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DESCRIPTION OF MAP UNITS

[Relative ages are listed for some units based on cumulative densities of craters whose diameters are greater than 1
km, normalized to 10°km? (data from Chapman and others, 1989, 1991); ages for other units established by
stratigraphic relations]

CHANNEL- AND VALLEY-FLOOR MATERIALS
Mangala Valles assemblage

West furrow unit—Elongate deposits (25 to 215 km long) within narrow (300 m to 2
km wide) channels incised into west branch of main Mangala channel and at its
mouth; channels originate at theater heads; some reaches braid. Unit associated
with crater fill capped by lobate plains units. Interpretation: Channel deposits
formed by ground-water sapping

East furrow unit—Smooth deposits in east branch of main Mangala channel and at its
mouth; unit originates at areas of chaotic collapse. In some confined areas it
contains narrow (about 100 m wide), ribbonlike central channel bounded by raised
rims. On Amazonis Planitia unit contains irregular pits. Interpretation: Ice-rich
mudflows derived from liquefaction of channel- and crater-floor deposits; raised
rims may be levees; pits result from ice sublimation

Blocky unit—Blocky and massive deposits occurring mostly downstream from
chaotic areas; etched and eroded in places. Interpretation: Debris-flow deposits

Younger channel-floor material—Relatively smooth; covers broad areas; adjacent
to units of old lobate plains material within Mangala Valles; contains local grooved
and pitted areas and some channel-bounding scarps north of breached crater at lat
12.2°S., long 151.3°. Crater density 700+500. Interpretation: Deposits of second
period of catastrophic flooding

Old lobate plains material, unit 3—Resistant; moderately smooth surface; in
southeastern part of map area. Contains leveed channel; bounded by low, grooved
scarp; some terminations eroded into streamlined, north-trending projections.
Crater density 1,2004370. Interpretation: Lava flows possibly extruded from
vents associated with Memnonia Fossae and slightly eroded, particularly along
scarp, by later catastrophic flooding

Old lobate plains material, unit 2—Smooth, resistant; locally bounded by low,
grooved scarps eroded in places into streamlined projections. Overlain by unit 3 of
old lobate plains material. Interpretation: Lava flows or other highly indurated
material slightly eroded by catastrophic flooding

Old lobate plains material, unit 1—Smooth, resistant; forms local areas of inverted
topographic relief in Mangala Valles. Overlain by unit 2 of old lobate plains material.
Interpretation: Lava flows or other indurated material slightly eroded by catas-
trophic flooding

Smooth material—Smooth floor deposits in some craters breached by Mangala
channels. One outcrop within crater at lat 6° S., long 153° contains nested
semicircular ridges decreasing in circumference toward breach of north crater rim.
Interpretation: Lacustrine deposits .

Older channel-floor material—Relatively smooth material containing grooved
areas; in places surrounds streamlined islands of older material; within Labou
Vallis and other branches detached from and commonly topographically higher
than Mangala Valles. Unit mapped as material of Mangala Valles branches in
quadrangles to the east (Chapman and others, 1989) and west (Chapman and
others, 1991). Interpretation: Fluvial deposits resulting from initial period of catas-
trophic flooding within Mangala Valles

Older channel-floor material, unit 2—Relatively smooth to moderately rough
deposits above scarp abutting older channel-floor unit along Labou Vallis.
Interpretation: Formed by fluvial erosion or deposition; probably result of
intermediate water level of initial catastrophic flood

Older channel-floor material, unit 1—Relatively smooth deposits at highest level
above Labou Vallis; separated from unit 2 of older channel-floor material by scarp.
Unit mapped as material of Mangala Valles branch in quadrangle to west
(Chapman and others, 1991). Interpretation: Formed by fluvial erosion or
deposition; probably result of highest water level of initial catastrophic flood

Hmt Terraced material—Forms terraces on walls of Mangala Valles and within some
breached craters. Interpretation: If depositional, terraces perhaps interbedded
fluvial, volcanic, or plateau materials (age assignment reflects this interpretation);
possibly erosional terraces

Intercrater plains material, unit 2—Moderately rough surfaces; high albedo; mantles
older deposits; abuts knobby plateau material and highly degraded crater rims. On
Terra Sirenum adjacent to Mangala Valles. Crater density 2,400+300. Interpreta-
tion: Proximity to Mangala Valles suggests unit may be sheet-wash deposits or
result of planation of older knobby plateau material by broad flooding

Intercrater plains material, unit 1—Moderately rough surfaces; high albedo; contains
low hummocks and shallow hollows; separated from unit 2 by low scarp at many
places; abuts knobby plateau material near Mangala Valles. Interpretation: Resur-
faced knobby plateau material possibly eroded by “proto” Mangala floods

- Floor material of degraded channels—Smooth deposits within discontinuous, linear

depressions and irregularly branching tributaries cut into knobby plateau material.
Found near west border of map area. Channels dominantly shallow with scalloped
and partly eroded walls; measured depths range from 30 to 120 m; deeper channels
have flat floors. Locally overlain by Hesperian ridged plains material at lat 8.4° S.,
long 156.5° (Chapman and others, 1991). Interpretation: Deposits derived from
collapse and sapping

PLATEAU AND PLAINS MATERIALS
Smooth plains material—On Terra Sirenum; smooth crater-floor deposits showing no
connection with Mangala Valles. Crater density 340+90. Interpretation: Smooth
surfaces and occurrence in topographic depressions suggest eolian origin
Medusae Fossae Formation
Upper member—Forms nearly featureless, massive blanket without visible bedding
in map area; varied albedo; local pits and north-trending, subparallel streamlined
ridges (1 to 5 km long). In northwestern part of map area. Interpretation: Pyro-
clastic flows whose distal and upper zones are poorly lithified; ridges are yardangs
Degraded material—Forms hills, knobs, and mounds; surrounded at most places
and probably overlain by upper member. Interpretation: Eroded and degraded
middle or lower member of Medusae Fossae Formation
Young lobate plains material—Relatively smooth; many narrow, sublinear ridges and
depressions with as much as 10 m of relief. Bounded by low (30 m high) lobate and
crenulate scarp. Crater density 440+160. Forms wide belt in southern Amazonis
Planitia. Interpretation: Lava flows exhibiting pressure ridges
Intermediate lobate plains material—Forms relatively smooth, low-albedo plains
along south edge of Amazonis Planitia. East of map area, contains sparse, low,
lobate scarps and narrow, sublinear ridges and depressions (Chapman and others,
1989). Crater density 1,3001350. Interpretation: Lava flows exhibiting pressure
ridges
Ridged plains material—Forms relatively smooth plains within large craters and other
low areas on Terra Sirenum. Marked by wrinkle ridges, a few lobate scarps, and
faint outlines of buried craters. Crater density 2,400+300. Interpretation: Lava
flows
Wall material, undivided—Smooth material on steep scarps and walls of canyons.
Poor discrimination due to quality of available images. Interpretation: Variety of
materials including sequences of lava flows, crater ejecta, and fluvial materials;
likely talus
Plateau sequence
Knobby plateau material—Forms local areas of irregular hummocky terrain
consisting of coalesced and individual depressions; contains degraded channels;
partly mantled by Hesperian ridged plains material west of map area. Interpreta-
tion: Cratered unit degraded by thawing and sublimation of ground ice and by
ground-water flow
Heavily cratered plateau material—In southernmost part of map area; rough,
fractured, densely cratered material containing large ridges and scarps as well as
depressions and degraded channels; partly mantled by younger plains materials.
Crater density about N=40 at 40-km diameter; smaller craters largely obliterated.
Interpretation: Mostly impact breccia

CRATER MATERIALS
[Allmapped craters in area are interpreted to be of impact origin. To avoid uneven portrayal of detail, craters less
than 3 km in diameter were not mapped. Craters were assigned to four classes on the basis of state of preservation

and stratigraphic control. Subscripts refer to degradation sequence from c¢q (most degraded) to ¢4 (least
degraded)]

c4 Material of well-preserved craters—Bowl-shaped craters having sharp, complete rim
crests and steep walls; central peaks common; ejecta well preserved

Material of slightly degraded craters—Rim crests high, complete; central peaks
common; walls relatively steep; deep floors commonly rugged; well-preserved
ejecta in places partly eroded by catastrophic flooding or other resurfacing
processes

Material of moderately degraded craters—Rim crests low, rounded; some incom-
plete; rare central peaks. Floors generally flat and commonly partly filled. Ejecta
extensively modified and locally dissected by catastrophic flooding

Material of highly degraded craters—Rim crests degraded and low, incomplete, or
nearly absent; central peak on crater Cobres only; ejecta blankets generally
absent. Rim crests in places breached; floors and rims commonly buried by
younger materials

Contact—Dashed where approximately located; dotted where buried
——e—— Graben

—4 linear scarp—Line marks top of scarp; barbs point downslope; dashed where
approximately located. Interpreted as expression of high-angle fault possibly
related to ancient impact

—LLL [ obate scarp—Ticks point downslope; dashed where approximately located. Inter-
preted as flow front

Low terrace scarp—Line marks top of scarp; barb points downslope. Interpreted as
erosional feature

—¢—— Ridge—Dashed where approximately located. Ridges are 3-5 km wide, 40 km long,
follow trends hundreds of kilometers in length. Interpreted as structural feature
possibly formed by compression

——— Wrinkle ridge—Dashed where approximately located. Narrow (1 km wide) and
relatively short (10-20 km); associated with material having lobate scarps.
Interpreted as fold or thrust-fault structure

—&—— Curvilinear ridge—Narrow (<1 km wide), nested, semicircular; possible paleoshoreline
or waveform feature

+«—— Leveed channel—Dashed where approximately located; arrow indicates flow direction.
Interpreted as lava channel

—————— — Narrow channel
E oy Crater rim crest—Dotted where buried; queried where location doubtful
Crater central peak

Depression

€
Detached blocky lobe—Arrow indicates direction of movement. Interpreted as
landslide deposit

INTRODUCTION

Mangala Valles are a system of outflow channels cut into Terra Sirenum that appear to originate
from a fracture of Memnonia Fossae (fig. 1) radial to the Tharsis volcanic center (about 1,800 km to the
east).We describe below the stratigraphy and channel history of the area that includes the lower
reaches of the main Mangala channel system and the upper part of Labou Vallis (a branch channel).
Regional topography and local geomorphic features such as impact craters and ridges have guided the
flow of two flood discharges, whereas faults and fractures have controlled ground-water flow. Lobate
deposits of volcanic and possibly alluvial origins are interspersed with multiple levels of channeling.
Thus this map enhances our understanding of the stratigraphy and the complex associations of
flooding, volcanism, tectonism, and ground-water conditions in the Mangala Valles region.

Some of our map units correspond or are partly equivalent to units on smaller scale maps (Mutch
and Morris, 1979; Scott and Tanaka, 1986). However, in many places contacts and interpretations
have been revised to reflect information visible on high-resolution Viking images, many of which were
enhanced by spatial filtering techniques (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 east and west Mangala areas on either side of our map
area have also been mapped in the 1:500,000-scale map series (Chapman and others, 1989 [MTM
-05147], 1991 [MTM -08157]; fig. 1). Some plains units common to other quadrangles in the Mangala
Valles region have slightly different ages or names than those given here. Details of the geologic
interpretations of this part of the Mangala Valles region have been discussed by Chapman and Tanaka
(1990) and Tanaka and Chapman (1990).

GEOGRAPHIC SETTING

Mangala Valles make up a north-trending system of channels on Terra Sirenum that debouch
onto Amazonis Planitia (fig. 1). The system, 850 km long and as much as 150 km wide, appears to
originate at one of the east-trending faults of Memnonia Fossae that lies 400 km southeast of the map
area, at lat 18.5° S., long 149.5°. In the map area, Labou Vallis branches off to the northwest from the
main channel (at lat 9.8° S., long 151.9°). Farther north (at lat 8° S., long 151.5°), the main channel
divides into two branch channels that continue northward. These two channels are informally referred
to as the east and west branches of the Mangala Valles. The branches end at the highland-lowland
boundary scarp, which s partly buried in places. Below the boundary scarp, Amazonis Planitia forms
low plains interrupted by rolling plateaus.

STRATIGRAPHY

The relative ages of geologic units and geomorphic features such as small channels and faults
were established by stratigraphic relations. Designations of Martian stratigraphic systems (Noachian,
Hesperian, and Amazonian) and series (lower, middle, and upper divisions of the systems) are based
on crater densities (Tanaka, 1986). Four relative-age designations of materials of individual craters are
based primarily on their degradational state.

NOACHIAN SYSTEM

The oldest geologic unit in the map area is heavily cratered plateau material (unit Nply). In the
southern part of the map area, this unit forms small outliers having rough, dissected, and densely
cratered surfaces; the unit crops out for hundreds of kilometers south of the map area. Because the
material lacks diagnostic geomorphic features that indicate origin, its composition is largely unknown,
but it is inferred to be highly brecciated impact material.

Adjacent to Mangala Valles, much of Terra Sirenum, where unmodified by younger geologic
activity, is made up of material characterized by irregular hummocks and depressions and is mapped
as knobby plateau material (unit Nplk; fig. 2). The depressions have steep sides and flat bottoms; they
are similar to terrestrial thermokarst alases, which are circular or oval depressions formed by thawing
of permafrost (Czudek and Demek, 1970). Thus knobby plateau material may be modified from parts
of the cratered unit that formerly were rich in interstitial ground ice (or were mantled by ice-rich
material) and were degraded when the ground ice sublimated. Alternatively, the knobby texture may
be caused by eolian erosion of remnant polar deposits emplaced during polar wandering (Schultz and
Lutz, 1988). In places adjacent to Mangala Valles, the irregular hummocks and depressions are
subdued, which may be a result of early “proto” Mangala flooding. (See discussion of Hesperian
intercrater plains materials, units Hpi1 and Hpiy.)The densely pitted surface prevented accurate
crater counts; therefore, the unit’s age was determined by superposition.

Locally in the western part of the map area, the depressions of the knobby plateau material
coalesce into connected channel networks (fig. 2) filled by floor material of degraded channels (unit
Nchd). Farther west at about lat 8.4° S., long 156.5°, the channels and the surrounding knobby plateau
material are blanketed by Hesperian ridged plains material, and north of that area some channels are
cut by Labou Vallis (Chapman and others, 1991). The channels are shallow, have irregular, scalloped,
and partly eroded walls, and range in width. They may have formed by coalescence of alases through
undermining ground-water flow. Terrestrial alases and these Martian channels differ from river valleys
in that their reaches and tributaries are unconnected and of irregular width (Czudek and Demek,
1970). Such drainages may have been fed by melted ground ice, possibly generated by local impact or
volcanic heating (Brakenridge and others, 1985; Squyres and others, 1987; Wilhelins and Baldwin,
1989). Melted ground ice may have resulted also from near-surface ice instability (Fanale and others,
1986) perhaps accelerated by a warmer climate, as has occurred on Earth (Czudek and Demek, 1970).
Degraded channels and knobby plateau material occur only in relatively low areas of Terra Sirenum.
Other highland Noachian materials in the region were not similarly degraded, perhaps because
ground ice was at greater depth in these more elevated areas (Fanale and others, 1986).

HESPERIAN SYSTEM

Inlower areas of Terra Sirenum along Mangala Valles, Lower Hesperian intercrater plains units 1
and 2 (units Hpiq and Hpig) overlie Noachian plateau materials. Both units exhibit subdued craters
and low scarps. Faint or slightly eroded hummocks and depressions can be seen on unit 1 but not on
unit 2. Also, unit 1 is commonly embayed by unit 2 along low scarps. The units are interpreted to
consist of reworked and subdued knobby plateau material, possibly related to an early phase of
Mangala flooding. Their broad resurfacing is more characteristic of sheet wash than channelized flow.
The preservation of the hummocky topography suggests that unit 1 may have been only partly
subdued, whereas unit 2 was more thoroughly resurfaced. Both deposition and erosion may have
been involved in the resurfacing. Thus the Early Hesperian age assignment of the units indicates the
age of resurfacing and not necessarily the age of the material. (See Milton, 1974.)

In the southwestern part of the map area, crater Cobres, a few other highly degraded craters, and
a low area west of Cobres are filled by Upper Hesperian ridged plains material (unit Hpr). The unit is
interpreted to be lava, because diagnostic wrinkle ridges are prominent surface features. Low, lobate
scarps—features that suggest but are not necessarily indicative of lava flows—are also present. The
association of the unit with large impact craters may indicate that magma ascent was facilitated by
deep impact fractures.

Older part of Mangala assemblage

The Mangala Valles assemblage consists of sedimentary and possible volcanic materials
associated with the flooding across Terra Sirenum that formed Mangala Valles. The units within the
assemblage overlie Noachian and Lower Hesperian knobby plateau and intercrater plains materials.
The assemblage is, in turn, overlain by Amazonian lobate plains materials in Amazonis Planitia.

The earliest period of outflow channeling evidenced in the map area carved the floors of Labou
Vallis and of some of the main and subsidiary branches of Mangala Valles and filled them with the older
channel-floor material (unit Hmch). This unit is overlain by the old lobate plains materials of the
assemblage. Two higher levels of erosion are marked by successively higher scarps and subdued
terrain occurring around Labou Vallis. Because these erosional levels may have resulted from higher
flow stages of the same flood that produced the channel-floor material described above, deposits on
the levels are mapped as older channel-floor materials 1 and 2 (units Hmchqy and Hmchy) of the
Mangala Valles assemblage; unit 1 is slightly older but topographically higher than unit 2. The terraced
material (unit Hmt) forms terraces on walls of the main Mangala channels. The terraces may be
layered channel deposits, plateau materials, or volcanic rocks, possibly deposited before or during the
first outflow episode but exposed by later erosion. Alternatively, the terraces may be erosional levels
carved in plateau rocks. Where these channel materials and units of the plateau sequence have
indistinct morphology on scarps and canyon walls, they are mapped as wall material, undivided (unit
HNw).

Water of each stage of the two postulated catastrophic floods of Mangala Valles breached impact
craters lying in the path of the floods and seeped into low-lying craters along the flood paths. The
decrease in stream energy of the floods as they entered the craters, as well as the possible
development of temporary lakes (De Hon, 1988), may explain the crater fill mapped as the smooth
material (unit AHms). One outcrop within a highly degraded crater at lat 6° S., long 153° contains
nested, semicircular ridges that decrease in circumference toward a breach of the crater’s north rim.
These ridges are similar to paleoshoreline gravel ridges (not the well-known lake terraces) formed by
wind and wave interaction during recession of ancient Lake Bonneville at Spring Valley, Utah (B.G.
Bills, Lunar and Planetary Institute, oral commun., 1990). The crater fill or the lake that may have
occupied this crater appears to have partly covered or erased the ejecta of two well-preserved craters
adjacent to the south.

The main Mangala channel floor, including several large, breached craters, was then covered by a
succession of three resistant units bounded in some places by lobate scarps interpreted to be flow
fronts; these deposits are units 1-3 of the old lobate plains material (units AHmp1q_3). They appear to
be traceable in medium-resolution images to the vicinity of the graben of Memnonia Fossae from
which Mangala Valles emanate (Craddock and Greeley, in press). Their erosion by later catastrophic
flooding of Mangala is shown by streamlined features and evidence of cataracts on most of their
bounding scarps. Unit 3 exhibits a narrow, 100-km-long, leveed channel (fig. 3). On the basis of the
leveed channel, local lobate scarps, and resistant nature of the three units, we interpret them to be
north-flowing lavas extruded from vents associated with Memnonia Fossae. Northeast of the map
area (Chapman and others, 1989), old lobate plains material appears less resistant and is associated
with small, probably fluvial channels; outcrops at those exposures may be mudflow deposits
(Chapman and Tanaka, 1990; Tanaka and Chapman, 1990). Eruption of lavas beneath possible
deposits of ice left by early Mangala flooding could generate jokulhlaups (catastrophic mudflows) by
basal melting of ice, as documented on Earth (Major and Newhall, 1989). Mudflows also could
conceivably be generated by liquefaction of saturated impact regolith (Nummedal and Prior, 1981;
MacKinnon and Tanaka, 1989) under high pore-water pressure.

AMAZONIAN SYSTEM

Younger part of Mangala Valles assemblage
After resistant lava flows of the old lobate plains material filled the channel system carved by early
flooding, later flooding eroded the surrounding, less resistant material to leave the older, lava-filled
channels higher than surrounding terrain. (This inverted topography is best shown at lat 7.9° S, long
151.5°.)The lavas also changed the local topography, having guided the younger floods down different
courses in some areas. For example, the younger floor in southern Mangala Valles (MTM -15147; fig.
1) is restricted to the west side of the broader, older floor (Zimbelman, 1989). In lava-filled craters, rim

material was eroded away, leaving gullies to outline the craters (fig. 4). Deposits from this later period
of flooding make up the younger channel-floor material (unit Amch). Although Craddock and
Greeley (in press) have identified materials from two episodes of flooding at the head of Mangala, they
believe that the formation of Mangala can be alternatively explained by a single, catastrophic event
that became more confined with time. However, data within our map area do not support a simple,
singular flood episode. The younger channel unit lies within the main channel and in its east and west
branches to the north, and it appears to have subdued a broad area of high plains north of a breached
crateratlat6°S., long 153.2°. Atlat5.5°S., long 150.4°, north of a constricted area of the east Mangala
branch, the material forms what appear to be expansion bars (Baker and Milton, 1974).

Longitudinal grooves and intervening ridges occur in some areas of the main channel (fig. 5). The
origin of such grooves in Martian channel floors has long.been a subject of controversy. Baker and
Milton (1974) noted that the longitudinal grooves in Kasei Valles resemble those of terrestrial
channeled scablands and thought that both feature types were probably formed during catastrophic
flooding. Sharp and Malin (1975) considered that the grooves might be of eolian origin. Baker and
Milton (1974) maintained that the grooves follow streamlines in the paleoflow field. Critical cavitation
zones may have been initiated along low-pressure vortex filaments, and the resulting vapor bubbles
may have produced destructive forces as they were carried outward along the bed by vortex action
(Baker, 1979). Thompson (1979) theorized that debris flows or mudflows could readily develop such
roller vortices to form the erosional grooves. Floor relief of grooves could have been accentuated by
later salt weathering and eolian removal of detritus (Baker and Kochel, 1979). However, Lucchitta and
others (1981) thought that the grooves result from glacierlike processes, because, as they observed,
longitudinal grooves such as those on Mars are also characteristic of terrestrial glaciated landscapes.
Glacial flutes on Earth are similar in width to Martian grooves but are much shallower, leading
Lucchitta (1982) to postulate multiple Martian ice flows that scoured deeply.

The blocky unit (unit Amb) is rough, blocky material that overlies the younger channel-floor unit
and other older materials within the channel system generally downstream from chaotic areas of
channel floors, particularly where the floors are within breached craters (fig. 6) or where the channel
floor drops steeply (as at lat 4.8° S., long 151.9°). The unit is interpreted as debris-flow material,
because it appears to be derived from collapsed channel-floor material. (See Tanaka, 1988.)

Associated with the blocky unit in the northern part of Mangala Valles are the east and west
furrow units (units Amfe and Amfw). The east furrow unit extends along a trench about 70 km wide
that cuts the main channel and its east branch; at the mouth of Mangala the base of the trench lies 700
m below the surface of Terra Sirenum and about 400 m below older units of the Mangala Valles
assemblage (figs. 7 and 8). The trench lacks tributaries and has a nearly constant width. A narrow,
ribbonlike channel is recognized within the unit (fig. 9), and the deposit appears to originate near areas
of chaotic crater floors and exposures of the blocky unit. A crater about 2 km in diameter at lat 6.8°S.,
long 150.9° (fig. 9) may be additional evidence of episodic erosion: it overlies the scoured channel
margin, but no ejecta are observed on the channel floor. Hartmann (1974) argued on the basis of
crater statistics that these relations indicate a long interval (>>107 years) between catastrophic flooding
and the deposition of the east furrow unit, but we consider that data from one crater are insufficient for
accurate age determinations. At the mouth of the east Mangala branch (fig. 10), irregular pits in the
east furrow unit may be thermokarst features formed in parts of the unit that once contained ice.

The west furrow unit is a smooth deposit within narrower valley networks (about 1 km wide) in
the west Mangala branch. The networks cut all other units on Terra Sirenum. Individual valleys have
theater heads and nearly constant widths. The valleys form simple dendritic networks that coalesce
into trunk channels, which braid and accept tributaries in some reaches. These channel networks
originate in an area of the west branch where units of the old lobate plains material were broadly
emplaced. The morphology of the west-furrow channels resembles that of terrestrial canyons formed
by ground-water sapping (Pieri, 1980, p. 40-42; Laity, 1983; Laity and Malin, 1985; Kochel and Piper,
1986). We propose that the channels containing both the east and west furrow units were carved by
local ground-water discharges, because the channels are not found south of lat 10° S. and are not
connected with similar channels in southern Mangala Valles (Zimbelman and others, work in
progress). The ground water was probably emplaced during the two periods of catastrophic flooding,
and sapping followed the floods. This scenario is similar to that proposed for the origin of theater-
headed valleys along the highland-lowland scarp in east and west Mangala (Chapman and Tanaka,
1990), except that the apparent confinement of narrower valleys to the west branch may be due to the
greater number of breached craters located along that path. Breached craters may have contained
ponded, ice-rich deposits that were subsequently capped by resistant material; hence the deposits
could have provided a later water source for the narrow sapping channels.

Plateau and plains materials

Intermediate lobate plains material (unit Apq) occurs within Amazonis Planitia in the northeast
corner of the map area. The unit is relatively smooth except for some low, lobate scarps and local
areas of narrow, sublinear ridges and depressions east of the map area; the ridges may be pressure
ridges (Chapman and others, 1989). On the basis of these features, the material is interpreted to be a
volcanic flow unit.

Young lobate plains material (unit Apy) occurs in a 450-km-long, east-trending belt in Amazonis
Planitia north of the highland-lowland boundary scarp. Only the west end of the belt is present in the
map area, in the northeast corner. At moderate resolution this material appears smooth, but at high
resolution it has a very rough texture of fine, narrow, sublinear ridges and depressions whose relief is
on the order of 10 m (Chapman and others, 1989). Its contact with older material is a contintous,
30-m-high, lobate and crenulate flow margin; local, subparallel, concentric ridge-and-trough patterns
are seen behind the margin (fig. 10; also at lat 4.4° S., long 149°) and in front of topographic obstacles
(fig. 11). Tongues of the unit extend into several of the small channels east of Mangala that cut the
highland-lowland boundary scarp (Chapman and others, 1989). The unit is interpreted to be the
youngest lava deposit in the map area. Flow lengths of at least 450 km suggest extremely high eruption
rates and relatively low viscosity (Walker, 1972; Greeley and Spudis, 1981). Smooth material having
sparse lobate scarps within large craters at the head of Labou Vallis has also been provisionally
mapped as young lobate plains material; impact fractures may have provided magma pathways.
Alternatively, the material may consist of ponded lacustrine deposits that accumulated after flooding
breached the craters. Smooth plains material (unit Aps), also featureless, filled crater floors
throughout the map area and may have resulted from eolian processes.

In the northwest corner of the map area, within a large basin virtually surrounded by the upper
member of the Medusae Fossae Formation, are hills, knobs, and mounds that characterize the
degraded unit of the Medusae Fossae Formation (unit Amd). Its association with the upper member
and its weathered appearance are likely indications that the degraded unit is an eroded remnant of a
similar deposit that is older than the upper member, perhaps the middle or lower member of the
formation.

The upper member of the Medusae Fossae Formation (unit Amu; Scott and Tanaka, 1986)
forms a blanket of varied albedo lapping over parts of Amazonis Planitia and the cratered uplands of
Terra Sirenum. The member is about 1 km thick where it spills into a crater west of the map area at lat
6.5°S., long 156.1° (Chapman and others, 1991), and it attains thicknesses of 2 to 3 km north of the
map area (Scott and Tanaka, 1982). The member appears to be poorly indurated overall, but resistant
material havinglobate flow fronts is exposed within the large outcrop along the north edge of the map
area (fig. 12). The member has no visible bedding in the map area and is featureless, with the exception
of depressions and streamlined ridges along its margins. The ridges were interpreted by Ward (1979)
to be yardangs formed by erosion of friable material. Although the origin of this poorly indurated
material is not yet fully understood, Scott and Tanaka (1982) interpreted it to be an ignimbrite on the
basis of its morphologic similarities to terrestrial ignimbrites. Alternatively, the friable material has
been interpreted as paleopolar deposits (Schultz, 1985; Schultz and Lutz, 1988).

STRUCTURE

Throughout Terra Sirenum, large, north-trending, widely spaced ridges occur on the Noachian
plateau material (Scott and Tanaka, 1986); they are as long as 40 km and as wide as 5 km and follow
trends hundreds of kilometers in length. South of the map area, these ridges are cut by Lower
Hesperian faults of Memnonia Fossae. Therefore, the features may have formed in the Late Noachian
to Early Hesperian. The common orientation of the ridges indicates that they are tectonic features,
and their trends are consistent with trends of other structures influenced by the Tharsis rise (Chicarro
and others, 1985). Noting that many ridges have steep, high scarps, Scott and Tanaka (1986) and
Zimbelman (1989) have suggested that these ridges formed by high-angle faulting, but others may be
volcanic constructs or the result of compression (Scott and Tanaka, 1986). Their similarity to wrinkle
ridges and consistent trend about Tharsis suggest that they may indeed be compressional features.
Some of the ridges form “islands” within the Mangala channel system. In addition, the location of
Mangala Valles may have been controlled by topography associated with the north-trending faults
(Baker and Milton, 1974). Broadly curvilinear scarps also trending north occur throughout the map
area (for example, atlat 9.5°S., long 150.2° and lat 11° S, long 152.5°) and farther west. These scarps
and perhaps even the north-trending ridges may be related to a hypothesized ancient basin-forming
impact (Plescia and others, 1980) centered in Daedalia Planum (south of Tharsis) and buried by
Tharsis volcanic rocks (Craddock and others, 1990).

South of the map area, east-trending, graben-bounding faults of Memnonia Fossae cut Noachian
and Hesperian plateau materials. This graben system is related to Tharsis-centered tectonism (Plescia
and Saunders, 1982). The faults became active in the Late Hesperian and were reactivated in Late
Hesperian to Early Amazonian time (Plescia and Saunders, 1982; Tanaka and Chapman, 1990). Water
that eroded Mangala Valles may have emanated from the faults, as well as Amazonian-Hesperian
volcanic flows (Chapman and others, 1989). Radar data indicate that the cratered highland material in
this region dips toward the east and may have provided an aquifer that transported water eastward
(Zimbelman and others, work in progress). The two episodes of catastrophic flooding of Mangala
Valles appear to be coeval with the two periods of Tharsis-centered faulting that produced Memnonia
Fossae, suggesting that the tectonic activity triggered the floods (Tanaka and Chapman, 1990). Also,
Memnonia Fossae cut through surrounding high regions that may have hosted perched aquifers
(MacKinnon and Tanaka, 1989; Tanaka and MacKinnon, 1989).

Wrinkle ridges are prominent features on the ridged plains material. They differ from the
Noachian ridges in that they are much smaller and less symmetrical. These features are common on
the Moon, Mars, and Mercury, and interpretations of their origin differ (Colton and others, 1972;
Howard and Muehlberger, 1973; Scott, 1973; Lucchitta, 1976; Plescia and Golombek, 1986). In studies
of the Tharsis plateau ridge systems, Watters and Maxwell (1986) stated that the ridges are best
explained as compressional structures that formed during a period of isostatic uplift, presumably in
lava flows.

The east-trending highland-lowland boundary scarp (fig. 1) forms an abrupt end for Mangala
Valles. East of the map area, on photoclinometric profiles of the scarp, slopes range from 8° to 25° and
heights range from 70 m to 2 km (Chapman and others, 1989). The origin of the highland-lowland
scarp is uncertain. Its formation has been attributed to tectonism (for example, Wise and others, 1979)
or to impact(s) (Wilhelms and Squyres, 1984; Frey and Schultz, 1988), but no definitive features
indicative of origin are observed within the map area. Eastward, some Amazonian-Hesperian volcanic
flows of member 3 of the Tharsis Montes Formation (Scott and Tanaka, 1986) are cut by the scarp,
and younger flows overlie it (Chapman and others, 1989), which suggests structural or erosional
activity along the scarp during the Early Amazonian or Late Hesperian.

GEOLOGIC SUMMARY

In the central Mangala Valles area (MTM -05152 and -10152), during the Late Noachian, a
knobby and pitted terrain was carved by channels, which are now discontinuous and degraded. These
channels were probably the result of ground-water flow from local melting of ice contained in low areas
of Middle Noachian cratered plateau material. Compressional thrusting or perhaps high-angle faulting
formed long, high, north-trending ridges in the Noachian material. During the Early Hesperian, some
intercrater plains areas of Noachian materials were resurfaced, perhaps by sheet wash. Late
Hesperian basaltic flows formed ridged plains in large craters and other low areas. Later, Memnonia
Fossae became active; one of their principal grabens was the source of catastrophic floods that
formed early outflow channels of Mangala and Labou Valles (fig. 13). Lobate plains materials were
possibly erupted from the fossae, partly covering the channel floor. A second period of flooding in the
Early Amazonian, coeval with a second period of fauiting, cut into the lava plains and broadened and
deepened Mangala Valles. Furrow channels and debris-flow deposits mark the last fluvial activity in
the map area. This activity may have resulted largely from sapping and liquefaction of materials
saturated during outflow-channel activity. Deposits at the mouth of Mangala Valles were partly
covered by Lower to Middle Amazonian lava plains materials. Parts of Terra Sirenum and Amazonis
Planitia were then surfaced by poorly indurated material of Amazonian age, the Medusae Fossae
Formation, which may consist of ignimbrite deposits.
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