
LPS XXVI 101 

AN INTERNAL HEATING MODEL FOR THE L CHONDRITE ASTEROIDAL PARENT 
BODY. Marvin E. Bennett, III and Harry Y. McSween, Jr., Department of Geological Sciences, 
University of Tennessee, Knoxville, TN 37996-1410. 

L chondrites contain a larger proportion of high-shock stage meteorites than either H- or LL- 
group ordinary chondrites [1,2]. They also have a greater number of gas-poor samples than the other 
classes of ordinary chondrites [3,4]. Both of these observations have been hypothesized to be the 
result of multiple impact events between the L chondrite parent and other asteroid bodies [3,4]. 
Heterogeneous post-shock reheating might also explain the lack of coherence seen in L chondrite 
metallographic cooling rates [5] and in 2 4 4 ~  fission track data [6]. Despite these observations, not all 
mineral thermometers appear to have been perturbed by secondary thermal processing. Two- 
pyroxene thermometry performed on a petrologic suite of 16 low- to high-shock stage L chondrites 
[7] revealed a strong inverse correlation between petrologic type and peak metamorphic temperature. 
This correlation is consistent with the formation of an onion-shell internal structure for the L 
chondrite parent asteroid in which static thermal metamorphism produced the entire sequence of 
petrologic types within a concentrically zoned parent [8]. Using the constraints of an onion-shell 
structure that was internally heated by the decay of 16A1, we performed a model calculation for the 
thermal evolution of the L chondrite parent asteroid. This model was based on equations derived 
from earlier thermal modeling [8,9], but was updated to include more recent information concerning 
the physical nature of the L chondrite parent. Parameters used to constrain the model and results of 
the model calculations are presented here. 

Table 1 lists the physical parameters used to construct time-temperature-depth curves for the 
thermal evolution of the L chondrite parent body. The formation time interval for equilibrated L 
chondrites was taken as 60 Ma, based on recent U-Pb isotopic studies [lo]. This time interval 
constrained the size of the parent body to a radius of -60 km. Thermal conductivity, diffusivity, and 
bulk density of L chondrites were obtained from recent laboratory measurements [ l l ]  on a series of 
L chondrite falls. The initial temperature of the body, before the onset of thermal metamorphism, was 
set at 180 K, based on information concerning the most probable location of asteroids of ordinary 
chondrite composition within the present asteroid belt [12]. Parameters for the heat generation 
portion of the modeling were taken from several sources [I 1,13,14]. All of these values were used as 
numeric constants for the model calculations, except for thermal diffusivity and the heat generation 
function. Thermal diffusivity values were recalculated for each incremental temperature change 
according to a best-fit equation derived for the experimental diffusivity data [ l l ] .  The ratio of 
26 A~/~ 'AI (i.e. accretion time) was also varied until peak temperatures obtained from the time- 
temperature-depth curves matched published values for peak metamorphic temperatures for each 
petrologic type [15]. One constraint present in the original model, but removed from these 
calculations, was that the volume of each shell (calculated from model radii) was constrained to 
produce each petrologic type in proportion to their abundance in current meteorite collections. 
Recent statistical analyses of Antarctic fmds and modern falls [16] have suggested that there is no 
basis for assuming that present meteorite holdings reflect a non-biased sampling of the meteorite 
source region. 

Figure 1 and Table 2 illustrates the time-temperature-depth curves and the calculated radii for 
each shell within the L chondrite parent body. In order to achieve eak metamorphic temperatures 9 for each petrologic type, a value for 2 6 ~ V 2 7 ~ l  was chosen at 1 X 10- . This value represents a minimum 
accretion age of -2 Ma after the formation of Allende CAI's (assuming an initial value of 5 X 10"). 
It is similar to the value of 3.0 f 2.6 X lo6 derived from Pb/Pb age dates [lo] and a 3 to 3.5 Ma age 
calculated from asteroid belt zonation models [17]. These curves also seem to accurately reproduce 
average cooling rates (20 to 30 K/Ma) as recorded in unshocked meteoritic Fe-Ni metals [18], thus 
helping to confirm the shock-reheated origin for incoherent metallographic cooling rates in L 
chondrites. The time scale of 60 Ma for the development of an onion-shell internal structure is also 
compatible with K-Ar age dates that tend to cluster around an age of 4.3 Ga for L chondrites [19]. If 
these dates represent outgassing due to shock impact, as suggested by numerous workers, then the L 
chondrite parent body had a fully established onion-shell internal structure prior to the early shock 
metamorphic event. Finally, volume percentages for the 4 petrologic types presented in Table 2 
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suggest that the delivery of terrestrial meteoritic material does not provide a representative sampling when 
compared with modem fall statistics, as previously suggested from the original thermal model that formed 
the basis for this study [8,9]. 

References: [I] Stoffler D., Keil I(., and Scott E.R.D. (1991) Geochim. Cosmochim Acta 55,3845-3867. [2] Rubin 
A.E. (1993) Meteoritics 29,94-98. [3] Anders E. (1964) Space Sci. Rev. 3,583-714. [4] Heymann D. (1967) I c a m  
6, 189-221. [5] Bennett M.E. and McSween H.Y. Jr. (1993) LPSC 24, 97-98. [6] Pellas P. (1981) LPSC 12, 825-827. 
[7] Bennett M.E. and McSween H.Y. Jr. (1994) LPSC 25,95-96. [8] Miyamoto M., Fujii N., and Takeda H. (1980) 
LPSC 11,737-739. [9] Miyamoto M., Fujii N., and Takeda H. (1981) Proc. LPSC 12, 1145-1 152. [lo] Gopel C., 
Manhks G., and Allbgre C.J. (1994) Earth Planet. Sci. Lett. 121, 153-171. [ l l ]  Yomogida K. and Matsui T. (1983) 
J. Geophys. Res. 88,9513-9533. [I21 Gaffey M.J., Bell J.F., and Cruikshank D.P. (1989) In Asteroids II , pp. 98- 
127. [13] Herndon J.M. and Herndon M.A. (1977) Meteoritics 12,459-465. [14] Wasson J.T. and Kallemeyn G.W. 
(1988) Phil. Trans. R. Soc. London A325,535-544. [15] McSween H.Y. Jr., Sears D.W.G., and Dodd R.T. Jr. (1988) 
In Meteorites and the Early Solar System , pp. 102-1 13. [16] Harvey R.P. and Cassiday W.A. (1989) Meteoritics 24, 
9-14. [17] Grimme R.E. and McSween H.Y., Jr (1993) Science 259 653-655. [18] Willis J. and Goldstein J.L. (1981) 
Proc. LPSC 12, 1135-1 143. [19] Loeken Th., Scherer P., Weber H.W., and Schultz L. (1992) Chem. Erde 52,249- 
259. 

Table 1. Physical parameters used in constructing the thermal model. 

Parent body radius 60 krn 
Thermal conductivity 1.98 J m-I s-' K-l 
Thermal diffusivity 3.77 X 10" m2 s-' + (1.16 X104 m2 K s-I) 1 T (K) 
Density 3610 kg m" 
Ernrnisivity (calculated 'h') 1.0 m-I 
Heat generation 1.42 X lo4 J m" s-' 
Ratio A1 in L/H chondrites 1.1 
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Table 3. Calculated radii (in km) from the center of the 
the parent body to the outer portion of each 
petrologic type or shell for the original thermal 
model [9] and this study. 

Figure 1. a) Time-temperature-depth curves derived from the thermal model presented in this study. b) Diagrams 
of the internal structure of the L chondrite parent body, drawn to scale, comparing the original thermal 
model [9] with the one presented in this study. 
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