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Introduction:  Magmatism is one of the key 

processes, along with impacts, that provides both 
volatile species and energy to the surface throughout 
Martian history [1]. Magmatism on Mars may produce 
habitable environments through degassing and/or 
interaction with sedimentary systems [2-6]. Magma 
intruding sedimentary rocks will metamorphose the 
country rock liberating any bound water (in minerals, 
ice, pore space, etc) [6, 7]. Costello et al. [5] and 
Crandall et al. [3] (Fig. 1) have previously investigated 
a magmatic dike intruding the Entrada Sandstone on the 
Colorado Plateau, UT, which produced a habitable (and 
possibly inhabited) Cl-rich brine system. However, the 
dike has a significantly different composition than 
typical magmas on Mars, which complicates a direct 
one to one application. Therefore, here we use the 
temperature, fluid:rock ratio, and oxidation state 
constraints from the Mars analog as inputs to model how 
differences in bulk dike composition will affect brine 
chemistry and subsequent alteration mineralogy. 

 
Figure 1. From [3] showing the contact between the dike and 
the Entrada Sandstone. Dike is approximately 30 cm across. 
The contact zone is yellow in color compared with the less 
altered Entrada Sandstone being red in color.  

Mars Analog Hydrothermal System: Costello et 
al. [5] and Crandall et al. [3] previously showed that 
when the magmatic dike (Fig.1) intruded the Entrada 
Sandstone it produced a high temperature hydrothermal 
system. Based on the mineralogy and bulk 
compositional changes of the altered dike, [5] showed 
that the system reached > 200 °C and was altered by a 
near-neutral pH CO2-bearing fluid. Extending this work 
to the contact zone, bleached features perpendicular to 
the dike, and sandstone xenolithic material within the 
dike itself, [3] showed that the hydrothermal system 
actually reached > 700 °C and was altered by a Cl-CO2-
rich brine, which mobilized S, P, Fe, Ca, Si, and K in 
the system (Fig. 2). Further, there is evidence in the 
xenolithic material that the system reached even higher 
temperatures [3]. The high temperature of the system is 
outside the range of terrestrial microbes, likely initially 
sterilizing the system [8-10], but upon cooling would 
have been a habitable environment. Further, based on 
combined mineralogy and C-O-S isotopes, the contact 
zone around the dike may have been inhabited [3]. 
While these results are intriguing for creating a 
habitable and potentially inhabited environment on 
Earth, there are compositional differences between the 
terrestrial dike and Martian basaltic compositions [11, 
12], which were not previously considered but would 
affect brine chemistry and alteration mineralogy.  

 
Figure 2. From [3] and modified from [5] summarizing the 
hydrothermal system during (A) and after (B) dike 
emplacement within the Entrada Sandstone. Figure not to 
scale. (A) Intrusion of the dike into the sandstone producing a 
hydrothermal system mobilizing S, Cl, P, Fe, Ca, Si, and K. 
Green arrows indicate element mobility. Red arrows represent 
hot fluids, while bluer arrows represent cold fluids. (B) The 
system how it appears today. Orange boxes show the 
representative mineralogy for samples that experienced 
hydrothermal alteration, while the yellow box shows the 
mineralogy for the xenolithic material. 
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Modeling Approach: Here, we are modeling how 
bulk composition of the mafic dike affects both brine 
chemistry and alteration mineralogy following a similar 
approach from impact-induced systems [13]. For this 
work, we use the code CHIM-XPT, which has been used 
for modeling terrestrial basaltic systems, e.g., mid-
ocean ridge systems [14, 15], and has been successfully 
applied to many Martian systems [e.g., 13, 16, 17]. For 
this work, we are modeling the alteration of four basaltic 
compositions (Table 1) providing a range in bulk 
compositions. Further, results of the terrestrial dike can 
be directly compared with the observed alteration 
mineralogy [3, 5] and the modeling of Humphrey can be 
directly compared with previous modeling results [13]. 
Finally, as our system showed significant Cl-mobility 
we have included halogens in our model. We use 
average halogen contents for terrestrial lamproites for 
the dike system [18], which is similar to the calculated 
halogen contents for some Martian parental magmas 
[19]. Future work will vary the basaltic Cl content to see 
the effect on brine chemistry. 

 
Table 1. Bulk Composition of terrestrial dike and 
Martian basalts as modeled. 
Wt% Dike Jake_M Humphrey Clast in 

NWA7034 
SiO2 34.8 51.6 45.9 54.0 
TiO2 5.7 0.65 0.58 1.0 
Al2O3 14.7 15.7 10.7 11.5 
FeO 7.4 10.8 18.60 12.0 
MgO 3.8 4.4 10.41 7.0 
CaO 11.6 6.7 7.84 6.00 
Na2O 1.0 7.0 2.5 3.10 
K2O 4.4 2.12 0.1 1.20 
P2O5 2.6 0.68 0.56 1.20 
Cl 0.2 0.2 0.2 0.2 
F 0.2 0.2 0.2 0.2 
References and details: Dike composition modified 
from: [3, 20]; Mars basalts as summarized in: [12]; 
Halogens from: [18, 19] 
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