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Introduction: Water flowing through sediments at
Gale Crater, Mars created environments that were like-
ly habitable, and sampled basin-wide hydrological sys-
tems [1, 2]. However, many questions remain about
these environments and the fluids that generated them.
Measurements taken by the Mars Science Laboratory
Curiosity of multiple fracture zones can help constrain
the environments that formed them because they can be
compared to nearby associated parent material (Figure
1). For example, measurements of altered fracture
zones from the target Greenhorn in the Stimson sand-
stone can be compared to parent material measured in
the nearby Big Sky target [3, 4], allowing constraints to
be placed on the alteration conditions that formed the
Greenhorn target from the Big Sky target.

Similarly, CheMin measurements of the powdered
< 150 micron fraction from the drillhole at Big Sky and
sample from the Rocknest eolian deposit indicate that
the mineralogies are strikingly similar [3, 4]. The main
differences are the presence of olivine in the Rocknest
eolian deposit, which is absent in the Big Sky target,
and the presence of far more abundant Fe oxides in the
Big Sky target [3, 4]. Quantifying the changes between
the Big Sky target and the Rocknest eolian deposit can
therefore help us understand the diagenetic changes
that occurred forming the Stimson sedimentary unit.

In order to interpret these agueous changes, we per-
formed reactive transport modeling of 1) the formation
of the Big Sky target from a Rocknest eolian deposit-
like parent material, and 2) the formation of the Green-
horn target from the Big Sky target. This work allows
us to test the relationships between the targets and the
characteristics of the aqueous conditions that formed
the Greenhorn target from the Big Sky target, and the
Big Sky target from a Rocknest eolian deposit-like
parent material.

Methods: We used the reactive transport code
CrunchFlow [5] to model the alteration that generated
these targets. CrunchFlow has been previously used to
interpret weathering on Costa Rica basalts [6-8], Cali-
fornia soil chronosequences [9], ocean floor sediments
[10], comparing a range of terrestrial settings [11] and
Svalbard basalts [6]. CrunchFlow has also been previ-
ously used to interpret weathering on Mars [6, 12-14].

We used as model inputs for the formation of the
Big Sky target the mineralogy of the Rocknest eolian
deposit. This approach of assuming that parent materi-

al is similar to recent sediments has been previously
used on Earth [15]. For the Greenhorn target, the min-
eralogy of the Big Sky target was used. Mineralogies
were based on values given in the Planetary Data Sys-
tem (https://pds.nasa.gov/) and [4], excluding minerals
present at less than 5% to simplify the model, adjusting
total mineral volumes to allow for a 40% porosity
based on terrestrial analogs [16], and using basaltic
glass as the amorphous component [17]. Transport
within the model forming Big Sky was conceptualized
as flow with rates consistent with those resulting from
compaction [18], and within the model forming Green-
horn was conceptualized as diffusion radiating out
from the fracture. Discretization within the model was
based on the scale of the observations of Greenhorn
and Big Sky mineralogy (the 1.6 cm size of the drill),
and model surface areas, solubilities, and dissolution
rates were input from the literature.

Figure 1. Image of Big Sky (red arrow) and Green-
horn (black arrow) drill sites, which are outside and
inside the altered fracture zone, respectively. Image
credit: NASA /JPL / MSSS

Results and Discussion:

Formation of the Big Sky target.

To interpret the aqueous diagenetic conditions that
could form the Stimson sedimentary unit from a Rock-
nest eolian deposit-like parent material, we compared
the model outputs of alteration of the Rocknest miner-
alogy to the CheMin measurements of the Big Sky tar-
get. In particular, we examined 1) the dissolution of
olivine, and 2) the formation of Fe oxides, over a pH
range of 2-8.

Dissolution of olivine occurred over the entire pH
range examined, but magnetite formed only over a pH
range of ~ 6-8 (Figure 2). Based on these observa-
tions, solutions that formed the Stimson sedimentary
unit were likely moderate in pH.
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Formation of the Greenhorn target.

Similarly, to interpret the aqueous conditions that
formed the altered fracture zones from the bulk Stim-
son sedimentary unit, we compared the model outputs
of alteration of the input Big Sky mineralogy to the
CheMin measurements of the mineralogy of the Green-
horn target. The results of our modeling show the dis-
solution first of pyroxene followed by the dissolution
of plagioclase (Figure 3). Highly acidic sulfate-
containing input solutions (pH = 2) resulted in the pre-
cipitation of significant gypsum and amorphous silica
in agreement with mineralogical observations of
Greenhorn (Figure 3). Under less acidic conditions
(pH 3-4), dissolution of the minerals followed a similar
trend and significant amorphous silica formed, but less
gypsum formed, most likely due to decreased dissolu-
tion of the primary minerals. Above pH 4, mineral
dissolution occurred, but minimal precipitation of
amorphous silica and gypsum was observed. This
modeling of Big Sky alteration to Greenhorn shows
that mineral dissolution and precipitation under acidic
conditions (pH = 2-4, Figure 3) is largely consistent
with martian observations, but not mineral dissolution
and precipitation occuring under near-neutral and basic
conditions (pH 5-8).
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Figure 2. Model outputs of a Rocknest eolian deposit-
like parent material altered at a pH of 7 showing the
absence of olivine, the preservation of other primary
minerals, and the formation of magnetite. These results
are consistent with CheMin measurements of the Big
Sky target, indicating that its formation is consistent
with this type of near-neutral aqueous alteration of a
Rocknest eolian deposit-like parent material.

2420.pdf

— Plagioclase
454 7 —— Magnetite
Pyroxene
40 —— Gypsum
Glass
354 —— Si02 (am)
=
£ 30
£ 25
= 25
Q
Sol U
(8
g 154
3
2 104
5
04 A
T T T T T
0 20 40 60 80
Distance (cm)

Figure 3. Model outputs of a Big Sky target parent
material altered under very acidic conditions (pH =
2). Results indicate dissolution of pyroxene, greater
preservation of plagioclase, and precipitation of
amorphous silica and gypsum in the region indicated
by the hatched area, which is comparable to observa-
tions of the Greenhorn target.

Conclusions:

Our modeling results help constrain the characteris-
tics of at least two separate aqueous events impacting
Gale Crater, Mars. Modeling results indicate that for-
mation of Big Sky is consistent with aqueous alteration
of a Rocknest eolian deposit-like parent material under
pH conditions of ~6-8. Formation of Greenhorn is
largely consistent with the weathering front generated
under very acidic conditions (pH = 2-4). Comparison
of model times also indicates that the environmental
conditions that formed Big Sky likely lasted signifi-
cantly longer than the aqueous conditions that formed
Greenhorn. These results help illuminate the compli-
cated aqueous history of Mars.
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