
MODELLING THE ASCENT AND ERUPTION OF PICRITIC LUNAR MAGMAS. M. Lo1, G. La Spina1, 

M. Burton1, K. H. Joy1, M. Polacci1, 1marissa.lo@manchester.ac.uk, Department of Earth and Environmental Sci-

ences, University of Manchester, Oxford Road, Manchester, M13 9PL, UK. 

 

 

Introduction: Volatile magmatic species, such as 

H2O, CO2, SO2, and CO, play an important role in 

planetary volcanic systems, affecting the transport and 

rheology of magma. Quantifying the volatile content 

of the lunar interior is valuable for understanding the 

thermal and magmatic evolution of the Moon, as well 

as understanding the formation of the Earth-Moon 

system [1]. Petrological modelling and geochemical 

analyses of lunar meteorites and returned samples 

have been used to study the volatile content of lunar 

magmas [2, 3], with improvements in analytical in-

struments facilitating more precise measurements [4]. 

However, several problems potentially inhibit our in-

terpretation of these data, for example: possible post-

crystallisation diffusion of volatiles from apatite; lim-

ited information about mineral-melt volatile element 

partition coefficients; and contamination of minerals 

from terrestrial processes, notably within meteorites 

[3]. Hence, the volatile content of lunar magmas, and 

their parent melts, has yet to be constrained with cer-

tainty. We propose an alternative volcanological ap-

proach to infer the volatile contents of different lunar 

magmas, and plan to verify our model’s consistency 

with lunar volcanic deposits observed in remote sens-

ing datasets. 

Method: A terrestrial magma ascent model, de-

veloped in Fortran 90, has been modified for lunar 

applications. The model has previously been used to 

calculate various eruption conditions for the 2007 

Stromboli eruption, and for conditions such as equilib-

rium and disequilibrium crystallisation in terrestrial 

basaltic systems [5]. The model uses over 100 input 

parameters to calculate magma ascent dynamics with-

in a circular conduit, and considers the interdependent 

processes of crystallisation, magmatic gas exsolution, 

degassing, rheological evolution, and temperature 

change [6]. 

Numerous parameters were adjusted for lunar con-

ditions, such as: gravity, pressure, temperature, oxy-

gen fugacity, initial crystal content, H2O solubility, 

and CO solubility. Initial crystal content was calculat-

ed using MELTS [7, 8], and did not exceed 1 weight 

% for any magma composition, assuming an initial 

liquidus temperature of at least 1693 K [9]. To deter-

mine the behaviour of H2O during ascent, an empiri-

cal model for H2O solubility to pressures of 3 kbars 

was adopted [10]. A model for CO solubility, assum-

ing highly reducing conditions in the lunar mantle 

[11], was also utilised [12]. 

In order to investigate the effect of volatiles on 

magma ascent dynamics, the main parameters varied 

were: major element chemical composition of the 

magma, initial H2O content, and initial CO content. 

Five picritic magma compositions were modelled: very 

low-Ti (green glass), to intermediate-Ti (yellow glass), 

to high-Ti (orange, red, and black glasses) [13, 14]. 

The H2O content of the magma was varied between 4 

and 745 ppm [4], and CO content was varied between 

50 and 500 ppm [15], consistent with lunar interior 

estimates. The model produced ascent profiles for gas 

exsolution, viscosity, mass flow rate, strain rate and 

several other ascent conditions. 

Results: Model solutions for the five picritic 

magma compositions have been produced, for the 

range of initial H2O and CO contents (Fig. 1). Magma 

major element composition had the greatest effect on 

the viscosity of the ascending magma. The radius of 

the modelled conduit was the key control on mass flow 

rate. 

 

Fig. 1. Volume fraction of exsolved gas during ascent 

of a low-Ti, green picritic magma, with various initial 

volatile contents, assuming a conduit diameter of 20 

m. 
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Fig. 2. Elongational strain rate during ascent of a 

high-Ti, black picritic magma, with 40 ppm H2O and 

50 ppm CO. 

 

Volatile content had the greatest effect on the 

depth at which volatile exsolution initiated, as well as 

magma velocity and gas/melt relative velocity. CO 

exsolution occurred throughout the ascent profile, 

with the majority occurring in the final 2 km of as-

cent. H2O exsolution initiated at 500 m depth, with 

the majority occurring in the final 250 m of ascent. 

CO made up the majority of the exsolved gas fraction, 

even with the maximum H2O content of 745 ppm – 

Fig. 1. For an initial CO content of 50 ppm, volume 

fraction of exsolved gas reached 0.3 to 0.4, whereas 

for an initial CO content of 500 ppm, the volume frac-

tion of exsolved gas reached 0.6 to 0.7. 

Ascent profiles for tensile stress and elongational 

strain rate, which can be used as thresholds for frag-

mentation [16, 17] indicated that magma fragmenta-

tion would not occur within the conduit for all the 

scenarios completed – Fig. 2. This is likely due to the 

low viscosity of these melts and suggests that frag-

mentation occurred as the magma reached the surface. 

Discussion: Two main aspects of these results can 

be compared with an experimental model for volatile 

exsolution for the ascent of high-Ti, orange picritic 

magma [18]: volatile exsolution depth and volume 

fraction of exsolved gases. Our results agree with pre-

dicted volatile exsolution depths presented by [18], but 

the extent to which they agree is limited by the level of 

detail produced by the experimental model. 

In [18], they calculated that from 50 km to 500 m 

depth, the gas phase would occupy 7-15% of the 

magma volume, then from 500 m to the surface, the 

gas phase would occupy up to 70% of the magma vol-

ume. Our results agree with both of these predictions, 

for all picritic compositions, for the maximum H2O 

content of 745 ppm and CO content of 500 ppm. For 

lower H2O and CO contents, the final volume fraction 

of exsolved gas was much lower. Below 500 m depth, 

volume fraction of exsolved gas reached only 5%, 

reaching 30% from 500 m depth to the surface. 

The main aspect where our results differ from pre-

vious models is fragmentation depth. The experi-

mental model predicted that fragmentation would oc-

cur at a depth of 600 to 300 m [18], based on a frag-

mentation criteria of 0.7 volume fraction of exsolved 

gas. Here we predict that fragmentation would not 

occur within the conduit at all, instead, we predict that 

fragmentation would only have occurred once the 

magma reached the surface. 

Future Work: Ascent and at-vent conditions cal-

culated by the magma ascent model will be used in a 

lunar ballistic eruption model. This eruption model 

will be used to estimate the extent and thickness of 

deposits of picritic glass beads around vent sites. 

LROC NAC images and digital elevation models [19, 

20] of the lunar surface will be analysed to collect 

photogrammetric measurements of pyroclastic depos-

its to test our model predictions. The ISIS3 (Integrated 

Software for Imagers and Spectrometers) and Ames 

Stereo Pipeline image processing packages will be 

used to create digital elevation models. The magma 

ascent and ballistic eruption models will essentially be 

inverted, to provide estimates of the volatile content of 

lunar magmas, consistent with deposit morphology. 
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