
THE ACCURACY OF PERPLE_X, PMELTS, AND MAGPOX IN MODELLING EQUILIBRIUM 

CRYSTALLIZATION OF LUNAR AND MARTIAN BASALT COMPOSITIONS AND THEIR MULTIPLE 

SATURATION POINTS. D. F. Astudillo Manosalva1 and S. M. Elardo1, 1The Florida Planets Lab, Department of 

Geological Sciences, University of Florida, Gainesville, FL 32611, USA. daniel.astudillo@ufl.edu. 

 

Introduction: Understanding the behavior of 

basaltic melts during crystallization is fundamental for 

studying the evolution of planets. Of particular interest 

to planetary petrologists are multiple saturation points 

(MSPs) on the liquidus of primary basaltic 

compositions. The conditions and phases of the MSPs 

can accurately reflect the conditions and phases 

involved in the partial melting of their mantle sources 

[1], [2]. They have been particularly useful for 

understanding mantle heterogeneity on the Moon 

because of plenty primary or near-primary basalt 

compositions recovered from the Apollo samples [3]and 

also on Mars with rover measurements and meteorite 

compositions (i.e., [4]–[6]) 

One of the most common methods for gaining 

insight into the crystallization history and melting 

conditions of planetary basalts is through experiments 

that replicate compositions, pressures and temperatures. 

However, when there is not much certainty about the 

processes that led to the formation of the observed 

compositions, a large range of pressure and temperature 

paths need to be explored, often resulting in detailed 

phase diagrams. The generation of a phase diagram 

requires several experiments, and therefore, a large 

amount of time and resources. 

Phase equilibrium modelling programs can 

quantitatively calculate mineral and melt compositions 

at the same conditions as experimental studies. There 

are different modelling software available that rely on 

different technical approaches, equations of state, 

numerical methods and calibration datasets. Modelling 

can be particularly useful for other planetary bodies, 

where the lack of samples and the unknown processes 

of their evolution can lead to uncertain interpretations of 

the data. 

We have been exploring how accurately pMELTS 

[7], [8] and MAGPOX [9], [10] can reproduce MSP 

conditions for different lunar basalts and picritic glasses 

from Apollo, Luna and meteorite samples, as well as 

Martian basalts, which have been part of a similar study 

by Balta and McSween on 2013 [6]. As of now, we have 

also added Perple_X [11], [12] to our study. 

Methods: A set of 20 lunar basalt compositions and 

4 martian basalt compositions with known experimental 

MSP conditions were analyzed through all three 

software. In order to automate the process, the Fortran 

version of MAGPOX was edited to bypass input 

requests and a Python script was written to sequentially 

process each composition through the pressure range of 

0.2 GPa to 3 GPa with a 0.2 GPa step resolution and 

temperatures between 1700 °C and 1000 °C with a 10°C 

step resolution. For pMELTS, we used the “MELTS-

batch” build of the algorithm (from the MELTS code 

repository), edited it to default calculations to the 

pMELTS version, and wrote a similar Python script to 

run it sequentially through the same conditions as for 

MAGPOX, except for the temperature lower limit, 

which was set to 1200 °C. Results were then used to 

build phase diagrams where the MSP conditions were 

determined. Perple_X results were obtained through the 

VERTEX calculation method using the thermodynamic 

calibration based on Holland et al., 2018 [13] and the 

standard solution model for olivine, orthopyroxene, 

clinopyroxene, spinel and melt endmembers defined 

by [13]. Calculations were carried out without 

considering MnO contents of the compositions to avoid 

the appearance of Mn phases, which should be 

nonexistent, and rutile was excluded as well, as it 

became problematic for the high-Ti compositions and 

it’s not a relevant phase in most experiments. 

Results: Our previous results for modelling using 

MAGPOX and pMELTS have been presented in detail 

in previous abstracts [14], [15]. Here we focus on the 

new Perple_X results and the comparison of all three. 

As with the other two software, the best correlation for 

calculated MSP temperatures is obtained with the 

MgO/CaO ratio of the compositions (Fig. 1) which can 

be used to visualize temperature accuracy. We obtain an 

MSP temperature range of 1190-1550 °C, and a pressure 

range of 0.1-1.8 GPa.  

Discussion: Perple_X results show a temperature 

and MgO/CaO ratio correlation very similar to the 

experimental trend. This means that Perple_X is able to 

broadly reproduce the MSP conditions of Mg-rich 

compositions, unlike MAGPOX and pMELTS results, 

where olivine saturation was modelled around 100 °C 

and 150 °C below experiments. Perple_X was also able 

to reach higher pressures than MAGPOX and pMELTS, 

1.8 GPa for martian meteorite NWA1068, which has a 

1.7 GPa experimental MSP. MAGPOX does not model 

MSPs above 1.6 GPa for many experiments and 

pMELTS not above 1.3 GPa. No model is able to 

approximate the MSP conditions of Apollo 15 red glass 

[16] and Apollo 14 Very-Low-Ti glass [17], both of 

which greatly exceed the general trend in pressure and 

temperature.  
For compositions with the lowest MgO/CaO ratios, 

both pMELTS and Perple_X seem to model similarly 
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accurate temperatures and pressures, while MAGPOX 

usually underestimates the temperatures. In the range of 

MgO/CaO of ~1 - 2, all three are fairly accurate for 

temperatures, with MAGPOX having the most similar 

results to experiments, whereas Perple_X can 

overestimate the temperature of some compositions.  

In general, MAGPOX will slightly underestimate 

temperatures all throughout the range, with its biggest 

disadvantage being that it forces saturation of pyroxene 

at 1.6 GPa for many compositions. Conversely, 

pMELTS closely matches MSP conditions for 

compositions with MSPs at pressures below 1 GPa, but 

does not accurately reproduce MSP at high pressures 

and temperatures for the most Mg-rich samples. We 

believe that this behavior is related to a gap in the 

calibration dataset where no high-Mg compositions 

were selected for the range of pressure above 1 atm and 

below 3 GPa. Overall, Perple_X seems to be the most 

accurate and is particularly good for reproducing MSPs 

of high-Mg compositions. However, it may 

overestimate temperatures for some compositions.  

Finally, although MSPs are a very important object 

of study for these compositions, their modelling also 

allows us to approximate the behavior of the software 

on more complex modelling projects that require melt 

crystallization, such as modelling the crystallization of 

the lunar magma ocean (e.g. Cone et al., this 

conference). The large temperature differences of the 

liquidus of high-Mg compositions in MAGPOX and 

pMELTS would result in accumulative inconsistencies 

on the early fractionation stages of the melt, resulting in 

inaccurate models in the end. For that task, Perple_X 

may prove the most successful. 
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Figure 1: MSP temperature conditions modelled by each 

software vs MgO/CaO ratio of melt compositions, compared 

to experimental results. 
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