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Introduction: We are continuing our efforts to de-

velop and perfect an instrument capable of in situ dat-
ing of rocks on Mars [e.g., 1,2]. The importance of 
absolute chronology in interpreting the geologic his-
tory of Mars was recently highlighted by [3], who de-
termined an age for a mudstone examined by the Curi-
osity rover. In addition to providing important geo-
chronological context for samples analyzed by com-
plementary techniques, age dating is also a useful di-
agnostic tool in the context of a future Mars sample 
return mission: the more we know about samples be-
fore selecting them for caching and ultimate return to 
Earth, the more likely we are to maximize the scien-
tific value of the returned samples.  

Apparatus: The prototype instrument we have 
built is a resonance ionization mass spectrometer [4] 
which analyzes the abundances of the isotopes of Rb 
and Sr from multiple spots on a sample, allowing us to 
determine a 87Rb/87Sr isochron age. In each spot analy-
sis, atoms are ablated from the sample surface by a 213 
nm pulsed laser, and the cloud of mostly neutral atoms 
is irradiated by six more pulsed lasers, three which 
selectively ionize rubidium and three which selectively 
ionize strontium from the cloud. The photoions gener-
ated in this way are accelerated into a time-of-flight 
mass spectrometer which separates the isotopes of each 
element. The ions of Rb and Sr are kept temporally 
apart from one another because the lasers that reso-
nantly excite the two atoms are pulsed a few microsec-
onds apart. Pulses are repeated 20 times per second, 
and 1000 pulses are summed together in each analysis. 
Fig. 1 shows a typical time-of-flight spectrum (blue 
curve). We also quantitatively assess our background 
by summing detections from 1000 pulses in which the 
lasers driving the first resonance transitions for each 
element are not fired (Fig. 1, red).  

Among the advantages of resonance ionization 
mass spectrometry are high sensitivity and high ele-
mental selectivity. The analysis illustrated in Figure 1 
is of a glass standard with 37 ppm Rb and 69 ppm Sr 
[5], and yet we obtain signal-to-noise ratios above 100 
for even the most weakly detected isotope (87Sr in this 
case). Moreover, ions of Rb and Sr are separated from 
one another by at least the same factor, since our esti-
mate of the noise includes detections of all potentially 
interfering ions beneath the peaks corresponding to 
each element, including any interference of Rb on Sr 
and vice versa.     
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Analysis: To test the capability of our prototype 

instrument and its suitability for Martian materials, we 
have used it to date the Martian meteorite Zagami. We 
obtained a thin 1.085 g slice of Zagami from the Mete-
orite Market, and mounted it in vacuum compatible 
epoxy next to a chip of the standard. We analyzed 161 
spots on the meteorite, and conservatively detected Rb 
and Sr in 148 of them. Over the 22 hours it took to 
acquire these analyses, we also made 37 spot analyses 
on the standard, including the one shown in Fig. 1. 
Collectively, the standard analyses (Fig. 2) show that 
ratios of Sr isotopes and ratios of Rb isotopes are 
nearly constant over time; however, the instrumental 
fractionation of one element from the other is seen to 
fluctuate by more than a factor of 2. We account for 
this fractionation by fitting the time dependence of the 
standard analyses to a cubic spline, interpolating to the 
times at which Zagami analyses were performed, and 
then using the interpolation to normalize the analyses 
of Zagami.  

The Zagami data are shown on an isochron dia-
gram in Fig. 3. The slope of the best-fitting line 
through all 148 measurements implies an age of the 
specimen of 140 ± 100 Ma. This is consistent with the 
Rb/Sr age of 166 ± 6 Ma determined by [6] using 
thermal ionization mass spectrometry. While an uncer-
tainty of 100 Ma is large, it is sufficient to pinpoint the 
origin of this specimen to within 5% of Martian his-
tory. Nevertheless, we are working to identify and 

1665.pdf45th Lunar and Planetary Science Conference (2014)



mitigate the cause of the elemental fractionation seen 
in Fig. 2 (lower panel); this presently introduces an 
uncertainty into the isochron age that is difficult to 
quantify precise.  Because the statistical uncertainties 
are estimated rather imperfectly, we are not (for the 
moment) disturbed by the fact that the residuals be-
tween the isotope data and the isochron line is about 
twice as large as the statistical uncertainties (mean 
square weighted deviation ~4); ultimately, however, 
we expect to improve our instrumental reproducibility 
to the point where we obtain mean square weighted 
deviations close to 1. 

Conclusions: We have succeeded in determining a 
87Rb/87Sr isochron age for Martian meteorite Zagami. 
Our age of 140 ± 100 Ma coincides with the more pre-
cise measurement of [6], but still has enough precision 
to exclude the meteorite's origin in 95% of Martian 
history. Because our age is determined by an isochron 
technique, it is robust to the possibility of the sample 

containing inherited or trapped atoms of the daughter 
isotope. Moreover, since the age is determined by the 
abundances of two lithophile elements, there is no con-
cern about atmospheric contamination, as could be the 
case for a 40K/40Ar age. 

Our experience with two generations of prototype 
instruments has allowed us to develop a flight design 
laser desorption resonance ionization mass spectrome-
ter that can date a Martian sample in six hours.  The 
design envisions a total instrument mass of ~13 kg, 
power consumption <300 W, and a volume of 1 cubic 
foot (0.03 m3).  This makes for a powerful and practi-
cal analytical tool for future Martian surface science.   
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