
A HF-W PERSPECTIVE ON THE THERMAL EVOLUTION OF THE L CHONDRITE PARENT BODY. 
P. Sprung1, C. Göpel2, T. Kleine3, J. A. Van Orman4, B. Bourdon1, 1Institute of Isotope Geochemistry and Mineral 
Resources, Department of Earth Sciences, ETH Zurich, Clausiusstrasse 25, 8092 Zurich, Switzerland (pe-
ter.sprung@erdw.ethz.ch; bernard.bourdon@erdw.ethz.ch), 2Institut de Physique du Globe de Paris, 4, place Jussieu, 
75252 Paris, France (gopel@ipgp.jussieu.fr), 3Institut für Planetologie, Wilhelm-Klemm-Str. 10, 48149 Münster, 
Germany (kleine@erdw.ethz.ch), 3Department of Geological Sciences, Case Western Reserve University, 10900 
Euclid Ave, Cleveland, ohio 44106-7216, United States (james.vanorman@case.edu). 

 
 
Introduction: Constraining the early evolution of 

planetesimals and small planetary objects is vital to the 
understanding of the early evolution of our solar sys-
tem and the formation of the terrestrial planets. The 
timing of thermal events as recorded by multiple mete-
orite samples from a planetary body, is of particular 
interest in that it supplies direct constraints on the in-
ternal structure, the size and thereby the growth rate of 
a planetary object [e.g., 1]. Recently, the synthesis of 
several chronometers whose closure temperatures 
range over ~800 °C yielded well constrained thermal 
histories for the H chondrite parent body [1], and the 
acapulcoite-lodranite parent body [2]. The short-lived 
182Hf-182W-system (t1/2 = (8.90 ±0.09)!106 yr, [3]) con-
tributes ideally to such studies in that its closure tem-
perature approximates peak metamorphic temperatures 
[1]. The system is thus less susceptible to later thermal 
disturbance and supplies an age estimate for the peak 
of the thermal evolution path. The L chondrite parent 
body appears to have had a more complex thermal 
history than the H chondrite parent body [4] but its 
high temperature evolution path has not been charac-
terized yet. Here, we present initial !182W of metal 
fractions from L chondrites ranging from petrologic 
type 3 to 6 (Julesburg, L3.6; Saratov, L4; 
ALHA84005, L5, Barwell, L5; Homestead, L5; La 
Criolla, L6; Ladder Creek, L6) as well as an internal 
182Hf-182W isochron (Figure 1) and a 207Pb-206Pb phos-
phate-age for the Bruderheim L6 chondrite. Our data 
hint towards a striking similarity between the evolution 
of the H and L chondrite parent bodies. 

Methods:  After removing any saw marks using 
abrasive paper, all samples were ultrasonicated in 
deionized water. Following gentle crushing in an agate 
mortar and sieving, metals were separated using a hand 
magnet and purified by grinding under ethanol, repeat-
edly washing off the silicate dust. To remove any re-
maining silicates, the metal grains were leached in HF. 
Further purification of the non-magnetic (NM) frac-
tions of Bruderheim from remaining metal grains and a 
subdivision into three fractions was achieved using 
several separation steps on a Frantz magnetic separator 
set to low amperages and tilted at a low angle (<0.1 A, 
< 10°). An additional NM fraction was produced from 

a separate chip only using a hand magnet (NM-4). For 
‘whole-rock’ analyses (WR) complete chips of the 
same meteorite were ground in an agate mortar. All 
fractions were dissolved at 120°C in closed Savilex 
vials using either 6 M HCl - 0.06 M HF (metals) or 5:1 
HNO3-HF followed by a second attack with 1:1 HF-
HCl and several evaporation steps with a HNO3-H2O2 
mixture (NM fractions). Hafnium and W concentration 
determinations by isotope dilution using a mixed 180Hf-
183W isotopic tracer were obtained on a ~10 % aliquot 
taken in 6 M HCl – 0.06 M HF. All measurements 
were conducted on a Nu Plasma MC-ICPMS at ETH 
Zurich. Reported 182W/184W isotope compositions of 
samples are given as !-unit deviation (i.e., parts per 
10 000 deviation) from the average of two bracketing 
standards. External reproducibilities are on the order of 
±30 ppm at 182W signals of approximately 2 – 2.5 V. 
External reproducibilities for analyses conducted at 
significantly lower signal intensities were estimated 
using the relation between internal run statistics and 
external reproducibilities of standard solutions ana-
lyzed at multiple concentrations. The analytical proce-
dure of Pb-Pb dating of Bruderheim phosphate frac-
tions was as described in [4]. 

 
Figure 1: 182Hf-182W isochron for the Bruderheim L6 Chon-
drite. m = initial 182Hf/180Hf. I = initial !182W. "tCAI = time 
after CAI formation. t = absolute age. In !182W vs. 1/W 
space, the data do not display a linear trend thus supporting 
our interpretation as an isochron. 
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Results:  The purity of our metal separates is un-
derlined by the observed 180Hf/184W that are below 
0.06 with all but one even falling below 0.009. As il-
lustrated by high 180Hf/184W of ~50, ~77, and ~107 and 
!182W of up to ~50 that are observed for the NM frac-
tions of Bruderheim, the applied separation technique 
provides very pure silicate fractions. Combined, all 
NM fractions, two WR analyses and two metal analy-
ses yield a well-defined Hf-W isochron (MSWD = 
1.21) with a slope corresponding to an initial 
182Hf/180Hf of (4.39 ±0.12)!10-5 and a tightly con-
strained initial !182W of -2.58 ±0.08 (Figure 1). This 
value closely matches the !182W values obtained for 
metal fractions of the two other L6 chondrites analyzed 
in this study but is significantly higher than those of 
the less equilibrated L chondrites (Figure 2). 207Pb-
206Pb dating of a phosphate fraction of Bruderheim 
yielded an age of 4514.58 ±0.54 Ma. In agreement 
with previous reports [5], [6], [7], the W contents of L 
chondrites of higher petrologic types appears to exceed 
that of the less equilibrated L chondrites (Figure 2). 

 
Figure 2: !182W vs. W content for metal separates from L 
chondrites ranging in petrologic type from 3 to 6. 

Discussion:   The initial 182Hf/180Hf derived for 
Bruderheim corresponds to a closure age of 10.2 ±0.7 
Myr after CAIs (i.e., an absolute age of 4558.1±0.7 
Ma) using the initial 182Hf/180Hf and the Hf-W age of 
CAIs from [8]. This age is identical to the Hf-W clo-
sure age of the H6 chondrites Kernouve and Estacado 
[1], [9]. In conjunction with the new 207Pb-206Pb age of 
Bruderheim phosphate fractions, this reveals that the 
thermal evolution from 875 ±75 °C to 477 ±100 °C is 
indistinguishable for Bruderheim and Kernouve. Thus, 
these type 6 chondrites appear to have been derived 
from approximately the same depth within two bodies 
of similar size that cooled at similar rates (Figure 3). 

The overall higher W contents of L6 and L5 chon-
drites imply a more extensive elemental exchange be-

tween metal phases and meteorite matrix in these me-
teorites. In keeping with the significantly higher !182W 
of L6 chondrite metal phases compared to those of less 
equilibrated L chondrites, also radiogenic W must have 
diffused out of high-Ca pyroxenes and ilmenites to 
equilibrate with the metal phases. The closure tempera-
ture of the Hf-W system in chondrites is primarily con-
strained by the ability of radiogenic W to diffuse out of 
high-Ca pyroxene and ilmenites [9]. It is thus conceiv-
able, that the Hf-W closure age of L6 chondrites post-
dates those of the less equilibrated L chondrites. Given 
the success of dating Bruderheim which was reported 
to be shocked [11] using the Hf-W isochron method, 
additional Hf-W dates of a variety of L chondrites of 
different petrologic types will enable a comparison of 
the internal and thermal structure of the L and H chon-
drite parent bodies. 

 

Figure 3: Cooling curve for the H6 [1] and the L6 chondrites. 
Calculated temperature profiles at different depths (indicated 
by numbers in km distance from the centre) in a spherical 
body of 100 km radius are depicted by solid lines. 

The initial !182W of Bruderheim in conjunction 
with its initial 182Hf/180Hf implies that the L chondrite 
parent body evolved with a bulk Hf/W equivalent to 
that of carbonaceous chondrites as given by [10]. Thus, 
the bulk Hf/W of the L chondrite parent body exceeded 
that of the H chondrite parent body [1] very likely re-
flecting the higher metal content of the latter. 
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