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Introduction:  Characterizing low-temperature 

heat capacities of asteroid-analog materials (i.e. mete-
orites) is important for characterizing thermal behavior 
of these bodies. Heat capacity, in conjunction with 
density and thermal conductivity, determine thermal 
inertia and thermal diffusivity, which are critical for 
understanding asteroid dynamics such as YORP and 
Yarkovsky effects, and for asteroid thermal evolution. 

Once a meteorite has arrived on the earth, exposure 
to the terrestrial environment leads to weathering alter-
ations. For meteorites with a significant metallic com-
ponent, not only iron meteorites and mesosiderites but 
also ordinary chondrites, this effect is dominated by 
the oxidation of metallic iron-nickel and troilite[1]. 
This in turn alters heat capacity, because the heat ca-
pacity of the oxidation products is significantly higher 
than that of the unweathered metals. In order to better 
understand and quantify this effect, it is worthwhile to 
study the effects of weathering on well characterized 
meteorites. 

Earlier studies on weathered iron meteorite finds 
confirms significantly higher heat capacities than their 
fall counterparts, with the most weathered specimens 
having higher heat capacities than chondrites and stony 
achondrites [2]. In this study, we attempt to character-
ize the effect of weathering on ordinary chondrite (OC) 
heat capacities. 

We have already extensively studied low-
temperature heat capacities of relatively unweathered 
OC falls, with a breadth of data for single-temperature 
(175 K) heat capacities, and a small number of precise-
ly measured Cp(T) curves over the range of 5-350 K 
[3]. Here, we extend the study to weathered finds, with 
new 175-K data for 11 H and 10 L finds. 

Measurement:  Most of our specimens were 
measured for single-value low-T heat capacities by 
liquid nitrogen immersion [4]. Intact specimens of 10-
50 gm are dropped in a straight-walled dewar of liquid 
nitrogen (LN2) placed on a scale, which measures the 
total mass of the apparatus every ten seconds. Extrapo-
lating the evaporation curves before and after the drop 
yields the mass of LN2 lost as the meteorite cools from 
room temperature to 77K. From this and the latent heat 
of vaporization of LN2, the average heat capacity of 
the meteorite over the range of its temperature drop is 
calculated. This corresponds to the heat capacity at 175 
K.  

In addition, for one specimen, the L6 Jiddat al 
Harasis (JaH) 073, a high-precision curve of Cp(T) 
over the range 4-400K was determined using a Quan-
tum Design Physical Properties Measurement System-
P650 option (QD-PPMS) [cf. 5]. A small specimen 
measuring a few mm per side is placed in the instru-
ment, which steps the temperature and measures heat 
capacity using an adiabatic relaxation method. 

For the whole stones, heat capacity data were sup-
plemented with grain and bulk densities, and magnetic 
susceptibility. Grain density was measured via ideal-
gas pycnometry using a Quantachrome Ultrapycnome-
ter 1000 fed by gaseous nitrogen [6]. Bulk density was 
measured by 3D laser scanning using a NextEngine 
model 2020i HDScannerPro [7]. Magnetic susceptibil-
ity was measured using a ZH-Instruments SM30, cor-
rected for size and shape according to [8] and [6]. 

Results and Analysis:  Heat capacities of weath-
ered stones were higher overall than that of their un-
weathered counterparts. For H chondrites, average heat 
capacity of finds was 505 J kg-1 K-1, compared with 
490 for falls. Finds ranged from 486 to 528 J kg-1 K-1, 
while the maximum fall Cp was 502 J kg-1 K-1. For L 
finds, average heat capacity was 515 J kg-1 K-1, com-
pared to 501 J kg-1 K-1for falls. The maximum Cp for 
finds was 529 J kg-1 K-1, compared to 509 J kg-1 K-1 for 
falls (excepting one piece of L’Aigle at 524 J kg-1 K-1, 
which is also anomalous in density). The increasing 

Fig. 1: Heat capacity vs grain density for OC finds vs. 
falls.   
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heat capacities for finds is also correlated with de-
creased grain density [Fig. 1] and decreased magnetic 
susceptibility [Fig. 2]. Since this trend in grain density 
and magnetic susceptibility results from oxidation of 
metals in weathering, as observed in previous studies 
[cf. 6, 9], this is consistent with the interpretation of 
increased Cp as also resulting from this process. 

In studies of OC falls [3], we constructed a first-
order model of Cp(T) based on meteorite compositions 
in [10] and literature Cp data for the various mineral 
species represented. This model is a fairly good match 
for Cp(T) of OC falls measured by QD-PPMS. We 
adapted this model for weathering by replacing a per-
centage of the FeNi metal with half akaganeite and half 
goethite, and replacing the same percentage of troilite 
with goethite. By varying the percentage, we were able 
to come to a close match to the Cp(T) curve for JaH 
073 with approximately 50% weathering of the metal 
[Fig. 3]. This is consistent with the published weather-
ing degree of W2-4 [11]. 

The model can also be applied to the single-value 
(175K) Cp measurements. By comparing the measured 
heat capacities with the model curve of Cp(175K) as a 
function of percentage weathering, one can estimate 
the amount of weathering that has take place. This 
works particularly well for H chondrites, with a greater 
percentage of metal to start with, because the slope of 
the curve is fairly high. For L and LL, the measure-
ment uncertainty, the shallow slope of the function, 
and compositional variations between meteorites make 
them far less reliable for this approach. 

Conclusion:  This technique for quantifying 
weathering, though still in its early stages, promises in 
conjunction with grain density and magnetic suscepti-

bility to provide a non-destructive, non-contaminating 
means of determining wreathering in a large number of 
OC finds. At the moment, this is just a first-order mod-
el of metallic weathering, and it still has several prob-
lems that need to be addressed. For instance, when a 
similar approach is applied to grain density, the pre-
dicted values do not match the measured grain densi-
ties. The model needs to be improved by a more accu-
rate weathering scheme for the metallic component, 
and weathering of silicates may also need to be ac-
counted for. Work also needs to be done to distinguish 
variations due to compositional differences from those 
due to weathering. This work is ongoing. 
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Fig. 3: Heat Capacity Cp(T) models for weathered L 
chondrites (as difference from the unweathered mod-
el). The L find JaH 073 corresponds approximately to 
50% weathered L chondrites. Data for the L fall Oesel 
is inconsistent with weathering. This specimen of only 
a few mm3 is not representative of a whole stone. 

Fig. 2: Heat capacity vs magnetic susceptibility for OC 
finds vs. falls. 
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