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Introduction:  Asteroid collision rates increase dur-
ing solar system reorganisation, such as in the wake of 
Earth's Moon-forming impact [1], or giant planet migra-
tion [2]. Evidence for these collisions is brought to Earth 
by meteorites, which can preserve impact-reset radioi-
sotope mineral ages [3]. However, as meteorites often 
preserve numerous mineral ages, their interpretation is 
controversial [4]. Moreover, the mechanisms and pres-
sure-temperature conditions involved in resetting those 
ages are also uncertain. Here, we present results from an 
ongoing effort to combine analysis of phosphate U-Pb 
ages, microtextures, and minor/trace element composi-
tion to construct collision histories for a large suite of 
variously shocked (S2-6) ordinary chondrite meteorites. 

Using our results, we re-interpret the wider U-Pb age 
record of shocked meteorites.  

Samples and Results: To-date, we have used Scan-
ning Electron Microscopy (SEM) and Cathodolumines-
cence (CL) imaging to study phosphate grains in sec-
tions of the Chelyabinsk (S4-6, LL5), Chantonnay (S4-
6, L6), Chateau Renard (S4-6, L6), Peace River (S6, 
L6), McKinney (S6, L4), Alfianello (S5, L6), Rose City 
(S5, H5), Pultusk (S4-6, H5), Isoulane-n-Amahar (S4-
5, L6), Dar Al Gani 062 (S3, LL5-6), Dimmit (S3, 
H3.7), Chiang Khan (S3, H6), Seminole (S3, H4), and 
Forest City (S2, H5) meteorites. Electron Backscatter 
Diffraction (EBSD), Electron Probe Micro Analysis 
(EPMA), and Secondary Ionization Mass Spectrometry 
(SIMS) analyses are planned for all samples. 

Chelyabinsk, our first comprehensively analysed 
sample, displayed phosphate microtextures that corre-
lated with the shock stage of component lithologies 
(moderately shocked light lithology versus highly 
shocked dark lithology), and U-Pb ages that did not vary 
with lithological shock stage but instead with proximity 
to overprinting late-stage fractures (Fig. 1). All samples 
contain phosphates with late-stage fracture networks, 
visible in SEM images, and associated patchy CL tex-
tures (Fig. 2a). Recrystallized phosphates are present 
from S4 and above (Fig. 2b). Granularized phosphates 
are present from S5 and above [4] (Fig. 2c). 

Discussion: Phosphates in Chelyabinsk experienced 
both recent fracturing and partial Pb-loss at ~ 0 Ma, 
likely associated with the recent separation from the 
Chelyabinsk parent body asteroid after a minor colli-
sion. Phosphate texture-age relationships also indicate 
complete early Pb-loss during the deformation and re-
crystallization of phosphates at 4,479 Ma, revealing 
massive collisional reheating at this time. Our results (to 
be published in a journal article shortly – details availa-
ble on arXiv [6]) show that ancient upper intercept U-
Pb ages younger than the end of thermal metamorphism 
robustly record impact-induced reheating. Meanwhile, 
young lower intercept ages reflect milder reheating that 

Figure 1: Chelyabinsk phosphate U-Pb data. Each data 
point is shown with shaded 1 sigma error ellipse. 
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largely affected damaged phosphate crystal domains. 
Our results support an interpretation of the wider chon-
dritic phosphate texture-age record where energetic col-
lisions widely affected the inner Solar System from 
4.48–4.44 Ga [6]. This event could reflect giant planet 
migration [2], or debris scattering in the wake of Earth's 
Moon-forming impact [1].  

Our combined phosphate texture-age-composition 
record of shocked meteorites allows us to further eluci-
date the response of phosphate microtextures to impact-
induced metamorphism. At present, it appears that par-
ticular phosphate microtextures may be used to effec-
tively identify the minimum shock stage of a sample – 
for example, the absence of recrystallized phosphates in 
S4 light lithology of Chelyabinsk, versus the presence 
of recrystallized merrillites in S5 dark lithology of Chel-
yabinsk. We report the presence of both recrystallized 
merrillite and apatite in S6 samples. For example, phos-
phates in Peace River display granular recrystallistion 
textures, identical to those observed in impact-recrystal-
ised apatite grains in terrestrial impactites (Figure 2c)  
[5].  

Our results to date allow us to make several predic-
tions about the expected U-Pb age record of our sam-
ples. We expect that the majority of samples of shock 
stage 4 and above will preserve reset, yet still ancient, 
upper intercept U-Pb ages. We can expect that highly 
fractured grains, and possibly recrystallized apatite 
grains, to have experienced significant Pb-loss during 
later overprinting thermal events. Samples of S3 and be-
low should preserve upper intercept U-Pb ages con-
sistent with parent body radiogenic cooling, but may 
still record late stage thermal events via damaged crystal 
domains. Finally, we can expect that damaged and/or 
recrystallized apatite domains may be chemically dis-
tinct from parental grain material – showing greater Pb 
loss, and possibly also REE (e.g., Lu, Hf) mobilization 
[7]. 

Completion of compositional mapping and dating of 
our sample suite will further constrain the relationships 
between impact-induced reheating and shock metamor-
phism, microtextural changes, chemical modification, 
and Pb-loss mechanisms, allowing us to properly inter-
pret the resulting U-Pb age record. 
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Figure 2: a) Fractured phosphate grains (outlined in 
purple) in Chateau Renard (S4-6) b) Recrystallized 
merrillite grain in Isoulane-n-Amahar (S5) c) Granu-
larized apatite grain in Peace River (S6). 
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