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EVIDENCE OF NORMAL FAULTING OF THE OUTER RINGS OF ORIENTALE BASIN:
PRELIMINARY MODELING RESULTS. Amanda L. Nahm1,2 and David A. Kring1,2, 1USRA-Lunar and Planetary Institute, 3600 Bay Area Blvd., Houston, TX 77058, USA, 2NASA Lunar Science Institute.
Introduction: The lunar Orientale basin, with a
crater-rim diameter in excess of 900 km, is the bestpreserved and youngest multi-ring basin on the Moon
[1–5]. It is located on the Moon’s western limb [1, 6]
in the lunar highlands [6] and is centered at approximately 20ºS, 265ºE. Orientale basin consists of at
least four concentric rings [4] (Fig. 1). The outermost
ring, called the Cordillera ring, defines the extent of
the basin [2]. The interior ring structures, the Inner
Rook and Outer Rook rings, have diameters of 480
km and 620 km, respectively [2, 4]. An inner ring
with a diameter of about 320 km surrounds a flat, low
albedo unit that appears to partially fill the center of
the Orientale basin and is known as Mare Orientale
[1, 2]. The cratering processes that produce multiring basins remain unknown and their resolution is
one of the science priorities targeted by the National
Research Council [7].

Fig. 1. LRO LOLA topography for Orientale Basin with locations
of topographic profile sets shown and rings labeled for reference.
Elevation scale is shown at lower left in meters above or below the
lunar reference datum. North is up. Resolution: 256 px/deg. Orthographic projection centered at 20°S, 263.75°E.

Here, we test hypotheses for the formation of the
Cordillera and Outer Rook rings using detailed topographic analysis and forward mechanical modeling
of the ring scarps. Several mechanisms have been
proposed for the formation of these rings in Orientale
and other lunar multi-ring basins. In some cases, the
models predict normal faulting at the Outer Rook and
Cordillera rings [e.g., 5, 8–13], while others do not.
Methods: To test the diverse models of basin
formation, we use the forward mechanical dislocation

modeling program Coulomb (available from
http://earthquake.usgs.gov/research/modeling/coulom
b/overview.php) [14, 15] to model surface displacements associated with normal faulting, which are
then compared to measured LOLA topographic profiles across the rings. Forward mechanical modeling
has been used successfully to model the surface displacements of faults on Mercury [16], Earth [e.g.,
17–21], and Mars [e.g., 22–25]. This is the first application of the method to impact structures and to
faults on the Moon.
In our models, a fault surface is idealized as a rectangular plane, with the sense of slip (i.e., normal,
thrust, strike-slip, or oblique), magnitude of displacement, fault dip angle, depth of faulting, and
fault length specified, and material displacements are
calculated [26]. Model parameters are determined
based on the fit between observed (measured LOLA)
and predicted (modeled) topography [16] of the footwall flexural uplift. The initial displacement magnitude is estimated from the relief of the scarp (here, ~3
km) and adjusted based on model output. A Young’s
modulus E of 100 GPa and Poisson’s ratio ν of 0.25
are assumed for the anorthositic rock mass for the
pre-impact surface [27–29].
Topographic profiles were derived from gridded
LOLA topography in the locations shown in Fig. 1.
Each lettered heavy line denotes the location of several topographic profiles. These individual profiles
were stacked to create average profiles. Profiles A
and D are shown in Figure 2 as heavy black lines.
Profile A is an average of 4 profiles and D is an average of 8 profiles spaced approximately 1.5 km and
1.8 km apart, respectively.
Results: Here, we present the first modeling evidence of normal faulting of the outer rings of Orientale basin. Figure 2 illustrates the fit of the calculated
material displacements of several models to the
LOLA topographic profiles. In profile A, the model
shows that two parallel normal faults are intersected.
Generally, the models that best fit the master fault
(labeled 1 in Fig. 2) have faults that dip to the northwest toward the center of the basin at 70°, displacements of 4.5 km, and depths of faulting of 30–40 km.
The models for the secondary fault (labeled 2 in Fig.
2) have faults that dip northwest at 60°, displacements of 1.45 km, and depths of faulting between 20
and 40 km (Table 1). Similar values for best fit parameters are found for the single fault transected by
profile D. Broadly, the model normal faults dip 70°
to the west, have displacements of 4.5–5 km, and
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depths of faulting of 30–35 km (Table 1). According
to a recent estimate, the average crustal thickness in
this area is about twice this depth, ~60 km [30].
Since the models of displacements by planar, rectangular normal faults match the LOLA profiles well,
these results also imply that the normal faults that
formed the outer rings on the eastern side of the basin
are planar and not listric at depth as is assumed by
several models [e.g., 8, 11, 13], although this was not
tested explicitly.

Fig. 2. Modeling results and averaged LRO LOLA topographic
profiles derived from gridded LOLA topography for profiles A and
D. Locations of profile sets shown in Fig. 1. Bold lines: average
profile. Colored lines: Coulomb model results. See Table 1 for
model parameters. The interior of the basin is to the left in both
profiles. Average profile A (VE 15:1) transects the Outer Rook
ring and average profile D (VE 23:1) transects the Cordillera ring.
Table 1. Fault parameters for the models shown in Fig. 2. Parameters listed in order (left to right) of Model 1 (red), 2 (orange), and 3
(blue).

Dip angle (°)
Displacement (km)
Fault depth (km)
Dip angle
Displacement (km)
Fault depth (km)

Profile A
Fault 1
70, 70, 70
4.5, 4.5, 4.5
30, 30, 40
Profile D
70, 70, 70
5, 4.5, 4.5
35, 35, 30

Fault 2
60, 60, 60
1.45, 1.45, 1.45
20, 30, 40
-

In contrast, topographic profiles and images of
the Inner Ring suggest that this ring formed in a
manner different than the outer two rings of Orientale
basin, perhaps from the collapse of a central peak to
form a peak ring [31].
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Conclusions: These results suggest the Cordillera
and Outer Rook rings were produced by collapse of
basin walls towards the basin center along planar
normal faults, rather than along thrust faults or listric
normal faults. These results are consistent with observations at the Chicxulub impact crater, which is
the best terrestrial analog for basin-forming events.
At Chicxulub, seismic data show vertical offset of
stratigraphy of ~3–6 km along normal faults forming
the structure’s rim and an inner ring [31].
Our model results also illustrate that forward mechanical modeling is applicable to impact basins on
the Moon and is useful for determining the locations
and important parameters (dip angle, displacement
magnitude and sense, and fault depth) of ringforming faults, which can be used to understand basin- and ring-formation.
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