
Lecture 11:   Mid-Ocean Ridges 

Southwest Indian Ridge 

Read Chapter 6 in KK&V 
 



Marie Tharp & Bruce Heezen 

Discovery of mid-ocean  
ridge system 

(1950s) 





Multi-beam bathymetry; 
swath mapping 
 
Map a swath  equal to  
4 times the water depth 

Top:  
East Pacific rise 
150 mm/yr,  
Smooth(ish) topo, axial high 
 
Bottom:  
Mid-Atlantic ridge 
20 mm/yr,  
rough topo, rift valley 



Carlsberg 
ridge 

Juan de 
Fuca ridge  

Chile 
ridge  

Reykjanes 
ridge 

Rates vary from 
10 to 150 mm/yr 

Southwest 
indian ridge 





Spreading Rates 
 

                     Full rate (mm/yr)       Rift Valley? 
Fast: 90-150 
 

 East Pacific Rise (EPR)        80-150     No 
 fastest at 30oS, slower towards North 

 
Intermediate: 50-90 
 

 Pacific-Antarctic Ridge        60-100     No    
 fastest toward North 
 slower at South end         ~60     Yes 
 Southeast Indian Ridge        65-80     No 
 Australian-Antarctic Discordance      75      Yes 

       Costa Rica Ridge         60      No 
 Juan de Fuca          60      No       
 Chile Ridge           60      Yes 
  

Slow: 10-50 
 

 South Atlantic          40      Yes 
 Central Atlantic          20-25     Yes 
 North Atlantic          15-20     Yes 
 Nansen (Arctic)          10-15     Yes 
 Southwest Indian         15      Yes 

 
Rule:  > 65 no rift valley    < 55 rift valley    55-65  maybe 
Exceptions:  Reykjanes Ridge (hot spot), Australia-Antarctica Discordance (cold spot) 



More characteristics 





Slow Spreading: 
Mid-Atlantic Ridge 

Atlantis FZ 



East Pacific Rise: Topo 

Same scale 
as previous 
map of MAR 



Atlantis FZ 

Slow Spreading: 
Mid-Atlantic Ridge 



East Pacific Rise: Zoom 

Axial high 
 
Strongly lineated 
abyssal hills 

Similar scale 
to previous 
MAR figure 



Inward vs outward-dipping faults as  
a function of spreading rate 

Carbotte and McDonald, 1990 







Structure of the oceanic crust 

Pillow lavas 

Sheeted dikes 



Formation of pillow lavas 



Magma lens   > 50% melt 
Crystal mush  < 10% melt 

A much larger  magma 
budget at a fast spreading 
ridge than at a slow 
spreading ridge 

No magma lens at a 
slow spreading ridge 



Along-axis variations in crustal morphology 

Magmatic rifting episode of 1977 



Magma transport along the ridge axis (slow spreading) 

Smith and Cann, 1998 



Example: Axial Seamount (Juan de Fuca Ridge) 



Example: Axial Seamount (Juan de Fuca Ridge) 

Nooner and Chadwick, 2016 



Iceland: on-land spreading center 

Magmatic rifting episode of 1977 (Krafla) 



Iceland: on-land spreading center 

Magmatic rifting episode of 2014 (Bardarbunga) 



In contrast, magma supply to the ridge axis is nearly continuous  
along-strike at high spreading rates 



Models of the lower crust at fast-spreading ridges 



Ridge axis is not 
perfectly continuous… 



Overlapping Spreading Center 

Separate ridge segments with different topo heights 



OSCs are ephemeral features. 
 
They migrate up and down ridge, die and 
re-form. 
 
Reflect segmentation of ridge at a scale 
smaller than FZs 



East Pacific Rise 
7°S 

What do you see? 



Cross sectional shape of the axial high 

x 
This variation in cross-sectional shape of the axial high  
is a sensitive indicator of the local magma supply 



Variations along strike 
reflect “plumbing” of the 
magma system 

Eastt West 

South 

North 
South 

North 



Ridge Segmentation 

Note that (b) is a zoom on 
a small part of (a) (the 
circled region in segment c)  

I = transform faults 
II = overlapping spreading centers 
III = small OSCs 
IV = deviations in axial linearity  







Analysis of the magnetic 
anomaly pattern on the Juan 
de Fuca ridge led Hey (1977) 
to propose that ridge 
segments adjust by a 
process called ridge 
propagation in which 
spreading centers with the 
new spreading direction 
gradually replaced spreading 
centers with the old direction. 
 
 
 
They key to this idea was the 
recognition that offsets of the 
anomalies that were originally 
attributed to strike slip faults 
actually marked the 
boundaries between 
lithosphere created at the old 
and new ridge segments.  
These boundaries are called 
pseudo-faults. 



Note: The way in 
which failed rift is 
labeled is 
misleading. 
 
Look closely at the 
arrows 
 
It is to the right of 
the pseudo-fault 

The left PF is also 
called the Outer 
pseudo-fault 
 
The right one is the 
Inner pseudo= 
fault. 



Each frame is a reconstruction of a predicted 
 isochron-pattern "snapshot" from a16 mm computer  
graphic movie depicting plate tectonic and propagating  
rift evolution in the Juan de Fuca area. The reconstructions  
are at 1-million year intervals beginning at 29 million years 
 before present with isochrons at 2-million year intervals.  
These images are from Hey and Wilson (1982). 



Galapagos ridge 
 
Here the 
propagators move 
away from the hot 
spot (the Galapagos 
Islands) 



Easter 
microplate 

Juan Fernandez 
microplate 

Microplates 



Easter microplate 

A small rotating 
region between two 
major plates 
 
Bounded by 
propagating ridges 

OPF = outer pseudo-fault 
IPF  = inner pseudo-fault 
E/W = east/west 



Edge driven microplate kinematics 

Schouten et al. (1993) 
MRA = microplate rotation axis 



There are many 
fossil microplates 
found on the ridge 
flanks   

(Eakins and Lonsdale, 2003) 



Australia-Antarctic Discordance: Topo 



Australia-Antarctic Discordance: Gravity 



Australia-Antarctic Discordance: 
Zoom on Topo 



Explanation #1: 
 
Remnants of a cold subducted 
slab from period of  westward 
directed subduction 130 to 80 Ma 
cool the mantle beneath the AAD.  

Gurnis and Müller (2003) 



Buck et al. (2009) 

Explanation #2: 
 
Asthenosphere is starved because of restriction of 
asthenospheric flow due to nearby thick continental 
roots and moderately fast spreading 



Kane FZ 

A Tectonic Puzzle at Slow Spreading Centers:  
Inside Corner Highs 
 

IC OC 

Kane FZ, Mid-Atlantic Ridge 

IC OC 



Original hypothesis;  
 
there is some merit 
to it, but considered 
outdated 
 
it  does not explain 
more recent 
observations 



The Atlantis Transform: A classic example of Inside Corner Highs 





KK&V plate 6.1 

Evidence for low angle 
detachment faulting at 
slow spreading centers 

Corrugated surfaces 
with exposures of 
serpentinites and 
gabbros 

“mega-mullions” 

Analog: slickensides 
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Detachment Faulting in the Basin and Range 

Terminology: 
 
The lower plate (left)  
is the footwall; 
   
the upper plate (right) 
is the hanging wall 
 
Also used in the 
description of passive 
continental margins 



New view of slow-spreading 

Tucholke and Lin (1994) 





Homework 4 
 
 
 


