks of the MAR near 13.5°N about 220 km 

from the axis and on the western flank of the MAR near 23°N, 52°W. Our recent 

observations suggest that OCC’s play a key role in seafloor terrain on the flanks 

of the MAR as it does bordering the rift valley. 

In 2012, we also mapped some areas over the ridge flanks and rift valley. For 

example, the eastern intra-transform ridge of the Doldrums Fracture Zone (7.3°N, 

34.7°W) suggested recent volcanic activity in this short spreading segment. The 

northern intersection of the axis and transform fault contains a nodal basin about 

5000 m in depth, which curves to the west. The southern nodal basin, which is 

only partially imaged, reaches depths of 5750 m. The western rift mountain at 

7.3°N rises to a height of ~2.5 km above the axial valley floor, and has a NW-SE 

trending crest. Teleseismic earthquakes in this ridge segment are mostly located 

off-axis although a small number of events are located in the axial valley itself. 

Since teleseismic earthquakes error locations are large, we will have to wait for 

the hydrophone-recorded seismicity to know if these earthquakes are associated 

with movement on the transform faults or some other process at the spreading 

center.

In the next stage of this project, we will recover the hydrophone moorings 

in 2014 after two years of data acquisition. The data will be analyzed to iden-

tify earthquake locations, and used to interpret the seismicity at the ridge axis 
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and fracture zones in the context of what we know about the geologic struc-

tures. The hydrophone data will be made available soon after completion of 

the cruise. The earthquake locations will also be made available once they are 

obtained. 

The authors wish to thank the Captains, other scientific participants and all 

crew members aboard both cruises. Funding for this research was provided partly 

by grants of NSF and InterRidge. 
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