
Magnetic Anomalies and 
Seafloor Spreading 

 
read chapter 4.1 of KK&V 
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Geocentric Axial Dipole (GAD) hypothesis 





Magnetic anomalies are the leftovers after you 
subtract the regional (core) field. 

Field  
Intensity 
 

Honolulu 
 

San Diego 
 

Core  
field 

Crustal 
anomalies 





Surveys of magnetic 
field off of west coast 
in mid-1950’s by Raff 
and Mason 
discovered linear 
magnetic anomalies: 
“zebra stripes.” 
 
Their origin was a 
mystery. 
 
Unfortunately for Raff 
and Mason, this was 
before it was known 
that the magnetic field 
reverses periodically. 



Geodynamo – self-
sustained generation 
of magnetic field due 
to convective motion 
of conductive material 
(iron) in the outer core 
 
The polarity of 
magnetic field can 
change 
spontaneously 
(reproduced in 
models – G. 
Glatzmeier) 
 
Such reversals are 
usually preceded by a 
decrease in the field 
intensity 

How and why does the magnetic field reverse? 



How and why does the magnetic field reverse? 



5 Ma is about the limit for 
constraining the timescale by K/Ar 
dating of volcanic rocks.   
 



 based on 
crummy data  



The details came in 1966 
 
Great data from the Pac-
Ant ridge 
 
Real character in the 
anomalies   (3 fingers Brown) 

 
Expanded timescale to 10 
Ma 
 



The Jaramillo Short Polarity Event 

Title of book about the history of plate tectonics: 
“The Road to Jaramillo” by W. Glen 

Doell and Dalrymple (1966) Cox (1969) 



With a magnetic polarity 
timescale for the last 10 
Ma, you can go back to 
Raff and Mason’s original 
survey of the Juan de 
Fuca Ridge and date the 
ocean floor and study the 
spreading history.  
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Using magnetic anomalies to make a magnetic polarity reversal timescale 

Lamont had all these great data, 
but needed a timescale to date 
the ocean floor 



South Atlantic 

North Pacific 

Pacific-Antarctic 
ridge 

Found that the South 
Atlantic had the fewest 
changes in spreading rate 



Geomagnetic polarity 
timescale as of 1968 
 
Based on a single 
calibration point for anomaly 
2A old and extrapolating 
ages based on a South 
Atlantic profile 
 
This timescale was 
extraordinary …. 
 
Are reversals random? 



1972: Expansion of timescale to the Mesozoic – the M anomalies 

Larson and Pitman (1972) 
calibration 
points 

calibration 
point 1 

calibration 
point 2 



Generic Magnetic Polarity Timescale 

Atwater 

Intriguingly: 

120 - 84 Ma:  No linear magnetic anomalies    
 KQZ = Cretaceous Quiet Zones          

No reversals;  perhaps high intensity? 

 Cretaceous Long Normal Polarity Interval 
 or the Cretaceous Superchron 

 Why did the field stop reversing?  

 Just a random, long polarity interval???? 

180 - 155 Ma: low amplitude magnetic anomalies      
 JQZ = Jurassic Quiet Zones                                
 Rapid reversals (low field intensity ?)                                    

Put it all together: timescale for last 170 Ma 
 
 

Ages of some  
Chrons: 
 
M29 = 155 Ma,      
M0 = 120 Ma 
34 = 84 Ma,  
13 = 35 Ma,  
5  = 10 Ma 

Added  two long polarity intervals (34 and 33) 
before 32 
Added one more short reversal (M0) after M1 

Periods of time 
corresponding 
to a magnetic 
anomaly are 
called Chrons 
 
We say 
something 
happened at 
“Chron 5” when 
we mean “the 
time of 
magnetic 
anomaly 5” 
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Problems … 
 Age of M0 slipped from 108 to 120 Ma 
  Reconstructions of subducted crust 
  Kula = All gone 







Where you have anomalies on both sides of the ridge, such as in the 
Atlantic, you can directly reconstruct the motions of plates.   
 
Africa – North America + North America - Eurasia = Africa - Eurasia 

Pitman and 
Talwani (1972) 



The North Pacific is more difficult because half the anomaly record ( the 
Farallon and Kula plates)  has been subducted.  But if you assume 
spreading was symmetrical you can deduce a lot. 











Magnetic anomalies are generated from three layers  in the oceanic crust: 
: 

        Rapidly quenched pillow basalts (extrusives) in layer 2A 
        Sheeted dykes (intrusives) in layer 2B 
        Slowly cooled gabbros in Layer 3 



Gee and Kent (2007) 

The shape of the polarity boundary varies from layer to layer and reflects 
how it is formed: 
 
In the Pillow basalts it is about 2 km wide and slopes inward 
In the dikes it may be only a few 100 m’s wide and is vertical 
In the gabbros it is broad (10-15 km) and slopes gently outwards 
following the cooling isotherms 



Reconstruction: magnetic anomalies 



Reconstruction: bathymetry 



Gee and Kent (2007) 

Observed anomalies are a 
composite of three layers 
 
The pillow basalts of layer 
2A, the extrusives,  are the 
most strongly magnetized. 
Although this layer is only 
500 m thick, it is the most 
important contributor to 
anomalies  
 
The intrusive dikes, layer 2B, 
are about half the strength of 
the extrusives.  This layer is 
about 1 km thick. 
 
The gabbros, Layer 3, are 
the weakest, but since this 
layer is about 4 km thick it is 
also important 
 
So, the ratio of 
magnetization in the three 
layers is closer to  
5.0 to 2.3 to 1.2  
 

magnetization units: 
A/m= amps/meter 



Ambient 
Field 

observation 
level 



Ambient 
Field 

observation 
level 

South North 



Ambient 
Field 
 

observation 
level 

North South 



Ambient 
Field observation 

level 

East West 





Intermediate  
spreading rates 

Slow  
spreading rates 
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The skewness  of anomalies is dependent on both 
 1) the ambient inclination (Io) and  
 2) the remanent inclination (Ir)  
 
This makes computing the anomaly shape tricky 
because you have to know where it was formed. 
 
On the other hand, with a little astute modeling,  
you can figure out the paleo-latitude 

For a ridge striking 
East-West and 
currently at the North 
Pole (Io = 90): 

Formed at the North Pole (Ir = 90) 
               (No drift) 

Formed at mid-latitude      (Ir = 45) 

Formed at the equator       (Ir = 0) 





23 Ma 
x 


