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Introduction:  Previous research into the effects 

of impacts on the Martian climate has focused on the 
delivery of volatiles initially contained in the im-
pactor body or vaporized from the target material. 
These studies have demonstrated that water and other 
gases, including carbon dioxide and sulfur species, 
would have been injected into the atmosphere. These 
impulsive injections of volatiles into the Martian at-
mosphere may have created transient climate condi-
tions conducive to surface liquid water. However, the 
lifetime of these impact-induced climates has been 
shown to be geologically short, on the order of 10s of 
years, at most [1]. 

Along with the vaporization of the impactor, im-
pacts also induce melting in the Martian crust (and 
mantle for larger impacts) due to the passage of the 
shockwave and, possibly, decompression melting due 
to the uplift of deep-seated materials [2,3]. Volatile 
concentrations in the resulting magmas will thus re-
flect contributions from melting of the crust, the man-
tle, and possibly also the projectile. The volatiles 
from the resulting magmas may be delivered into the 
Martian atmosphere, potentially over an extended, 
geologically long period of time, up to millions of 
years. Thus, impact melt pools could be a significant 
source of atmospheric volatiles early in Mars’ history. 

We have begun to investigate the importance of 
impact melt pools on the early atmosphere of Mars. 
We estimate the outgassing of impact melt pools us-
ing estimates of impact melt production based on hy-
drocode simulations and gas compositions based on 
an equilibrium degassing code that has been validated 
for terrestrial magmas for the system C-O-H-S [4,5]. 
We then use a photochemical model of the atmos-
phere to investigate the chemical response of the at-
mosphere to the impact melt generated outgassing. 
The goal is to simulate the Martian climate response 
to the outgassing from impact melt pools generated by 
large impacts. 

Modeling outgassing from an impact melt pool: 
We used iSALE to simulate the generation of impact 
melt pools on Mars for a range of impactor sizes, col-
lision velocities, and geotherms. The initial crustal 
thickness and geotherms come from existing geophys-
ical models. From the end state of the simulation, we 
derive a total impact melt volume. For example, as-
suming a 15 km/s collision with a relatively cold geo-
therm (representative of Mars circa 2Ga after for-

mation), the simulations resulted in the following im-
pact melt volumes as a function of impactor diameter: 

Impactor Diameter Melt Pool Volume 
10 km 5.8 x 103 km3 
100 km 4.3 x 106 km3 
1000 km 4.2 x 109 km3 

These melt pools are comprised of a mixture of crus-
tal and mantle material. In the 100 km impactor case, 
80% of the melt pool is derived from the crust while 
20% comes from the mantle [6]. 

Using the volumes derived from the iSALE simu-
lations, we estimate the magnitude of carbon, water, 
and sulfur outgassing from these impact-generated 
melt pools. Gas speciation was computed using the D-
Compress code for high and low initial dissolved wa-
ter and CO2 scenarios [5].  Drawing on constraints 
from martian meteorites and recognizing limits in the 
calibration range of the degassing model, we also 
consider a range in prevailing redox conditions with 
respect to the quartz–fayalite–magnetite (QFM) oxy-
gen buffer of QFM-4 to QFM [7].  

Figure 1 shows the mole fraction of volatiles out-
gassed by a melt pool due to a 100 km diameter im-
pactor assuming QFM-2 [7]. The volatile mole frac-
tions are plotted as a function of the melt pressure, 
which is a proxy for the depth of the melt pool.  

Atmospheric response to impact melt outgas-
sing:  We use the total inventory of outgassed vola-
tiles provided by the melt pool modeling as initial 
conditions for photochemical modeling of the Martian 
atmosphere. We use a 1D photochemical atmospheric 
model that is based on Kasting et al. (1979) [8].  This 
photochemical model is part of Atmos, a coupled 
photochemical-climate model that has been used to 
study the Earth, Mars, and exoplanets (for example, 
see [9], [10], and [11]). We consider the effects of 
varying starting atmospheric conditions, orbital condi-
tions, and gas compositions. We calculate the atmos-
pheric chemical response to injection of outgassing 
from the impact melt. The new atmospheric state is 
then used as an input into the Atmos climate code to 
ascertain the resulting climate state for Mars, based 
on the impact melt outgassing. We will present our 
initial modeling of the effects of impact melt pool 
outgassing, comparing pre-impact conditions to post-
impact conditions for a variety of melt pool sizes and 
durations. 
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Figure 1. Outgassing from the impact melt pool can inject a significant amount of volatiles into the atmos-
phere. Here we show the global volume mixing ratios, as a function of depth of the melt, in units of pressure. 
for gases released by a 100 km impactor for relatively high initial volatile contents (2 wt% water, 1000 ppm 
CO2) and under low oxygen fugacity (QFM-2) . 
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