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DESCRIPTION OF MAP UNITS
PLAINS MATERIALS

[Lobate scarps on material units are interpreted to be lava flow fronts. Cumulative densities listed in unit
descriptions are for craters with diameters greater than 2 km, normalized to 106 km?2]

Smooth plains material —Smooth deposits found in patches on channeled

plains unit and locally within north channel of Kasei Valles, where unit
overlies apron-forming material (fig. 3C). Crater density estimated at
<40. Interpretation: Smooth surfaces and erratic occurrence suggest
mantle of eolian material

Tharsis Montes Formation—Members 1-3 not present in map area
Member 5—Smooth deposits within theater-headed channels near southeast

corner of map area and within low areas farther west on Kasei floor.
Traceable in south Kasei Valles as far as 500 km south of map area, where
mapped by Scott and Tanaka (1986). Contains channel <100 m wide and
11£2 m deep at lat 23.1° N., long 73.3°. Low, lobate scarps occur on this
exposure and south and east of map area (Viking Orbiter images 519A01
and 665A16, respectively). Crater density 92+10 (Scott and Tanaka,
1981). Interpretation: Low-viscosity basaltic flows associated with late-
stage Tharsis volcanism; narrow channel may be lava channel

Member 4—In northwestern part of map area, bounded by low, lobate

scarps that form walls in front of moats surrounding high-standing
plateau remnants. Traceable to Tharsis plains; overlies channeled plains
unit. Crater density 347+70. Interpretation: Basaltic lava flows associated
with Tharsis volcanism
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Apron-forming material—Forms coalesced aprons locally at base of slopes
between Lunae Planum and north and south Kasei channels. Inter-
pretation: Talus and alluvial fan material, possibly formed at site of
marked decrease in gradient by rock falls and material loosened by spring
sapping

Channel-floor deposits

Floor material of theater-headed channels—Relatively smooth deposits
containing local blocky debris; within theater-headed channels that
connect with south Kasei channel. Channels 1.5 to 3.0 km wide, deeply
incised (100 to 450 m); follow trends of crevices that form rectilinear
pattern and cut channeled plains and underlying ridged plains units.
Interpretation: Young fluvial deposits; channels formed by ground-
water sapping along preexisting fractures

Channeled plains material —Forms widespread, low-lying plains containing
streamlined mounds. Cut by north- to northeast-trending, longitudinal
grooves (Sacra Sulci) as deep as 170 m. Unit contains many crevices as
deep as 100 m that form rectilinear patterns; some transect Sacra Sulci.
Terraces seen on walls of north Kasei channel at lat 24.0° N, long 72.5°
Crater density 7301220. Interpretation: Eroded plains possibly stripped
by catastrophic flooding and glacial erosion; may be partly composed of
sediments formed by reworking of lower parts of ridged plains material.
Longitudinal grooves are remnant geomorphic features of flooding and
glaciation; crevices are preexisting structures enhanced by scouring

PLATEAU AND HIGH-PLAINS MATERIALS

Degraded plateau material —Rough, knobby surface; forms chaotic terrain
adjacent to and at elevations below Lunae Planum along Kasei Valles.
Interpretation: Poorly indurated material formed by degradation of
ridged plains material, possibly due to collapse after removal of ground
ice

Ridged plains material—Forms Lunae Planum plateaus and mesas as high as
1 km above channeled plains. Surface moderately rough; displays many
wrinkle ridges, mostly east and southeast of map area. Cut by Kasei
Valles channels and 1.5- to 4.0-km-wide linear depressions of Sacra
Fossae. Crevices forming rectilinear patterns and possible streamlined
mounds common within map area and east of it at lat 26° N., long 66°;
longitudinal grooves found on Labeatis Mensa. South of map area
(Viking Orbiter image 664A16), unit surface has smooth appearance and
contains local lobate scarps. Crater density 950+190. Interpretation:
Layered basaltic lavas; streamlined features formed by fluid that scoured
Kasei Valles

CRATER MATERIALS

[All craters in map area are interpreted to be of impact origin. To avoid uneven portrayal of detail, only
craters larger than 3 kmin diameter are mapped. Because craters are assigned to only two age classes,
their ages cannot be compared with those of craters shown on other maps of Mars]
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Material of craters that postdate Kasei erosion—Bowl-shaped craters
having sharp, complete rim crests; steep walls; and deep, rough floors.
Ejecta commonly extensive, well preserved; may form rayed patterns.
Some ejecta superposed on Amazonian units. Interpretation: Younger
crater material

- Material of craters that predate Kasei erosion—Rim crests high and either
complete or rounded and incomplete; walls relatively steep; floors may
be flat, some lower than adjacent terrain. Sparse or partly eroded ejecta
superposed only on Hesperian units; material of one crater partly
covered by Amazonian smooth plains material. Streamlined mounds
occur on downstream side of some craters. Interpretation: Older crater
material

Lobate scarp—Dashed where approximately located; ticks in downslope
direction. Interpreted as volcanic flow front
Fault—Bar and ball on downthrown side
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—4#—— Wrinkle ridge—Dashed where approximately located

Channel-bounding ridge—Interpreted as depositional feature of flooding
Narrow channel—Arrows point in assumed direction of flow

Crevices forming rectilinear pattern—Interpreted as erosionally enhanced
structural fractures

Crater rim crest—Dotted where buried
Crater central peak
Streamlined mound—Interpreted as erosional island or depositional bar

Blocky material—Interpreted as landslide deposit

INTRODUCTION

This map is one in a series of 1:500,000-scale geologic maps initiated by the National
Aeronautics and Space Administration to investigate areas of particular scientific interest on
Mars. The north Kasei Valles area (fig. 1) merits detailed geologic study because it contains
part of a large channel system whose age can be determined relative to geologic units that
range in age from the early intermediate (Early Hesperian) to the very late (Late Amazonian)
periods of Martian history. Also, many geomorphic features in the map area suggest
changes in water level and multiple erosional events associated with the Kasei Valles system.
Later erosional events are indicative of spring sapping; small-scale, ground-water runoff; and
water-mobilized debris flow. Therefore, this large-scale mapping has increased our
understanding of the history of hydrologic processes on Mars (Chapman and Scott, 1989).
For these reasons, part of the area is a candidate site for a sample-return mission to the
planet.

This map was compiled on a Viking 1:500,000-scale photomosaic base (U.S. Geological
Survey, 1984). Some map units correspond or are partly equivalent to units on smaller scale
maps (Milton, 1974; Scott and Tanaka, 1986), and the formal terminology of geologic units
proposed by Scott and Tanaka (1986) was followed where feasible. However, in many places
interpretations and contacts have been revised to reflect information visible on higher
resolution images whose geomorphologic details were clarified by spatial filtering (Condit
and Chavez, 1979). The depths of channels, thicknesses of geologic units, and heights of
scarps were obtained in places by using photoclinometric methods of Davis and Soderblom
(1984). The relative ages of geologic units and of various geomorphic features, such as
ridges, depressions, channels, crevices forming rectilinear patterns, streamlined mounds,
and grooves, were established by stratigraphic relations and supported by crater counts (fig.
2). The stratigraphic positions of erosional units represent the time of their modification
relative to other material units whose position in sequence reflects their time of
emplacement. Erosional units may thus consist of older material that is in place but has been
highly modified by later processes (Milton, 1974).

Although we have no firm evidence on the composition of Martian lavas, volcanic flows
in the area are all considered to be probable basalts. This inference is based on previous
interpretations (Scott and Tanaka, 1986) and the presence of lobate scarps and wrinkle
ridges that are strongly suggestive of basaltic volcanism (Greeley and Spudis, 1981; Scott
and Tanaka, 1982). Also, a basaltic composition for Martian lavas is consistent with
independent lines of evidence such as Viking Lander data (Binder and others, 1977; Clark,
1979), Earth-based spectral observations (Singer and others, 1979), and geophysical
modeling results (McGetchin and Smyth, 1978).

GEOGRAPHIC SETTING

The map area (fig. 1) includes part of the broad floor of the large channel system of Kasei
Valles and much of the narrow north channel. The floor of Kasei Valles, as much as 300 km
wide and having a highly textured surface in places, can be traced for 2,400 km from Echus
Chasma to Chryse Planitia (fig. 1). At about lat 20° N., long 75°, the north-trending channel
(whose material is mapped as unit Hchp) divides into two narrow branches that extend
eastward to surround Sacra Mensa and then rejoin to continue eastward. These two narrow
branches are informally referred to as the north and south channels of Kasei Valles.
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STRATIGRAPHY
HESPERIAN SYSTEM

The oldest recognized geologic unit in the map area is ridged plains material (unit Hr),
named for prominent wrinkle ridges that resemble mare ridges on the Moon and that mostly
occur south and east of the map area. The unit comprises the large, high mesa, Sacra Mensa
(about 1.4 km above the Kasei floor), and smaller mesas or buttes about 1 km high that are
probable erosional remnants of the broad Lunae Planum surface. The ridged plains material
is thought to underlie the channeled plains as well, because terraces can be seen in walls of
the narrow channels and of the plateaus. This unit is designated as plains material because,
on the surface of Mars as a whole, it forms widespread plains, although in this small area it
occurs mainly as a plateau unit.

The ridged plains unit has a moderately rough surface locally transected by Sacra
Fossae; at places adjacent to Kasei Valles it is transitional to degraded plateau material (unit
Hpld, described below). The rough appearance of the ridged plains material is unique to the
map area; elsewhere in the region the material has a smoother surface containing local
lobate scarps (Viking Orbiter image 664A16). Furthermore, the plateau walls formed by the
unit in this map area are terraced and appear to be layered in several areas; a resistant layer
about 75 m thick caps a streamlined mound at lat 27° N., long 70.2°. The association of these
resistant surfaces with lobate scarps (outside the map area), the unit’s transition to degraded
material, and the presence of layered terraces suggest that the unit consists of lava flows,
possibly interlayered with less competent zones of weathered or poorly indurated material.

Streamlined features, including mounds that may be islands or bars (fig. 3A) and
longitudinal grooves (fig. 3B), occur on ridged plains material within and east of the map
area. (Streamlining is a nontechnical term that refers to geomorphic features that are
smoothed and sculptured.)All of these features are aligned with Kasei Valles. Those features
on the Kasei channel floor are thought to have been formed by fluvial, mudflow, or glacial
processes (Baker and Kochel, 1978; Thompson, 1979; Lucchitta, 1982; Komar, 1983).
Similar-appearing longitudinal grooves at a smaller scale occur within catastrophically
flooded and glacially eroded areas on Earth (Baker and Milton, 1974; Kehew, 1982;
Lucchitta, 1982), and they have been produced on a much smaller scale in flumes by running
water (Shepard and Schumm, 1974). Baker and Milton (1974) have also noted morphologic
evidence of cataracts on Lunae Planum. The streamlined mounds, longitudinal grooves, and
evidence of cataracts also occur on ridged plains material far above the channel floor (fig. 3B,
profile C-C’of fig. 4). Thus, the depth of the water or ice column exceeded the present height
of the plateau (Sacra and Labeatis Mensae) in the map area. However, the relief between the
plateau and channel floor may have been increased by scouring of the Kasei floor during
waning flow or successive stages of erosion. The ridged plains are clearly eroded, but the
material is mapped as a stratigraphic unit because erosion was only shallow and localized.

Channeled plains material (unit Hchp) is an erosional unit on the Kasei Valles floor,
overlain in the western part of the map area by lava flows of member 4 (unit Atg) of the
Amazonian Tharsis Montes Formation (Scott and Tanaka, 1986). The plains material has
erosional features that are much more conspicuous than those on the surrounding plateaus.
These features include streamlined mounds about 720 m high (profile B-B’ of fig. 4) and
longitudinal grooves as deep as 170 m; terraces in narrow channel walls are located at lat
24.0°N.,long 72.5°. The depths of the longitudinal grooves may indicate that the deposit was
easily eroded and perhaps unconsolidated, possibly consisting of fluvial or glacial material
formed by reworking of the lower layers of the ridged plains basalts. Although the channeled
plains material is older than member 4 of the Tharsis Montes Formation (Scott and Tanaka,
1986), the two units have about the same number of small (1-km) craters (fig. 2), possibly
because the smaller craters on channeled plains material were destroyed by Kasei flooding.
The obliteration of craters by resurfacing of older materials by younger ones in Kasei Valles
has been noted by Neukum and Hiller (1981).

West of the map area and extending into it, a prominent ridge occurs on channeled
plains material and is overlain by member 4 of the Tharsis Montes Formation. The feature
trends northeast, parallel to scour marks within Kasei Valles. It is distinctly different from a
wrinkle ridge (fig. 5): it has a consistently steep scarp that bounds Kasei Valles, it maintains
a more uniform shape, and it trends more easterly than wrinkle ridges in the area (which
trend almost due north or northwest). The ridge may be a depositional feature of Kasei
Valles, such as a levee, because its appearance and location indicate a relation to the
channeling process. If so, the emplacement on the ridge of member 4 of the Tharsis Montes
Formation (best shown southwest of the map area at lat 21° N., long 79°), is a further
indication that member 4 postdates the channeling. (See also discussion under Amazonian
Series.) West of the map area at lat 23.5° N., long 76°, the ridge bifurcates into two parallel
ridges that rejoin to the northeast (“downstream”). The ridge is also perpendicularly incised
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in several places (fig. 5); where it bifurcates, these incisions outline streamlined mounds.
Another, much shorter ridge, in a streamlined mound at lat 25° N., long 74°, parallels the first
ridge and may be a remnant of another bifurcation that was cut away and streamlined. The
location of the longer, channel-bounding ridge, if it is indeed a levee, indicates that it was
genetically related to a fluid level on the Kasei channel floor; the ridge would have been
eroded or incised when this level rose.

Degraded plateau material (unit Hpld) is an erosional unit that forms chaotic terrain
adjacent to ridged plateau material. The chaotic terrain appears to have formed by removal
of ground ice, followed by large-scale collapse of overlying rock and sediment (Mutch and
others, 1976, p. 296). Baker and Kochel (1978) noted that this interpretation implies that
areas of ground ice melted after the major outflow channeling events. Wind deflation may
have further contributed to the removal of any solid materials (Sharp and others, 1971).
Photomosaics of the Lunae Planum area (U.S. Geological Survey, 1980a, b, c) show that
most of the degraded plateau material occurs adjacent to the Kasei channels; fluid erosion
appears to have stripped the surface layers of ridged plains material from Lunae Planum,
exposingless consolidated, fractured layers that may have been richer inice. Impact craters
superposed on the degraded plateau material are interpreted to have formed after Kasei
erosion; their ejecta, which are not apparent in the images, may have been subsequently
obscured by chaotic collapse.

HESPERIAN AND AMAZONIAN SYSTEMS, UNDIVIDED

Floor material of the theater-headed channel networks (unit AHcht) occurs along the
south border of the map area (profile B-B, fig. 4). The channels cut channeled plains and
ridged plains materials and connect with the narrow south channel of Kasei Valles (fig. 1). (In
order to provide consistency in mapping, the networks are termed channels rather than
valleys.) They follow the trends of crevices forming rectilinear patterns and are relatively
short with nearly constant widths. These morphologic characteristics are common to
terrestrial canyons formed by ground-water sapping (Laity and Malin, 1985; Kochel and
Piper, 1986), and these Martian channels are interpreted to have been formed by this
process. They may have formed under submarine conditions during flooding, just as
undersea discharge of ground water during lower sea levels formed spring-sapping channels
on Earth (Robb, 1984). However, we think that the Kasei channels more likely formed
subaerially after the principal flooding, because they are cut back from the south Kasei
channel that probably formed during a low level of flooding.

Apron-forming material (unit AHa) consists of fans and slump deposits at the base of
slopes near the boundary between Lunae Planum and the north and south Kasei channels.
One fan east of the map area is dissected by a 600-m-wide channel (fig. 3C) that was
interpreted to have been caused by a debris flow in which water contributed to mobilizing
the sediment (Baker, 1982, p. 95). The source of the channel appears to be a local depression
of Sacra Fossae that possibly tapped an ice-rich, lower layer of ridged plains material.

AMAZONIAN SYSTEM

Member 4 (unit Atg) of the Tharsis Montes Formation consists of flows that can be
traced southwestward to the Tharsis “rise” (fig. 1). The unit was described by Scott and
Tanaka (1986), who interpreted it to be of Early to Middle Amazonian age. The flows,
recognized by their lobate scarps, are interpreted to be lavas associated with a late stage of
Tharsis volcanism. Member 4 postdates Kasei channeling, as indicated by (1) its
superposition on the longitudinally grooved channeled plains unit, (2) its enclosure of a
longitudinally grooved mesa (Labeatis Mensa), and (3) crater counts. Locally the boundary
of member 4 is a scarp about 40 in high that in places surrounds moatlike depressions, which
in turn surround topographically higher mesas and buttes of ridged plains and degraded
plateau materials (fig. 3B); a photoclinometric profile (C-C’ of fig. 4) indicates that the moats
have flat floors. The origin of the depressions is not known, but the most likely explanation
may be that they were formed when lava flows terminated against former sharp rises at the
base of talus; such talus, consisting of ice and fine detritus, would have been subsequently
removed when the ice melted and wind deflated the detritus.

The surface of member 4 is disrupted in places by small linear and polygonal
depressions (Viking Orbiter image 555A05, lat 25.8° N., long 74.5° and lat 24.8° N., long
74.4°) and by a small, sinuous channel near Labeatis Mensa (fig. 3B). The channel contains
streamlined features and originates near linear and polygonal depressions in member 4 that
may have resulted from local melting of ground ice. Therefore, minor, late-stage fluvial
erosion may have carved the small channel. A similiar small channel, which also contains
streamlined islands and is associated with very young Amazonian volcanic rocks, occurs in
the Memnonia area at about lat 11° S., long 173.3° (Scott, 1988).

Member 5 (unit Atg) of the Tharsis Montes Formation lies within low areas on the
channeled plains, and exposures are traceable southwestward to the unit as mapped by
Scott and Tanaka (1986). They interpreted the material to be a volcanic unit of Middle to
Late Amazonian age (it is the youngest lava unit in this map area); flow fronts occur on the
unit south of lat 22.6° N. This lava unit, like member 4, is cut by a narrow channel (fig. 3D and
profiles D-D’, E-E’ of fig. 4); the channel’s lack of sinuosity, however, may indicate that it was
formed by lava.

Smooth plains material (unit Aps) is the youngest geologic unit in the map area. It
occurs on the broad Kasei floor and within low areas of the north Kasei channel, overlying
channeled plains material. Its lack of volcanic geomorphic indicators such as lobate scarps
and wrinkle ridges, its discontinuous occurrence within low areas, and its smooth surface
suggest that the unit may be a mantle of eolian material.

STRUCTURE

North-trending wrinkle ridges are prominent features on the ridged plains material of
Lunae Planum, although few are seen in the map area. Some of these ridges also occur
outside the map area on channeled plains (lat 22° N., long 76°) and smooth plains materials
(fig. 3E). The occurrence of most ridges on ridged plains material indicates that the majority
probably formed at about the same time as the material, in the Early Hesperian Epoch. A few
ridges, however, may be younger, as evidenced by smooth plains material that appears to be
locally transected by a ridge (fig. 3E). Wrinkle ridges are also common on the Moon and
Mercury, but interpretations of their origin differ (Colton and others, 1972; Howard and
Muehlberger, 1973; Scott, 1973; Lucchitta, 1976; Plescia and Golombek, 1986). The few
ridges in the map area do not allow for interpretation of origin, although most appear to have
formed in conjunction with volcanic deposits here as on the Moon. In studies of Tharsis ridge
systems, Watters and Maxwell (1986) stated that the ridges are best explained as
compressional features that formed during a period of isostatic uplift of the Tharsis “rise.”
The same authors (1985) suggested that ridged plains material may preferentially contain
more wrinkle ridges because of the viscosity contrast between the resistant volcanic layers
and the underlying regolith/megabreccia substrate.

Within and outside the map area, ridged plains material and wrinkle ridges are cut in
places by linear, theater-headed depressions of Sacra Fossae that are several kilometers
wide. The depressions are most likely structurally controlled, because they parallel grabens
northwest of the map area and have approximately the same relative age and nearly the
same dimensions as the grabens. On the basis of these similarities, the Sacra Fossae are
interpreted to have formed initially as grabens in Early Hesperian time before Kasei
channeling. Their theater heads suggest that sapping or some other form of scarp recession
altered their original form. A later episode of fretting is thought to have occurred during
erosion of Kasei Valles, because longitudinal grooves are now isolated on Labeatis Mensa
(fig. 3B).

Many crevices forming rectilinear patterns crosscut channeled plains (Baker and
Kochel, 1978) and ridged plains material, and many of the crevices are somewhat sinuous, as
though modified by running water. Carr (1981, p. 146) noted that the trends of the crevices
are similar throughout the area, and he suggested that the features may have formed by
preferential plucking along regional joints or faults, as in the channeled scablands of eastern
Washington. However, the Martian crevices are much larger features than those formed in
terrestrial catastrophic floods, probably because they were formed in the much larger flood
event of Kasei. Also, the crevices could have been enlarged by later sapping, scarp
recession, and other erosional enhancements (salt weathering and eolian removal of
detritus; Malin, 1976; Baker and Kochel, 1979). Although most crevices transect longitudinal
grooves and are thus younger than the grooves (fig. 6A), some appear to have affected the
formation of grooves that are clustered adjacent to and “downstream” from some crevices
(fig. 6B), indicating that some crevices may be older than some grooves. However, all
grooves might not have formed by the same erosional processes; the smaller grooves may
be hollows between longitudinal bars (fig. 6B).

HYDROLOGY

The hydrologic history of erosional features in the Kasei area is complex. The area of
the Kasei channel system may have once been a plain that was already topographically lower
than Lunae Planum before erosion by water or ice and subsequent entrenchment of the
channels. Some small, polygonal buttes, remnants of Lunae Planum within Kasei Valles,
appear to have been relatively unaffected by fluid erosion. Along the walls of the Sacra
Fossae grabens, early fretting unrelated to Kasei scouring may have initiated the formation
of the area’s mesas and buttes. The Sacra Fossae are known to predate channeling, because
they can be traced to streamlined features and patches of chaotic material on Sacra Mensa,
best seen east of the map area near lat 24° N., long 67°. Therefore, some of the Sacra Fossae
actually channeled the flood flow. The north and south channels of Kasei Valles follow trends
of major fault and fracture systems that extend northeast from the Tharsis “rise” (fig. 1);
many of the faults and grabens predate fluid erosion of Kasei Valles. These observations
strongly suggest that the north and south Kasei channels formed initially as structurally
controlled depressions of Sacra Fossae and were perhaps enlarged by subsequent scarp
recession; later flooding deepened them and formed their meanders (Carr, 1974; Baker and
Kochel, 1978). The narrow parts of the Kasei system have been interpreted to have originally
been grabens (Schumm, 1974). Other authors have thought that liquid flows found
accessible outlets through grabens but that pathways deviated around north-trending
wrinkle ridges (Kochel and Burgess, 1982).

Vastly different water or ice levels during flooding are implied by streamlined mounds
on Sacra Mensa and the Kasei floor. Other streamlined features on Sacra and Labeatis
Mensae, though less prominent, are more than a kilometer higher than those on the Kasei
floor. The erosional features on the mensae were probably formed during a much earlier
erosional phase, and the relief between the plateau and the channel floor was probably
increased by scouring of the Kasei floor during successive stages of erosion. Changes in
water or ice level during one flood or episodic flooding (perhaps combined with changes in
stream alignment) are also indicated by other features observed on the channel floor: (1)
crevices forming rectilinear patterns that apparently both predate and postdate longitudinal
grooving; (2) east-trending longitudinal grooves that are perpendicularly transected by the
south Kasei channel (Lucchitta, 1982); and (3) a channel-bounding ridge that borders Kasei
and is possibly a depositional feature, which is dissected and streamlined in several areas.
Furthermore, two closely spaced, prechannel craters on the Kasei floor (at about lat 23° N.,
long 73.5° and lat 23.2° N., long 74.1°) are eroded to different degrees: the larger, better
preserved crater is in an area of deeper longitudinal grooving and appears to be
topographically lower. If the two craters are of the same age, one would expect the lower
crater to be more eroded; its better preservation may indicate that it formed between
erosional stages. Theilig and Greeley (1979) have shown that floods of at least two episodes
issued from Juventae Chasma (fig. 1), another large depression that, like Echus Chasma, lies
north of Valles Marineris; its fluids drained into Chryse Planitia.

All Kasei Valles erosion appears to have occurred during the latter part of the
Hesperian (Scott and Tanaka, 1986); however, from the above discussion we can infer that
either (1) Kasei features were carved in one event with vastly different water or ice levels,
alternately decreasing and increasing, or (2) separate events first streamlined the features on
Sacra and Labeatis Mensae and later deepened the Kasei floor. If erosion was episodic, later
episodes formed the more pronounced streamlined mounds and longitudinal grooves on the
low-lying channeled plains; impact craters such as those noted above could thus have
formed between scouring events. Sapping, which likely formed the theater-headed channels
tributary to the south Kasei channel, probably occurred during the Late Hesperian after the
main channel-forming events. Springs may have been localized along crevices on channeled
plains, and headward erosion may have begun at the south Kasei incision. Baker and Kochel
(1978) noted that the headward-eroding tributaries may have formed through ground-ice
breakup and headward sapping along structurally controlled “compartments” of susceptible
rock. Minor, late-stage fluvial activity was possibly responsible for the small, sinuous channel
just east of Labeatis Mensa that cuts volcanic deposits of member 4 of the Tharsis Montes
Formation.

Ridged plains material in the region was acted on by several water-related processes: (1)
sapping that may have modified the Sacra Fossae depressions, (2) other sapping that may
have formed theater-headed channels, and (3) erosion of at least one gully in apron-forming
material east of the map area (fig. 3C). Also, the removal of ground ice from the ridged plains
may have been responsible for the degraded plateau material; the melting of this ice possibly
also formed the small channel that cuts member 4 of the Tharsis Montes Formation (noted
above). Ridged plains material therefore appears to have been the major source for the fluids
that formed many erosional features of different ages. However, the plains unit may have
merely acted as a conduit for water stored elsewhere. At the current low temperatures and
low atmospheric pressure of Mars, water is most likely stored as ground ice (Carr, 1986),
and many features indicate that a large reservoir of ground ice has existed on Mars in the
past (Carr and Schaber, 1977; Evans, 1980; Lucchitta, 1985).

Ground ice may have been stored in the underlying megaregolith (Carr, 1986) and also
in the fractured and probably porous Lunae Planum lava flows (ridged plains material), if
fines or clay layers had decreased their permeability. Such ice, when melted, could also have
been partly responsible for erosion of Kasei Valles. Water appears to have been emitted
from Echus Chasma, which has an estimated present capacity of 535x103 km3; the water
volume required to carve Kasei Valles has been calculated as 369x103 km3 (Carr and others,
1987). Subsurface flow from Hebes Chasma (fig. 1) could have contributed to that from
Echus. Large volumes of water may have come from the melting of interstitial ice in the
subsurface by volcanic heating (McCauley and others, 1972; Masursky and others, 1977);
the large-scale release of fluids could have been triggered by Tharsis volcanism (Greeley and
Spudis, 1981). Alternatively, ground water trapped in a confined aquifer beneath a thick
permafrost layer could be rapidly released if the pore pressure exceeded the lithostatic
pressure (Carr, 1979).

Most investigators have thought that Kasei Valles were formed by catastrophic
flooding, as indicated by large streamlined mounds, conspicuous flow lines, and possible
cataract features (Milton, 1973; Baker and Milton, 1974; Masursky and others, 1977; Carr,
1981; Scott and Tanaka, 1986). Lucchitta (1982), however, proposed glacial erosion on the
basis of several kinds of evidence, including (1) some U-shaped cross sections of the north
and south Kasei channels, (2) linear scour marks on walls of streamlined mounds, (3)
grooved terrain similiar in scale to terrestrial glacial flutes, and (4) the similiar dimensions of
ice rises on Earth and streamlined mounds in Kasei Valles. Nummedal and Prior (1981)
suggested that canyon, chaotic, and channel features are the result of debris flows generated
by local collapse of a hydrologically unstable crust consisting of material of low permeability
(MacKinnon and Tanaka, 1988). Other authors have proposed fretting by ground ice or
sapping by ground water and later grooving by wind as alternative erosional processes
(Sharp and Malin, 1975; Cutts and Blasius, 1981). However, Baker and Kochel (1978)
showed that length-to-width ratios of the streamlined mounds could not be a result of wind
erosion. Flume experiments have indicated that streamlining develops best where the water
depth is just sufficient to overtop the mounds (Komar, 1983). This mechanism, however,
apparently did not operate in Kasei Valles. In and outside the map area, bowl-shaped impact
craters on the upstream side of some streamlined mounds appear unfilled; if the mounds
were eroded by water, it did not overtop the crater rims and deposit sediments inside. Other
craters have incised rims but are not filled; they may have been overtopped, but their floors
were possibly protected by ice infillings that have since sublimated.

The current frigid climate of Mars, whose temperature ranges daily from -53 °C at the
equator to -123 °C at the winter pole (Fanale and Cannon, 1971; Kieffer and others, 1976;
Carr, 1986), and the geomorphology of many features suggest that the most likely
explanation for the origin of Kasei Valles is some combination of catastrophic flooding and
glacial action. Although liquid water cannot exist on the surface at present, it may have been
available in the past (Sagan and others, 1973), possibly at periodic intervals (Ward, 1973;
Hartmann, 1974). Either fluid levels varied markedly during Kasei erosion or scouring was
episodic. Debris-laden water and ice could have carved the channels during episodic events,
and water would have been the major erosive agent. Water or perhaps brines (Brass, 1980)
that were rapidly released from Echus Chasma and encountered the cold Martian
atmosphere might have developed frazil ice (Baker, 1979). If the frazil ice eventually
concentrated, ice jams could have choked the rivers. Floating ice cover reduces evaporation
rate and contributes to a subfluvial environment of relatively high pressure; consolidated ice
jams also lead to scour and backflooding by water at constricted locations (Baker, 1979). Ice
jams may have ultimately reached a critical weight and height and moved downstream like

glaciers (Lucchitta, 1982). The plugs of ice, possibly repeatedly breached by ponded water,
may have formed episodically, because climate-dependent ice supplies associated with
individual floods likely would have been short lived.

GEOLOGIC HISTORY

The geologic history of the north Kasei Valles area before channel erosion can be
summarized as follows: (1) ridged plains material of Early Hesperian age, which probably
consists of interlayered basaltic flows, was deposited; (2) north-trending wrinkle ridges
formed; then (3) the Sacra Fossae grabens developed. Early fretting, unrelated to later Kasei
erosion, may have initiated the mesa-and-butte topography of the area. Most erosion of
Kasei Valles occurred during Late Hesperian time, when fluids were emitted from Echus
Chasma to the south; water may have been derived from melting of ground ice within ridged
plains material and possibly the underlying megaregolith. Erosion that formed Kasei Valles
required either vastly different water or ice levels or multiple erosional events. After the
Kasei scouring, the sequence was as follows: (1) theater-headed channels, produced by
sapping, incised the channeled plains; (2) apron-forming material, consisting of coalesced
alluvial fans, was deposited at the base of Lunae Planum within the narrow Kasei channels;
and (3) volcanic flows of member 4 of the Tharsis Montes Formation were deposited in the
plains of north Kasei Valles. The last fluvial event may have been the cutting of a narrow
channel in member 4. During the Middle and Late Amazonian, the Kasei plains were partly
covered by basalt flows of member 5 of the Tharsis Montes Formation and by smooth plains
material.

A CANDIDATE LANDING SITE

A candidate landing site must contain a diversity of geologic units, spanning a wide age
range, that are in close enough proximity to be sampled by a vehicle of limited mobility. If a
site also has unique geologic features, its potential value is greater. The north Kasei Valles
area includes such a site (figs. 7, 8, 9). The scientific information contained in returned
samples will confirm or negate our current hypotheses for the origin and composition of
geologic materials and the nature of surface features on the planet.

Ten sample stations are located within 11 km of the proposed landing site shown in
figure 7. Traverse routes to the sample locations are provisionally laid out from the landing
site, where contingency samples would be obtained, along paths that appear to be relatively
smooth and obstacle free. Sample descriptions and their geologic significance are given in
table 1. The locations of the landing site and the ascent site are assumed to be the same or
close together.

Like the candidate landing site in the north Kasei Valles area, the other sites in the
planned science study areas (fig. 10) maximize the probability of selecting samples that will
answer the widest diversity of fundamental questions within reasonable mission constraints.
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Table 1. Materials to be sampled at proposed landing site (LS) and traverse shown in
figure 7.
Estimated minimum
traverse distance
Station from LS (km) Sample description and geologic significance
LS 0 Eolian and perhaps lacustrine or fluvial material
of smooth plains unit (Aps); core sample
1 5.5 Probable volcanic material scoured by fluvial or
glacial processes (channeled plains unit, Hchp);
TV scan for layering, sorting, and striation
marks
2 9 Ejecta and rim material around 500-m-diameter
crater
3 12 Ancient rock in rim of pre-Kasei Valles crater
4 14.5 Ancient rock in rim of pre-Kasei Valles crater
5 19.5 Probable volcanic material scoured by fluvial or
glacial processes (channeled plains unit); TV
scan for layering, sorting, and striation marks
6 24 Ejecta and rim material around 2-km-diameter
crater on channeled plains material
7 26.5 Probable volcanic material scoured by fluvial or
glacial processes (channeled plains unit); TV
scan and core sample
8 31 Talus and alluvial fan material of apron-forming
unit (AHa); fluvial, debris-flow, avalanche, and
eolian material derived from ridged plains unit
(Hr); TV scan for sorting and rounding
9 375 As above
10 43 As above but on west side of channel
LS 49 Completion of traverse
49 Total distance of traverse
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Figure 1. Index map showing location of map area in relation to regional geomorphic features: high-standing
material (shaded; contact dashed where approximately located), north and south Kasei channels (stippled
pattern), and large impact craters (circular outline with ticks).
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Smooth plains material (O) 54 2,650 Member 4, Tharsis Montes Fm. (0) 190 70,540
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Figure3. Viking Orbiter images showing morphologic features and geologic units in
map area. North at top; scale bars=5 km. A, Examples of streamlined mounds
(arrows) on Sacra Mensa (at about lat 24.5° N., long 71°). Image 555A08. B,
Longitudinal grooves (arrows at b) on Labeatis Mensa (at about lat 26° N., long
74°). Arrows at ¢ indicate narrow fluvial channel cut into member 4 of Tharsis
Montes Formation. Line C-C’ is location of profile shown on map and in figure
4. Image 230A31. C, Fluvial channel cutting apron-forming material (unit AHa)
directly east of map area (at lat 27° N., long 67°). Arrow at a marks a depression
of Sacra Fossae and arrow at b points to crater partly covered by smooth plains
material (unit Aps). Image 665A24. D, Narrow channel (arrows) on member 5 of
Tharsis Montes Formation (at lat 23° N., long 73.2°). Image 664A55. E, Mare-
type wrinkle ridge (arrows) in smooth plains and older materials at lat 27° N.,
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Figure 2. Log-log cumulative crater-density curves for principal geologic units in map area. Bars represent
standard error (iJF/A, where N=cumulative number of craters and A=unit area). A, Counts on high-
resolution (40-60 m/pixel) Viking frames. B, Counts on low-resolution (100-200 m/pixel) Viking frames.

long 69°. Image 665A16.
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Figure 4. Photoclinometric profiles located on map (all vertical exaggera-
tions X10). A-A’, Profile across streamlined mound in northeastern
part of map area. B-B’, Profile across theater-headed channels that
merge with south Kasei channel. C-C’, Profile across part of Labeatis
Mensa (0-6.5 km), moatlike depression (6.5-8.0 km), and member 4 of
Tharsis Montes Formation (8.0-12.0 km). Line of profile also shown in
figure 3B. D-D’ and E-E’, Profiles across grooved terrain of
channeled plains unit and member 5 of Tharsis Montes Formation.
Narrow channel, possible formed by lava, in member 5 at 1 km on
D-D’ and approximately 4.3 km on E-E".
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Figure 6. Crevices forming rectilinear pat-
terns whose relations to longitudinal
grooves indicate that the crevices formed
both before and after grooving. North at
top; scale bars=5 km. A, Grooves (a)
transected by crevices (b) at lat 23° N.,
long 74°. Viking Oribiter image 664A52. B,
Grooves clustered downstream from
crevices (arrows) at lat 23.5° N., long 74°.
Viking Orbiter image 664A51.

Figure 7. Proposed landing site (LS), rover traverse, and sample locations (numbered). Symbols same as those on large
map. North at top; scale bar=5 km. Locations described in table 1. Contacts differ slightly from those on main map
(image has more detail and slightly smaller scale).

Figure 8. Perspective reprojections of Viking Orbiter image 519A10 generated by Randolph Kirk. Views are from 25° above
horizon; vertical exaggeration X2. A, Looking 5.13° east of south (rover traverse area shown at top of image, right of center). B,
Looking 5.13° north of east (rover traverse area shown at right, below center). Topographic information needed to generate
these views was obtained by two-dimensional photoclinometry; no source of information apart from the image itself was
utilized. Image resolution is 193 m/pixel; topographic resolution is 773 m.

Figure9. Perspective view down main north Kasei Valles channel from a point at lat 23° N., long 74°, 7,000 m above the surface. The
topography shown in this view of Viking images 519A08-10 was derived from stereophotogrammetry (Viking orbits 519A and
555A), shadow measurements, and photoclinometry. Vertical resolution of the topography ranges from 100 to about 200 m.
Vertical exaggeration 2X. Images were processed at the Alaska Data Visualization and Analysis Laboratory, Fairbanks, Alaska
(courtesy of Mark Robinson and K. L. Tanaka).
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Figure 10. Planned science study areas on Mars that include candidate landing sites for
future sample-return missions.
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