System of tectonic features common to Earth, Mars, and Venus
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ABSTRACT

Investigations of landforms on the terrestrial planets have revealed a system of tectonic
features consisting of long, narrow, regularly spaced folds and/or thrust faults, referred to as
wrinkle ridges, and conjugate sets of cross-trending strike-slip faults. These are observed in the
Yakima fold belt of the Columbia Platean, Earth, the ridged plains of the Tharsis province,
Mars, and the lowland plains of Lavinia Planitia, Venus. The wrinkle ridges and strike-slip
faults reflect a relatively small amount of crustal shortening in these regions of distributed
deformation. The observed geometric relations between the structures are consistent with
those predicted by the Coulomb-Anderson model. Although the tectonic settings of the prov-
inces studied on the three planets are very different, the crustal materials appear to have

deformed in 2 similar manner.

INTRODUCTION

Areas of crustal convergence and shortening
on Earth are often characterized by structural
domains where folds and thrust faults are asso-
ciated with conjugate sets of cross-trending
strike-slip faults (see Sylvester, 1988). This tec-
tonic system is common in foreland fold-thrust
belts, such as the Asiak of northern Canada
(Hoffman et al., 1984), and deformed accretion-
ary prisms, such as the Shumagin region of the
Aleutian trench (Lewis et al., 1988) and the
Makran of southwest Pakistan (Platt et al.,
1988). Domains of crustal shortening are also
evident on the other terrestrial planets. Large
expanses of smooth plains materials, known to
be flood basalts on the Moon and suspected to
be volcanic in origin on Mars, Mercury, and
Vents, are characterized by landforms referred
to as wrinkle ridges (see Watters, 1988). Wrin-
kle ridges are long, segmented, anticlinal features
with a complex morphology. They are com-
posed of an assemblage of landforms that can be
divided on the basis of morphology into two
classes, broad arches up to 20 km wide and
narrow ridges (first-, second-, and third-order)
up to 6 km wide. Wrinkle ridges are believed to
represent the surface expression of folding and
thrust faulting (Plescia and Golombek, 1986;
Watters, 1988). Anticlinal ridges in the flood
basalts of the Yakima fold belt on the Columbia
Plateau, northwestern United States, may be ter-
restrial analogues to wrinkle ridges. These struc-
tures have many of the same morphologic
components that characterize planetary wrinkle
ridges (Watters, 1988).

Whereas large-scale strike-slip faulting is a
common mode of deformation on Earth, the
lack of definitive evidence of lateral offset of
craters and other landforms suggested that it was
not common on the other terrestrial planets
(Golombek, 1985). However, indirect evidence
of strike-slip faulting has been found on Mars
and Venus (Forsythe and Zimbelman, 1988;
Schultz, 1989; Solomon et al., 1991). T exam-
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ined direct and indirect evidence of strike-slip
faulting associated with the folding and thrust
faulting of the flood basalts of the Columbia
Plateau and ridged plains material of Mars and
Venus.

COLUMBIA PLATEAU, EARTH

The Columbia Plateau is a continental flood-
basalt province located on the western margin of
the North American plate. The Miocene basalts
on the westernmost part of the plateau have
been deformed into a series of long, narrow,
regularly spaced anticlines with broad, flat, rela-
tively undeformed synclines (Fig. 1, Table 1)
(Price and Watkinson, 1989; Watters, 1988,
1989). As can be seen in Figure 1, numerous
linear features occur in association with the anti-
clines and synclines of the fold belt. Right-lateral
(mean strike N40°W) and left-lateral (mean
strike N13°E) strike-slip faults have been docu-
mented in the southern part of the Yakima fold
belt (Anderson, 1987). The horizontal dis-
placement along the most extensive faults is typ-
ically small (<1 km). This amount of offset is
insufficient to produce clear photographic evi-
dence of offset of the anticlines that are typically
4-6 km wide.

A marked change in fold geometry across
throughgoing strike-slip faults that form ridge-
segment boundaries and evidence that some
strike-slip faults have been folded indicate that
strike-slip faulting and folding was contempo-
raneous, even though some strike-slip faults may
predate the Columbia River Basalts (Anderson,
1987). Model experiments demonstrate that de-
veloping strike-slip faults can influence the
geometry of simultaneously developing folds
(Dubey, 1980). Conjugate pairs of strike-slip
faults and thrust faults that appear to be con-
temporaneous have also been observed in
Pennsylvanian-aged rocks in the Valley and
Ridge province (Nickelsen, 1979). The growth
of some of these strike-slip faults continued into
a period of large-scale folding.

Landsat Thematic Mapper and Seasat Syn-
thetic Aperture Radar images and topographic
data have been used to study part of the Yakima
fold belt for additional evidence of strike-slip
faults in the form of prominent linear features.
Many of the linear features identified correspond
to previously mapped right-lateral strike-slip
faults (Fig. 1; Table 2). The average orientations
of the northwest-trending linear features agree
with the average orientation of the right-lateral
faults reported by Anderson (1987); however,
linear features that correspond to the left-lateral
set are less common in the images.

RIDGED PLAINS, MARS

The largest contigunous expanses of ridged
plains material on Mars, in excess of 4 X 106
km? (~25 times the size of the Columbia Pla-
tean), occur in the Tharsis province (comparable
in surface area to South America) (Watters and
Maxwell, 1986), a major center of volcanic and
tectonic activity throughout the geologic history
of Mars. Hundreds of wrinkle ridges occur in the
ridged plains material and, like their counter-
parts on the Columbia Plateau, they are reg-
ularly spaced (Table 1) (Watters, 1991).
Photographic evidence of lava-flow fronts and
layering in the ridged plains material (e.g., Chap-
man and Tanaka, 1991) strongly suggests that
these materials are flood volcanic in origin (see
Watters, 1988).

Linear features, defined as discernible
straight-line segments on the surface, are one of
the few clues to the existence of strike-slip fault-
ing on Mars. Convincing cases for strike-slip
faulting on Mars have been made on the basis of
indirect evidence of this kind. The Gordii Dor-
sum escarpment, about 1300 km west of the
Tharsis Montes, has been interpreted as a left-
lateral strike-slip fault zone, in part on the basis
of the correspondence between the orientations
of mapped arrays of linear topographic features
and those associated with major strike-slip faults
on Earth and in laboratory experiments (For-
sythe and Zimbelman, 1988). Prominent linear
features and plateaus in ridged plains material in
the Coprates region, about 3500 km southeast of
the Tharsis Montes, have been interpreted to be
en echelon strike-slip faults and related push-up
ranges (Schultz, 1989).

Linear features oblique to and associated with
wrinkle ridges in the Tharsis province are not
uncommon. Both en echelon and individual
ridge segments often terminate sharply at linear
features (typically <20 km long). These struc-
tares, observed in medium- and high-resolution
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