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Introduction: Undisturbed thermal metamorphism 

in ordinary chondrite (OC) asteroids, produced through 
the radioactive decay of 26Al, is expected to result in an 
onion-shell-like structure [e.g. 1]. In such a structure, 
the inner layers of the asteroid experience more exten-
sive thermal metamorphism, as represented by higher 
petrologic type, than the exterior layers. Furthermore, 
cooling rates are expected to be slower for OCs of high 
petrologic type than those of low petrologic type. 
However, cooling rates determined using metallograph-
ic methods and pyroxene diffusion are inconsistent 
with onion-shell-style cooling and have resulted in new 
models. These models argue for the disruption of the 
asteroid after peak metamorphism followed by reaccre-
tion into a rubble pile [2-4]. Improved constraints on 
cooling rates would provide a better understanding of 
the timing and scale of disruptive events. 

Feldspar microtextures are another tool that can be 
used to determine asteroid cooling rates. In OC chon-
drules, plagioclase is present as either a primary phase 
[5], or a secondary phase [6] forming from the crystal-
lization of mesostasis glass through petrologic type 4, 
followed by chemical and textural equilibration. Potas-
sium feldspar is observed in petrologic types 3.6-6, as 
either patches or lamellae exsolved from albite in a 
perthite texture, often near pores or fractures. Exsolu-
tion occurs most commonly, and most extensively, in 
petrologic type 4 [6-8]. Because the feldspar exsolution 
wavelength is related to the rate at which grains cooled 
from the solvus temperature, determined from the min-
eral’s bulk composition, the chondrite cooling rate can 
be measured from regions of exsolution. 

We have previously reported the perthite exsolution 
cooling rate of Avanhandava, an H4 chondrite, to be 1 
°C per 1-4 months over a temperature interval of 765-
670 °C [9]. A peristerite exsolution texture was also 
present in the Na-rich lamellae for which we estimated 
a cooling rate of 1 °C in 103-104 years from 570-540 
°C. Overall, the cooling rates determined from 
Avanhandava are consistent with pyroxene diffusion 
(fast cooling at high temperatures) [2] and metallo-
graphic rates (slow cooling at low temperatures) [3], 
hence with the rubble pile model of disruption and re-
accretion. 

Here, we characterize feldspar microtextures in 
four additional H4 chondrites to test the consistency of 
feldspar cooling rates across a range of samples. We 
show that all H4s are similar and support rubble pile 
models. 

Methods: We examined petrographic thin sections 
of four H4 OC falls of low to moderate shock stage 
from the Institute of Meteoritics Collection at the Uni-
versity of New Mexico (Table 1). Metallographic cool-
ing rates in these samples were previously measured to 
be 15-30 °C/Myr by [3]. BSE images of feldspar exso-
lution textures in chondrules were acquired on a JEOL 
7600F FEG-SEM at the NASA Johnson Space Center 
operated at 10 kV and 16 nA. 

 
Table 1: Samples. 

H4 chondrite 
section 
number shock stage1 

metallographic 
cooling rate2 

Conquista UNM 87 S1, S1/S2 25 °C/Myr 
Ochansk UNM 322 S3 15 °C/Myr 
Quenggouk UNM 622 S2 30 °C/Myr 
Sena UNM 913 S1 20 °C/Myr 
1Shock stages from [3], and references therein. 
2Metallographic cooling rates determined by [3]. 
 

Results: K-feldspar was observed in all four H4 
chondrites and representative regions are shown in Fig. 
1. Feldspar is albitic, and K-feldspar exsolution lamel-
lae were commonly observed in Conquista (Fig. 1a), 
Ochansk (Fig. 1b), and Sena (Fig. 1d), but less com-
monly in Quenggouk (Fig. 1c). However, Quenggouk 
has several regions containing 10-30 μm wide patches 
of K-feldspar which were more rare in the other three 
OCs. In one region in Sena, a peristerite exsolution 
texture was observed in the Na-rich perthite lamellae 
(Fig. 1e). Estimated perthite exsolution wavelengths 
for the regions illustrated in Fig. 1 are: 0.2-0.5 μm in 
Conquista, 0.5 μm in Ochansk, 0.7-1.5 µm in 
Quenggouk, and 1.3 µm in Sena. The peristerite exso-
lution wavelength in Sena is 0.1-0.3 μm. 

Discussion: The perthite exsolution wavelengths 
we estimated in these four H4 OCs (0.2-1.5 μm) are 
similar to those measured in the H4 OC Avanhandava 
(0.7 μm) [6,9]. However, because the wavelengths are 
estimated using BSE images, they may be off by up to 
50% because the exsolution lamellae may not be per-
fectly perpendicular to the plane of the thin section. 
Regardless, the perthite textures are sufficiently fine-
scale to expect cooling rates that are comparable to 
Avanhandava and indicate a similar thermal history. 
Similarly, the wavelength of the peristerite intergrowth 
observed in Sena (0.1-0.3 µm) is comparable to the 
peristerite intergrowth observed in Avanhandava (0.1-
0.2 µm) and the same inference about cooling rate can 
be made for this pair as well. 
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As was observed with Avanhandava, there is a gen-
eral trend in that the fine-scale perthite exsolution rep-
resents fast cooling rates and is consistent with cooling 
rates determined by pyroxene diffusion at higher tem-
peratures (875-750 °C) [2]. The peristerite cooling rate 
is closer to the slow, lower temperature (500 °C) metal-
lographic cooling rates [3]. These observations support 
a breakup and reassembly model [4] in which erosional 
bombardment causes fast cooling at temperatures rec-
orded by pyroxene and perthite (650-850 °C). Residual 
heat from breakup and reassembly results in the ob-
served slow cooling rates at temperatures recorded by 
metal and peristerite (500-570 °C). Future EPMA and 
FIB/TEM analysis will be conducted on representative 
regions of perthite and peristerite exsolution, such as 
those shown in Fig. 1. This will allow us to quantita-
tively refine H4 cooling rates, evaluate the general con-
sistency of cooling rates in a related suite of material, 
and provide constraints to the rubble pile model. 

 

The pyroxene and metallographic studies of [2,3] 
show no systematic trend of decreasing rate of cooling 
with increasing petrologic type, inconsistent with on-
ion-shell-style cooling. This observation also indicates 
that many OCs have similar cooling histories. We show 
a similar consistency with feldspar exsolution in the H4 
chondrites studied here. However, further work on 
higher petrologic type OCs, which typically contain 
much less abundant K-feldspar exsolution [8], would 
be a useful indicator of differences in cooling rates 
throughout the OC parent body.  
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Figure 1: Feldspar exsolution textures in H4 OCs. a) Conquista, K-feldspar (K-fsp) exsolution lamellae in albite (Ab) with 0.2-
0.5 μm wavelength. b) Ochansk, K-feldspar exsolution lamellae in twinned albite with 0.5 μm wavelength. c) Quenggouk, K-
feldspar exsolution in albite with subdomains with 0.7-1.5 μm wavelength. d) Sena, K-feldspar exsolution in albite with 1.3 μm 
wavelength and peristerite exsolution texture (e) in the Na-rich perthite lamellae with 0.1-0.3 μm wavelength. 
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