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Introduction: The short-lived 182Hf-182W system 

has been widely used to constrain the timescale of 
metal-silicate separation (e.g., core formation in aster-
oids) [1-5]. High precision W isotope measurements 
(±3-5 ppm) could achieve a time resolution of 0.3-0.5 
Ma [6-7]. However, applications of this chronometer to 
iron meteorites are hampered by neutron capture reac-
tions on W and Re isotopes that alter the W isotope 
compositions [8-10], only partially corrected by proxy 
neutron dosimeters, e.g., Pt [11-12]. 

Neutron capture on 184W and 186W yields isotopes 
of Re (185Re and 187Re). An initial goal of this study 
was to directly measure the neutron capture rate on W 
isotopes used for normalization purposes (184W, 186W) 
in the IIAB iron meteorites since galactic cosmic ray 
(GCR) irradiation ages are highest for the most 
evolved irons (high W/Re) and pre-irradiation W and 
Re isotope compositions could be obtained from the 
least evolved and irradiated irons. 

During fractional crystallization, some elements 
exhibit intrinsic mass dependent fractionation, e.g., Ru 
isotopes [13]. Previous Re isotopic analyses on IVB 
irons did not find any systematic changes across the 
fractional crystallization spectrum, but noted Re iso-
topic differences in IIABs between Negrillos and Coa-
huila [14]. The variable δ187Re in IIAB iron meteorites 
[14] was suspected to result from GCR neutron irradia-
tion, an effect that would be more prominent at higher 
W/Re ratio. The IIAB iron meteorites have one of the 
largest ranges of W/Re ratios (from 0.55 to 523; [15]) 
in a single group of iron meteorites and have a substan-
tial range of GCR exposure ages making IIABs an 
ideal group within which to investigate the W-Re neu-
tron capture network.  

Here, we report combined W-Re-Pt isotopic data 
for IIAB iron meteorites to examine intrinsic and cos-
mogenic isotope effects over the broadest composi-
tional range observed in a single iron meteorite group.  

Analytical Methods: Aliquots of 17 IIAB iron me-
teorites with W/Re ratios ranging from 0.68 to 258 
were digested in aqua regia, and the W, Re, and Pt 
fractions were purified with a two-step ion-exchange 
chromatography procedure modified from previous 
studies [11, 14, 16]. 

High precision W and Re isotopic measurements 
were performed on a Thermo Neptune™ MC-ICP-MS 
following previous studies [7, 14]. High precision W 
isotope data were obtained by internal normalization, 

and instrumental bias for Re isotopes was corrected by 
the W-doping method [14]. All of the W and Re iso-
topic ratios were normalized to 186W/184W = 0.92767 
using the exponential law. The 185Re/184W ratios in the 
spiked Re solutions were maintained in the range of 
0.60 to 0.75 to minimize the effects of WH+ and ReH+ 
[14]. The isobaric Os interference on Re was removed 
by sparging with Ar in nitric acid prior to analysis. The 
190Os peak was monitored to correct for any residual 
187Os interference. The 187Os/185Re correction applied 
to samples was generally lower than 0.05‰.  

The W isotopic composition is reported as ε18iW: 
ε18iW = [(18iW/184Wsample)/(18iW/184WNIST SRM 3163)-
1]×10000, where i refers to 2 or 3. The Re isotopic 
composition is reported as δ187Re: δ187Re = 
[(187Re/185Resample)/(187Re/185ReBDH)-1]×1000. BDH™ 
Re solution and NIST SRM 3163 W solution were 
used as isotopic reference standards. 

Results: The W and Re isotopic compositions of 
the analyzed IIAB samples are shown in Fig. 1.  

 
Fig. 1. Plot of δ187Re (‰) versus ε182W for IIAB iron 
meteorites. Error bars represent 2SE. Lines represent 
model variations of δ187Re and ε182W by GCR neutron 
capture for irons color-coded by W/Re ratio [17]. 
 

Negrillos has the lowest δ187Re value (-0.37 ± 
0.05‰) and highest ε182W value (-3.31 ± 0.05) in the 
measured IIAB samples, and has the lowest GCR ex-
posure age of all studied IIABs, < 50 Ma [18]. Agou-
dal shows the highest δ187Re value (0.92 ± 0.09‰). 
Mount Joy has an ε182W value of -3.84 ± 0.04 and a 
δ187Re value of 0.54 ± 0.03‰, and Sandia Mountains 



was reported in [19]. A systematic increase in δ187Re 
occurs in the IIAB fractionation sequence (Fig. 2). 

 
Fig. 2. Plot of measured (open squares) and cosmogen-
ic effect-corrected (filled squares) Re isotope composi-
tions of IIAB iron meteorites vs. Re concentrations 
[20]. Error bars represent 2SE. The model curves show 
Rayleigh fractionation of Re isotopes with α = 0.9999 
for solids (solid line) and residual liquid (dashed line) 
with initial sulfur of 18% [21]. 
 

Discussion: The presence of intrinsic mass de-
pendent Re isotope fractionation in the IIABs nullified 
the original goal, but provided new insights on the 
complexities of core solidification in IIABs. Neutron 
capture on 186W creates the correlated increase in 
δ187Re with ε182W (Fig. 1). A modified version of the 
model of Leya and Masarik [17] was employed to cor-
rect the GCR effects on Re isotopes including the ef-
fects of capture on W, Re, Os, and Pt isotopes on 
δ187Re. Meteorites in the IIAB group are assumed to 
have a uniform pre-irradiated ε182W represented by the 
least irradiated members (i.e., Negrillos) [22]. The 
model correlation between the change in ε182W and the 
change in δ187Re [17] relative to Negrillos was used to 
restore the original Re isotope composition. A plot of 
measured and neutron capture-corrected δ187Re of 
IIAB iron meteorites with Re concentrations are shown 
in Fig. 2.  

The pre-irradiated δ187Re values in the IIAB group 
are neither constant, nor monotonic with decreasing 
Re contents (Fig. 2). The pre-irradiated δ187Re in-
creases from the high Re end to Re ~ 0.1 µg/g, which 
is attributed to Rayleigh fractionation of a metallic 
liquid [21]. A reversal in the pre-irradiated δ187Re to-
wards lower Re concentrations (high W/Re ratios) is 
observed. The reversal in the δ187Re values of IIAB 
group is accompanied by a reversal in the Re/Os ratios 
vs. Re content (Fig. 3). 

Increasing Re/Os and δ187Re with decreasing Re 
content is predicted by closed system fractional crys-
tallization. The reversals of the Re/Os ratios (red curve, 
Fig. 3) and δ187Re in the middle of the IIAB sequence 
imply a mixing of a primary liquid that drips into the 
core from an actively accreting asteroidal mantle. The 
new δ187Re data indicate that fractionation in the IIAB 
core is more complex than closed system Rayleigh 
fractionation. 

 
Fig. 3. Plot of Re/Os ratios against Re concentrations 
for IIAB iron meteorites  [19, 23]. The black solid line 
shows Rayleigh fractionation of Re and Os for solids. 
The colored curves show solid (red solid line) and re-
sidual liquid (blue dashed line) tracks with a constant 
mixing fraction of primary melt leaked into the system. 
 
References: [1] Horan M. F. et al. (1998) GCA, 62, 
545–554. [2] Kleine T. et al. (2002) Nature, 418, 952–
955. [3] Yin Q. et al. (2002) Nature, 418, 949–952. [4] 
Kleine T. et al. (2009) GCA, 73, 5150–5188. [5] Lee D. 
-C. and Halliday A. N. (1995) Nature, 378, 771–774. 
[6] Touboul M. and  Walker R. J. (2012) Int. J. Mass 
Spectrom, 309, 109–117. [7] Mei Q. -F. et al. (2018) 
JAAS, 33, 569–577. [8] Leya I. et al. (2000) EPSL, 175, 
1–12. [9] Leya I. et al. (2003) GCA, 67, 529–541. [10] 
Masarik J. (1997) EPSL, 152, 181–185. [11] Wittig N. 
et al. (2013) EPSL, 361, 152–161. [12] Kruijer T. S. et 
al. (2013) EPSL, 361, 162–172. [13] Hopp T. et al. 
(2018) GCA, 223, 75-89. [14] Liu R. et al. (2017) Me-
teoritics & Planet. Sci., 52, 479–492. [15] Wasson J. T. 
et al. (2007) GCA, 71, 760–781. [16] Mayer B. et al. 
(2015) Astrophys. J., 809, 180 (8pp). [17] Leya I. and 
Masarik J. (2013) Meteoritics & Planet. Sci., 48, 665–
685. [18] Voshage H. (1984) EPSL, 71, 181–194. [19] 
Mei Q. -F. et al. (2020) LPSC LI, Abstract #2075. [20] 
Fish B. T. (2018) Florida State University, Thesis. [21] 
Goldstein J. et al. (2009) Chem. Erde, 69, 293-325. [22] 
Kruijer T. S. et al. (2014) Science, 344, 1150–1154. 
[23] Cook D. L. et al. (2004) GCA, 68, 1413–1431. 


