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Introduction:  Ordinary chondrites show the met-
amorphic sequence that formed in their parent bodies 
[e.g., 1].  As evidence to support this idea, chemical 
zoning profiles of olivine and pyroxene change gradu-
ally among different petrologic types [e.g., 2].  Since 
chemical zoning in minerals provides information on 
their thermal metamorphism, we applied Fe-Mg chem-
ical zoning of olivine to estimating the maximum tem-
perature of thermal metamorphism in the parent body 
of ALH77299 (H3.7) ordinary chondrite and compared 
the results with those of Yamato791717 (CO3.6) car-
bonaceous chondrite reported in [3]. The method em-
ployed is similar to that in previous studies [e.g., 4], 
that is, by solving the diffusion equation to calculate 
the best-fit zoning profile to the observed one, because 
chemical zoning is mainly controlled by atomic diffu-
sion and atomic partition.  

We determined the maximum temperature of par-
ent-body thermal metamorphism by calculating the 
cooling rate or burial depth for different maximum 
temperatures of (1) linear cooling, (2) nonlinear 
cooling in a sheet, and (3) nonlinear cooling in 26Al 
heated parent body.  

Procedures and Results: 
     Thermal metamorphism: Linear cooling.   We ap-
plied the diffusional modification model developed by 
[4] to calculating the zoning profile, corresponding to 
thermal metamorphism. The primary zoning profile 
formed by closed-system fractional crystallization 
(Rayleigh equation; solid curve in Fig. 1) is modified 
by Fe-Mg interdiffusion to obtain the best fit to the 
observed profile (open circles). The comparison was 
made by the residuals of least squares fitting.  

We calculated the linear cooling rate from a maxi-
mum temperature to obtain the best fit. Fig. 2 compar-
es the best-fit profiles among different maximum tem-
peratures and Table 1 shows the least squares residuals. 
The results are different in the curvature of the calcu-
lated profile (Fig. 2), shown by the least-squares resid-
uals in Table 1. The result for the maximum tempera-
ture of 600 oC shows the best fit. Table 2 shows the 
results for Y791717 (CO3.6) by similar calculations 
[3] and the maximum temperature of 600 oC also 
shows the best fit. 

Thermal metamorphism in parent body: Burial 
depth in sheet (nonlinear cooling).  We calculated the 
burial depth in the parent body as cooling from differ-
ent maximum temperatures of sheet. In this case, 
cooling is nonlinear. We assumed the sheet having the 

rock-like thermal diffusivity of 0.004 cm2/s and ambi-
ent temperature of 200K. We calculated the best-fit 
burial depth for each maximum temperature. The re-
siduals for different maximum temperatures are shown 
in Tables 1 and 2. The maximum temperature of 600 
oC shows the best fit like the linear cooling case. 

Thermal metamorphism in parent body: Burial 
depth in 26Al heated body. We calculated the best-fit 
burial depth in the 26Al heated parent body.  The model 
used is similar to that proposed by [5].  The radius of 
parent body is 85 km.  The best-fit burial depth is 6.5 
km for ALH77299 (H3.7) and 5.5 km for Y791717 
(CO3.6). 

Diffusion coefficient.  Fe-Mg interdiffusion coeffi-
cient in olivine is a function of the Fe-concentration, 
oxygen fugacity, and temperature. We used the Fe-Mg 
diffusion coefficient in olivine reported by [6] with 
oxygen-fugacity dependence [7] as  
       DFe = 0.03163 x 10-2 (fO2)1/6(0.41+0.0112CFe)   
                exp[(-39.27+0.0905CFe)/RT]   
where DFe is the Fe-Mg interdiffusion coefficient in 
cm2/s, fO2 is oxygen fugacity in atm. CFe is the Fa (= 
100x Fe/(Mg+Fe), mole%) component, R is the gas 
constant in kcal mol-1 K-1 and T is temperature in K. 

Discussion:   
     The maximum temperature of metamorphism to 
give the best fit is about 600 oC for both linear cooling 
and nonlinear cooling in a sheet (Table 1 and 2). The 
thermal metamorphic temperature previously proposed 
for type 3 chondrites is 400 – 600 oC [e.g., 1, 2].  Our 
results are consistent with this temperature range.  

The best-fit burial depth of about 6 km for 26Al 
heated body is deeper than those proposed by [5], 
where the range of burial depth for type 3 is 0 - 2.5 km 
for H and L chondrites. This value was, however, 
based on the assumption of the fall fraction of type 3 
chondrites [5].   

The difference in the curvature of calculated pro-
files is mainly caused by Fe-concentration dependency 
of the Fe-Mg interdiffusion coefficient in olivine.  The 
Fe-Mg diffusion coefficient is a function of Fe-
concentration of olivine, oxygen fugacity, and temper-
ature. Oxygen fugacity is also a function of tempera-
ture.  
     Our study suggests that the detailed analysis of the 
Fe-Mg zoning profile gives some constraints on ther-
mal metamorphism of meteorites. 
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Table 1.  Cooling rates and depths for different maxi-
mum temperatures of thermal metamorphism in the 
parent body for ALH77299 (H3.7) chondrite. The best-
fit profile is given for the maximum temperature of 
600 oC by the smallest value of least squares residuals 
(boldface). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.  Cooling rates and depths for different maxi-
mum temperatures of thermal metamorphism in the 
parent body for Yamato791717 (CO3.6) chondrite. 
The best-fit profile is given for the maximum tempera-
ture of 600 oC  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  The zoning profile calculated by closed-system 
fractional crystallization (solid curve). Liquid remain-
ing is 6%. Open circles are the observed profile. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Comparison of diffusional modification for the 
primary zoning formed by fractional crystallization 
(solid cure in Fig. １) among different maximum tem-
peratures. Cooling from 600 oC gives the best fit.  See 
Table 1.  Open circles are the same as those in Fig.1. 

0

5

10

15

20

0 10 20 30 40 50 60

Fe
/(M

g+
Fe

), 
 m

ol
%

Distance,  µmCore Rim

ALH 77299 (H3.7)
Olivine

Obs. data

Fractional
crystallization

0

5

10

15

20

0 10 20 30 40 50 60

Obs. 

800 C

600 C

400 C

Fe
/(M

g+
Fe

), 
 m

ol
%

Distance,  µmCore Rim

ALH77299 (H3.7)
Thermal metamorphism
in the parent body

1082.pdf43rd Lunar and Planetary Science Conference (2012)


	LPSC2012(MM).pdf
	LPSC2012(MM).2.pdf

