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Introduction:  The majority of published 40Ar-39Ar 

data for meteorites and lunar samples were collected for 
bulk samples due to fine grain sizes. Many of these sam-
ples exhibit disturbed and complicated age spectra as a 
result of Ar-loss within a sample of multiple phases, 
each with unique Arrhenius relationships. The multi-
diffusion domain (MDD) method of modeling 40Ar-39Ar 
data was developed by [1] to constrain not only the dif-
fusion kinetics, but also the thermal histories responsi-
ble for the disturbed age spectra. We have developed a 
MDD modeling program that is (1) user-friendly, (2) 
utilizes an optimization routine to minimize user inputs 
and effort, and (3) will be adapted to be used for addi-
tional thermochronology datasets (e.g. U-Th-He). We 
will present the results of MDD modeling for a suite of 
published meteorite datasets in an effort to better under-
stand the thermal histories recorded by these samples. 

Methods: 
Software: We created a new MATLAB program, 

OPTIMuM (Optimize Parameters to Interpret Multiple 
Minerals), to model laboratory step-heating 40Ar-39Ar 
data. The program uses the built-in MATLAB optimi-
zation routine fmincon to constrain the diffusion kinet-
ics assuming multiple phases, e.g. activation energies 
(Ea) and frequency factors (D0/r2), as well as the fraction 
of gas within each phase (F). The new program, OPTI-
MuM, models diffusion kinetics for spherical and plane 
sheet geometries following the methods outlined in  
[1,2,3]. OPTIMuM seeks the best parameters such that 
the c2 of the fraction of 39Ar, amount of 39Ar, and 
40Ar/39Ar of each step is minimized. 

We have designed a graphical user interface (GUI) 
that allows the user to easily import and view data, 
change optimization parameters, and view best-fit mod-
els (Figure 1). The program allows the user to select the 
number of phases and an initial guess as to phases type 
by either selecting preset values for plagioclase and py-
roxene or by manually inputting values for Ea and D0/r2. 
After the user inputs an initial guess of the parameters, 
the software runs the optimization routine for a user-de-
fined number of iterations.  

To avoid local minima that can occur during optimi-
zation, each iteration generates a different initial F to 
ensure the best chi-squared is reached. The program out-
puts a table containing the best-fit values for Ea, D0/r2, 
and fraction of 39Ar and 40Ar in each phase. These best-
fit values can then be populated in to the initial guess 
table, which allows the user to run the software again 
and verify the true minimum.             

We have also included the option to fix the Ea; if this 
option is selected the program will use inputs for Ea and 
optimize all other parameters. This gives the user the 
option to choose whether to allow the program to opti-
mize phases or to specify phases based on petrologic 
data. 

Figure 1: GUI showing Arrhenius plot (left), age spec-
tra (right), and best-fit parameters (table) for Apollo 16 
impact melt Sample 69945 from [4]. Model shown in 
blue and laboratory data in red. Lines on the Arrhenius 
plot are visual representations of the best-fit phases. The 
best fit for data set has a c2 of 0.05 and uses five mineral 
phases, three pyroxene and two plagioclase. 

 
Preliminary Results: We have tested our optimiza-

tion routine on four meteorite and lunar 40Ar-39Ar  da-
tasets from [4,5,6,7], and present results from Sample 
69945 in Figure 1 [4]. Some of the meteorite data sets 
are more complicated and will require further analysis 
as well as refinement of the optimization routine. How-
ever, the result presented in Figure 1 is promising as it 
shows an optimized five-phase fit. Our results from [4] 
show three phases with high Ea and two with lower Ea, 
which we interpret as pyroxene and plagioclase, respec-
tively. Figure 2 shows a comparison between a three and 
five phase fit. 

The data sets we have analyzed thus far are best fit 
with between two and five phases. While fitting more 
phases may produce a lower c2, we found these addi-
tional phases to be minor (< ~1% gas release).  We al-
lowed the software to optimize Ea, though the best-fit 
values typically stayed within the typical range of pla-
gioclase and pyroxene [8,9]. For many samples non-
uniqueness does not seem to be an issue as we ran the 
software multiple times, with multiple starting condi-
tions, and arrived at the same optimized values. 
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However, for more complex age spectra, it is possible 
to have a suite of solutions, as noted in [3]. We are cur-
rently adding more options that can be used to visualize 
and quantify the these uncertainties of these solutions.  

We note that one difficulty with modeling existing 
data is incomplete reporting of datasets, as noted by 
[10]. We therefore suggest following the standardized 
reporting suggested by [10].  

Figure 2: Age spectra for three-phase fit (top) and five-
phase fit (bottom) for Apollo 16 impact melt Sample 
69945 from [4]. Model shown in blue and laboratory 
data in red. The c2 of the three-phase fit is 0.17 and 0.05 
for the five-phase.  
 

Ongoing Work: We are currently expanding the 
code to model thermal histories. This option will also be 
implemented similar to the diffusion kinetics modeling 
in that the user will have the option to utilize fmincon to 
constrain the optimal thermal history or to test user de-
fined histories. We will then apply this program to 
model literature chondrite and achondrite 40Ar-39Ar data 
to investigate the thermal histories recorded in these 
samples.  

The current GUI will also be further expanded to in-
clude more features. These include Ca/K plots, editing 
constrains on fmincon, and more plotting and data 

visualization options. MDD modeling also has applica-
tions beyond the 40Ar-39Ar system (e.g. U-Th-He), so 
we are working to make OPTIMuM adaptable to other 
thermochronology systems. 
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