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Introduction:  Asteroid 2008 TC3 was discovered 

by the Catalina Sky Survey in late 2008 and found to 
be on a collision course with Earth. It fell in the Nubi-
an Desert in northern Sudan. It broke up 37 km above 
the ground and littered a 30  7 km field, at which 
more than 600 fragments have been recovered for a 
total of >10.7 kg [1]. The majority of the recovered 
samples of the meteorite, Almahata Sitta, have been 
classified as polymict ureilites [2], with other frag-
ments identified as mainly enstatite chondrites (EL, 
EH), ordinary chondrites (L, H), and a few others [2]. 
Although ureilites are rare, they represent the second 
most common type of achondrite after HED meteor-
ites, and are considered to represent the mantle materi-
al of carbon-rich asteroids. Polymict ureilites, howev-
er, represent only 6% of ureilite samples and are con-
sidered to be regolith material [3]. Ureilites are thought 
to have a single parent body (unidentified) due to a 
common thermal history [4] and isotopic ratios [5]. 
Given the rather unique ureilitic and chondritic litholo-
gies, Almahata Sitta is a complicated breccia that rep-
resents a very intriguing set of samples that can in-
crease our understanding of the history and evolution 
of the ureilite parent body.  

In order to better understand this history, we have 
begun 40Ar-39Ar analysis on two ordinary chondrite 
samples (#A100, L4 and #25, H5) from Almahata Sitta 
to see if we can conclude anything about when this 
material was put together. The L4 sample was found 
on December 11, 2009 and had an original mass of 
11.4 g, while the H5 sample was found on December 
30, 2008 with an original mass of 222 g. Both samples 
have been described as very fresh and unweathered 
and covered by about 70% fusion crust [2, 6]. Meier et 
al. [6] analyzed noble gases and cosmogenic nuclides 
in samples of these two stones, and found bulk K-Ar 
ages of about 4500 Ma, and bulk (U,Th)-He ages of at 
least 3800 Ma. They suggested that the latter repre-
sented a disruptive collision that was the last signifi-
cant heating event seen by these samples. 

Approach: Samples of #A100 and #25 were irra-
diated at the Cadmium-Lined In-Core Irradiation Tube 
(CLICIT) facility at Oregon State University along 
with PP-20 Hb3gr Hornblende GSC as the primary 
irradiation monitor (1080.4 ± 1.1 Ma, [7]) to determine 
the J-factor. Samples were irradiated for 300 hours in 
the linear-with-height portion of the reactor to provide 
a more evenly distributed neutron flux. Argon was 
extracted from each sample using a computer con-
trolled step-heating procedure with a double-vacuum 
resistance-heated furnace.  Typical temperature steps 

were from 300-1500 °C in 50 °C intervals, totaling 25 
heating steps per split.  Each step was run for duration 
of 12 minutes and, after gettering, analyzed in a VG 
5400 mass spectrometer.  The decay constants used are 
those reported in [7]. Uncertainties and corrections 
were applied to account for blanks, machine discrimi-
nation, spallation-produced isotopes, and interfering 
isotopes produced in the reactor from Ca and K. 

Results: Our preliminary apparent age spectra do 
not yield well-defined plateaus, nor do they give well-
defined isochrons, although apparent ages are all 
>4000 Ma for both samples.  

No air correction has been applied to the L4 sam-
ple. The measured 40Ar/36Ar ratios are as low as 60, but 
the isochron is not well defined. We therefore assume 
the “trapped” component is meteoritic trapped [6], 
with little 40Ar, and use no air correction in our analy-
sis. The apparent age spectrum for #A100 gives a 
summed age of 4575.2 ± 6.1 Ma, and does not show 
signs of alteration after 4200 Ma ago (Fig. 1). The 
summed age is somewhat unrealistically high, so it 
could be that there is a non-zero amount of nonradio-
genic 40Ar, contrary to what we have assumed. How-
ever, even if a correction for atmospheric Ar is applied 
to those steps with 40Ar/36Ar greater than the atmos-
pheric value of ~295, the summed age of those steps, 
accounting for more than 90% of the 39Ar, is still 
>4200 Ma. Hence we conclude that it was most recent-
ly degassed at least 4200 Ma ago, and perhaps not 
since metamorphism. 

An air correction of 295 ± 10 has been applied to 
the disturbed spectrum of  #25 (H5). It gives a summed 
age of 4435.1 ± 5.8 (Fig. 2). The apparent age spec-
trum decreases in age at high temperatures (from 
~4575 Ma to several concordant steps at extraction 
temperatures >1100 °C that sum to 4165.7 ± 8.8 Ma).  

Discussion: The results presented here are only 
preliminary. In particular, further analyses to better 
constrain the irradiation parameters and errors are in 
progress. However, there is still a lot to be said of our 
initial results. The relatively flat spectrum of #A100 
(L4), with an age of 4200-4575 Ma, indicates that it 
has not been heated much since formation. This means 
that accretion onto the ureilite parent body either oc-
curred >4200 Ma ago or occurred at low enough veloc-
ities to prevent thermal alteration.  

The more disturbed spectra of the #25 (H5) sample 
could represent a short duration, high-temperature 
event that outgassed a particular mineral domain. Since 
the Ca/K ratio increases significantly at the tempera-
tures where the apparent ages change to the lower val-
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ues, this could be explained by a transition from Ar 
degassing from feldspar to degassing from pyroxene, 
which can be more susceptible to brief high-
temperature events [8] (although detailed studies of 
ordinary chondrites do not support the idea of pyrox-
ene itself hosting any significant amount of K [9]). If 
this is indeed the case, the age that is represented by 
this interval (containing 27% of the total released 
39Ar), 4165.7 ± 8.8 Ma, could represent an age of a 
secondary event, such as accretion onto the ureilite 
parent body.  If the gas released at the lower tempera-
tures was unaffected by the brief high-temperature 
event, then the ages that are measured from the low-
temperature phase may represent age of formation or 
metamorphism. However, H5 chondrite ages reported 
by [10], are no older than ~4510 Ma. Therefore, it is 
worth considering the alternative interpretation that the 
age spectra might be displaying recoil, since apparent 
ages at low temperatures are quite high, and then be-
come younger at higher extraction temperature.  

All these results reinforce the conclusion of [6] that 
the only significant heating events were early. Even if 
the 3800 Ma (U,Th)-He ages [6] record an event that 
completely degassed He, it is conceivable that the K-
Ar would only have been partially reset, since He dif-
fuses more readily than Ar. In this case the lack of a 
true plateau for either sample in our results could be a 
result of a disturbance at 3800 Ma. In this case, how-
ever, it would be somewhat surprising that all individ-
ual steps have apparent ages <4100 Ma. 

There is no evidence in the 40Ar-39Ar system of ei-
ther sample for the later thermal events that are record-
ed in L or H chondrites falls, such as the L-chondrite 
parent body disruption at 470 Ma [11] or the various 
events recorded in H chondrites [12]. However, if 
these fragments became incorporated into the ureilite 
parent body 3800 Ma ago or before, they would not 
have shared that later history. On the other hand, it is 
quite possible that there were other parent bodies with 
L or H chondrite mineral compositions that existed in 
the early Solar System that have been completely de-
stroyed, and these could be fragments of some of 
those. Further studies of a variety of other diagnostic 
properties would be required to test that. 

Conclusion: There is no hint of any substantial 
thermal event on the Almahata Sitta parent body more 
recently than 4100 Ma ago, although disturbed appar-
ent age spectra could be indicative of minor 40Ar mobi-
lization in some unknown later event. Furthermore, 
#A100 may not record any thermal event after its for-
mation and metamorphism on an L chondrite parent 
body  

All this is consistent with the idea that Almahata 
Sitta is part of an ancient regolith that has not experi-
enced any significant heating in the last 3800 Ma [6]. 
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Fig. 1) Apparent age spectrum of Almahata Sitta 

#A100 (L4 chondrite). Flat appearance suggest no sig-
nificant heat alteration after closure, around 4575.2 ± 
6.1Ma, although an age as low as ~4200 Ma would be 
permitted with different assumptions in data reduction. 

 

 
Fig. 2) Apparent age spectrum of Almahata Sitta 

#25 (H5 chondrite). Disturbed spectra with high initial 
ages and lower high-temperature ages, may suggest 
recoil. Alternatively, relatively flat spectrum at higher 
temperature steps, which give an age of 4165.7 ± 8.8 
Ma, could be reflecting a late, brief, high-temperature 
event.  
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