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Introduction: The earliest evolution of Mars can 

be investigated through isotopic analyses of Martian 
meteorites. In particular, the short-lived Hf-W chro-
nometer (t1/2 = 8.9 Myr) can place strong constraints on 
the core formation and early (silicate) mantle differen-
tiation history of Mars [1-3]. Metal-silicate separation 
fractionates lithophile Hf from siderophile W, and pro-
vided that core formation on Mars occurred within the 
lifetime of 182Hf, may lead to a radiogenic 182W signa-
ture within its silicate mantle. Moreover, as a conse-
quence of silicate differentiation processes, Hf/W frac-
tionation may occur within the Martian mantle itself, 
potentially leading to 182W variability among Martian 
meteorites. Finally, the 182W signatures of Martian 
samples may in part reflect the addition of late-
accreted material after core formation on Mars was 
complete [4]. Small, but resolved 182W anomalies rela-
tive to the modern terrestrial mantle in the Moon [5] as 
well as in some terrestrial rocks [6] have recently been 
interpreted to be the result of late accretion. 

Many Martian meteorites indeed exhibit 182W ex-
cesses [1-3], demonstrating that Hf and W were frac-
tionated in their source regions within the first ~60 
Myr of solar system history (Fig. 1,2). Collectively, 
these anomalies likely reflect the combined effects of 
core formation and silicate differentiation processes 
within the Martian mantle. Although some Martian 
meteorites such as the nakhlites, Chassigny, and NWA 
8159 show large ε182W excesses up to ~+3.5, analyzed 
shergottites show relatively smaller ε182W anomalies of 
~+0.2 to +0.9 (Fig. 1) (ε182W is the parts per 104 devia-
tion from the 182W/184W of the present-day bulk silicate 
Earth). The latter has been taken as evidence that (i) 
the shergottite source represents that of the bulk Mar-
tian mantle, and (ii) its slightly radiogenic ε182W is a 
signature of core formation on Mars [1-3,7,8]. Never-
theless, the available data for shergottites also hint at 
small 182W variability among different subgroups of 
shergottites (Fig. 1,2). However, the resolution of the 
available data is insufficient to fully resolve the antici-
pated small variations. Moreover, until now, the possi-
ble superimposed effects of late-accretion have not 
been assessed for most samples. Understanding the 
182W variability in full detail is crucial for distinguish-
ing among the processes highlighted above, and ulti-
mately, for developing a chronology for the earliest 
differentiation history of Mars. We thus initiated a 

high-precision W isotope study of Martian meteorites 
with the aim to assess the full extent of 182W variability 
within Mars. Here we report preliminary results for 
Martian samples NWA 7034 and NWA 4468.  

Samples & analytical methods: NWA 7034 (re-
ferred to as ‘Black Beauty’ by some) represents a geo-
chemically enriched crustal rock with unique oxygen 
isotope values and an order-of-magnitude higher water 
content than in most other Martian meteorites [12]. It 
is also the only known polymict breccia from Mars 
[13]. NWA 4468 is a more typical, enriched, olivine-
bearing shergottite. The analytical techniques for sam-
ple digestion, chemical separation of W, and W isotope 
ratio measurements by MC-ICPMS followed our pre-
viously developed procedures [14]. In brief, ~0.1-0.2 g 
sample powders were dissolved in HF-HNO3 (130-150 
°C, 2-3d). Tungsten was then separated from the sam-
ple matrix using a two-stage anion exchange chroma-
tography in HCl−HF media. Tungsten isotope compo-
sitions were determined with a ThermoScientific® 
Neptune Plus MC-ICPMS at the Institut für Planetolo-
gie of the University of Münster. A single W isotope 
measurement comprised 200 cycles (4.2s each) and 
consumes as little as 30 ng W. Instrumental mass bias 
was corrected by internal normalization to 186W/184W = 
0.92767 (denoted ‘6/4’) using the exponential law. The 
accuracy and precision of our analytical routine were 

Fig. 1: ε142Nd  vs. ε182W for Martian meteorites. Data are 
from [1-3, 9-11]. 
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assessed by repeated analyses of terrestrial rock stand-
ards (BHVO-2, BCR-2), separate digestions of which 
were processed through the full chemical separation 
procedure and analyzed alongside the Martian samples. 
The mean ε182W (6/4) obtained for single analyses of 
terrestrial rock standards is ε182W = 0.03±0.04 (95% 
conf., N=10), demonstrating that our analyses are accu-
rate (Fig. 2). The external reproducibility of a single W 
isotope measurement is 0.10 ε (2s.d.). 

Results: The enriched shergottite NWA 4468 
was analyzed three times and shows a positive ε182W 
value of +0.42±0.10 (2s.d., N=3). NWA 7034 exhibits 
a similar ε182W excess of 0.32±0.28 (2s.e.). The poorer 
precision of the latter data point reflects that less W 
was available for analysis. The new 182W data obtained 
here are in good agreement with but more precise than 
most data previously obtained for shergottites (Fig. 2). 

Discussion: Tungsten isotope variations in the 
samples analysed here may be caused by processes 
related to (i) metal-silicate separation, (ii) silicate man-
tle differentiation, or (iii) late-accretion. The magni-
tude of meteorite contamination can be assessed using 
HSE abundances of Martian samples. Using reported Ir 
and W concentrations for NWA 4468 and NWA 7034 
[13,15], and assuming a composition of late-accreted 
material identical to that inferred for some lunar im-
pact rocks [16], we infer by mass balance that late ac-
cretion would have lowered the ε182W of both samples 

by <0.03. Thus, the effects of late-accretion are likely 
to be negligible. Nevertheless, late accretion-induced 
ε182W shifts may become significant for samples with 
low W content, but high HSE abundances. 

Coupled 142Nd-182W systematics provide insights 
into the nature of Martian mantle domains, and may 
help to distinguish between isotopic variability caused 
by metal-silicate separation and silicate differentiation 
(Fig. 1). Despite large 142Nd variations–which must 
result from silicate differentiation–the shergottite 
sources seem relatively uniform in ε182W [e.g., 7]. The 
new W data obtained here for NWA 4468 is in agree-
ment with this observation. This is consistent with the 
142Nd-143Nd model age of 4504±5 Ma for the sher-
gottites [11], indicating formation after 182Hf was al-
most extinct. Only poikilitic shergottite ALH77005 
appears to have a slightly elevated ε182W of ~0.9 [3]; 
we are currently re-analyzing its W isotope composi-
tion to assess whether it is distinct from other sher-
gotittes. Nevertheless, the ε182W data for orthopyroxe-
nite ALH84001 [3] and NWA 7034 (this study) seem 
consistent with the shergottite data, corroborating the 
interpretation that the mean ε182W of 0.42±0.11 (95% 
conf., N=19) obtained for the shergottites may be rep-
resentative of the bulk Martian mantle. It further sug-
gests that silicate differentiation within the shergottite 
source regions that led to 142Nd heterogeneity did not 
introduce significant 182W variability. Thus, the uni-
form 182W excess defined by the shergottites likely is a 
signature of core formation alone.  

Conclusions and outlook: New higher precision 
182W data for two Martian samples are in agreement 
with earlier work on shergottites and suggest that the 
shergottite source regions have uniform 182W and may 
be representative of the bulk Martian mantle. However, 
more data on enriched, intermediate as well as depleted 
shergottites are needed to ascertain whether there is 
significant 182W variability among these subgroups, 
and if so, whether such variations are coupled with 
142Nd variations. Such information will provide crucial 
new constraints on the accretion, core formation, and 
early differentiation history of Mars. 
References: [1] Lee D.-C. & Halliday A.N. (1997) Nature 
388, 854-857. [2] Kleine T. et al., (2004) GCA 68, 2935-
2946. [3] Foley C.N. et al. (2005) GCA 69, 4557-4571. [4] 
Walker RJ. (2009) Chemie der Erde 69, 101–25. [5] Will-
bold M. et al. (2011) Nature 477, 195-199. [6] Kruijer T.S. et 
al. (2015) LPSC, this conference. [7] Mezger K. et al. (2013) 
Space. Sci. Rev. 174, 27-48. [8] Dauphas, N. & Pourmand A. 
(2011) Nature 473, 489-493. [9] Caro et al. (2008) Nature 
452, 336-339. [10] Debaille et al. (2007) Nature 450, 525-
528. [11] Kayzar et al. (2015) LPSC, this conference. [12] 
Agee C.B. et al (2014) Science 339, 780-785. [13] Humayun 
et al. (2013) Nature 503, 513-517. [14] Kruijer T.S. et al. 
(2014) Science 344, 1150-1154. [15] Brandon et al. (2012) 
GCA 76, 206-237. [16] Fischer-Gödde et al. (2012) GCA 77, 
135-156.  

Fig. 2: 182W data from for shergottites and terrestrial 
standards from this study (filled symbols) and the litera-
ture [1-3] (open symbols). 
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