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Introduction: Central uplifts within complex im-
pact craters expose faulted, rotated, and deformed
deeply-seated bedrock from the subsurface and thus
provides important insights with respect to the subsur-
face geology and the formation of central uplifts
[1,2,3]. Layered central uplifts are very useful in struc-
tural geologic studies as the orientations of their layers
provide a frame of reference (i.e., the folding, faulting,
and rotation of layers) that can be used to decipher the
deformation history of the central uplift [2,4]. Despite
their importance for understaning planetary crusts,
much remains unknown about the detailed mechanics
of central uplift formation, including weakening mech-
anisms and the exact depth of origin of exposed lithol-
ogies in the pre-impact target.

In this study, three complex craters with central
uplifts containing layered bedrock morphologies were
selected for detailed mapping. The craters are all ~30
km in diameter, contain well-exposed bedrock, and are
located in regions known for prolonged history of effu-
sive volcanic activity that have produced voluminous
layered, cyclic volcanic deposits that were likely flat-
lying and relatively undisturbed prior to impact [5].
Morphologic and structural mapping using high-
resolution images of these layered crater central uplifts
may provide the best constraints on the structural his-
tory, and thereby, the mechanisms involved in the for-
mation of central uplifts. We set out to compare and
contrast the deformed layered bedrock within the cen-
tral uplifts of these complex craters of a similar size to
place constraints on current uplift models [6] and bet-
ter understand central uplift formation in mid-sized
complex craters. Here we present our preliminary
morphologic and structural mapping of three unnamed
Martian craters.

Background: The three craters of this study were
selected from the Crater-Exposed Bedrock (CEB) da-
tabase complied by Tornabene et al. [7]. The first un-
named crater is located in the Solis Planum Region
(281° E, 4° N) with a diameter of ~31 km. The central
uplift in this crater has a diameter of ~9 km and dis-
plays a pit morphology (Fig. 1a). The second unnamed
crater is located in the Noachis Terra Region (304° E,
26° S) with a diameter of ~31km. The central uplift in
this crater has a diameter of ~11km and peak-pit mor-
phology (Fig. 1b). The last unnamed crater is located
in Thaumasia Planum (294° E, 26° 6) and has a ~27
km-diameter with a peak-pit ~6 km in diameter (Fig.
Ic).

Layered Bedrock: The layered bedrock in these
three uplifts have a consistent and distinctive appear-

ance. Darker-toned, lava layers are observed to alter-
nate with lower-standing, weaker, light-toned sedimen-
tary or volcanogenic (possibly ash) layers [8]. Approx-
imately 90% of all crater-exposed layered bedrock
occur in Hesperian volcanic plains units [2]. Hesperian
ridged plains have been mapped [9] over widespread
regions of Mars and have been interpreted to be vol-
canic flood lavas [10].

Figure 1: (a) Unnamed crater in Solis Planum
(ESP_016805_1565_RED.JP2 and ESP_027987_1565_RED.JP2).
(b) Unnamed crater in Noachis Terra
(B19_017002_1538 XN_26S056W). (c) Unnamed crater is
Thaumasia Planum (G09 021578 1541 XN 25066W). Image cred-
it: NASA/JPL/MSSSS/ASU/UA/JMARS.

Data Required: Images from the High Resolution
Imaging Science Experiment (HiRISE) onboard the
Mars Reconnaissance Orbiter (MRO) provides images
with resolutions as high as ~0.25 m/pixel [11]. Only
HiRISE data can resolve the small-scale features on
central uplifts that allow detailed structural and mor-
phological mapping. Non-orthorectified HiRISE imag-
es are currently used as our base map and will be com-
pared with orthorectified images in future work. Our
base map is supported by various other data products
including, Mars Orbiter Laser Altimetry (MOLA) data
[12]; both visible and thermal infrared images (includ-
ing thermal inertia) from the Thermal Emission Imag
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ing System (THEMIS) [13], context camera (CTX)
images [14], High-resolution DTMs (HiRISE and
HRSC) [11] and a few selected spectral parameter im-
ages derived from hyperspectral data from the Com-
pact Reconnaissance Imaging Spectrometer for Mars
(CRISM) [15].

Mapping Methods: ESRI ArcGIS and JMARS
software are used to map the three craters in our study.
Geological units are mapped by correlating similar unit
characteristics on the central uplifts using the various
datasets. Mapping of structural features including,
dykes, faults, and layer orientations, as well as over-
printing primary and secondary impacts are also un-
derway.

Results: The following geologic units are based on
morphologic, textural, and structural characteristics of
the central uplifts. Letters indicate corresponding unit
on the geologic map (Fig. 2).

Aeolian Deposits (A). This unit contains accumula-
tions of sand-sized materials transported through salta-
tion with consistent Aeolian bedforms as observed
elsewhere on Mars and on Earth. These deposits are
typically found in lower elevations/depressions as well
as flat terrains within the central uplift.

Undifferentiated Deposits (U). This unit is com-
prised of a uniform, likely fine-grained, materials that
overlie much of the central uplift.

Layered Bedrock (LBr). Layered Bedrock is divid-
ed into interbedded with lighter darker- and lighter-
toned layers as observed by Tornabene et al. [7]. The
layers are reported to have a strong olivine spectral
signatures in CRISM data [3]. This unit has multiple
exposures of bedrock in these central uplifts. The bed-
rock appears to have been fractured, folded and fault-
ed, which likely occurred during crater formation [2].

Impact Melt (IM). This relatively dark-toned unit
has a very smooth texture with little to a great deal of
preserved overprinting craters and other characteristics
consistent with the description in Marzo et al. [16]. It
is located throughout the central uplift as well as the
crater floor.

Shadow (§). This unit is consistent with heavily
shadowed areas in the HiRISE RED mosaic images.
Shadows occur depending on the solar azimuth and
viewing angles when the image was taken.

Rough (R). This unit consists of coarsely-textured
highly eroded rock.

Sculpted (Sc). This unit has a scalloped texture typ-
ically occurring just beneath the edge of topographic
highs in the central uplift. This unit is thought to occur
due to wind erosion.

Regolith (Re). This unit includes unconsolidated
materials, including soils, dust, and boulders.

Future work: Once mapping is complete for all
three craters, structural and morphological features in
layered, megabreccia, and fractured bedrock in Mar-
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tian impact crater central uplifts will be identified,
compared and contrasted. DTMs will be used to pro-
duce balanced cross-sections and interpretion of the
structures. Understanding similarities and differences
between the three craters may potentially answer ques-
tions such as: what effects do target lithologies play in
central uplift formation and bedrock morphologies?
And, what role might dykes have played in the for-
mation of central uplifts? Future work in this study will
involve mapping other craters with central uplift bed-
rock morphologies that include, megabreccia and mas-
sive-fractured types [7].

Figure 2: Digitized unit map from ArcMap of the western
portion of the Unamed Crater in Solis Planum. Yellow lines
mark tilted bedrock layers.
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