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    Introduction:  The central uplifts of large impact 
craters can expose bedrock and ancient crust that are 
otherwise buried [1, 2]. One example is the central 
peak of the 79 km diameter Ritchey crater (28.8°S, 
309°E).  Ritchey Crater is near the boundary between 
Hesperian ridged plains and Noachian highland terrain 
units on the global geologic map of Mars [3]. In 
Coprates Chasm ~ 700 km to the north of Ritchey 
Crater, the deepest exposed bedrock is rich in low-
calcium pyroxene (LCP) intruded by olivine-rich 
dykes, and interpreted as primitive crust produced in a 
magma ocean, overlain by altered Noachian bedrock 
rich in phyllosilicates, then topped by Noachian and 
Hesperian lava flows [4]. The stratigraphy of Argyre 
basin ~ 700 km south of Ritchey has been interpreted 
as an olivine and LCP basal unit overlain by bedrock 
rich in high-calcium pyroxene (HCP), then capped by 
phyllosilicate-rich Noachian units [5].  

  The central uplift of Ritchey crater is 21 km wide 
from east to west and 19 km from north to south. High 
Resolution Imaging Science Experiment (HiRISE) 
images of the peak reveal good examples of fractured 
massive bedrock and megabreccia [c.f. 2] with large 
clasts that appear to have been raised from depth. The 
stratigraphic uplift in a crater of this size can uplift 
rocks from ~7.7 km [6], comparable to the depth of 
exposures in Coprates Chasm. Compact 
Reconnaissance imaging Spectrometer for Mars 
(CRISM) spectral parameter maps [7] reveal LCP, 
HCP, olivine, and hydroxylated silicates.  

  Our goal is to map the 3-dimensional geology of 
the central uplifts of Ritchey and other large craters 
and reconstruct the pre-impact stratigraphy, to better 
understand the Noachian stratigraphy of Mars.  We are 
also mapping and assessing impactite deposits on the 
central uplift of Ritchey crater to help us constrain the 
relationship between breccia, pre-existing 
megabreccia, and other rock units. We present our 
preliminary results in this abstract. 
    Methods: We map the Ritchey crater central uplift 
from HiRISE [9], CRISM [11] and Mars 
Reconnaissance Orbiter Context Camera (CTX) [8] 
data. First, we created a Digital Terrain Model (DTM) 
of the area at a scale of 24 m/pixel from CTX images 
(B05_011635_1513 and P04_002682_1313 at ~ 6 
m/pixel). This provides an orthorectified base map and 
regional morphologic context. We also use the HiRISE 
data at ~30 cm/pixel [9] to identify and analyze 
morphologic and geologic units. We will use data from 

CRISM [10] for spectral analysis. With these 
combined datasets in ArcMap, we are currently in the 
process of producing a geologic map of the Ritchey 
crater central uplift. 
     Results: We have initially mapped three main units 
on Ritchey crater central uplift (Fig 1): (1) exposed 
bedrock and large-scale megabreccia, (2) a draping 
unit, often covered by polygons (interpreted as 
impactites produced by the Ritchey impact by [2]), and 
(3) what appear to be unconsolidated aeolian deposits.  
We will later subdivide unit 1 into additional units.   
     The bedrock unit (Red, Fig. 1) includes exposed 
bedrock and megabreccia. There is no obvious layering 
of this unit and it appears to be quite massive in texture 
at HiRISE scales. Most of this unit is relatively light-
toned (for this low-albedo region of Mars) and some is 
darker-toned, and is exposed throughout the central 
uplift.  HiRISE reveals great color diversity in unit 1. 
Figure 1 shows that bedrock exposures mainly occur in 
the east and south. We also found sheared veins or 
dikes (Fig. 3). CRISM data for this region shows that 
most of these southeastern bedrock exposures are LCP-
rich and a relatively small amount of HCP-rich 
materials. In comparison, the bedrock and megabreccia 
exposures in the north and west of the central uplift 
consist of smaller, scattered outcrops.    

 
Figure 1：Map of the Ritchey Crater Central Uplift. Red: 
Bedrock and megabreccia unit; Yellow: Draping unit; Blue: 
Sand unit. Background is DTM from CTX (bright = higher 
elevation). 

2798.pdf44th Lunar and Planetary Science Conference (2013)



    The second unit (Yellow, Fig. 1) is lower albedo 
than the exposed bedrock, but does include small high 
albedo clasts. This unit is draped over unit 1 and often 
displays a polygonal morphology. It is usually found in 
lower elevations or on flat terrain within the central 
uplift. This unit is mainly distributed in the west and 
north areas of the central uplift.  Levy et al. [11] 
classified high-latitude polygonal terrain into seven 
different types. Although high-latitude polygonal 
terrain is likely formed via a different mechanism(s) to 
the polygons seen here, we use the Levy et al. 
classification system to qualitatively describe the 
polygon morphology. We identify four types of 
polygons in this area (Fig.2), which are High-Relief 
Polygons (HR) (Fig. 2A), Flat-Top Small Polygons 
(FTS) (Fig. 2B), Irregular Polygons (IRR) (Fig. 2C) 
and Mixed Center Polygons (MX) (Fig. 2D). Some 
small exposures of the fractured massive bedrock can 
be seen in gaps in the polygonal unit. This massive 
bedrock clearly underlies the polygonal unit (Fig. 3), 
so the polygonal unit is younger than the fractured 
massive bedrock unit.  
    The third unit that we map as part of this 
preliminary work consists of what appears to be 
unconsolidated aeolian deposits (Blue, Fig. 1). This 
unit appears in relatively low areas. It has the low 
albedo and recognizable Aeolian bedforms (e.g., 
ripples) found across Mars. The ripples display a 
regular NW-SE orientation indicating the direction of 
the prevailing wind. This unit covers parts of the 
central uplift and overlies the two other units described 
above, so it is the youngest unit mapped. 

 

A.  B.  

C.  D.  
Figure 2: Four types of Polygon (A)High-Relief Polygons 
(HR) (ESP_026931_1510); (B)Flat-Top Small Polygons 
(FTS) (ESP_011635_1510); (C)Irregular Polygons (IRR) 
(ESP_011635_1510); (D)Mixed Center Polygons (MX). 
(ESP_026931_1510). 

    Future work: We will subdivide the fractured 
massive bedrock, megabreccia, and the polygonal 
draping unit and compare them to CRISM spectral 
units to interpret the mineralogy. We will also compare 
them to THEMIS-derived thermal inertia to constrain 
their thermophysical properties. Tectonic features will 
be added to the map, to make constraints on the impact 
processes and we will attempt to reconstruct the pre-
impact stratigraphy. Work has begun on producing a 
DTM mosaic from 3 HiRISE stereo pairs for meter-
scale topography.  We will overlay the geologic map 
onto the DTM and produce balanced cross-sections to 
interpret the subsurface geology.   

 

 
Figure 3: Bedrock with sheared veins or dikes surrounded 
by the draping polygonal unit.  This image also shows that 
unit 2 overlies unit 1. (ESP_026931_1510) 
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