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INTRODUCTION
The Galaxias region (MTM 35217) is one of a series of 1:500,000-scale science study areas on Mars 

sponsored by NASA's Planetary Geology and Geophysics Program. Situated near the northern limit of lava 
flows associated with Elysium Mons, this region includes a mixture of volcanic and nonvolcanic terrains. The 
region is also of interest for the fluvial systems that originate along the distal margins of the Elysium lava 
flows.

Resolution of Viking Orbiter images used to prepare the base map ranges from 40 to 160 m/pixel. 
High-resolution frames (40 to 80 m/pixel) are found in the southeastern part of the map area and along the 
north edge of the quadrangle, but over half the quadrangle is included in medium-resolution frames (150 
m/pixel). Two 8 m/pixel, very high resolution scenes are available (fig. 1). Interpretation is complicated by 
variable resolution and sun angles that vary from east to west illumination on different images.

Mapping methods and principles are adapted from those developed for lunar photogeologic mapping by 
Shoemaker and Hackman (1962), refined by Wilhelms (1972), and successfully applied by many workers to a 
variety of planetary surfaces. Mapping units are distinguished by topography and texture and are ranked by 
relative age on the basis of superposition and transection relations. Material units are assigned to time-strati-
graphic systems defined by Scott and Carr (1978) and Tanaka (1986).

This area is included within earlier maps that used Mariner 9 images at 1:5,000,000 scale (Elston, 
1979) and globally at 1:25,000,000 scale (Scott and Carr, 1978). Regional maps based on the much higher 
resolutions of Viking Orbiter allowed more detailed discrimination of materials by Greeley and Guest (1987) 
at 1:15,000,000 scale and Tanaka and others (1992) at 1:5,000,000 scale. Some map units on this 
1:500,000-scale map correspond to, or are partially equivalent to, units on the larger scale maps of Greeley 
and Guest (1987) and Tanaka and others (1992). Established terminology is used where feasible, but the 
scale of this map requires that some new units be introduced and that some previous terminology be rede-
fined. Photogeologic methods are limited; therefore, more than one geologic explanation is given for some 
material units that do not readily lend themselves to an unequivocal interpretation.

GEOLOGIC SETTING AND PHYSIOGRAPHY
The Galaxias region lies along the transition zone between the broad Elysium Planitia rise to the south-

east and Utopia Planitia to the northwest (fig. 2). The area is on a low spur on the flank of the Elysium Mons 
rise between zero and −1000 m elevation (U.S. Geological Survey, 1991). The regional topography consists 
of a uniform, gentle slope to the northwest upon which is superimposed a moderately smooth to rugged sur-
face consisting of lava plains in the south and a mixture of rolling plains, rugged "badlands," and subdued 
knobby terrains to the north. Polygonally fractured terrain marks the northern limit of lavas in the central and 
eastern parts of the quadrangle and is best developed as Galaxias Chaos in the quadrangle to the east. The 
entrenched Hrad Vallis heads in the southwest part of the quadrangle and continues 500 km to the north-
west. A flat-floored trough heads in polygonal terrain in the southeastern part of the quadrangle and parallels 
the Hrad trend for about 300 km.

Galaxias Fossae consist of a family of deep, parallel fissures in the southern part of the quadrangle and a 
long, linear fissure in the northern part of the area. A steep-sided, deeply furrowed hill, approximately 14 km 
by 24 km in areal extent, is prominent in the center of the quadrangle. Craters are sparse. The largest cra-
ters are approximately 6 km in rim crest diameter.

Atmospheric and hydrologic conditions on Mars during the timespan in which most of the surfaces in 
this quadrangle were formed are not fully known. The presence of large outflow channels and numerous val-
ley systems is convincing evidence of water on the surface of the planet (McCauley and others, 1972; Masur-
sky, 1973; Milton, 1973; Baker and Milton, 1974; Hartmann, 1974; Sharp and Malin, 1975; Baker, 1977, 
1978). A wide diversity of evidence exists for a large amount of subsurface ice contained within the martian 
regolith (Carr and Schaber, 1977; Lucchitta, 1981; Rossbacker and Judson, 1981). Further, it is argued that 
atmospheric pressure and temperature may have been high enough to allow widespread decay of martian 
permafrost, which led to the creation of a marine climate (Baker and others, 1990) and to the existence of 
an ocean (Lucchitta and others, 1986; Parkers and others, 1987; Schafer, 1990). This quadrangle falls near 
the projected shoreline of that north polar sea (Parker and others, 1987) or the lacustrine basin of Utopia 
Planitia as defined by Scott and others (1992) and Chapman (1994). The landscape and stratigraphy of the 
region reflect the interaction of volcanic, permafrost, fluvial, impact, mass wasting, eolian, lacustrine, and 
possibly karst, glacial, and marine processes.

STRATIGRAPHY
The chief stratigraphic units in the region are flows from Elysium Mons, possible volcaniclastic units 

associated with eruptive activity within Elysium Planitia, channel related materials, and various plains-forming 
materials in low-lying areas. Because of the low numbers of superposed craters, all materials other than three 
partly buried craters are interpreted as Amazonian in age. Crater counts by Tanaka and others (1992) of 
those units in this region that have large area exposure indicate that the material is Lower Amazonian in age. 

Much of the region consists of materials belonging to the Elysium Formation (Greeley and Guest, 1987). 
Designations for the members of the Elysium Formation used in this discussion are modifications of those 
used by Tanaka and others (1992). Greeley and Guest (1987) divided Elysium lava into two units that they 
designated as member 1 and member 2. Member 1 consists of lobate plains-forming deposits that radiate 
from Elysium Mons, and member 2 consists of lobate materials comprising the Elysium Mons edifice. Tanaka 
and others (1992) reassigned the bulk of the lobate lava plains to member 2 and the material of the edifice to 
the Mons member of the Elysium Formation. Hesperian-age materials of possible pyroclastic origin east of 
Elysium Mons were designated as member 1.

The relative age and origins of some materials of the Elysium Formation are not clear. Thus, whether 
the Elysium lava flows of member 2 are younger, older, or contemporaneous with the smooth and coarse 
members (units Aels and Aelc, respectively) that form much of the surface in the northern part of the map 
area is not readily apparent. Tanaka and others (1992) describe the smooth member as interstratified with 
flows of member 2. 

The smooth member is defined in this quadrangle by a high standing, smooth to gently rolling surface. It 
is everywhere topographically higher than the coarse member with which it is always associated. Roughly 
aligned small pits are found on the surface of the smooth member (fig. 3) at lat 35.5° N., long 216.5° and in 
the adjacent quadrangle to the west. The contact between the smooth and coarse members is ragged and has 
many embayments.

The smooth member is variously interpreted as lahar deposits (Christiansen and Greeley,1981; 
Christiansen, 1989), erosional plains material (Mouginis-Mark and others, 1984), pyroclastic material 
(Tanaka and Scott, 1987), or friable volcaniclastic flows originating from Elysium Fossae at the base of 
Elysium Mons (Tanaka and others, 1992). The smooth member may be weakly consolidated, friable material, 
on the basis of its apparent ease of erosion. A clastic texture (volcaniclastic, mudflow, loess) is indicated by its 
erosional characteristics, but a specific origin is less certain.

Extending to the northwest from Elysium Fossae over an area almost equal to that of the Elysium lavas, 
the coarse member is much more widespread than the smooth member. The coarse member is expressed in 
the Galaxias quadrangle as a rugged "badlands" topography characterized by sharp-crested hillocks and ridges 
and intervening narrow ravines. The coarse member is described by Tanaka and others (1992) as flows that 
are thicker and more rugged than the smooth material. These materials have been interpreted as huge lahar 
deposits (Christiansen and Greeley, 1981; Christiansen, 1989), erosional plains material (Mouginis-Mark, 
1985), pyroclastic flows (Tanaka and Scott, 1987), and jökulhlaup deposits (Chapman, 1994). A nonvolcanic 
origin for the coarse member is suggested by De Hon and Mouginis-Mark (1990) and De Hon (1992). 

The physical position of the smooth member overlying the coarse member would suggest by 
superposition that the smooth member is younger than the coarse member. For this interpretation to be true, 
the scattered, discontinuous outcrops of the smooth member would either represent local deposits or the 
existing materials must be remnants of a much more widespread unit that has been removed by erosion. A 
mechanism for widespread erosion on Mars is not recognized at this time. 

The topographic and stratigraphic position and the distribution of smooth and coarse members in this 
area suggest an alternate interpretation to the volcanic origin. Aligned pits within the smooth member and 
rugged embayments along the edge of the smooth member may be incipient stages of formation of the 
coarse member at the expense of the smooth member. The coarse member is interpreted here as a 
degradational remnant of the smooth material (and perhaps other materials) modified by karst, thermokarst, 
or surface water erosion (De Hon, 1992). 

In the Galaxias quadrangle, Elysium lava flows are divided into two mapping units. These divisions are 
locally identifiable. We make no claim to their significance in other areas of the Elysium region. The oldest 
flow material (unit Ael2a), characterized by degraded lobate scarps, covers much of the southern third of the 
map. This material may be pyroclastic flows or it may be simply lava flows with or without slight 
compositional variation from the superposed, more pristine, lobate flows of member 2b (unit Ael2b). 
Member 2b is characterized by elongate tongues having fresh-appearing lobate scarps and lava channels.

Galaxias Fossae consist of a system of open fissures at the northern edge of the Elysium lavas and in the 
northern part of the quadrangle. Materials exposed in the fissure are mapped as the trough member of the 
Elysium Formation (unit Aelt, Tanaka and others, 1992). The trough member consists of slope and floor 
material produced by mass wasting as well as fluvial materials moved short distances by water on the floor of 
the fissure.

A unique hill of rugged material (unit Aelr) stands above the plains in mid-quadrangle. The ridged and 
gullied flanks of the hill provide evidence that the material is easily eroded and may be friable volcaniclastic 
material or that erosion has exposed dikes radiating from an intrusive body. The ridge has been interpreted 
to be a moberg hill, a type of sub-ice volcano (Anderson, 1992; Chapman, 1994). Smaller, smooth-surfaced 
mounds are found to the southeast of this feature, and a long ridge of similarly ridged and gullied flanks lies 
to the northeast. These hills and the ridge appear to be structurally controlled, as they occur along a major 
fracture trend. 

Channel systems of probable fluvial origin occur as channel material (unit Ach) of wall and floor deposits 
of Hrad Vallis, as flood-plain material (unit Achp), and as chaotic channel material (unit Achc). Channel 
material occurs in a 4-km-wide channel of low sinuosity. Material of the flood plains flanks the channel and 
forms the floor of a 25- to 45-km-wide outer valley. Slumped and collapsed walls near the head of Hrad 
Vallis form chaotic terrain that may have blocked the channel at one time but was reopened by renewed 
discharge from the source fissure. At least two generations of fluid release are identified for Hrad Vallis by 
Mouginis-Mark (1985), and the fluted plains material possibly was formed as mud flows during these 
episodes.

Fluted plains material (unit Apf) near the head of Hrad Vallis may be a lahar deposit originating from 
Hrad Vallis (Christiansen, 1989) or Galaxias Fossae or both. The fluted plains material contains several, 
shallow depressions approximately 1 km in diameter (Mouginis-Mark, 1985) that may be maar craters or, 
more likely, partly buried impact craters. High-resolution images from Viking appear to show these 
depressions partly mantled by overlying materials. Some of these depressions have concentric inner rings (fig. 
4). If these are impact craters, the fluted plains material has sufficient thickness (greater than 200 m) to bury 
the rim crest of 1.5-km-diameter craters. Concentric craters may be an indication of a shallow stratigraphic 
horizon. West of Hrad Vallis the mudflow partially buries material of the Elysium Formation.

Hilly plains material (unit Aph) is expressed as closely spaced hills having less than 1 km basal diameters. 
This material, near the east edge of the quadrangle (lat 33.7° N., long 215.2°), is much more widespread in 
the adjacent Hecates quadrangle to the east. This small-scale hilly material appears to be formed by 
degradation of surface materials of the polygons of the grooved terrain on which it lies. 

Breakup of Elysium lavas (mostly unit Ael2a) into polygonal blocks is mapped as grooved plains material 
(unit Apg) along the north edge of the Elysium lava flows (Tanaka and others, 1992). Grooved plains material 
is made up of large, smooth-surfaced polygons (5 to 30 km across) separated by 1- to 3-km-wide, flat-floored 
troughs. Removal of ground-ice or liquefaction of material beneath Elysium lavas is likely responsible for 
removal of support and downslope migration of polygonal blocks that make up grooved terrain (Sharp, 
1973; Carr and Schaber, 1977; Mouginis-Mark and others, 1984; De Hon, 1992). Well developed east of 
the Galaxias quadrangle, the polygons become degraded and obscured by surface mantling as the material is 
traced westward and northward. In the Galaxias quadrangle grooved material grades northward into coarse 
and smooth members of the Elysium Formation or materials of the smooth plains that apparently bury it. In 
the region east of this quadrangle, grooved terrain grades northward to become buried beneath knobby 
plains material. Knobs may be mantled erosional remnants of high-standing polygons of the grooved terrain.

Knobby plains material (unit Apk) extends into the northeastern part of the map area and is better 
developed farther east. This material forms smooth surfaces of rolling topography broken by small to 
moderate-size, widely spaced, rounded knobs with basal diameters of 2 to 10 km. Knobby plains material is 
part of the enigmatic northern plains materials that have curvilinear ridges which may be strand lines from 
former standing bodies of water (Parker and others, 1989). In many areas on Mars these materials are 
associated with paleochannels (Scott and Underwood, 1991). The knobby plains material was probably 
emplaced as a mantling layer over an irregular surface. The unit may be composed of interbedded 
sedimentary material of local origin and materials of eolian, aqueous, or volcanic origins. The knobs may 
represent buried remnants of polygons formed from a once continuous layer of Elysium lavas, such as 
member 2a of the Elysium Formation, or they may be remnants of older material found in nearby Phlegres 
Montes (Scott and Carr, 1978; Greeley and Guest, 1987).

Smooth plains material (unit Aps) forms extensive lowland plains and occurs on the floors of some 
topographic basins. The location of smooth plains material in closed depressions lends support to an 

interpretation that this material is locally derived sediment moved by gravity, wind, or water. Some or all of 
the smooth plains material may represent lacustrine deposition in lakes.

Vermicular terrain material (unit Av) is found in the southeastern part of the quadrangle (lat 34.7° N., 
long 215.5°) superposed on portions of grooved terrain and craters. The material is characterized by small, 
closely spaced, subparallel ridges on moderate slopes and downhill from slopes (fig. 5). The ridges are 
perpendicular to slopes, and they develop greatest continuity at the base of slopes. This material is assumed 
to be formed by mass wasting and downslope movement of slope materials (Mouginis-Mark, 1985). Mass 
wasting in this region may be accentuated by an ice-rich substrate that allows rubble to creep downslope and 
develop a series of parallel "push up ridges." 

CRATERS
Most craters within the region are less than 5 km in diameter and are morphologically fresh appearing 

Amazonian craters (unit Ac). Amazonian craters have sharp rim crests and have either radial striations on 
their ejecta blankets or well-preserved, continuous, lobate ejecta deposits surrounding the parent crater. 
Some craters possess lobate deposits having distal ramparts characteristic of craters believed to have formed 
in volatile-rich targets (Carr and others, 1977), whereas others have radially scoured ejecta deposits that may 
be caused by atmospheric effects (Schultz and Gault, 1979). Secondary crater fields are scarce. The largest 
craters in this area have diameters of only 6 km. The ejecta blanket of one of these craters, on grooved 
plains material, is characterized by the same vermicular texture as the surrounding terrain (fig. 5). A few cra-
ters, which are partly buried by Amazonian plains-forming material, have uncertain stratigraphic bases. These 
craters are designated as Amazonian and Hesperian crater material (unit AHc) on the basis of their degree of 
degradation and burial of outer rim material.

STRUCTURE
The dominant structural trend follows the regional slope (inferred from the direction of the channels) and 

is roughly radial to Elysium Mons. Fissures, grabens, and faults trend northwest. This trend is accentuated by 
parallel alignment of other linear features, such as the long axis of the rugged ridge material, other ridges, 
valleys, closed depressions, and flow lobes. Some faults are younger than smooth plains material, but at least 
one fault is buried by it.

Galaxias Fossae consist of a system of parallel and aligned fissures trending northwest in the southern 
part of the map area and a 300-km-long fissure trending west-northwest in the northern part of the region. 
In the south, Galaxias Fossae consist of a bifurcated fissure complex 5 to 7 km wide and 45 km long. Several 
smaller, 1- to 2-km-wide, fissures occur near the east edge of the quadrangle. In the north, Galaxias Fossae 
consist of two 1- to 2-km-wide parallel fissures having scalloped sides. Erosion has cut alcoves into the walls 
to produce many right angle, short, cross valleys. Galaxias Fossae appear to have enlarged original fissures 
by slumping and backwasting of the walls. In the larger fissures, material from the walls was redistributed by 
water flowing along the floor of the fissure. 

Small hillocks, 1 to 3 km in basal diameter and a few hundred meters high, occur within smooth plains 
material in the northern part of the quadrangle. These hillocks, smooth surfaced at Viking resolutions, have 
convex upward flanks and are topped by pits or troughs. Whether these hillocks are small versions of the 
much larger dome of rugged ridge material is uncertain. The hillocks are smaller and not situated along 
identifiable faults or fracture traces. They resemble pingos or breached volcanic cones. If they are pingos, 
they have not collapsed by decay of the ice core and, therefore, would indicate the continued presence of 
water-ice.

CHANNEL AND HYDROLOGIC HISTORY
Water and, perhaps, ice play important roles in the shaping of landforms in this region. Many water-cut 

channel systems are associated with the north and northwest distal edge of the Elysium volcanic pile. These 
outflow channels were cut by water derived from the subsurface by less catastrophic releases than the chan-
nels associated with the Chryse Basin. Much of the water appears to have found its way to the surface at fis-
sures and along the basal contact of the Elysium lavas. Although it is common to think in terms of water 
being released by volcano-ice interaction, it is just as likely that the ground-water system was pressure driven 
by the weight of the Elysium volcanic pile. In addition, the smooth member of the Elysium Formation may 
have contained connate water. Dewatering may have led to significant degradation of those materials and 
may have supplied local lakes. 

Hrad Vallis and an unnamed flood plain (from about lat 34° N., long 216° to lat 37° N., long 218°) are 
the two prominent drainage courses in the region. Both drainages trend north-northwest parallel to the domi-
nant structural trend of fissures, faults, and lineaments. In addition, scour marks and channeling indicate that 
the floor of Galaxias Fossae carried small volumes of flowing water.

Hrad Vallis begins as a fissurelike depression that is locally associated with chaotic terrain. The valley has 
a well-defined, incised, low sinuous channel flanked by a broad, paired terrace of flood-plain material along 
much of its course in this quadrangle. The channel continues to the northwest for more than 500 km into 
Utopia Planitia. The flood plain is only found along the upper 175 km of the channel. Slumping along the 
walls of the valley has left small islands within the channel. A few cut-off loops attest to an earlier period of 
channeling before the present channel was fully established. However, extensive scars of meander loops are 
not apparent. 

East of Hrad Vallis a broad, flat-floored, irregular depression floored by flood-plain material reaches from 
the southeastern part of the quadrangle to beyond the north-central border. Although lacking a narrow chan-
nel throughout its length, the depression has a smooth floor with some minor scour and channeling marks 
,which indicate that it has carried water. The valley heads at a 10-km-diameter depression along the southern 
limit of the Elysium Planitia lava flows (lat 33.7° N., long 216.2°), but water was probably released into the 
valley along the edge of the adjacent grooved terrain. A delta and levee complex (fig. 6) leads from the basin 
into the drainage course (Mouginis-Mark, 1985). Locally, the waters on the flood plain embayed isolated 
blocks of the grooved terrain.

Although the morphology of upper Hrad Vallis is superficially similar to terrestrial mid- to late-stage val-
ley development, there are problems with any attempt to explain the origin of the valley in terms of normal, 
sequential valley development by running water. The channel is sinuous, but it is not meandering. Within this 
quadrangle the channel is found within a wide, flat-floored valley, but the channel is responsible neither for 
carving the valley nor for planation of the valley floor. Rather, the flat-floored outer valley appears to have 
formed first, and then the channel was cut into the floor of the valley at a later time (De Hon, 1992).

The origin of the Hrad Vallis broad, outer valley and the flat-floored valley to the east is not clear. The 
walls of the outer valley are irregular, and the valley does not appear to be cut by simple overland flow. Both 
valleys may have incorporated earlier formed, flat-floored, closed basins localized along structural trends that 
were later flooded and connected by short channels cut by spillover as the basins filled to capacity (De Hon, 
1992). The discharge pattern appears to have been controlled by the regional structural trends of the area. 
Galaxias Fossae, Hrad Vallis, and numerous ridges and enigmatic structures such as the rugged ridge material 
lie along the same northwest trend. In particular, the elongate structures of rugged ridge material could be the 
site of an abortive additional outflow event. Gullying caused by water release may have cut the scalloped 
flanks. 

Ridges less than one kilometer wide occur along the edge of the smooth plains material parallel to its 
contact with polygonal plains material in the eastern part of the area (fig. 5). The origin of these features is 
also in doubt. They may be shoreline dunes or ice-pushup ridges along the shore of an ice-capped paleolake.

GEOLOGIC HISTORY
In this region, the interplay of volcanism, near-surface volatiles, and surface runoff is evident. The pres-

ence of subsurface ice as permafrost and the possibility of standing water in small and large lakes is inferred. 
Resurfacing by late-stage volcanism and active surfical processes (erosion by ice degradation and water runoff 
and deposition from water and mass wasting) has largely erased evidence of early periods of high impact 
rates. Most of the geologic activity recorded by stratigraphic units and by modification of the surface is Early 
Amazonian in age. Members 2a and 2b of the Elysium Formation were emplaced as lava flows from Elysium 
Mons volcano. Multiple episodes of clastic deposition took place because of sedimentary or volcaniclastic 
processes that may have been initiated by ground warming associated with the Elysium Mons volcanic activ-
ity. The smooth member of the Elysium Formation was subsequently degraded by dewatering or runoff (or 
both) to produce coarse-textured surface expression of the coarse member.

Following emplacement of materials of the Elysium Formation, dewatering and degradation of water-ice-
rich sedimentary or volcaniclastic materials underlying Elysium lava flows resulted in the formation of polygo-
nally grooved material and fissure material. Grooved plains material shows a progressive degradation in 
which originally well-defined polygons are degraded to irregular, blocky materials having faint hints of the 
original polygonal pattern. In the northeastern part of the region, isolated mesas and buttes of degraded 
grooved material were mantled by material of undetermined origin. In the central part of the region, rugged 
ridge materials of possible volcanic origin were emplaced along regional fracture trends.

Mudflows followed by large-volume water releases are preserved within the floor of Hrad Vallis, and 
numerous smaller aqueous discharges were evidently associated with Galaxias Fossae and the grooved plains 
material. Mudflows and water apparently were discharged from these sources at a time that postdates the 
emplacement of lava flows from Elysium Mons.

Smooth plains material deposited on the floor of irregular basins was probably emplaced by mass wast-
ing, fluvial, and lacustrine processes. Mass wasting continues to modify the topography by creep in loose sur-
face rubble. Much of the grooved material and channel material appear to have experienced the creep of 
surface material that created the ridged terrain paralleling topographic highs.
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Photomosaic location is shown in the eastern 
hemisphere of Mars.  An outline of 1:5,000,000-scale 
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DESCRIPTION OF MAP UNITS

LOWLAND TERRAIN MATERIALS
Northern plains assemblage

Vermicular terrain material—Closely spaced, subparallel ridges and rows of mounds less than 
0.5 km across. Occurs on slopes and level terrain at base of slopes in grooved plains mate-
rial. Interpretation: Surface rubble by mass wasting of water-ice-rich materials 

Smooth plains material—Generally featureless plains-forming materials; lightly cratered. Occurs 
as plains in low-lying areas and topographic basins throughout map area. Interpretation: 
Probably various sedimentary materials, including mass wasting, fluvial, and eolian deposits, 
having smooth surfaces at image resolution 

Knobby plains material—Relatively smooth deposits marked by numerous rounded knobs; 
moderately cratered. Gradational with grooved plains and smooth plains in Elysium and Uto-
pia Planitiae. Interpretation: Deposits formed by degradation of ice-rich high plains materi-
als and Elysium lava flows 

Grooved plains material—Occurs north and west of Elysium rise, adjacent to lava flows of Ely-
sium Mons. Polygonal-shaped mesas that form blocky-appearing mesas separated by flat-
floored troughs 1–2 km wide. Surface expression varies from sharp-edged polygons in adja-
cent quadrangle to subdued, rounded polygons at western and northern occurrences. Inter-
pretation: Distal Elysium lava flows broken by flowage of subsurface material; probably 
related to ground-ice melting induced by volcanism 

Hilly plains material—Relatively smooth deposits having closely spaced small knobs less than 1 
km basal diameter. Occurs on and adjacent to grooved plains material. Interpretation: 
Formed by advanced degradation of ice-rich grooved plains material

Fluted plains material—Smooth, level plains having low-relief fluting. Intersecting pattern of lin-
ear hollows. Occurs adjacent to the head of Hrad Vallis. Interpretation: Dune fields or mud-
flow (lahar) originating from source of Hrad Vallis and Galaxias Fossae

Channel-system materials
Channel material—Deposits within channels that originate from troughs and fractures along 

northwest base of Elysium rise and that extend northwesterly into Utopia Planitia. Channels 
cut coarse and smooth members of Elysium Formation. Interpretation: Colluvium derived 
from valley walls and fluvial material deposited by water discharged through volcanic fissures

Flood-plain material—Occurs as smooth plains of terraces adjacent to channels, in topographic 
narrows connecting topographic basins, and in topographic basins connected by channels. 
Locally preserved as streamlined islands within channels. Interpretation: Alluvial and lacus-
trine plains formed by deposition in low-lying troughs and basins or overbank deposition of 
reworked sediments

Chaotic channel material—Ranges from slightly displaced valley walls to jumbled wedge-shaped 
blocks and highly chaotic materials along valley walls and flood plains. Interpretation: 
Slump blocks and terrain collapsed by slope failure; possibly thixotropic clay flowage

Eastern volcanic assemblage
Elysium Formation—Volcanic and related materials associated with Elysium Mons shield; mem-

bers largely modified from those defined by Greeley and Guest (1987) and Tanaka and oth-
ers (1992)

Rugged ridge material—Forms elongate to linear, rugged topographic highs with scalloped 
flanks. Crests trend parallel to regional fissure and fault trend. Interpretation: Erosional rem-
nant of high-standing material; viscous volcanic materials extruded along fractures or doming 
due to injection of subsurface water or ice along fracture zone

Trough member—Slope, wall, and floor material of Galaxias Fossae. Interpretation: Debris 
apron formed by mass wasting of walls of fissure and sedimentary material moved by fluvial 
processes along floor of fissures

Member 2b—Widespread, fresh-appearing, lobate flows that cover most of Elysium rise; flows 
originate from Elysium Mons and surrounding fissures and embay older flows of Hecates and 
Albor Tholi and ridged plains material elsewhere around Elysium Mons. Moderately frac-
tured, pitted, and cratered. Superposed impact crater blankets commonly have radial or flu-
idized texture. Interpretation: Lava flows of the latest volcanic activity in the area 

Member 2a—Plains-forming material around Elysium Mons. Surface is smooth to gently roll-
ing with degraded lobate scarps. Generally more cratered and pitted than member 2b. Inter-
pretation: Lava flows of earlier volcanic activity associated with Elysium Mons 

Coarse member—Rugged, badlands-like topography flanking smooth member. Stands topo-
graphically higher than smooth plains material and lower than material of the smooth mem-
ber. Similar occurrence as smooth member but more widespread, extending over 1,000 km 
from Elysium rise. Moderately cratered. Interpretation: Residual materials formed by degra-
dation of smooth member by karst or thermokarst processes. Superposed craters have 
highly fluidized blankets 

Smooth member—Forms smooth surfaces standing topographically higher than coarse member 
with which it is always associated. Interpretation: Friable materials deposited as lahars or as 
volcaniclastic or sedimentary processes

IMPACT CRATER MATERIALS
[Materials of impact crater whose rim diameter is larger than 1 km]

Fresh crater material—Superposed on Amazonian units. Most craters fresh, bowl-shaped; ejecta 
blanket generally well-preserved

Subdued crater material—Degraded craters having incomplete rim crest or partly buried ejecta 
blankets

Contact—Dashed where approximately located, queried where uncertain

Fault—Bar and ball on downthrown side

Narrow graben or fissure—Dotted where buried

Narrow rugged ridge

Low sinuous ridge on plains material

Lineament—Linear trend of uncertain significance

Narrow channel

Leveed lava channel—Arrow points in direction of flow

Lobate scarp—Hachures at top of scarp point downslope; dashed where approximately located

Rounded scarp—Line at base of slope; barb points downslope; dashed where approximately 
located

Crater rim—Showing crest

Buried crater rim—Showing crest

Depression

Knob—Bar and ball indicate apical fissure. Fissured knobs in smooth plains material are possible 
pingos. Knobs in knobby plains are probably buried, degraded remnants of polygonally 
grooved material. Knobs on Elysium lavas are of undetermined origin
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Figure 2.  Topographic map of Elysium region, Mars (U.S. Geological Survey, 1989). 
Galaxias quadrangle is on a broad spur of the northern flank of Elysium rise. Contour 
interval 1,000 m.

Figure 1.  Index map showing spatial resolutions 
of Viking images in Galaxias quadrangle. 

Figure 3.  Pitted surface of smooth member of Elysium Formation. Pitting 
(arrows) here and elsewhere in the area may be an early stage of degradation 
of smooth member to rugged member. Image is 42 km across. Viking Orbiter 
image 086A01.

Figure 4.  Very high resolution (8 m/pixel) image of boundary 
between fluted plains material overlying lobate flows. Note con-
centric depression in middle of image. It is interpreted to be an 
impact crater that has been partially buried by younger lahar 
deposits erupted from head of Hrad Vallis and Galaxias Fossae. 
Image is 6 km across. Viking Orbiter image 472B86.

Figure 5.  Impact crater on grooved plains. Ejecta blanket and surrounding terrain modified by vermicu-
lar texture (A). Narrow ridge line (B) parallel to the contact between grooved terrain and smooth plains 
material occurs in northwest corner of frame. Image is 42 km across. Viking Orbiter image 086A02.

Figure 6.  At very high resolution (8 m/pixel) ridges on floor of catchment area 
east of Hrad Vallis can be seen to be part of a distributary network, where it is 
inferred that sediments were deposited and eroded by flowing water (direction of 
flow was from bottom left to top right of image). Image is 6 km across. Viking 
Orbiter image 434B04.
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