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Introduction:  Isotopic anomalies have been iden-

tified in a number of refractory or moderately refracto-

ry elements in bulk meteorites (Ti, Cr, Ni, Zr, Mo, Ru, 

Pd, Ba, Nd, and Sm), reflecting primordial heterogene-

ities that point towards variations in space and/or time 

of the isotopic composition of these elements within 

the proto-solar nebula [1-6]. Refractory elements like 

Mo and Ru show large correlated nucleosynthetic 

anomalies in contrast to more volatile elements, e.g., 

Cd and Te. This suggests that volatility of elements 

plays an important role in determining the magnitude 

of nucleosynthetic anomalies.  

Palladium, a less refractory element than Mo and 

Ru, has six naturally occurring stable isotopes—102Pd, 
104Pd, 105Pd, 106Pd, 108Pd, 110Pd. 102Pd is a p-process 

isotope, 104Pd is the s-only isotope, 105Pd, 106Pd, 108Pd 

are produced by both s- and r-processes, and 110Pd is 

the r-process only isotope. Correlated ε104Pd deficits 

and ε110Pd excesses from IVB irons [2] and other iron 

groups have been reported [7]. A recent Pd isotope 

study of chondrites and irons claimed that standard 

nucleosynthetic processes do not adequately describe 

the anomalies [7]. This finding is not consistent with 

previous work from our laboratory [2, 8]. A significant 

factor could be the galactic cosmic ray (GCR) induced 

neutron-capture effects on 103Rh that decays to yield 
104Pd, which must be corrected to obtain Pd nucleosyn-

thetic anomalies [2,9]. 

In this study, we report the Pd isotope composition 

of five different groups of iron meteorites- IAB (n=1, 

Campo del Cielo), IIAB (n=18), IID (n=1, NEA 002), 

IVA (n=1, Muonionalusta), and IVB (n=12)- combined 

with the ungrouped meteorites- Chinga and Gebel 

Kamil. Platinum isotopic composition of the same ali-

quots were measured to serve as an in-situ neutron 

dosimeter [10,11], and W and Re isotopes are reported 

in a companion abstract for some of these irons [12].  

 

Analytical Methodology: Samples were analyzed 

for Pd and Pt isotopic compositions using a Thermo 

Neptune™ MC-ICP-MS at the National High Magnet-

ic Field Laboratory (NHMFL), Florida State Universi-

ty. All samples were dissolved using aqua regia in 

Savillex™ PFA beakers at 150°C. Two-stage chemical 

separation using a 15 mL cation exchange column, 

followed by a 2 mL anion exchange column was used 

to obtain pure Pd aliquots [2]. All Pd aliquots were 

analyzed with a Thermo Element 2™ ICP-MS to 

measure impurities (Zn, Zr, Ru, Cd, etc.) prior to 

measurement on the MC-ICP-MS. The Pd cuts used 

for measurement had 101Ru/105Pd < 1x10-4.  

The isotopic acquisition was done in low resolution 

static mode collecting 5 blocks of 50 cycles each using 

about 100 ng/mL Pd aliquots in 2 % HCl introduced 

with a CETAC Aridus II desolvating nebulizer. The 

raw ratios were corrected for mass bias using the ex-

ponential law normalized to 108Pd/105Pd=1.18899 [13]. 

Palladium isotopic composition is reported as εiPd: 

εiPd = [(iPd/105Pdsample)/(iPd/105Pdref)-1]×10000, where i 

refers to masses 104, 106, and 110, relative to an Alfa 

Aesar® Specpure® Pd solution standard.  

While collecting Pd isotope compositions, isobaric 

interferences from Ru (101Ru) and Cd (111Cd) were 

simultaneously monitored on the MC-ICP-MS. The 

typical 2SE reproducibility for ε104Pd, ε106Pd, and 

ε110Pd was ±0.05, ±0.02, and ±0.06 ε-units, respective-

ly. Currently, measurement of 102Pd is limited by the 

precision (2SE= ±0.80 ε). Platinum isotopic measure-

ments were done on the same aliquots, following [10].  
 

Results: Fig. 1 shows the effect of GCR-induced 

neutron capture on ε104Pd in IVB irons. Neutron cap-

ture corrections were made on ε104Pd and ε110Pd using 

both ε192Pt (Fig. 2) and ε196Pt (Fig. 3) as in-situ neutron 

dosimeters by combining the Rh/Pd and Ir/Pt ratios of 

the irons with the model of [9] and projecting to 

iPt=0, where i=192 and 196.  
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Fig. 1: A plot of 104Pd vs 192Pt for IVB iron meteorites 

analyzed in this study. Red, green, and purple trendlines 

represent modeled effects of GCR reactions with an exposure 

age of 1,000 Ma with Rh/Pd and Ir/Pt ratios of Warburton 

Range (WR), Ternera (Ter), and Tlacotepec (Tlc), respec-

tively, using the model of [9]. The intercept is calculated 

using the average of the least irradiated samples (n=5- Tern-

era, Warburton Range, Weaver Mountain, Tawallah Valley 

and Skookum), outlined in the grey box.  
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The IIAB and IVB group averages were calculated 

using the least irradiated samples (as evident from their 

Pt isotope compositions). IIAB group average is the 

mean of 8 samples- Negrillos, Coahuila, Gressk, Keen 

Mt, North Chile, Park City, Uwet, and Braunau. New 

Pd isotope data for IAB, IIAB, IID, IVA, and IVB me-

teorite groups and ungrouped irons, Gebel Kamil and 

Chinga, are compared with literature data [2,7] in Figs. 

2-3. 
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Fig. 2: A plot of 104Pd vs 110Pd: solid symbols (this study); 

open symbols [2,7] with s-deficit [14]. Here, GCR correc-

tions based on ε192Pt (except Gebel Kamil). Error bars are 

2SE. Dotted line is the trajectory of GCR corrections for 

Tlacotepec with Rh/Pd= 0.62. All the GCR-corrected IVBs 

plot within the shaded area.  
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Fig. 3: A plot of 104Pd vs 110Pd: solid symbols (this study); 

open symbols [2,7], s-deficit [14]. Here, GCR corrections 

based on ε196Pt (except Gebel Kamil). Error bars are 2SE. 

 

Discussion: The isotopic composition of the iron 

groups analyzed in this study show correlated anoma-

lies in 104Pd and 110Pd attributed to variable s-process 

deficits between the different groups. The maximum s-

deficit signature is observed in IVB irons and Chinga, 

whereas the IAB group has a composition indistin-

guishable within error from the terrestrial value. In Fig. 

2, the shaded area shows the range of GCR-corrected 

Pd isotopic anomalies observed for different samples 

from the IVB group. Ternera, the least irradiated sam-

ple falls on the s-deficit trend [14] with or without cor-

rections, whereas Tlacotepec (the most irradiated IVB) 

plots above the trend even after corrections. Clearly, 

proxy neutron dosimeters do not completely correct the 

cosmogenic effect. The trend of the correction is 

shown by a dotted line. With improved level of preci-

sion, it becomes clear that where large numbers of 

irons are studied from a single group, the average val-

ue of that group is affected by over- or under-

correction of GCR effects. Accordingly, in Figs. 2-3, 

group means for IIAB (n=8) and IVB irons (n=5) were 

based on the least irradiated irons.  

In Fig. 2, the observed slope for the correlation be-

tween 104Pd and 110Pd (m=-1.13, R2=0.93) lies be-

tween the s-deficit trend (m=-0.95) and the slope 

measured by [12] (m=-1.65). In Fig. 3, the observed 

slope changes (m=-0.93), when 196Pt is used for cor-

rection. The choice of samples and the neutron dosime-

ter used to evaluate GCR corrections, therefore, pro-

vides a lever which can alter the group average compo-

sition. The slope of 104Pd vs. 110Pd particularly de-

pends on accurate correction of the GCR neutron cap-

ture for the IVB irons. The comprehensive and careful 

study of IVB irons performed here should leave no 

doubt that the 104Pd vs. 110Pd follows the s-process 

line [14] when accurate GCR corrections are applied. 
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