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Fluid-Rock Interactions Can Enhance Magnetization
The hydrous alteration of olivine-rich (ultramafic) rocks occurs in various natural 
environments through a complex physical and magnetic altering process known as 
serpentinization. From oceanic plates to the martian crust, ultramafic rocks are key 
components of large-scale geological systems (Boyd, 1989; McSween et al., 2009; 
Liu et al., 2022). If these regions undergo hydrous alteration above 200°C, 
serpentinization can lead to the production of significant amounts of secondary 
magnetite (Klein et al., 2014). When serpentinization occurs in the presence of an 
ambient magnetic field, the formation of these magnetic minerals can result in the 
acquisition of a chemical remanent magnetization (CRM) (Dunlop & Özdemir, 2001).

Atlantis Massif + Exp 399
Ultramafic rocks, although abundant in the lower lithosphere and upper mantle, 
are rarely exposed at the Earth’s surface. Therefore, to study serpentinization’s 
impact on rock magnetism, it is advantageous to study regions on Earth where 
the upper mantle and lower crust have been exhumed to the surface at higher 
temperatures, such as the Atlantis Massif oceanic core complex. 

Key Points 
• Best depth-wise coverage yet of ocean-derived serpentinized peridotites and 
their magnetic properties
• Gabbro intrusions from this borehole display different magnetic properties 
than elsewhere in the same oceanic core complex, mostly from the inclusion of 
magnetic iron sulfides 
• Serpentinites typically exhibit vortex domain states, with both the formation 
of new magnetite and growth of pre-existing grains during serpentinization

 

Image of a Serpentinized Perioditite

Map of Where Exp 399 Drilled

Image of a Gabbro

Exp 399 Drill Site

Sample collected at 642.0 mbsf. 

Sample collected at 739.1 mbsf. 

Map from Tenieten et al., (2021)

*Greens = serpentinites
*Other colors = gabbros

Downhole Plots showing strong relationship 
between NRM intensity and Magnetic Susceptibility

What are the Magnetic Carriers?
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Gyro Remanent
Magnetization

Verwey Transition

Besnus Transition

Morin Transition

Verwey Transition
*characteristic low temperature
crystallographic transition of magnetite

*low tempearture 
transition of hematite

Magnetite Curie Temperature
*characteristic high temperature 
where magnetite loses permanent 
magnetic properties

Titanomagnetite Curie Temperature

Pyrrhotite Curie Temperature

Serpentinized peridotites contain near stoichiometric magnetite

Some gabbros contain both titanomagnetite and iron sulfides

Certain gabbro lithologies can complicate paleomagnetic results

serpentinized peridotites have
stable magnetic states

sulfides within gabbros can still be
strong magnetic recorders

Magnetic Properties of Serpentinites

Magnetic Properties of Gabbros with Sulfides

Other Magnetic Properties of Gabbros

Sulfides can complicate paleomagnetic experiments

oxide gabbros contain poor-recording 
multidomain magnetite populations

Sample collected at 1200.7 mbsf. 

Sample collected at 1137.2 mbsf. 

Sample collected at 747.4 mbsf. 

Sample collected at 747.4 mbsf. 
Sample collected at 638.0 mbsf. 

Sample collected at 390.9 mbsf. Sample collected at 390.9 mbsf. 

Sample collected at 390.9 mbsf. 

From left to right, samples collected at 739.8, 737.4, 738.8, and 740.2 mbsf, respectively. 
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Serpentinites increase in both magnetic interaction and coercivity with degree of serpentinization
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•1 magnetite population
•Grain sizes fairly homogenous

•2 magnetite populations
•Grain sizes vary 
considerably in size


