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Minor errors inherent in this base and in that of MTM 25067 (Sheet 2)
result in offsets of physiographic features at the common map border

QUADRANGLE LOCATION

Photomosaic location is shown in the western
hemisphere of Mars. An outline of 1:5,000,000-scale
quadrangles is provided for reference.
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KILOMETERS
CORRELATION OF MAP UNITS Aka Younger apron material—Two lobate deposits on lower slope of north edge of Sacra
Mensa and on Kasei floor. Lobes emanate from two Sacra Fossae depressions; one
SERIES* CHANNEL- AND VALLEY-FLOOR PLATEAU CRATER lobe contains a sinuous channel (fig. 7). Interpretation: Young debris flows or alluv-
MATERIALS MATERIALS MATERIALS ial fans formed by ground-water sapping of preexisting Sacra Fossae
Kasei Valles assemblage - Older apron material—Locally forms coalesced aprons along lower slopes of plateaus.
- Interpretation: Talus and alluvial fans formed at base of steep slopes and cliffs by
& Akps rock falls and material loosened by ground-water or ground-ice sapping
§ - Floor material of theater-headed channel—Small, relatively smooth outcrop in south-
g west corner of map area within theater-headed channel of dendritic network that
<

Upper
Hesperian

Lower
Hesperian

Noachian

* Series boundaries from Tanaka (1986)
** Alternatively, resistant material may postdate younger channeled plains material (unit

Hkchjy); see text

DESCRIPTION OF MAP UNITS

[Cumulative crater densities given in some unit descriptions are for craters with diameters greater than 2 km, nor-
malized to 106 km? (fig. 2); relative ages for other units established by stratigraphic relations]

CHANNEL- AND VALLEY-FLOOR MATERIALS

Kasei Valles assemblage

Materials produced or modified in association with formation of Kasei Valles

Smooth plains material —Smooth deposits in lowermost areas of Kasei Valles. Varied
(low to intermediate) albedo. Overlies older apron material in narrow branch chan-
nels. Craters rare. Interpretation: Eolian or lacustrine materials

connects with south Kasei channel west of map area. Channel networks follow
trends of crevices that form rectilinear pattern on floor of Kasei Valles (better seen
in quadrangle MTM 25072, Chapman and others, 1991). Interpretation: Young
fluvial deposit; channel formed by ground-water sapping along preexisting fracture

Younger channeled plains material—Forms widespread, low-lying plains containing
streamlined mounds. Marked by north- to northeast-trending longitudinal grooves
(Sacra Sulci) that are cut by many crevices forming rectilinear to sinuous patterns.
Crater density 730 £ 220. Interpretation: Scoured surface and landforms caused
by catastrophic flooding or glacial erosion; unit may include fluvial sediments in
places. Crevices are preexisting features enhanced by scour, plucking, and later sap-
ping and mass wasting

Degraded plateau material—Rough, knobby, chaotic material on Sacra Mensa adja-
cent to older channeled plains unit. Interpretation: Material formed by degradation
of ridged plains or Noachian plateau material, possibly due to collapse associated
with removal of ground ice

Older channeled plains material—Forms moderately rough surfaces on parts of Sacra
Mensa; commonly surrounds streamlined mounds of ridged plains material. Con-
tains longitudinal grooves and rectilinear crevices and is cut by Sacra Fossae. Includ-
ed in ridged plains material by Chapman and others (1991). Moderately cratered;
density 950 £ 190. Interpretation: Ridged plains material scoured by catastrophic
flooding or glaciation

PLATEAU MATERIALS

Ridged plains material—Smooth, marked by north-trending wrinkle ridges; caps Lunae
Planum and Sacra and Lunae Mensae. Cut by Kasei Valles and 1- to 4-km-wide lin-
ear troughs of Sacra Fossae. Eroded into streamlined mounds at lat 26° N., long
66° on Sacra Mensa. South of map area (Viking image 664A16), unit contains
lobate scarps. Moderately cratered; density 1000 + 200 (Scott and Tanaka, 1986).
Interpretation: Resistant basaltic lavas deformed by compressional buckling;
scoured on Sacra Mensa

Resistant material—Thin layer covering terraces and flat-topped, streamlined islands in
Kasei Valles. Consistently lies at 1-km depth below nearby plateau surfaces. Inter-
pretation: Cemented rock or lava within wall material; alternatively, may be eroded
lava or fluvial gravel deposited on intermediate-level floor of Kasei Valles or resist-
ant layer of ridged plains material

Wall material—Slopeforming; seen in plateau walls beneath ridged plains material.
Layering exposed locally; some crevices; partly buried by apron materials. Interpre-
tation: Less resistant than ridged plains unit; perhaps ice-rich and poorly indurated
materials of various origins (such as ridged plains lavas or older Noachian materi-
als); layering may indicate strata of varied composition or cementation. See text for
further discussion
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CRATER MATERIALS
[Includes all craters larger than 3 km in diameter. All are interpreted to be of impact origin]

AHc | Material of craters that postdate erosion by Kasei flooding—Bowl-shaped craters
have sharp, complete rim crests; steep walls; and deep, rough floors. Ejecta com-
monly extensive, well preserved; may form rayed patterns. Ejecta superposed on or
buried by Amazonian units

- Material of craters that predate erosion by Kasei flooding—Rim crests high and

either complete or rounded and incomplete; walls relatively steep; floors may be

flat, some lower than adjacent terrain. One central peak observed. Sparse or partly
eroded ejecta superposed on Hesperian units and locally on Hesperian-Noachian
wall material. Streamlined mounds occur "downstream" from some craters

Contact—Dashed where approximately located; dotted where concealed

—4—— Wrinkle ridge—Line marks crest; dashed where approximately located; dotted where
buried

M Lobate scarp—Ticks point downslope; may form contact

—~Y —— Scarp—Dashed where approximately located; line marks top of scarp; barb points
downslope

W Narrow channel—Arrows point in inferred direction of flow

"/ Crevice—Crevices form rectilinear and sinuous patterns

@ Closed depression

@ Detached blocky lobe—Arrow indicates direction of movement
Q Crater rim crest—Dotted where buried

-¢)- Crater central peak

INTRODUCTION

This geologic map of the north-central Kasei Valles region is part of a set of 1:500,000-scale
maps of the entire outflow-channel system (fig. 1), which is the largest on Mars. The system includes
a diversity of well-preserved features—largely erosional—that result from a variety of fluvial and other
geomorphologic processes acting on a sequence of plateau rocks that are locally cut by faults and
fractures. Such features include local patches of grooved and knobby terrain; long interconnected
troughs that are probably eroded fractures; channel bars and longitudinal grooves; and debris aprons.
No place on Mars is more deeply dissected by erosional (as opposed to structural) processes, and,
thus, the canyons of Kasei Valles provide good exposures to determine a vertical stratigraphic col-
umn. Not only is our map a detailed study of the local plateau stratigraphy, it also documents the ero-
sional, hydrologic, and structural histories of the north-central Kasei Valles region.

The map area was included in geologic maps at scales of 1:5,000,000 (Milton, 1974) and
1:15,000,000 (Scott and Tanaka, 1986). Quadrangles adjacent to the west (Chapman and others,
1991) and east (Scott, 1993) have been mapped at a 1:500,000 scale. Our mapping follows the ter-
minology and classification schemes of these earlier maps where appropriate.

GEOGRAPHIC SETTING
The Kasei Valles system, as much as 300 km wide, can be traced for 2,400 km from Echus
Chasma to Chryse Planitia (fig. 1). (For comparison, the Mississippi River averages less than 1 km in
width and extends for 6,200 km.) The Kasei system's upper part trends north and its lower part runs
east. The channel system separates western Lunae Planum from the eastern lava plains of the Thar-
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sis rise and northern Lunae Planum from Tempe Terra. In the vicinity of lat 20° N., long 75°, the
broad, north-trending Kasei channel turns east and splits into two branches (informally referred to as
the north and south channels) that extend eastward and then rejoin. Large mesas, including Sacra
Mensa and the mesa covered by Sharonov crater (fig. 1), are found between the branches; the
branches also anastamose around smaller mesas such as Lunae Mensa. Broad channel floors are
generally 1 to 2 km lower than surrounding plateau surfaces, but floors of the narrow sections of the
branches are locally more than 3 km lower than the plateau (U.S. Geological Survey, 1989).

STRATIGRAPHY

Stratigraphic positions of most geologic units and various structures and geomorphic features
were determined by crater densities (fig. 2) and overlap and cross-cutting relations and placed in the
global stratigraphic scheme of Tanaka (1986). Some stratigraphic assignments were based on previ-
ous work. The stratigraphic positions of erosional units represent the relative age of their surface
modification (in contrast to ages of other units, which reflect their time of emplacement; see Milton,
1974). It is uncertain whether some units are erosional, depositional, or both.

Our detailed mapping has resulted in several previously unmapped units. Additionally, we have
formulated the Kasei Valles assemblage, an informal grouping of channel deposits. The designation
of this assemblage assists in distinguishing local channel units from others of similar age elsewhere on
Mars, such as those of the Mangala Valles assemblage (Chapman and Tanaka, 1993).

NOACHIAN AND HESPERIAN SYSTEMS

Material exposed in the walls of Kasei Valles underlying Hesperian ridged plains material is
mapped here as Hesperian-Noachian wall material (unit HNw). Layering within the unit is sug-
gested by local alternating zones of contrasting albedo that occur along the walls of the plateau both
in the map area (fig. 3A, B, C) and east of the map area at lat 23.2° N., long 59.3° (Scott, 1993).
The prominence of these outcrops suggests that the layered zones have high erosional resistance.
The layering has led to two stratigraphic interpretations of the unit: (1) It is a thick sequence of lava
flows (Hesperian ridged plains material), perhaps interbedded with weaker materials, such as sedi-
mentary deposits that were locally rich in ice (fig. 4A; Chapman and Scott, 1989; Scott, 1993); or
(2) it is a sequence of Noachian impact breccia and other deposits, including resistant lava flows in
places, that was modified by ground ice and secondary processes and capped by a thinner section of
Hesperian ridged plains material (fig. 4B; discussed in more detail in Tanaka and Chapman, 1992).
The former interpretation seems likely if one considers that the areal extent of the ridged plains lava
flows rivals that of major plateau basalts on Earth and may likely have a comparable thickness of a
kilometer or more rather than a few hundred meters. The map area contains no observable contacts
on which the latter interpretation can be based; however, the base of Hesperian ridged plains mate-
rial (lava flows) may be only several hundred meters below the surface of Lunae Planum, as sug-
gested by calculated depths of buried Noachian impact crater rims (minimum of 600 m, De Hon,
1985) and measured depths of the inferred base of resistant ridged plains material (Davis and Golom-
bek, 1990; Tanaka and Chapman, 1992). Because either interpretation is possible, we must assign
this unit a Hesperian-Noachian age.

Another unit within Kasei Valles forms resistant caprock on channel-bank terraces and on flat-
topped, streamlined islands on channel floors (fig. 5). This caprock has been mapped as resistant
material (unit HNr). It appears to lie at a consistent elevation of about 1 km below the plateau sur-
face. Our interpretation is that this layer occurs within the wall material and has been exhumed: it
may be a zone of cementation or a buried lava deposit (fig. 4B; Tanaka and Chapman, 1992). A
zone of cementation associated with the base of the cryosphere should be at about a 1-km depth, as
suggested by thermal models (for example, Rossbacher and Judson, 1981). A mechanical discontinu-
ity at this depth throughout the Kasei Valles and Lunae Planum region has been inferred from vari-
ous measurements of erosional levels and structural geometries (Davis and Golombek, 1990; Robin-
son and Tanaka, 1990). According to the climate history recorded in the Martian highlands (Tanaka
and others, 1988), the most favorable time for the formation of the proposed zone of cementation
would have been the Early Hesperian, when the climate apparently cooled (Tanaka and Chapman,
1992). Permafrost in the upper kilometer of the crust may have then formed a barrier to ground-
water circulation, and a zone where chemical precipitation was enhanced.

Alternatively, the unit could be lava flows or indurated flood deposits emplaced on a higher
channel-floor level during or after an early episode of flooding, and the subsequent lowering of the
surrounding plain could have occurred in a later channeling event (Tanaka and Chapman, 1992).
Lava flows from Tharsis can be traced into northern Kasei Valles as far east as long 73° (Chapman
and others, 1991), where they overlap the western outcrops of channeled plains material. The rough
texture (at image resolution) of streamlined island caps is consistent in appearance with those flows;
however, the western flows postdate the channeling (Scott and Tanaka, 1986). If the material is a
flood deposit, its resistance to erosion might suggest that it is some type of cemented lag surface.

HESPERIAN SYSTEM

Ridged plains material (unit Hr) makes up widespread, smooth, plains-forming deposits marked
by prominent wrinkle ridges (that resemble mare ridges on the Moon). The base of the unit defines
the base of the Hesperian System on Mars (Scott and Carr, 1978). The unit includes the plateau
caprock on Lunae Planum, on Sacra and Lunae Mensae, and on some smaller buttes within Kasei
Valles. As discussed previously, the thickness of the unit has been estimated to range from several
hundred meters to perhaps more than a kilometer (which would include much of the wall material of
Kasei Valles). The unit has been interpreted to be made up of broad sheets of low-viscosity lava flows

because of its resistance and wide distribution and the development of wrinkle ridges (Greeley and
Spudis, 1981).

Kasei Valles assemblage

The Kasei Valles assemblage consists of sedimentary deposits that have erosional surfaces asso-
ciated with two stages of flooding across Lunae Planum and Tempe Terra; the floods appear to have
originated from Echus Chasma (fig. 1; Milton, 1974; Baker and Kochel, 1978a; Carr and Clow,
1981; Scott and Tanaka, 1986; Chapman and Scott, 1989; Robinson and Tanaka, 1990), from
possible Tharsis sources (Jéns, 1986; Chapman and Scott, 1989; Tanaka and Chapman, 1992),
and perhaps from Sacra Fossae (linear depressions on Lunae Planum; Tanaka and Chapman, 1992).
The flooding was followed by local ground-water sapping and mass wasting and probably by eolian
deposition. The units within the assemblage postdate ridged plains material and, thus, are Hesperian
in age or younger.

Material of Sacra Mensa scoured and dissected by the first stage of flooding is mapped as the
older channeled plains material (unit Hkch1); no flood deposits associated with the scouring have
been identified. The Early Hesperian age of the unit is verified by crater counts (fig. 2).

Where scouring was apparently deep, we have mapped degraded plateau material (unit Hkd),
which has a rugged surface and appears chaotic. It may have formed by extensive removal of ground
ice followed by collapse of overlying rock and sediment. The unit differs from more chaotic materials
on Mars in that (1) it is not found in closed depressions, (2) it is adjacent to the channel rather than at
the channel head, and (3) individual blocks typically appear to be smaller. The age of the unit is its
degradational age. It is made up of either more friable ridged plains material or Noachian plateau
material (see fig. 4).

A second stage of Kasei flooding carved the vounger channeled plains unit (unit Hkchy);
throughout the map area, no channel deposits associated with this flooding have been confidently
recognized. It occurred during the Late Hesperian, and west of the map area the unit is overlain by
Lower Amazonian lava flows of member 4 of the Tharsis Montes Formation (Chapman and others,
1991). The scoured features of this channeled plains unit are more conspicuous than those of the
dissected older channeled plains unit. These features include streamlined mounds as high as 720 m
and longitudinal grooves as deep as 170 m (measurements determined by photoclinometry, Chap-
man and others, 1991). The depths of the longitudinal grooves may indicate that the materials on
the Kasei floor were more easily eroded and perhaps less consolidated than materials on Sacra
Mensa.

HESPERIAN AND AMAZONIAN SYSTEMS

Floor material of the theater-headed channel (unit AHkch) forms one small outcrop in the
southwest corner of the map area. Sapping, which likely formed the channel networks tributary to
the south Kasei channel (west of the map area), probably occurred during the Late Hesperian-Early
Amazonian after the main channel-forming events (Chapman and others, 1991).

Older apron material (unit AHka) consists of fans and slump deposits within Kasei Valles at the
base of high scarps along the edges of Sacra and Lunae Mensae, Lunae Planum, and Sharonov
crater. The unit is interpreted to have formed by the mass wasting of plateau rocks eroded by the
younger flooding episode; some of the deposits formed at the hanging-valley terminations of Sacra
Fossae, indicating that erosion of the fossae continued after the younger flooding event. Although
the material appears to postdate the second stage of flooding, some scarps occur in the unit at lat
24.3° N., long 63.5° and lat 24° N., long 61.8°. The scarps may be layers or erosional terraces in
underlying rocks (as in fig. 3C) that are thinly mantled by apron-forming material. Alternatively, they
may reflect faulting; a distinct third stage of flooding, as proposed by Scott (1993); or a prolonged
second stage of flooding when some outcrops of older apron material were formed.

AMAZONIAN SYSTEM

Younger apron material (unit Aka) overlaps older apron material at the ends of two large
troughs of Sacra Fossae on the north side of Sacra Mensa. One of these younger outcrops is dis-
sected by a 600-m-wide channel (figs. 6 and 7); the channel and lobate deposit may result from a
debris flow (Baker, 1982, p. 95) of water-logged material in Sacra Mensa. The Amazonian age of
the unit is determined by superposition relations.

Smooth plains material (unit Akps) occurs on the broad Kasei floor and within low areas of the
north and south Kasei channels. Its emplacement on younger channeled plains material and older
and younger apron materials—together with a paucity of superposed impact craters—indicates an
Amazonian age. Its lack of geomorphic indicators of flow-emplacement mechanisms (such as lobate
scarps), its discontinuous occurrence within low areas, and its smooth surface suggest that the unit
may be eolian material or perhaps lacustrine deposits formed in topographic lows. Alternatively, the
material may be late-stage channel deposits (Scott, 1993). However, eolian deposition within Kasei is
supported by thermal-inertia mapping that produced values possibly indicative of local accumulations
of coarse, windblown material (Christensen and Kieffer, 1979).

EROSIONAL HISTORY

The history of erosional features in the north-central Kasei Valles region is complex. Multiple
erosional levels may be interpreted as evidence of erosion by multiple episodes or stages of flooding
(Chapman and Scott, 1989; Scott and Dohm, 1990; Chapman and others, 1991) or, alternatively,
by thick glaciers (Lucchitta, 1982). Our mapping indicates two distinct periods of erosion in the Kasei
region—across plateau surfaces during the Early to Late Hesperian, followed by carving of the deep
canyons of Kasei Valles in the Late Hesperian. Between these erosional episodes, the linear depres-
sions of Sacra Fossae developed, cutting streamlined mounds on Sacra Mensa (fig. 6). In turn, Sacra
Fossae were cut by the lower Kasei channels, which resulted in hanging-valley terminations for the
fossae (fig. 6). Also, the narrow north and south channels probably began as two Sacra Fossae
depressions that were apparently utilized and enlarged by the second flooding (Carr, 1974). Ground-
water sapping and mass wasting then modified some of the canyon walls of Kasei Valles.

The first episode of flooding produced shallow longitudinal grooves and streamlined mounds
across northern Lunae Planum, best observed on Sacra Mensa and west of the map area at lat 21.6°
N., long 72.3° and on Labeatis Mensa (fig. 1). Where the cap of ridged plains material was removed,
the underlying undivided unit may have been degraded to rough, chaoslike material due to melting of
an ice matrix by frictional and advected heat generated by the flooding. The flood waters may have
originated from possible fractures or chaotic terrain (now buried by younger lava flows) on the east
flank of the Tharsis rise (fig. 1; Jéns, 1986; MacKinnon and Tanaka, 1989; Chapman and Tanaka,
1991; Scott, 1993; Tanaka and Chapman, 1992). This interpretation is consistent with the orienta-
tions of (1) scour marks on Labeatis and Sacra Mensae; (2) streamlined islands on Sacra Mensa; (3) a
ridge, perhaps a levee, that trends northeast parallel to Kasei Valles from about lat 21° to 24° N.,
long 80° to 75° (Chapman and Scott, 1989); and (4) a large, kilometer-high, streamlined bar farther
west (at lat 18° N., long 78.5°) that suggestively points to the Tharsis rise. Some streamlined mounds
on Sacra Mensa are cut by some Sacra Fossae (fig. 6), suggesting that possible flooding from Tharsis
may have predated outbreaks from Sacra Fossae (fig. 8; Tanaka and Chapman, 1992).

Fluids of the second episode of flooding of Kasei Valles apparently originated from Echus
Chasma, which may have been connected with Hebes Chasma through underground fractures
(Chapman and Scott, 1989; Scott, 1993). This flooding formed the extensive lower floor of Kasei
(@bout 1 to 3 km below the surface of Lunae Planum); the floor is marked by longitudinal grooves,
deep inner channels, and teardrop-shaped bars. The course of the younger Kasei channel along
western Lunae Planum may have been controlled by a preexisting (fault-controlled?) valley, which
farther north delineates the southwest edge of Tempe Terra (Scott, 1993). North of Lunae Planum,
the north and south Kasei channels probably followed preexisting troughs of Sacra Fossae (Carr,
1974); subsequent entrenchment of the Kasei floor left other fossae on Sacra Mensa as high hang-
ing valleys (fig. 6). As flooding progressed, deep inner channels developed below nick points (Baker
and Milton, 1974). Five such points in the canyon system are observed (Tanaka and Chapman,
1992); two are in the map area at about lat 25.3° N., long 61.2° and lat 24.6° N., long 60.1°.

The third and final episode of erosional activity produced the narrow, rectilinear to sinuous cre-
vices on the broad Kasei floor and across parts of Sacra Mensa. These features probably resulted
from ground-water sapping of ice-rich material along joints or fractures. Also, some sapping dis-
charge occurred along two older Sacra Fossae, cutting into older fan deposits and spilling onto the
Kasei floor (figs. 6 and 7), and theater-headed channel networks formed west of the map area.

STRUCTURAL HISTORY

North-trending wrinkle ridges are prominent features on the ridged plains material of Lunae Pla-
num and Sacra Mensa. Most ridges probably formed shortly after emplacement of the plains mate-
rial, in the Earl Hesperian Epoch, and were cut by the first episode of flooding. These ridges are gen-
erally thought to be compressional features caused by isostatic stresses associated with the Tharsis
rise (Watters and Maxwell, 1985, 1986). However, some younger wrinkle ridges have been noted in
lower Kasei Valles (Tanaka and others, 1991), and one cuts across Amazonian smooth plains mate-
rial at lat 27° N., long 69° (fig. 9). These younger ridges may be explained by locally increased com-
pressional stress caused by the erosional removal of large volumes of plateau rocks from within Kasei
Valles (Tanaka and others, 1991; Watters and Craddock, 1991).

Within and outside the map area, ridged plains and older channeled plains materials and wrinkle
ridges are cut in places by linear, theater-headed depressions of Sacra Fossae that are several kilome-
ters wide. These depressions are thought to be structurally controlled, because they parallel grabens
northwest of the map area and have approximately the same relative age and nearly the same
dimensions as those grabens (Chapman and Scott, 1989; Tanaka and Golombek, 1989). On the
basis of these similarities, the Sacra Fossae are considered to have probably formed initially as gra-
bens or fractures in Hesperian time after the first stage of Kasei channeling. Their theater heads sug-
gest that sapping or some other form of scarp recession altered their original form (Chapman and
Scott, 1989). Furthermore, along the east edge of Sacra Mensa and the north edge of Lunae Pla-
num, several fossae form large valleys that have the same base level as Kasei Valles (best seen at lat
24.8° N., long 64.4°); these valleys apparently formed by sapping along joints and scarp retreat (Ta-
naka and Golombek, 1989). However, other Sacra Fossae depressions are enlarged and enclosed,
indicating collapse into voids that may have developed through hydrofracturing and subsurface ero-
sion by turbulent flow of ground water (lat 25.4° N., long 64.4° and lat 24.7° N., long 64.3°;
Tanaka and Chapman, 1992). In addition, the linear depressions may be sites of catastrophic
ground-water outbreak that was initiated by regional tectonism (MacKinnon and Tanaka, 1989) and
that resulted in linear troughs of Sacra Fossae that are hundreds of meters deep; the troughs are bor-
dered downslope by topographically lower (less than a few hundred meters) degraded plateau mate-
rial that is adjacent to scoured terrain, as on Sacra Mensa (fig. 8; Tanaka and Chapman, 1992).

The Kasei floods apparently enlarged fractures in the plateau rocks of Sacra Mensa as well as on
Kasei floors, forming large crevices in rectilinear patterns (Baker and Kochel, 1978b). Many of the
crevices are somewhat sinuous, as though modified by running water. Carr (1981, p. 146) noted that
their trends are similar throughout the region, and he suggested that the crevices may have formed
by preferential plucking along regional joints or faults, as in the channeled scablands of eastern
Washington State. Such structures may be due to regional stress from Tharsis or to local stresses (Ta-
naka and Golombek, 1989). The Kasei crevices are much larger than those formed by terrestrial cat-

astrophic floods, perhaps because of the greater flooding power of the Kasei events (Robinson and
Tanaka, 1990). Additionally, the Kasei crevices could have been enlarged by sapping, salt weather-
ing, mass wasting, and eolian removal of detritus (Malin, 1976; Baker and Kochel, 1979).

GEOLOGIC SUMMARY

Prior to channel erosion of Kasei Valles, Lower Hesperian ridged plains material (probably inter-
layered lava flows) was deposited across Lunae Planum and Tempe Terra over older material of inde-
terminate origin and uncertain Noachian age. Wrinkle ridges deformed the plains material shortly
thereafter. A zone of cementation at 1-km depth may have formed at the base of frozen ground.
During Hesperian time, catastrophic flooding (or possibly glacierlike erosion) occurred in at least two
episodes. The first period of flooding resulted from ground-water outbreaks probably from the east
flank of the Tharsis rise and from Sacra Fossae. Early enlargement of Sacra Fossae by ground-ice
sapping may have initiated the trough-and-mesa topography of the region. The troughs—as well as a
preexisting gently sloping valley (fault controlled?) along the west edge of Lunae Planum (Scott,
1993)—may have controlled the course of the floods of the second episode. These floods issued
from Echus Chasma and carved the deep Kasei canyons, including the narrow branch channels on
the north and south sides of Sacra Mensa that locally exceed 3 km in depth and expose ancient pla-
teau rocks. Later, at the end of the Hesperian and during the Amazonian, continued mass wasting
and sedimentary activity within Kasei Valles resulted in (1) emplacement of debris aprons, consisting
of coalesced alluvial fans, along the bases of mesas and plateau edges; (2) formation of rectilinear to
sinuous grooves on channel floors due to enlargement of fractures by late-stage sapping; and (3)
deposition of smooth plains material within the deep, inner channels of Kasei. Increased horizontal
compressive stress caused by massive channel erosion produced wrinkle ridges that deformed the
channel floor.

COMPUTER-GENERATED MAP OF MTM 25062 QUADRANGLE

The geologic map on this sheet was completed digitally on a Macintosh IlIfx workstation with a
RasterOps 19-in. color monitor. For comparison, the geologic map of MTM 25067 quadrangle,
adjacent to the west (sheet 2), was produced by the usual manual means. Contacts between the two
maps differ slightly due to the different production methods and minor mismatches of the bases.

The computer-generated map was produced in collaboration with Alex Acosta, U.S. Geological
Survey, who has been developing digital methods to produce color geologic maps (Acosta and oth-
ers, 1989; Acosta and Barrett, 1990). These mehtods eliminate most, if not all, manual tasks in the
current labor-intensive and time-consuming peel-coat process of producing standard geologic maps.
Mapping the MTM 25062 quadrangle by computer has provided input to the developing digital map-
ping system in the form of feedback from the authors. Although computer-based techniques do
require additional time from the author for setting up a virtually press-ready product, the time
required for editing, drafting, layout, and production is greatly reduced.

For the MTM 25062 quadrangle, contacts were drawn with Canvas (version 2.1.1, Deneba Soft-
ware), because the program has vector capabilities and allows an unlimited number of layers (trans-
parent overlays) and the import of large raster files. These features permit editing and the conversion
of linework, geologic symbols, and geologic-unit labels to vector format.

The photomosaic map base was digitally assembled on a mainframe VAX computer system and
converted to Macintosh-readable format by a program of Acosta's called PICSIMG. This photomo-
saic base was then imported into Canvas, and separate graphics layers were produced for contacts,
structures, symbols, and unit names. Each graphic layer was then saved in an Encapsulated Post-
Script (EPS) format.

The geologic units were colored by importing the unit-contact layer into Photoshop (version
1.0.7, Adobe Systems Inc.), an image-processing program that allows the author to input unit colors
as percentages on a CYMK (cyan, yellow, magenta, and black) scale to closely match the process ink
color charts used by the U.S. Geological Survey. The colored file was then used to prepare an elec-
tronic "colored mill." The text, graphs, and illustrations were also generated on the workstation, sav-
ing the authors and cartographer the chore of time-consuming hand-drafting.

Finally, the EPS and electronic "colored mill" were supplied to the Thematic Mapping Section of
the Geologic Division for processing. The map layout was defined and assembled in Illustrator. EPS
data were used exclusively in generating the black-film separates, which included the contact line-
work, geologic symbols, geologic-unit labels, and collar information. The color data were processed
using PosterWorks (version 3.0, S.H. Pierce & Co.), a program which separates color data into yel-
low, magenta, cyan, and black EPS formatted files. These files are then processed via a large-format
imagesetter to produce process color film separates. All film separates were supplied to the printer.

This work was partly funded by another U.S. Geological Survey project (Automated Geologic
Map Generation) to develop and demonstrate modern computer-mapping techniques (Condit and
others, 1989).
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Figure 1. Index map showing locations of major physiographic features, area of this report (blue)
and other 1:500,000-scale geologic maps in vicinity of Lunae Planum, completed and planned in
Mars Geologic Mapping Program. Mars Transverse Mercator (MTM) numbers indicate latitude and
longitude of center of maps; [-numbers indicate maps in press or published.
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Figure 2. Log-log cumulative crater-density curves for principal geologic units in map
area. Bars represent standard error (+VN/A, where N=cumulative number of craters
and A=unit area)

Figure 3. Alternating light and dark layers in wall
material (unit HNw) along walls of Lunae Planum and
smaller adjacent mesas. Location of figures shown on
southern parts of sheets 1 and 2 (lettered from west to
east); bar scales=5 km.

Local resistant layer

Figure 4. Block diagrams showing possible stratigraphies and erosional histories interpreted for north Kasei
Valles canyon system. (A) Plateau rocks composed entirely or mostly of Hesperian ridged plains material (unit
Hr). Cap rock is mainly lava flows interbedded with sedimentary layers that have low erosional resistance and
relatively high porosity. At depths of about 1000 to 2000 m, some Hesperian/Noachain rocks (unit HNu) may
be encountered. Other geologic units and surface features include older channeled plains material (unit Hkch1)
that fills a channel cut into upper part of ridged plains material (unit Hr); younger channeled plains material
(unit Hkcho) that fills a channel cut into Hesperian/Noachian rocks and lower part of ridged plains material (as-
sociated landforms include streamlined bars, resistant mesas, terraces, longitudinal grooves, and inner chan-
nels); older apron material (unit AHka) that resulted from ground-ice and ground-water sapping of interbedded
part of ridged plains material; and smooth plains material (unit Akps) within nick-point of deep inner channel.
Note side canyon, typical of Sacra Fossae, cut into plateau. (B) Alternative interpretation (depths of units below
Lunae Planum surface not based on observable contacts in map area). Plateau rocks made up of 250 to 500 m
of ridged plains material (unit Hr, composed mostly of resistant lava flows) underlain by sequence of Noachian
plateau materials. Noachian units interpreted to be impact breccias, lava flows, and sedimentary rocks and to
consist of (oldest to youngest) N7, moderately indurated plateau material (occurs about 1000 m below Lunae
Planum surface); Ny, indurated, resistant plateau material; and N3, unconsolidated, ice-rich plateau material,
layered in places (at 250- to 1000-m depth). Note other channel and apron units and erosional features
described under (A) and their distinctive relations with plateau materials.

Figure 5. Channel bars capped by thin resistant layer that has rough surface and irregular edge at
this resolution (39 m/pixel). Surrounding lower floor of channeled plains fluted by longitudinal
grooves (a) aligned in flood direction that in turn are cut by rectilinear and sinuous grooves (exam-
ples at b). North at top; eastern part of imaged area shown on sheet 2; Viking image 665A12.
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Figure 6. Viking Orbiter image 519A30 showing morphologic features
and geologic relations in northern part of map area. Location shown on
sheet 2; scale bar=15 km. Arrow at a indicates streamlined island on mesa
cut by a Sacra Fossae depression whose inner channel ends as a hanging
valley (arrow at b) above Kasei floor. Box marked ¢ indicates area of figure

7.

Figure 7. Part of Viking Orbiter image 665A24 showing terminus of Sacra Fossae depression that was reac-
tivated to form sinuous channel and associated debris apron (unit Aka) that overlies older alluvial fan (unit
AHka). Smooth plains material (unit Akps) is youngest deposit; it has partly buried crater (arrow at a). Loca-
tion shown on figure 6 and on map; scale bar=5 km.

Figure 8. Sacra Fossae depression on Sacra Mensa that
shows highly eroded terrain north (downslope) of depres-
sion, possibly indicating catastrophic outbreak of ground
water from it. Location shown on sheet 2; scale bar=5 km.

Figure 9. Part of Viking Orbiter image 665A16 showing mare-type wrinkle ridge in
smooth plains (unit Akps) and younger channeled plains (unit Hkchg) materials. Location
shown on sheet 2; scale bar=5 km.
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