
5. Worlds with nebular magnetization?
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4b. Convective alteration

Thermal gradients drive fluid 
convection [6,7].

Result: Medium-scale regions 
of coherent magnetization.

4a. Exhalation alteration

Single pass flow of fluid driven 
to surface from internal 
pressure [6].

Result: Coherent magnetization 
of entire body possible.

4c. Fumarolic alteration

High temperature water and 
steam escapes through 
narrow localized conduits [8].

Result: Small localized 
regions of coherent 
magnetization.

Testable prediction: Some C-type asteroids 
have detectable magnetic fields

3. When do these ingredients combine?
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1. The current origin story for 
CM chondrites

Carbonaceous Mighei-type (CM) chondrites are 
carbon-and-water-rich, undifferentiated meteorites 
that formed beyond Jupiter at 3-4 Myrs after CAIs 
while the solar nebular cloud of gas and dust was still 
present [1]. 
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BUT WAIT!

CM chondrites are magnets!!!! [2] 
(an unexpected observation)

Research question:
Does magnetization of CM chondrites fit 
with their formation story? 

(Spoiler: yes!)
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Thermal evolution models 
indicate that planetesimals 
which formed 3-4 Myrs after 
CAIs can produce 
magnetized CM chondrites.

Ancient fluid flow 
(3-5 Myr after CAIs)

Remanent magnetic 
field persistent today𝑩

Aqueous alteration within 
the solar nebular magnetic 
field could produce a 
chemical remanent 
magnetization [2,3,4].
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Solar nebula lasts until no 
later than 4.8 Myr [5]

Time (Myr after CAIs) 1 Ceres             2 Pallas 10 Hygeia 24 Themis 

2. How do carbonaceous asteroids become magnetized?
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4. Connecting meteorites 
to asteroids

The CM chondrite parent asteroid(s) 
underwent aqueous alteration while in the 
nebular field. 

The type of aqueous alteration determines 
the scale and detectability of asteroid 
remanent magnetization.

Any alteration scenario could produce the 
magnetized CM chondrites found on Earth.
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