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Introduction: Asuka 881394 is a coarse grained cu-

mulate eucrite, that contains calcic plagioclase and 

Mg-pigeonitic pyroxene, and experienced a different 

cooling history than most eucrites [1]. Oxygen isotope 

data [2] and Mn-Cr systematics [3] show that Asuka 

881394 is unrelated to the Howardite-Eucrite-

Diogenite (HED) group of achondrites and originated 

from a different parent body. 

The Pb-Pb isochron age of 4566.51±0.21Ma (the 

previously accepted and invariant 
238

U/
235

U value of 

137.88), [3], makes Asuka 881394 the oldest known 

achondrite, and defines its place among the reference 

rocks in the early Solar System time scale. Existing 

extinct radionuclide data confirm the exceptionally old 

age of this meteorite, but also reveal some inconsisten-

cies with the Pb-Pb data. Wadhwa et al (2009) and 

Nyquist et al (2003) obtained 
26

Al/
27

Al ratios of 

(1.28±0.07)×10
-6

 and (1.18±0.14)×10
-6

, and 
53

Mn/
55

Mn 

ratios of (3.85±0.23)×10
-6

 and (4.6±1.7)×10
-6

, respec-

tively. Relative to the D’Orbigny age anchor with 
26

Al/
27

Al=(4.40±0.55)×10
-7

 (composite isochron of [4] 

and [5]),  
53

Mn/
55

Mn = (3.24±0.06)×10
-6

 [6, 7), and a 

Pb-Pb age [8] adjusted using the measured 
238

U/
235

U 

ratio [9] of 4563.37±0.25 Ma, we calculate for Asuka 

881394 a 
26

Al-
26

Mg age of 4564.49±0.29 Ma, and a 
53

Mn-
53

Cr age of 4564.29±0.41 Ma, based on the more 

precise data of [3]. Al-Mg and Mn-Cr ages are con-

sistent within error, but the absolute Pb-Pb age of 

Asuka 881394 is 2.02±0.36 Ma, and 2.22±0.46 Ma 

older than the ages from Al-Mg and Mn-Cr systemat-

ics. 

Several reasons may be responsible for this dis-

crepancy. First, the closure temperatures of the Al-Mg 

and Mn-Cr systems may be ~200°C lower than the 

closure temperature of Pb [3], but this value is poorly 

constrained due to large uncertainty in diffusion pa-

rameters [10, 11]. Using this closure temperature dif-

ference implies a cooling rate of ~100°C/Myr, which is 

similar, though slightly lower, than the cooling rate of 

160°C/Myr calculated for the Moore County cumulate 

eucrite [12]. The second possibility is a systematic 

error in the Pb-Pb age of Asuka 881394 due to using 

an inaccurate 
238

U/
235

U ratio of 137.88. Other possible 

causes of the age discrepancy are disturbance of one or 

more isotopic chronometers, and heterogeneity in the 

initial abundance of 
26

Al and 
53

Cr between the parent 

bodies of Asuka 881394 and D’Orbigny.   

The rationale for this study is to refine Al-Mg sys-

tematics in Asuka 881394, and to determine an accu-

rate 
238

U/
235

U ratio for input into the Pb-Pb age calcu-

lation. Current Al/Mg data for Asuka 881394 are es-

sentially defined by two points: the low Al/Mg pyrox-

ene and the high Al/Mg plagioclase [1, 3]. There is 

significant scatter in the plagioclase data which sug-

gests that the system has been disturbed, hence it 

would be beneficial to acquire more data to reduce 

uncertainty of the regression line. There are also con-

siderable uncertainties associated with the 
26

Mg
*
 val-

ues of pyroxene, in the range of 0.3-0.4‰ for Nyquist 

et al. (2003) and 0.04‰ for Wadhwa et al. (2009). As 

these points will essentially define the intercept of the 

regression line on the y-axis (i.e. the initial 
26

Mg
*
), it 

is critical to define this intercept as precisely as possi-

ble.  Indeed, if the offset between the Al/Mg and Pb-Pb 

ages is caused by differences in closure temperature 

and the precursor melt had an Al/Mg ratio of 1.71 [3] 

then relative to a chondritic Al/Mg ratio of 0.101 [14, 

15] an excess in the 
26

Mg content of the precursor melt 

would be expected 

Methods: Ten Asuka mineral fractions were ana-

lyzed for Al-Mg at the UC Davis using procedures of 

[16]. The 
238

U/
235

U ratio was measured at the Universi-

ty of Otago using procedures outlined in [Cooke et al., 

this meeting] and references therein 

Results: Pure and mixed plagioclase and pyroxene 

fractions have a range of Al/Mg ratios from 0.058 to 

240.  Resolvable excesses in 
26

Mg were measured in 

all samples, ranging from 0.075±0.011‰ in pyroxene 

up to 2.720±0.012‰ in plagioclase. In an isochron plot 

(Fig. 1a) we observe some scatter in the high Al/Mg 

plagioclase fractions, similar to that observed by 

Nyquist et al. (2003) and Wadhwa et al. (2009). Even 

so the data define an isochron with an initial 
26

Al/
27

Al 

ratio of (1.49±0.13) ×10
-6

, within error of the Wadhwa 

et al. (2009) value of (1.34 ±0.23)×10
-6

. The intercept 

on the y-axis defines the initial 
26

Mg
*
 value of the 

system; in this case we calculate an excess in 
26

Mg that 

is just outside of error 0.070±0.051‰. This is higher, 

though still within error of the initial 
26

Mg
*
 value of 

0.00±0.23‰ calculated by Wadhwa et al. (2009).  

The presence of disturbed plagioclase requires 

careful consideration of the data. Wadhwa et al. (2009) 

excluded one outlying plagioclase sample, and thus 

improved both the slope and intercept error on their 

regression (
26

Al/
27

Al= 1.28±0.07×10
-6

, 
26

Mg
*

I = 

0.00±0.06). Similarly, we find that by excluding the 

high Al/Mg data (Al/Mg >100) we are left with a bet-

ter constrained isochron with 
26

Al/
27

Al = 
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(1.42±0.12)×10
-6

 and 
26

Mg
*

I = +0.072±0.021‰, iden-

tical within error of the full data set (Fig. 1b). 

The 
238

U/
235

U ratio measured in the bulk meteorite 

is 137.768±0.038 (2 s.e.). Re-calculation of the Pb-

isotopic age published by Wadhwa et al. (2009) using 

this 
238

U/
235

U and its uncertainty yields an age of 

4565.53±0.45 Ma, ~1My younger than the previous 

absolute age.  

Discussion: The results of our Al-Mg analyses 

broadly agree with the results of Nyquist et al. (2003) 

and Wadhwa et al. (2009). We calculate a 
26

Al/
27

Al 

ratio of 1.42±0.12×10
-6

 that corresponds to an age of 

4564.60±0.30 Ma when anchored to the angrite 

D’Orbigny. This is a 0.93My age discrepancy relative 

to our newly calculated absolute age. Clearly the open 

system behavior in 
26

Al/
27

Al at ~20% level in high 

Al/Mg phases observed in three independent studies 

are not able to account for the 0.93 Ma age discrepan-

cy, which requires a factor of 2.42 difference in 
26

Al/
27

Al. Our results differ from previous Al-Mg 

measurements in that we obtained an excess in 
26

Mg in 

the low Al/Mg samples and pyroxene separates. This 

excess ranges from 0.075 to 0.092‰ and constrains the 

initial 
26

Mg
*

I of the precursor melt to be 

+0.072±0.021‰. We demonstrate below that this is 

consistent with evolution from a precursor melt with a 

high Al/Mg ratio of 1.71 [3].  

Re-calculation of the Pb-isotopic age using the 

measured 
238

U/
235

U reduces the inconsistency between 

the 
207

Pb-
206

Pb and 
26

Al-
26

Mg ages, but did not elimi-

nate it. Following these results, we must consider 

whether or not the excess in 
26

Mg is consistent with a 

cooling period of around 1My; in order to address this 

the system can be modeled using the following equa-

tion: 

 

 

where 
26

Mg* represent an excess in 
26

Mg of +0.072‰ 

relative to standard in the Asuka reservoir; (
26

Al/
27

Al)i 

is the initial ratio at the time defined by the Pb-Pb age 

of 4565.53±0.45 Ma, which is calculated to be 

9.71×10
-6

 evolved from the canonical 
26

Al/
27

Al of 

5.23×10
-5

 [18] at the beginning of 4567.30±0.16Ma 

[19]; If the 
26

Al-
26

Mg system remained open for anoth-

er t=0.93 Ma year, we can calculate the Asuka reser-

voir’s 
27

Al/
24

Mg ratio to be 1.76. This is entirely con-

sistent with the 
27

Al/
24

Mg=1.71 for the whole rock 

sample of Asuka 881394 measured by [3]. 
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Fig. 1 a) Al-Mg systematics of the achondrite Asuka 881394 

from the current study and recent work by [1] and [3] b) 

expanded region showing the low Al/Mg samples in more 

detail. 
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