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Introduction:  Shock melt veins and minerals in 

Martian meteorites contain trapped atmospheric gases 
that reflect the isotopic, and occasionally elemental, 
composition of the atmosphere at the time of their in-
corporation [1-3]. As such, measurements of trapped at-
mospheric gases in meteorites that differ in age can be 
used to reconstruct paleoatmospheric conditions on 
Mars and are useful for studying the dynamic relation-
ship between atmospheric evolution and planetary out-
gassing [e.g., 4-7]. The composition of the modern Mar-
tian atmosphere constrains the end-point of all inverse-
forward models of Martian atmospheric evolution. 
Therefore, determining the composition of the modern 
Martian atmosphere to high precision is important.  

Measurements of modern atmospheric argon (Ar) by 
the Curiosity rover and in young Shergottites yield in-
distinguishable results within uncertainties [8-11]. 
However, uncertainties at the >5-10% level  still exist 
due to instrumental limitations (in the case of the in situ 
rover measurements) and inter-sample variations in the 
inferred composition of the atmospheric component (in 
the case of laboratory meteorite measurements; see re-
view by [8]). Some variation between laboratory meas-
urements likely results from uncertainties in applying 
cosmogenic corrections, which require simplifying as-
sumptions regarding the spatial homogeneity of target 
elements for cosmogenic production and the distribu-
tion of cosmogenic nuclides relative to trapped and re-
actor-derived Ar isotopes [12]. Cassata and Borg [12] 
developed a new cosmogenic correction approach that 
utilizes step-wise cosmogenic Ar production rate esti-
mates to mitigate uncertainties associated with the as-
sumption described above. In an effort to improve the 
precision with which the modern Martian atmospheric 
Ar isotopic composition is determined, this new ap-
proach was applied to detailed 40Ar/39Ar step-heating 
experiments conducted on a suite of Shergottites.  

Samples and Methods: 40Ar/39Ar experiments con-
ducted on Martian meteorites to obtain accurate age 
constraints generally involve degassing samples at 
lower-resolution (e.g., <20 extractions per aliquot). To 
more adequately resolve trapped components retained 
within different phases, detailed incremental heating 

schedules designed to isolate the release of noble gases 
from individual host minerals according to their diffu-
sion kinetics are beneficial. To facilitate these experi-
ments, diode and CO2 laser heating techniques are use-
ful. The diode laser heating approach combines the ben-
efits of conventional furnace heating (homogeneous 
temperature) with low blanks typical of laser heating. 
The low blanks further enable the use of tightly spaced 
temperature increments that release less gas per step.  

To this end, detailed diode and CO2 laser heating ex-
periments were conducted on Shergottite whole-rock 
fragments, mineral separates, and impact melt separates 
at Lawrence Livermore National Laboratory, the Scot-
tish Universities Environmental Research Centre, and 
the Berkeley Geochronology Center. The discussion 
that follows focuses on data obtained from Northwest 
Africa (NWA) 6963 and two Shergottites that have pre-
viously been shown to contain a high concentration of 
trapped Martian atmosphere, Tissint [e.g., 13] and Ele-
phant Moraine (EETA) 79001 [e.g., 8]. EETA 79001 
crystallized at ~170 Ma [14], has a cosmic ray exposure 
(CRE) age of ~0.7 – 0.9 Ma [e.g., 15], and contains 
abundant impact melt. Tissint crystallized at ~575 Ma 
[16], has a comparable CRE age of ~1.1 Ma [17], and 
likewise contains abundant impact melt as a result of 
shock heating. We are not aware of constraints on the 
crystallization or exposure age of NWA 6963, although 
the meteorite is chemically and petrographically similar 
to Shergotty, which has a crystallization age of ~165 Ma 
[14] and CRE age of ~2.5 – 3.0 Ma [e.g., 18,19]. NWA 
6963 also contain impact melt as a result of shock heat-
ing. 

Results and Discussion: Figure 1 depicts inverse 
isochron diagrams obtained from the incremental heat-
ing of whole-rock and glass fragments of EETA 79001, 
Tissint, and NWA 6963. All data were corrected for cos-
mogenic 36Ar following procedures described in Cas-
sata and Borg [12] using 38Ar exposure ages of 0.9 ± 0.1, 
1.1 ± 0.1, and 2.7 ± 0.3 Ma, respectively. The resulting 
trapped 40Ar/36Ar ratios inferred from the inverse 
isochron diagrams are shown in Figure 1. By inspection 
it is clear that all three Shergottites yield statistically in-
distinguishable trapped 40Ar/36Ar ratios.  
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The trapped 40Ar/36Ar ratios are also indistinguisha-
ble from several previously reported values obtained 
from Shergottites (e.g., EETA 79001 = 1735 ± 85 [20]; 
Allan Hills 77005 = 1760 ± 100 [20]; Tissint = 1714 ± 
170 [13]) and that determined by the Curiosity rover 
(1900 ± 300 [10]). Collectively, these measurements in-
dicate that the Ar isotopic composition of the Martian 
atmosphere has been stable from ~3 Ma (the assumed 
ejection age of NWA 6963) to the present. These Sher-
gottite data further provide the highest precision esti-
mate of the modern Martian atmospheric 40Ar/36Ar ratio. 

Our analysis of the trapped 38Ar/36Ar ratios in EETA 
79001, NWA 6963, and Tissint is on-going. At the con-
ference, 38Ar/36Ar results from these samples will be 
presented. The implications of a more precise determi-
nation of the isotopic composition of Martian atmos-
pheric Ar for modeling atmospheric evolution and plan-
etary outgassing will be discussed. 
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Figure 1: 40Ar/39Ar inverse isochron diagrams. Error ellip-
ses reflect the uncertainty correlation and ±2σ analytical un-
certainties. The confidence intervals on the isochron regres-
sions (red lines) are shown at 2 S.E. Trapped 40Ar/36Ar ratios 
are listed at 1 S.E. Gray symbols are derived from low-T ex-
tractions and were excluded from isochron regressions. To im-
prove the clarity of the figure, additional data points with sig-
nificantly larger uncertainties were excluded. 
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