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Introduction:  Cadmium is a highly volatile ele-

ment with a 50% condensation temperature of 652 K 
[1]. Cd isotope data for terrestrial rocks and meteorites 
can hence provide new insights into how volatiles were 
delivered to the early Earth, and particularly whether 
the volatile element budget of Earth was provided by a 
‘late veneer’ of chondritic material [2].  

To this end, we present new Cd isotope data for (i) 
CI and CM carbonaceous chondrites and (ii) a com-
prehensive suite of terrestrial rocks from major tecton-
ic settings. These results are supplemented with pub-
lished Cd isotope data for terrestrial rocks and chon-
drites to enable a detailed isotopic comparison of these 
two ‘reservoirs’. In addition, we also carried out four 
metal-silicate partitioning experiments, to evaluate 
possible Cd isotope fractionation during core segrega-
tion. 

Samples:  For this study, we analyzed the carbona-
ceous chondrites Ivuna CI and Murchison CM to sup-
plement published results for CI, CM, CR, CV and CO 
chondrites (Fig. 1). The terrestrial samples analyzed 
include peridotites, komatiites, mid-ocean ridge basalts 
(MORB), ocean island basalts (OIB) and loess depos-
its. These were supplemented by scarce published data 
for terrestrial rocks of mantle and crustal origin (Fig. 
1). The metal-silicate partitioning experiments were 
carried out at 1360 to 1570°C and 1.5 GPa for about 50 
to 70 min in MgO, silica and graphite capsules, using 
techniques modified from [3, 4]. The experiments 
hence provide a good indication of whether Cd isotope 
fractionation is expected for metal-silicate partitioning 
at conditions relevant for terrestrial core formation.  

Analytical techniques: The rock and meteorite 
samples were digested using standard HF-HNO3-HCl 
procedures on a hotplate and in some cases using high 
pressure vessels for the dissolution of refractory phas-
es. Some MORB chips required mild acid leaching to 
remove surface Fe-Mn coatings. The metal separates 
from the partitioning experiments were dissolved in 
modified aqua regia whilst the silicate separates were 
digested using concentrated HF-HNO3. 

Prior to the separation of Cd for mass spectrometry, 
the sample solutions were mixed with a 111Cd-113Cd  
double-spike [5], to provide an optimum ratio of spike 
to sample derived Cd of ~1 [6]. The spiked samples 
were passed through a two-stage anion exchange 
chemistry followed by a further stage of extraction 
chromatography modified from [5, 7]. The separation 

procedures were optimized to remove matrix elements 
present in silicates and chondrites and routinely pro-
duced Cd yields of ~85%. 

The Cd contents and isotopic compositions of the 
samples were determined using a Nu Plasma HR MC-
ICP-MS by monitoring the ion beams of 111Cd, 112Cd, 
113Cd, 114Cd, 115In, and 117Sn, the latter two for correc-
tion of isobaric interferences. Sample-standard brack-
eting techniques were employed and data reduction 
was carried out offline using iterative procedures [8] to 
correct for instrumental mass bias, modified for the 
correction of isobaric interferences [5].  

The Cd isotope compositions are reported using the 
ε-notation [9] relative to the standard reference materi-
al NIST 3108 Cd [10]. The external 2sd reproducibility 
of bracketing standard analyses was typically ε114/110Cd 
≈ ±0.3 to ±0.9 for solutions with Cd contents of ~60 
ppb, a concentration that was employed for most sam-
ple analyses. 

Results and Discussion: With one exception, the 
peridotites analyzed display a narrow range of Cd iso-
tope compositions with ε114/110Cd values of between –2 
and 0 (Fig. 1). The exceptional sample (a spinel lher-
zolite) with ε114/110Cd ≈ +8.7 was most likely altered by 
metasomatism. Excluding this sample, the peridotites 
define a mean ε114/110Cd = –0.9 ± 0.5 (2se). In compari-
son to the peridotites, mantle-derived melts, as defined 
by data for komatiites, MORBs and OIBs, exhibit a 
greater spread of isotopic compositions and typically 
slightly more positive ε114/110Cd values. Possibly, the 
greater scatter and more positive ε114/110Cd of OIBs 
relative to MORBs is due to loss of Cd during outgas-
sing [11]. 

To characterize the continental crust, we have ana-
lyzed samples of loess plus an andesite and an island 
arc basalt. The loess deposits, which best characterize 
the upper continental crust, display a mean ε114/110Cd of 
–0.1 ± 0.7 (2se). This average changes only slightly, to 
+0.3 ± 0.5, when all data for samples of the continental 
crust (including published results for sulfides) are con-
sidered.  

In summary, it appears that the continental crust 
and mantle-derived melts have slightly heavier Cd 
isotope compositions than the mantle, as defined by 
peridotites. This difference may reflect minor Cd iso-
tope fractionation during partial melting of the mantle. 
However, as the crust holds only a tiny proportion of 
the silicate Earth’s Cd budget, the isotope composition 
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of the bulk silicate Earth (BSE) is best defined by the 
peridotite mean of ε114/110Cd = –0.9 ± 0.5. 

The results for the metal-silicate partitioning exper-
iments indicate no significant Cd isotope fractionation 
at the 0.5 ε-level. Whilst the data obtained in the four 
experiments were highly reproducible, further experi-
ments are planned to ascertain that equilibrium was 
attained. In summary, these results suggest that the 
Earth’s core, and hence the bulk Earth, likely have the 
same Cd isotope composition as the BSE. 

 

 
Figure 1 – Cd isotope compositions of the bulk silicate earth and 
carbonaceous chondrites. Data for all continental sulphides, 2 
MORBs, 2 OIBs and 3 loess samples are from [12]. The results for 
for 7 carbonaceous chondrites are from [13], whilst data for average 
global deep ocean water are from [14]. The vertical dashed lines 
represent the average ε114/110Cd values for unaltered peridotites (–0.9 
± 0.5) and carbonaceous chondrites (+3.2 ± 0.8). Individual error 
bars are shown at 2se level. 

 
In comparison, the mean ε114/110Cd value for carbo-

naceous chondrites is +3.2 ± 0.8 (2se), excluding the 
strongly fractionated samples of [13], with very posi-

tive ε114/110Cd, that were probably affected by thermal 
processing and/or shock. This implies that there is a 
small but clearly resolvable difference between the Cd 
isotopic compositions of the BSE (and the bulk Earth) 
and carbonaceous chondrites. 

Conclusions:  Taken together, published isotopic 
data and our new results for both terrestrial rocks (Fig. 
1) and samples from partitioning experiments suggest 
that the bulk Earth and BSE have a common Cd iso-
tope composition of ε114/110Cd ≈ –0.9 ± 0.5. In compar-
ison, carbonaceous chondrites have a slightly higher 
ε114/110Cd value of +3.2 ± 0.8. This small but resolvable 
isotopic difference is difficult to explain, if it is as-
sumed that the silicate Earth’s budget of Cd was pri-
marily delivered by a ‘late veneer’ of material with a 
composition akin to carbonaceous chondrites, as sug-
gested by [2]. The distinct terrestrial Cd isotope com-
position may hence indicate that the Earth’s Cd was 
sourced from a distinct reservoir, most likely the inner 
solar system feeding zone of Earth’s main accretion 
phase. 
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