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Hotest lavas ever to erupt on Earth’s surface!

Komatiite ~25 wt% MgO

Basalt ~10 wt% MgO

~1700∘C 
           vs      ~1250∘C
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Komatiites, erupted 4.0 to 2.5 billion 
years ago, with a few younger examples 
(last ~90 Myrs ago)

Strongest 
evidence for a 
cooling Earth 

~100 ± 50 K/Ga
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Melt inclusion
U=8 ng/g

Olivine
U< 0.08 ng/g!
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What do melt inclusions tell us?

• Fresh unaltered rock

• Rock has been isolated for its history

• Unlikely to be at the Earth’s surface

• How much overburden????
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Olivine is the most common mineral in Earth’s upper. 
Credit: Smithsonian National Museum of Natural 
History, CC0 1.0

Olivine (Mg,Fe)2SiO4 :    komatiitic Mg# 92-95

Given
U ≤ 10-10 g/g, 
Th/U ~ 4, and 
olivine= 3 g/cm3

~4 atoms of U & Th/micron3
Mg# (atomic) = Mg/(Mg + Fe)
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https://www.si.edu/object/forsterite:nmnhmineralsciences_1107660
https://www.si.edu/object/forsterite:nmnhmineralsciences_1107660
https://creativecommons.org/publicdomain/zero/1.0/legalcode.en


https://digfir-
published.macmillanusa.com/un
derstandingearth7e/understandin
gearth7e_ch17_7.html

Groundwater penetration 
depth is generally down to 2 to 
3 km depth, but is known to 
reach 10 km depth

Water drives the weathering 
of rocks and minerals

Note: Earth is not a simple 
layered structure
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https://www.sciencephoto.com/media/173965/view/zagros-mountains-iran

https://wgbis.ces.iisc.ac.in/envis/Remote/section226.htm

https://www.alamy.com/stock-photo-the-folded-rock-strata-himalayan-fold-thrust-belt-in-south-west-of-
25086066.html?imageid=24024AF2-CDDF-4C97-924D-
F36E84ACE67F&p=76917&pn=1&searchId=ef7ef8e79d41cc9bb422c532b3ad586b&searchtype=0

Burial is 
not  simple
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Sample exposure: muon flux

Considerations:

1. Depth of burial

2. Paleopole position

3. Variation in magnetic field intensity

Accurate cosmogenic background modeling of sample?
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Moving continents 
means magnetosphere 
not constant shape.
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https://revistapesquisa.fapesp.br/en/the-wandering-north-pole/

Moving magnetic 
north pole position

--
Moving continents

What is the level of 
effect on modeling 
the muon flux??
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Shape of 
magnetosphere



Magnetic field 
intensity varied 
considerably over 
Earth’s history

Field dropped to 
near 0 intensity 
0.5 billion yrs ago

Initiaition of inner core 
crystallization??

Young inner core inferred from Ediacaran ultra-low geomagnetic field intensity
Richard K. Bono, John A. Tarduno, Francis Nimmo and Rory D. Cottrell

Nature Geoscience | VOL 12 | FEBRUARY 2019 | 143–147
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Residence in the crust?
1. Depth: 0 to 5 km not well constrained

2. Temperature: typically <500∘C

3. TTP path: time-temperature-pressure

Typical geotherm is between 10 and 20∘C/km
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Tracks: background signal and preservation

Considerations:

1. Radiogenic contribution:  Few atoms/micron3

2. Neutron flux: lots of fast neutrons, 104 n/kg/yr

3. Nucleogenic vs Cosmogenic neutrons: ?

4. Weathering: free from water

5. Annealing: <500∘C
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neutrons/kg/yr

Avg. Upper Crustal rock

Upper crust 104 n/kg/yr (~10-8 cm2/s)
Neutron Production by rocks
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Supernovae: extra bright neutrino source

Considerations:

1. emits >1050  &  in all lepton flavors

2. SN 1987A : 51 kiloparsecs (170,000 ly)

3. SN Neutrino luminosity: 1045 W

4. Neutrino energies: up to a few tens of MeV


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Local Galaxy:

1. A few % of fresh 60Fe was captured in dust 
and deposited on Earth 1.5–3.2 million 
years and 6.5–8.7 million years ago. 

2. Multiple supernova and massive-star 
events have occurred during the last 10 
million years at up to 100 parsecs.
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Thoughts from Mark Vagins
• "typical" distance for a Milky Way supernova is 10 kpc

• Super-K expects to observe about 5000 neutrino events

• SK  22.5 ktons  1  interaction per 4500 kg of target mass

• 104 SN/Myrs,         or 20 million SN/billion years

• local Galactic (≲100 pc) 1/every 2–4 million years

• total rate in the Milky Way (2.0 ± 0.7 per century).
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