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Introduction: Bhola, an ordinary chondrite (LL3-6) fell in Bangladesh in 1940. A polymict breccia, light and 

dark colored crystallized fragments sit within a glassy, fine-grained matrix [1]. The dark coloration of some large 

fragments is thought to be due to shock [2]. Other dark fragments are K-rich glasses, one of which [3] dated at 4.231 

± 0.016 Ga. From track retention studies on phosphates within a large dark fragment, [4] inferred that the brecciation 

of Bhola occurred sometime before 4.08 Ga as by that time, the body had cooled to ~300K. Small amounts of prima-

ry glass in the matrix led [5] to conclude that Bhola experienced no significant thermal metamorphism subsequent to 

its final accretion. Their 
40

Ar-
39

Ar dating of a devitrified, K-rich glass gave a maximum apparent age of 4.3 Ga and a 

minimum of 0.46 Ga.  

We set out to measure Ar isotopes in low-mass (< 1mg) samples of Bhola light and dark lithologies to confirm 

and extend the previous work. 

Methods:  From one 200-mg portion of a 500 mg chip of Bhola USNM 1806-1, we separated by hand ~200 mg 

of a light lithology (Bhola_Bulk1 & 2) and a dark lithology (Bhola_DB3_1) using a binocular microscope. From the 

rest of the chip, by using heavy liquids (ρ=2.85 g/cm
3
, T=25 °C), we isolated five grains (Bhola_Grains) and identi-

fied them as plagioclase by Raman spectroscopy and EDS. Weighed were co-irradiated (no Cd shielding) with Fish 

Canyon sanidine (28.2 Ma [6]) for 80 h at the USGS Triga reactor of USGS in Denver. The Ar isotopes were meas-

ured on a modified MAP 215-50 spectrometer operated in pulse-counting mode [7,8]. Decay constants are from [9] 

and reactor constants are from [10]. Each sample was step-heated to fusion in 6 to 13 heating steps. Typical system 

blanks (laser off) are (10
-18

 mol): 
40

Ar=244±3.3; 
39

Ar=1.3±0.3; 
38

Ar=1.6±0.1; 
37

Ar=9.6±0.1; 
36

Ar=6.1±0.1. Uncer-

tainties are expressed as 1σ unless otherwise specified.  

Results: The EDS of the grains shows them to be albitic plagioclase to andesine 

in composition, consistent with results of [2]. Figure 1 shows the argon release pat-

terns for the four samples analyzed. Bulk1, Bulk2 and DB3 give plateaus; unfortu-

nately, the grain separates did not have enough gas to yield meaningful ages. The 

light lithology ages (~4030±13 Myr) are nominally younger by ~100 Myr than the 

dark lithology age (4120±40) but all agree within 2-3 σ. However, our dark litholo-

gy age is ~100 Myr younger than that of [3, 4231±16 Myr]. After correcting for 

cosmogenic Ar, the isochron ages for light lithologies Bulk_1 and Bulk_2 are con-

cordant with their plateau ages (3954±55 and 4007±65, respectively). The isochrons 

for DB3 and the Grains do not give meaningful ages.  

Discussion: All of our Bhola samples are as young as or younger than most LL-

chondrites (4175-4300 Myr; [11,12]). This may be due to an unusually low abun-

dance of retentive phases in our relatively low-mass samples. Certainly, the effects 

of 
39

Ar recoil are much smaller in our measurements than in those previously re-

ported [3,5]. The slightly older age of the dark lithology is consistent with the dark 

inclusions having formed “before incorporation of the fragments into the host” [2]. 

It is also consistent with the presence of older relic grains in melted material [13].    

Conclusions: Without the sensitivity to measure the very small single grains, we 

must use an agglomeration date for Bhola based on the youngest fragments meas-

ured – in this case, ~4030 Myr. The divergence of the imprecise grain data from the 

more massive samples indicates that we have not fully determined the history of the 

Bhola breccia. We need to combine better accuracy and precision for the finest 

grain fractions to constrain fully the thermal and accretionary history of chondrites 

in terms of the chronology of clearly different aggregation events. The ages of frac-

tions of the Bhola sample remain undetermined. 
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