
Introduction
Regolith of the Cb-type asteroid Ryugu 
and the B-type asteroid Bennu may have 
been heated, but to what temperature?
We have sought to calibrate the effects of 
heating on carbonaceous chondrite 
material via experiments on Allan Hills 
(ALH) 83100.
This CM was highly aqueously altered 
(petrologic type 1.2) at 125 ±60 oC [1] 
and so is rich in thermally sensitive 
minerals.

Impact of heating on bulk mineralogy by XRD

Dolomite & magnetite 800 oC peaks were obscured by overlaps. Fe,Ni metal was 
detected only at 800 oC (0.1 vol. %), and tochilinite only in the unheated sample

Impact of heating on chemical & isotopic compositions

Responses of key reference minerals

Conclusions
ALH 83100 minerals respond to heating by 
one of four reactions (R1–R4), and can be 
used as palaeothermometers to understand 
the thermal histories of CM meteorites, and 
samples returned from Ryugu and Bennu. 

R1. Crystal structure lost/chemical 
composition retained:

 Tochilinite heated to >~400 oC

R2. Crystal structure retained/chemical 
composition changed:

 Pentlandite heated to >~600 oC

R3. Crystal structure lost/chemical 
composition highly altered:

 Serpentine heated to >~700 oC

R4. Complete decomposition:

 Carbonates heated to >~700 oC

Two novel mineral palaeothermometers 
were identified: awarite (heating to >600 oC)
and Ca-Fe oxysulphide (heating to >700 oC).

Where now? Most material returned from 
Bennu & Ryugu may be thermally degraded 
phyllosilicate. See poster #1434 (Daly et al.) 
for an entirely new way to study it.
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Materials and methods
A 3.7 g piece of ALH 83100 was used.
Chips and powders were heated under 
vacuum at 400 & 800 oC, spanning the 
thermal stabilities of phyllosilicates, 
sulphides & carbonates.
Unheated and heated samples were 
studied by SEM, XRD, O isotopic 
analysis, and IR spectroscopy.
Thermal effects were calibrated with 
help from published  data (e.g., [2]-[5]).
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Tochilinite
With heating to 400 oC its crystal structure is lost, as 
shown by XRD and Raman, but chemical composition is 
relatively unchanged (see table). Magnetite is present.
Calcite & dolomite
Calcined at ~700 oC to leave porous matrix areas 
containing a high Z phase (right) compositionally similar 
to an unnamed Ca-Fe oxysulphide in Dhofar 225 [6]
Pentlandite
Unaltered below 400 oC. With heating to 800 oC  Ni, Fe 
and S are mobilised to make Ni-rich pentlandite (Pn) 
(~Fe5Ni4S8) with inclusions of awaruite (Aw) (Ni2Fe)

Matrix analytical total
(Si+Al)/(Fe+Mg) atomic
Bulk d17O, d18O, D17O

78.7 wt%
0.67 (serpentine)
1.9, 7.9, -1.2 %

82.3 wt%
0.62 (intermediate)
2.0, 8.3, -2.3 %

91.7 wt%
0.49 (olivine)
3.1, 10.9, -2.6 %

Unheated                           400 oC                            800 oC
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wt. % Unheated 400 °C
SiO2 3.3 2.2
FeO 51.1 57.3
MgO 4.6 2.5
NiO 9.8 10.8
S 21.9 22.8
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