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Introduction:  We have developed a portable Rb-
Sr and Pb-Pb dating instrument to address billion year 
uncertainties in inner solar system chronology.  This 
instrument uses laser ablation resonance ionization 
mass spectrometry (LARIMS) to produce isochrons, 
test concordance, and map geochemistry of samples. 
We have demonstrated Pb-Pb dates with an average 
precision of ~±50 Ma years, and Rb-Sr dates with an 
average precision of ~±180 Ma. By careful sample and 
landing site selection, we can obtain up to 3-20 repli-
cate measurements, improving the uncertainties even 
further.  

However, a major outstanding question about 
the LARIMS approach is why the dating precision 
is limited to ±50 and ±180 Ma for Pb-Pb and Rb-Sr. 
Our analyses suggest that we are not count limited, and 
that our precision is driven by uncontrolled instrument 
and sample characteristics. We have largely eliminated 
mass spectrometer and resonance laser behavior as a 
potential source of measurement uncertainty through 
continuous, recorded, real-time measurements of volt-
age, vacuum, laser intensity, laser pointing, laser tim-
ing, and laser wavelength. We have recently focused 
our attention on the interaction of laser ablation with 
samples as a source of measurement uncertainty. 

Relevance:  Improving laser ablation and elemen-
tal measurement characteristics are important for many 
instruments and measurement types, not just LARIMS.  
In our case, improving LARIMS measurements opens 
the door to rapid, simple, and precise chronology mea-
surements on rocky bodies throughout the inner solar 
system. 

The chronology of the inner solar system is based 
on models relating the crater densities of planetary 
surfaces to calibrated radiometric dates of well-prove-
nanced lunar samples that primarily constrain the era 
between 3.5 and 4.2 Ga, as well as the very recent past. 
These results have been extrapolated to Mars, and 
throughout the solar system. However, recent work 
comparing the numerous lunar chronology models in 
the literature [e.g., 1, 2], illustrates differences between 
the models of up to one billion years for the period 
between ~2.8 to 3.3 Ga [3]. For the Moon and Mars, 
this period is geologically rich, including the cessation 
of abundant volcanism, and, for Mars, the apparent 
termination of volatile production and formation of 
hydrated minerals. Under the new chronology func-

tions, these processes could have lasted for a billion 
additional years, undermining models for thermal evo-
lution of the Moon; similarly, Mars would have under-
gone a longer epoch of voluminous, shield-forming 
volcanism and associated mantle evolution, as well as 
a longer era of abundant volatiles and hence potential 
habitability. 

Laser Ablation:  The laser ablation literature is 
replete with demonstrations of how higher intensity 
(>1 GW/cm2 [e.g., 4]), shorter wavelength (<266 nm 
[e.g., 5, 6]), and shorter pulse duration improve ion and 
particulate production [7, 8, e.g., 9, 10-13, e.g., 14, 15]. 
Based on these observations, high intensity, nanosec-
ond pulse length, UV ablation lasers with TRL of 6+ 
are being developed for spaceflight [16-18, e.g., 19]. 
Recent technological developments enable the poten-
tial for shorter pulses in flight systems [e.g., 10, 20]. 
However, it remains unclear whether the current ns-
spaceflight lasers are the optimal design, or whether fs- 
or ps- systems, or different wavelengths or intensities 
would reduce fractionation and improve accuracy [e.g., 
21, 22]. 

LARIMS uses 266-nm nanosecond pulses for laser 
ablation. To remove some of the complexity associated 
with ns-ablation, we have produced new neutral mea-
surements of Rb and Sr isotopes with a laboratory fs-
laser system at 800-nm (Fig. 1).  We can vary the pulse 

Figure 1: Neutral production vs ablation pulse 
duration (black). Using ablation pulses shorter than 
~150-fs produces results in a smaller sum of 
85Rb+88Sr.  We hypothesize that most neutrals are 
ionized by these brief but very intense ablation events.
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duration from 40-fs to several picoseconds.  The re-
sults show that for pulses shorter than about 150-fs, 
neutral production is sacrificed, probably for greater 
ion production. This provides a clear lower limit on the 
required pulse duration, and that pulses longer than 
150-fs, but shorter than 10-ns are optimal for reducing 
measurement uncertainty. 

Sample Preparation: In the past, many of our 
measurements have shown initially high abundances of 
Rb and Sr that rapidly fall during the measurement.  To 
assess if this was an effect of ns-laser ablation, heating, 
vacuum exposure, or sample preparation, we have ini-
tiated an a series of ongoing measurements to isolate 
this effect (Fig. 2). 

The results show that sample preparation consisting 
of grinding the surface followed by sonication in ultra 
pure water and methanol to remove dust can bias our 
measurements for days, leading to rapid changes in 
isotope production.  After being in vacuum for ~3 
days, these effects disappear.  A second cleaning at 200 
hours followed by a long period in vacuum shows this 
is not caused by laser heating, as neutral production 
remained low.  Exposure to air, grinding, and sonica-
tion in water also did not cause changes in production.  
Ongoing testing will reveal whether MeOH causes 
dramatic biases, or whether it is a combination of pro-
cesses (like water and grinding).  In either event, we 
know that our previous measurements incorporated 
this additional uncertainty, and by avoiding measure-

ments under these conditions, we should be able to 
dramatically improve our results.  Fortunately, the 
moon is under continuous hard vacuum, and these pro-
cesses should not be a limiting factor for an actual mis-
sion. 
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