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Introduction:  The Moon has been the traditional 

chronometer for estimating the pace of collisions in the 
solar system and we continue to use it to test models of 
impact bombardment [1-4].  We have, however, been 
developing an independent measure of the collisional 
evolution of the solar system using a growing collec-
tion of meteoritic impact melts from the asteroid belt.  
Here we describe four impact crater samples from the 
H-chondrite parent body and integrate those results 
with past analyses of H-chondrite impact products [5-
9]. 

Petrology and Geologic Context of Samples:  
LAP031125 is a solidified impact melt with a few sur-
viving mineral fragments (10% of the rock) from the 
parent body regolith.  The silicate melt matrix (77%) is 
fine-grained (3 to 50 μm) euhedral olivine (Fo82) and 
pyroxene (Wo1En83Fs15) in a feldspathic mesostasis.  
This melt-matrix texture is similar to that seen in the 
Orvinio H-chondrite impact melt breccia [8] and sev-
eral L-chondrite impact melt breccias [e.g., 10]. Once-
molten orbicular metal rimmed with troilite (7%) is 
also entrained in the silicate melt, similar to that seen 
in other impact melt breccias [e.g., 8,10,11].  The sam-
ple is depleted in metal relative to normal H-chondrites 
(7 vs. 14 to 19%), potentially due to fractionation of 
metal from the silicate melt.  However, the thin-section 
analyzed is riddled with  holes (up to 7% of the rock).  
These holes may be relict gas vesicles, but they may 
also be the remnants of weathered and/or plucked 
metal. Metal and sulfide particle size distributions 
range from <1 μm to >1mm, but are dominated by 
particles 50 to 150 μm in size.  Nickel gradients in the 
once-molten metal orbs are similar to those in Orvinio 
and LAP02240 [11,12], implying a melt cooling rate 
of ~10-3 to 10-4 °C/s and a post-impact burial depth on 
the order of 1 m. 

LAP03922, LAP031173, and LAP031308 are more 
complicated melt breccias.  They contain larger chon-
drule-bearing relict clasts and mixtures of silicate 
melts with different size distributions of metal and 
sulfide entrained within them.  Normally, we would 
separate these types of clasts and melt fractions for 
subseqeuent  40Ar-39Ar analyses, because the fractions 
may have different diffusional characteristics and, 
thus, have degassed to different degrees.  Unfortu-
nately, the meteorite samples were too small for that 
type of separation, so the 40Ar-39Ar analyses that fol-
low represent bulk analyses.   

Metallographic textures and compositions suggest 
all four of these samples cooled in near-surface envi-
ronments, implying deposition in melt breccia crater 
lenses and impact ejecta blankets.  These samples dif-
fer from some other H-chondrite impact lithologies 
like Rose City (deposited ~100 m beneath the surface 
[11]) and Portales Valley (representing the deep-seated 
floor of a >20 km diameter crater [13]).  

Chronology:  Data are presented in “plateau plots” 
of apparent age versus the fraction of 39Ar released in 
increasingly higher temperature steps (Fig. 1).  

Multiple splits of LAP031125 produced a consis-
tent set 40Ar-39Ar spectra.  High-temperature plateaus 
representing 40 to 50% of the gas released indicate an 
impact degassing event at 3942 ± 23 Ma.  This is 
likely the event that melted the H-chondrite protolith.  
A second, less energetic impact event appears to have 
occurred 248 ± 24 Ma, corresponding to reproducible 
minima in lower temperature intervals involving ~10% 
of the gas released. 

As suspected, the  40Ar-39Ar spectra of the other 
three meteorites are more complicated.  One of the splits 
(,b) of LAP03922 is only partially degassed, retaining an 
apparent age of 3300 Ma or more at high temperatures.  
The two other splits (,b-c) of this sample have consistent 
minima at low temperatures that reflect a degassing 
event at 373 ± 22 Ma.  LAP031308 is a partially de-
gassed sample, so higher temperatures steps still pre-
serve the remnants of an event  ≥3500 Ma.  All three 
splits produced lower-temperature minima reflective of 
an impact-degassing event between 580 and 710 Ma.  
Because two of the splits (,a-c) are consistent with the 
lower value and the third split (,a) may be imperfectly 
degassed by the event, the lower end of that range may 
be a better age.  Sample LAP031173 was not suffi-
ciently degassed to produce any discrete ages.  Collec-
tively, higher temperature steps produced from the sam-
ple imply an event ≥4100 Ma.  Lower-temperature steps 
imply a younger event ≤1000 Ma. 

Collisional Summary:  In the last review of the 
few existing 40Ar-39Ar ages among H-chondrites [5], 
one finds they are distributed over the entire 4500 Ma 
history of the planetesimal, although there is a dearth 
of ages between 1500 and 3500 Ma.  In addition to the 
four samples reported here, we recently reported dis-
crete 40Ar-39Ar ages in four other H-chondrites [9]:  
Ourique has an age of 4470 ± 70; LAP02240 has an 
age of 3914 ± 36 Ma; NWA 2058 has an age of 
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Fig. 1.  Ar-Ar plateau age diagrams. 
 
 

500 ± 200 Ma; and Gao-Guenie has an age of 315 ± 50 
Ma. 

If we assume that the samples came from the same 
H-chondrite parent body, then that body was cratered 
within 100 Ma of solar system formation (Portales 
Valley, Ourique), involved in the inner solar cataclysm 
~3.9-4.0 Ga (LAP02240, LAP031125, Jilin, Yanz-
huang), and then cratered with sufficient energy to 
produce melts and/or degassing at least nine times over 
the subsequent 4 billion years.  Impact events that af-
fected H-chondrites at ~500 Ma and ~850 Ma may be 
related to similar events that affected the L-chondrite 
parent body.  The latter was severely impacted and 
probably disrupted ~500 Ma [e.g., 5], although it too 
preserves a record of impact cratering events within 
100 Ma of solar system formation [13, 14] and at ~3.9-
4.0 Ga.  The sharpest contrast between the H- and L-
chondrite samples analyzed thus far is a larger number 
of L-chondrite impact melt breccias that cooled at 
depths of 100 to >1000 m on the parent body.  This 
contrast may be an artifact of the small number of sam-
ples analyzed, but may also reflect a deeper level of 
sampling provided by the ~500 Ma disruption event.  
Interestingly, most shock-metamorphosed LL chon-
drites analyzed thus far [15,16,5,9] are dominated by 
ages of ~3.9 Ga and older.  Collisional events that af-
fected the H- and L-chondrite parent bodies at ~500 
and ~850 Ma either did not affect the LL-chondrite 
parent body or samples affected by those events have 
not yet been recovered. 

Collectively, a ~3.9-4.0 Ga event (possibly with a 
broader age distribution than on the Moon) is seen in 
all three classes of ordinary chondrites.  In addition, 
there appears to be a stochastic distribution of crater-
ing events at other times, and potentially family-
forming disruption events at ~850 and ~500 Ma. 
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