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Introduction: NASA’s Curiosity rover on the Mars 

Science Laboratory (MSL) mission has found over-
whelming evidence that Gale crater once hosted a hab-
itable lacustrine environment [1] and that fluids per-
sisted long after surface water dissipated. However, the 
chemistry and timing of these fluids are poorly con-
strained. Some changes in bedrock likely diagenetic 
color variations are visible from both the ground and or-
bit [2]. We hypothesize that these color variations are 
due to late diagenesis in the subsurface, and that their 
distribution is related to differences in permeability at 
local and regional scales that influenced the flow of flu-
ids. Here we use orbital color data to test this hypothesis 
by studying the distribution of possible large-scale dia-
genesis more broadly in Gale to help better constrain the 
nature and chemistry of fluid interactions through time. 

 
Fig. 1: Silica-rich alteration halos cross-cut the Murray and 
Stimson (top); color variation is widespread below the 
Greenheugh pediment (bottom). 

Background: The Mound Skirting Unit (MSU) 
mapped across Mt. Sharp [3] has been studied in-situ as 
the Stimson formation, a part of the Siccar Point group 
(SPg), by Curiosity at several locations along its trav-
erse. The Stimson formation is composed of aeolian 
sandstones and overlies both the Murray and Carolyn 
Shoemaker formations, composed of lacustrine mud-
stones and mixed mudstones and cross-bedded sand-
stones respectively [4,5]. Previous studies have ob-
served extensive alteration at multiple locations along 
the contact below the Stimson formation (Fig. 1). 

Evidence for Diagenesis: Observations from orbit 
and Curiosity show evidence for multiple types of dia-
genesis in and around the SPg. Erosionally resistant po-
lygonal fracture networks visible from orbit are wide-
spread in the SPg and formed through the repeated epi-
sodes of expansion and contraction due to diagenetic 
fluids. Fracture fills were likely cemented during a later 
episode of diagenesis after the lithification and possible 
burial of the Stimson bedrock [4]. Polygons with similar 
morphologies have been observed by the rover crosscut-
ting the Murray and Stimson formations in the region of 
the Emerson plateau, Naukluft plateau, Murray Buttes, 
and, to a lesser extent, in the Greenheugh pediment [7]. 

Smaller scale Ca-sulfate mineral filled veins have 

been observed by the rover just below the SPg uncon-
formity concentrated at Pahrump Hills [8] and sporadi-
cally elsewhere (Fig. 1). Silica rich alteration halos have 
also been observed cross-cutting stratigraphy between 
the Murray and Stimson and are evidence of late dia-
genesis, possibly by hydrothermal fluids [Fig 1;9,10]. 
At Naukluft plateau, certain alteration halos correspond 
to edges of polygonal fractures, but there is a lack of 
sufficient evidence to relate the two [8]. 

Additionally, widespread color variation has been 
observed below the Greenheugh pediment localized 
near the unconformity, including broad discoloration 
from light red to gray and smaller bleached halos [11]. 
Previous studies of the Vera Rubin ridge (VRR) ob-
served similar color variation such as decameter scale 
gray patches, visible in both Mastcam and HiRISE, 
which were concluded to correlate with changing hem-
atite grain size [2,12,13]. Late and warm, acidic, and/or 
reducing diagenetic fluids likely caused the crystalliza-
tion and coarsening of hematite and cementation of the 
VRR [2,12,13,14].  

While the exact nature and relative timing of diage-
netic events is still not well constrained, these studies 
support the overall hypothesis that multiple stages of di-
agenetic fluids were present long after paleo-lake Gale 
and their proximity to the SPg unconformity supports 
the hypothesis that this boundary may have influenced 
fluid flow. However, it is unclear whether some of the 
chemical differences observed below this boundary are 
due to weathering at the exposed erosional surface or 
diagenesis after the deposition of the Stimson [6]. 

Methods: In this study we use stretched orbital 
color images to understand the distribution of color var-
iability associated with the MSU in Mt. Sharp. Polygo-
nal fractures and color variations due to diagenesis are 
visible in and around the SPg in images from the High 
Resolution Imaging Science Experiment (HiRISE) 
camera onboard the Mars Reconnaissance Orbiter 
(MRO) at a pixel scale of ∼26.5 cm/pixel [15]. HiRISE 
acquires images in blue‐green (BG: 502±157 nm), red 
(RED: 686±267 nm), and near‐infrared (IR: 87±143 
nm) filters, and variability was studied by stretching 
composite images. HiRISE is useful for detecting 
smaller scale features and determining links between 
color, mineralogy, and morphology of alteration fea-
tures. We use HiRISE for qualitative analysis only due 
to a ~20% uncertainty on radiometric calibrations.  

Results: Color stretched HiRISE images show that 
these bright toned strata below the Greenheugh pedi-
ment are extensive with their color changing from bright 
white and blue near the top of the pediment down to tan  
at the underlying unit (Fig. 2). CRISM spectra of one  
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Fig. 2: HiRISE color stretches show bright strata below the 
Greenheugh pediment in NW Mt. Sharp (A) and to the west 
where hydrated silica was detected from CRISM (B). 
area of especially bright toned features west of where 
the rover has traversed exhibit spectral features indica-
tive of hydrated silica [Fig. 2B; 16], which is likely a 
major component of the gray patches on VRR as well 
[17]. While the bright toned strata observed elsewhere 
around the pediment are below CRISM spatial resolu-
tion, they can still be studied by HiRISE. Based on the 
similar morphology, elevation, and color to other parts 
of the pediment escarpment, these strata likely have a 
similar deposition and alteration history.  

Mastcam multispectral data from below and on top 
of the pediment exhibit a flattening of spectra collocated 
with increased hematite content, similar to observations 
of coarse-grained gray hematite observed on the VRR, 
which appear bright blue in HiRISE color images 
[2,11]. We hypothesize that these bright and likely dia-
genetically altered areas may have formed through anal-
ogous processes. 

Additionally, similar bright toned features appear at 
other outcroppings of the MSU (Fig. 3). Bright blue fea-
tures are visible below the MSU on Northeastern Mt. 
Sharp (Fig. 3C) and bright strata and blue boulders are 
visible below what may be a pediment-forming portion 
of the MSU on Southern Mt. Sharp (Fig 3D). These 
findings suggest that the diagenesis observed by the 
rover where the MSU outcrops as the Stimson formation 
is not localized to the traverse, but rather is extensive 
throughout Gale. 

Discussion: If the bright features observed at the un-
conformity below the SPg and MSU across Mt. Sharp 
are diagenetic in origin, fluids were likely extant long 
after the deposition and erosion of the strata below. This 
alteration may have occurred during, but more likely af-
ter, the deposition of the Stimson and MSU. While some 
of the chemical alteration observed below the SPg un-
conformity may have been caused by surface weather-
ing, hydrofracturing requires some burial at depth [8]. 

 
Fig. 3: HiRISE color stretches show bright features below 
other outcroppings of the MSU in (C) NE and (D) S Mt. Sharp. 

Diagenetic fluids may have pooled at the below the  
Greenheugh pediment due to the high clay mineral con-
tent of the rocks in the Glen Torridon region creating an 
impermeable barrier [11]. Applying this model to Mt. 
Sharp more broadly, the more permeable sandstones of 
the MSU and Stimson formation may have acted as a 
conduit for increased fluid flow toward the unconform-
ity below [11]. In areas where the unconformity corre-
sponded to a major change in permeability, this would 
have caused more extensive diagenesis in the underly-
ing rocks. 

Previous studies suggest that likely multiple epi-
sodes of weakly oxic and/or acidic sulfate bearing fluids 
altered the area around this unconformity, but certain 
chemical contrasts between bedrock in the Greenheugh 
pediment and other parts of the Stimson suggest that 
there were differences in the chemistry or the availabil-
ity of groundwater in parts of the SPg [5]. The bright 
features visible in HiRISE show that at least some of the 
diagenetic fluids that altered the SPg as observed by the 
rover were widespread in Mt. Sharp. 
    Additional study will focus on (1) mapping bright 
features at other outcroppings of the MSU across Mt. 
Sharp to better understand the distribution of diagenesis 
at and below this unconformity, and (2) color variations 
visible in HiRISE near CRISM detections of phyllosili-
cates to see if increased alteration is visible near these 
less permeable regions. 
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