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NOTES ON BASE

This map sheet is one of a series covering the entire surface of Mars at
nominal scales of 1:25000000 and 1:5000000 (Batson, 1973, 1976).
The major source of map data was the Mariner 9 television experiment
(Masursky and others, 1970).

ADOPTED FIGURE

The figure of Mars used for the computation of the map projection is
an oblate spheroid (flattening of 1/192) with an equatorial radius of
3393.4 km and a polar radius of 3375.7 km. This is not the height
datum which is defined below under the heading “Contours.”

PROJECTION

The Mercator projection is used for this sheet, with a scale of 1:5000000
at the equator and 1:4336000 at lat 30°. Longitude increases to. the
west in accordance with the usage of the International Astronomical
Union (IAU, 1971). Latitudes are areographic (de Vaucouleurs and
others, 1973).

CONTROL

Planimetric control is provided by photogrammetric triangulation using
Mariner 9 pictures (Davies, 1973; Davies and Arthur, 1973) and the
radio-tracked position of the spacecraft. The first meridian passes
through the crater Airy-O (lat 5.19° S) within the crater Airy. No
simple statement is possible for the precision, but local consistency is
about 10 km.

MAPPING TECHNIQUES

A series of mosaics of Mercator projections of Mariner 9 pictures was
assembled at 1:5000000.

Shaded relief was copied from the mosaics and portrayed with uniform
illumination with the sun to the west. Many Mariner 9 pictures besides
those in the base mosaic were examined to improve the portrayal
(Levinthal and others, 1973; Green and others, 1975; Inge and Bridges,
1976). The shading is not generalized and may be interpreted with
nearly photographic reliability (Inge, 1972).

Shaded relief analysis and representation were made by Barbara J. Hall.

CONTOURS

Because Mars has no seas and hence no sea level, the datum (the 0 km
contour line) for altitudes is defined by a gravity field described by
spherical harmonics of fourth order and fourth degree (Jordan and
Lorell, 1973) combined with a 6.1-millibar atmospheric pressure sur-
face derived from radio-occultation data (Kliore and others, 1973;
Christensen, 1975; Wu, 1975;1978).

The contour lines on most of the Mars maps (Wu, 1975; 1978) were
compiled from Earth-based radar determinations (Downs and others,
1971; Pettengill and others, 1971) and measurements made by Mariner
9 instrumentation, including the ultraviolet spectrometer (Hord and
others, 1974), infrared interferometer spectrometer (Conrath and
others, 1973), and stereoscopic Mariner 9 television pictures (Wu and
others, 1973).

Formal analysis of the accuracy of topographic elevation information
has not been made. The estimated vertical accuracy of each source of
data indicates a probable error of 1-2 km.

NOMENCLATURE

All names on this sheet are approved by the International Astronomical
Union (IAU, 1974, 1977).

MC-20: Abbreviation for Mars Chart 20.
M 5M —15/338 G: Abbreviation for Mars 1:5000000 series; center of
sheet, lat —15°, long 338°; geologic map, G.
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QUADRANGLE LOCATION
Number preceded by | refers to published geologic map

A-camera pictures

Index No. DAS No.
1 6571353
2 6571003
3 6070933
4 6571423
5 8045763
6 8045693
7 8045623
8 6643313
9 6642963
10 6642893
" 6642823
12 6642753
13 6642683
14 5239463
15 8117653
16 8117583
17 8117513
18 8117443
19 8117373
0° 20 8117303
INDEX TO MARINER 9 PICTURES 21 6715273
22 6715203
The mosaic used to control the positioning of features on 23 6714853
this map was made with the Mariner 9 A-camera pictures gg g;:j;?g
outlined above, identified by vertical numbers. Useful 26 6714643
coverage is not available in the cross-hatched areas. Also 27 5311423
shown (by solid black rectangles) are the high-resolution gg 22”;33
B-camera pictures, identified by italic numbers. The DAS 30 8189619
numbers may differ slightly (usually by 5) among various :33; g;ggi;g
versions of the same pictures. = S
34 8189339
35 8189269
36 6787233
37 6787163
38 6786813
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68 6930663
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SCHEMATIC CROSS SECTION
Cross section extends beyond north boundary of Map
in order to depict the north rim of Schiaparelli. Small
and subdued craters have been omitted. Equal inter-

Note that smoothed surface forms a broad ridge at
lat 16.9° S. and 17.9° S. and local relief is near 1.3 km.
F, crater Flaugergues; W, crater Wislicenus; B, crater
Bouguer.
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curves also shown.  See description of map units for map unit
symbols; “pure terra” is crater density on lunar uplands frequently
used as a Standard for crater counting. Lunar curves from Hartmann
(1973) and Trask (1966).
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CORRELATION OF MAP UNITS

CRATER MATERIALS

PLAINS FORMING MATERIALS

OTHER MATERIALS

DESCRIPTION OF MAP UNITS

CRATER MATERIALS (CRATERS z 20-km DIAMETER)

Craters of 2 20-km diameter were mapped and assigned relative ages
using a system based on both morphology and size (fig. 1) because
crater lifetimes affected by both erosion and infilling increase with
crater size. Craters were first classified by their morphology and the
extent of mappable ejecta, then assigned a relative age according to
size and superposition relations with other craters (fig. 1). These data
were used to construct the size morphology chart of figure 1. Craters
designated as c5 are the youngest, those designated cq the oldest. By
this system, craters between 20 and 30 km must be c¢) or younger.
Craters larger than 30 km can have any age, depending on their mor-
phology, extent of ejecta, and size. The crater Bakhuysen (lat 23° S.,
long 344° W.; Ba in fig. 1) is a c4 crater and relatively young because its
mapped ejecta extend beyond two crater radii from the crater center
and it has a central peak, fairly rough crater-floor material, and satel-
litic craters. The crater Bouguer (lat 18° S., long 326° W.; B in fig. 1),
about the same size as Bakhuysen, is a cq crater and relatively old
because its floor is filled and its flanks are narrow and smooth. The
smaller crater (lat 25.5° S., long 343° W.; w in fig. 1) on the ejecta of
Bakhuysen is a cg crater and young because its ejecta extend beyond
two crater radii from the center of the crater and it is near 25 km
across. A crater northeast of Bakhuysen (lat 19.2° S., long 339° W.;
y in fig. 1) is a ¢4 and in the same age group as Bakhuysen because its
mapped ejecta extend 1.7 crater radii from its center and it is 25 km
across. The positions of the basin Schiaparelli and the filled crater
Flaugergues (lat 16°S., long 341°W.) are indicated by S and F in figure 1

MATERIAL OF YOUNGEST CRATERS—Well-preserved small craters
typically 20 to 30 km across, with prominent raised rim and evidence
of roughness on crater flanks. Central-peak material (cps) common.
Interpretation:  Young impact craters and their ejecta of crushed
rock and large blocks

MATERIAL OF YOUNG CRATERS—Well-preserved craters larger than
about 30 km across with prominent raised rim, rough crater flanks
and crater floor; crater-rim (crg), crater-floor (cfg), crater-wall (cwg4)
and central peak (cpgq) (where present) materials are mapped in large
craters. Smaller craters have distinct raised rims and some evidence
for roughness on flanks. Interpretation: Young impact craters and
their ejecta modified by eolian and other processes to a greater extent
than cg craters

MATERIAL OF INTERMEDIATE-AGE CRATERS—Largest craters are
well preserved and have raised rim; crater flanks and floor appear
more subdued and less extensive than those of c4q craters; craters
partly filled by plains material (p), may have central peaks; crater-rim
(cr3), crater-floor (cf3), crater-wall (cw3), and central-peak (cp3)
(where present) materials are mapped in larger craters. Small craters
are moderately well preserved but may be partly filled. Interpreta-
tion: Impact craters and their ejecta that have been modified by
eolian and impact-cratering processes

MATERIAL OF OLD CRATERS-Large craters that have smooth
planar interior surfaces and narrow flanks; crater-rim (crp), crater-wall
(cwjp), and crater-floor (where present) (cf,) materials mapped in
larger craters. Small craters, 20 to 30 km across, shallow with level
planar floor; rim subdued. Interpretation: Impact craters and their
ejecta eroded and filled by eolian, impact, fluvial, and possibly
volcanic processes

MATERIAL OF OLDEST CRATERS—Very shallow craters larger than
30 km across with smooth planar interior surfaces; crater rim subdued
and crater flanks narrow; crater rim may be absent in some sectors.
Crater-rim (cry), crater-wall (cwy), and crater-floor (cf;) (where
present) materials mapped on larger craters. Large crater or basin,
Schiaparelli, has mappable central-ring material (crrq). Interpreta-
tion: Old impact craters and basins that have been substantially
modified by eolian, impact crater, fluvial, and possibly volcanic
processes. Crater-floor material (cfy) in Schiaparelli may be fallout
and ejecta of rim that has slumped into crater, or, alternatively,
fallback and impact melt.

MATERIAL OF CENTRAL PEAKS—Small hill or hills in class ¢y and
younger craters; more common in c3, ¢4, and cg craters. Numeral
subscript indicates inferred relative age. Interpretation: Brecciated
and deformed rocks produced during formation of impact craters;
may result from presence of hard substrate beneath a regolith

PLAINS — FORMING MATERIALS

SMOOTH PLAINS MATERIAL-Smooth level surfaces with few super-
posed craters. Occurs in patches at relatively low elevation between
hilly, channeled, and cratered material (unit hcc), ridged and
furrowed material (unit rg), and within Schiaparelli; albedo high but
locally mottled light-dark. Thermal inertias between 2 and 4. Unit
occurs in classical high-albedo areas of Edom and Typhon (fig. 2).
Interpretation: Low thermal inertias suggest plains of fine-grained
eolian deposits, probably underlain by crater-floor material in
Schiaparelli; elsewhere substrate may be ejecta from impact craters
or volcanic flows or both

PLATEAU MATERIAL-Rolling, relatively high area having interme-
diate albedo, locally mottled light-dark with high-albedo plumes
extending southwest from craters; few superposed craters. Thermal
inertias range from 5.5 to 8. Unit occurs in classical high-albedo area
of Fastigium Aryn (fig. 2). Unit adopted from Arabia quadrangle
(King, 1977). Interpretation: Eolian deposits partly mantling
rocky substrate of ejecta from impact craters superposed on volcanic
material

MOTTLED PLAINS MATERIAL-Smooth level surfaces, moderately
cratered; appears mottled light-dark owing to irregular patches and
streaks of low albedo; intercrater areas are smoother than unit pl.
Unit adopted from Arabia quadrangle (King, 1977). Interpretation:
Cratered surface smoothed by eolian erosion and deposition

MODERATELY CRATERED PLAINS MATERIAL—Smooth-appearing
level surfaces; small channels absent; unit has two ridges similar to
lunar mare ridges; albedo high and uniform. Moderately cratered.
Thermal inertias between 2 and 4. Unit occurs in Typhon (fig. 2).

Interpretation: Eolian deposits partly mantling rocky substrate of
ejecta from impact craters. Ejecta probably derived from volcanic
flows

CRATERED PLAINS MATERIAL-Smooth plains in relatively low
areas between hilly, channeled, and cratered material (unit hcc)
and hilly cratered material (unit hc); channels sparse; albedo high and
uniform. Moderately cratered. Thermal inertias typically range
between 4.5 and 7. Most extensive within Deucalionis Regio and
Pandorae Fretum (fig. 2). [Interpretation: Eolian deposits partly
mantling rocky substrate of ejecta from impact craters. Ejecta from
impact craters in rocks that may be volcanic

PLAINS MATERIAL-Smooth plains within craters. Typically
moderately cratered. Albedo typically uniform and high but locally
mottled light and dark. Interpretation: Eolian deposits partly mant-
ling crater-floor material and possibly volcanic flows. Age depends
on age of crater filled by plains material

OTHER MATERIALS

HIGH-ALBEDO MATERIAL-Topography of unit varies with subad-
jacent units (units ¢y, cr3, pl, and hcc); few superposed craters.
Interpretation:  Veneer of eolian material overlying other units;
thickness, areal distribution, and materials may change with time;
occurrence mapped at lat 8.1° S., long 335° W. appears unchanged
in Viking pictures

RIDGED-AND-GROOVED MATERIAL-Surface appears ‘scaly”;
many overlapping and intersecting extremely subdued craters; unit
adopted from Arabia quadrangle (King, 1977), where areal distribu-
tion forms a pattern concentric with the northern rim of Schiaparelli.
Interpretation: Ancient heavily cratered terrain or surface of flood
basalt (King, 1977). Distribution of unit suggests that it may be
ejecta from Schaiparelli (unit cry)

HILLY, CHANNELED, AND CRATERED MATERIAL—-Forms moder-
ately rough to smooth terrain; channels and canyons incised on
slopes, particularly along a 10°-wide band centered on lat 10° S.;
in the southwest corner of the quadrangle, channels are fewer and
smaller than along 10° S.; albedos in Mariner 9 pictures vary from
high to low, giving unit along 10° S. a mottled appearance; in
southwest part, unit has a uniform high albedo. Heavily cratered.
Thermal inertias are typically about 4 to 7 except in the northeast,
where they are lower. Distribution roughly matches the classical
low-albedo area of Sinus Sabaeus (except in the southwest corner of
the quadrangle (fig. 2)). Interpretation: Impact ejecta modified by
eolian, fluvial, and impact processes

HILLY AND CRATERED MATERIAL—Rough to moderately rough
terrain; scarps and mountains moderately abundant; channels are
scarce; unit is densely cratered. Albedos in Mariner 9 pictures vary
from high to low, giving unit a mottled appearance. Thermal inertias
range between 5.5 and 8. Distribution of this unit roughly coincides
with Serpentis Minor (fig. 2). Interpretation: Ejecta from basins and
impact craters; modified by eolian processes. Most of material may
be ejecta from the Hellas basin and local debris excavated by impact
and scouring of ejecta from Hellas basin, subsequently modified by
impact cratering

Contact—Dashed where approximately located; queried where doubtful

Crater rim crest—Shown only for craters with diameters greater than 20
km

Buried crater rim crest
Escarpment—Interpreted as a fault; bar and ball on downthrown side

Scarp—Line marks crest; barb points in downslope direction
Ridge

Small channels

Fractures (in cross section only)—Represents fractured and deformed
materials beneath impact crater Bakhuysen and basin Schiaparelli

MATERIAL OF SATELLITIC CRATERS—Occurs in small craters
alined along radials from the crater Bakhuysen. Interpretation:
Craters produced by the impact of material ejected from the crater
Bakhuysen contains this material

MATERIAL OF LINEAR CANYONS-Occurs in canyons to 40 km
across and 150 km long alined along a radial from the basin
Schiaparelli; smaller canyons incised into walls of larger canyons.
Interpretation: Satellitic craters of Schiaparelli that have been eroded
by fluvial processes contain this material

PHYSIOGRAPHIC SETTING

The Sinus Sabaeus quadrangle lies in the southern equatorial region of Mars. It is bounded
on the north by the equator, on the west by the central meridian, on the south by lat 30° S.,
and on the east by long 315° W. Three classical regions that have low albedos occur within
the quadrangle (Lowell Observatory, 1971; fig. 2): (1) half of Sinus Meridiani occupies
part of the northwest corner of the quadrangle; (2) Sinus Sabaeus forms a broad east-west
band 180 to 360 km wide across the upper part of the quadrangle along lat 10° S.;and (3)
Serpentis Minor occupies the southeast corner. The classical high-albedo regions of
Deucalionis Regio and Pandorae Fretum (fig. 2) occupy the western and central southern
parts of the quadrangle; Edom and Typhon, the north-central and northeast part; and
Fastigium Aryn, part of the northwest corner. These classical light-and-dark regions can be
recognized, in a general way, on Mariner 9 pictures. Serpentis Minor, Sinus Sabaeus, and
eastern Sinus Meridiani have a striking mottled light-and-dark appearance. Deucalionis
Regio and Pandorae Fretum have a uniform gray appearance. Edom is smooth and bright
appearing, Fastigium Aryn and Typhon, bright and weakly mottled.

A broad ridge extends diagonally across the southeastern part of the quadrangle from lat
10° S., long 315° W. to lat 30° S., long 336° W. (U. S. Geological Survey, 1976) as part of
a ridge that begins just west of Syrtis Major Planitia and extends through the Sinus Sabaeus
quadrangle to lat 33° S., long 340° W. Elevations along the ridge are slightly greater than
S km. To the southeast, elevations decrease toward the Hellas basin and are about 3.5 km
in the southeast corner of the quadrangle. To the northwest, elevations decrease to several
hundred meters at the junction of the equator and the central meridian.

Circular to irregular depressions dominate the landscape at all scales. The largest of these
is a multiringed basin, Schiaparelli (lat 3° S., long 343° W.), which is about 520 km across.
Arcuate hills partly delineate a central ring 225 km across within Schiaparelli, which cor-
responds geographically to Edom (fig. 2). Craters ranging in diameter from 240 km to the
limit of resolution (1 km on Mariner 9 A-frame pictures and 100 m on B-frame pictures)
exhibit a wide range of morphologies. Some appear degraded and filled, others to be fresh
and well preserved; but a continuous gradation between these morphologies exists, not only
for large craters but also for the smaller ones. Bakhuysen (lat 23° S., long 344° W.), about
160 km in diameter, is a particularly well preserved crater. Bouguer (lat 18° S.,long 326°
W.), a similar-size crater, is filled and poorly preserved.

Surfaces between craters and within craters vary from smooth and planar to rugged and
mountainous. The most striking intercrater surfaces occur in Sinus Sabaeus. Here, sinuous,
dendritic channels and canyons are incised on crater flanks; long sinuous channels stretch
across relatively flat terrain; and small canyons are incised in crater walls. Mountainous to
smooth-appearing surfaces occur in the southeast corner of the map area (classical area of
Serpentis Minor; fig. 2), and long subparallel scarps with northeasterly trends are common.

Surfaces between craters in the southwestern and central parts of the quadrangle (classical
areas of Deucalionis Regio and Pandorae Fretum; fig. 2) appear relatively smooth and planar
except for incised channels on some of the rougher terrain. Isolated patches of smooth
planar surfaces occur across the northern part of the quadrangle (classical areas of Typhon,
Edom, and Fastigium Aryn; fig. 2).

Terrestrial-based radar echoes provide some information on local relief (Pettengill and
others, 1971; Downs and others, 1973) and surface roughness (Downs and others, 1973).
Radar-range measurements were made along four traces corresponding to lat 17.9° S.,
16.9° S., 16.0° S. and 13.8° S. The traces cross a number of craters (fig. 3). Maximum relief
indicated is 1.3 km for a partly filled and subdued crater, Wislicenus, 130 km across, at lat
17.9° 8., and long 348° W. (W, fig. 3). The filled and subdued crater, Flaugergues, at lat 16°
S., long 341° W., has comparable relief (F, fig. 3). Other craters such as Bouguer (B, fig. 3)
with a relief of 1 km or less can be identified in the radar profiles. Differences in elevation
measured by the radar across the quadrangle are close to 3 to 4 km and are consistent with
the contour map to within (+) one-half a contour interval (U. S. Geological Survey, 1976).

Broadening of the radar signals in doppler and time delay gives an indication of surface
roughness at the fine scale (10-200 radar wavelengths). Scattering widths, a measure of sur-
face roughness (Pettengill and others, 1971; Downs and others, 1973), indicate that the
root-mean-square slopes at a scale length of 1.3 to 25 m are usually between 2° and 4° with
an average near 3° (Downs and others, 1973); those slopes along the 17.9° S. trace show
frequent variations but average near 3.5°. Sinus Sabaeus appears relatively smooth to the
radar.

Thermal inertias and albedos measured by the Infrared Thermal Mapper of the Viking
Orbiter (Kieffer and others, 1977) suggest that there are three broad categories of surfaces:
(1) Edom and Typhon (fig. 2) have low thermal inertias and high albedos; (2) Sinus Sabaeus,
Sinus Meridiani, and Serpentis Minor (fig. 2), high thermal inertials and low albedos; (3)
Deucalionis Regio and Pandorae Fretum (fig. 2), high thermal inertias and moderate albedos.
Thermal inertias greater than 5 over roughly half the quadrangle suggest concentrations of
rocks, set in a matrix of fines, comparable to concentrations in the immediate vicinity of
Viking landing sites (about 20 percent of the area covered by rocks, Moore and others,
1977), but other models are possible (Kieffer and others, 1977).

PREVIOUS WORK

Generalized geologic mapping of Mars classified the entire area of the Sinus Sabaeus
quadrangle as undivided crater materials (Carr and others, 1973). Subsequent generalized
geologic mapping (Scott and Carr, 1978) recognized six units: (1) plains, (2) ridged plains,
(3) cratered plateau, (4) knobby, (5) basin rim, and (6) hilly and cratered materials. Larger
scale mapping at 1:15000000 scale delineated larger craters and classified most of the area
as moderately cratered plains (McCauley and others, 1972). Most of the quadrangle was
classified as furrowed terrain, and the multiringed basin Schiaparelli (Edom) was recognized.
Other units recognized were densely cratered terrain mapped as patches concentrated in the
northern one-third of the quadrangle, and cratered plains mapped in Schiaparelli, on the
south-west flank of Schiaparelli, and in Flaugergues.

Contours delineating the frequency per unit area of craters larger than 64 km indicate that
the eastern one-third of the quadrangle contains more than one crater per 105 km2, the
northwestern one-third about 0.75 per 105 km?2 (Hartmann, 1973). Crater densities for the
rest of the quadrangle are between 1 and 0.75 per 105 km2. At this scale, the area is dense-
ly cratered. Densities of craters larger than 20 km show a more complex pattern than
craters larger than 64 km (Soderblom and others, 1974). The lowest density of craters
larger than 20 km is in the northwest corner of the quadrangle, where less than 5 percent of
the area is covered by craters of this size. In the eastern part generally, 15 to 35 percent of
the area is covered by craters larger than 20 km; a band of this concentration of craters
extends northwestward across the western part of the quadrangle from lat 25° S., long 345°
W. to lat 10° S. and long 360° W. Highest crater densities (> 35 percent) are recorded near
lat 10° S. and long 330° W. Concentrations of craters 4-10 km across are lowest in the
northwest near Schiaparelli (about 45 per 106 km2), and usually large concentrations are
found in the southwest corner of the quadrangle (about 220 per 106 km2; Soderblom and
others, 1974). Concentrations of craters 0.6-1.2 km across are lowest in the northwest
corner of the map area (< 1500 per 106 km2) near Schiaparelli and highest in the south half
of the quadrangle (> 6000 per 106 km2). These crater-count data, then, suggest that the
units in the northwest corner are relatively younger than those in the southeast corner of
the map area; the units in the rest of the map area are somewhere between these two
extremes.

PICTURE QUALITY

Mariner 9 arrived to orbit Mars during the 1971 dust storm (Cutts, 1974, p. 6-10). Initial-
ly, at the time the A-frame pictures were taken, most of the surface of Mars was obscured
by dust and haze; clearing of the planet was a function of time, aerographic location, and
elevation. With time, atmospheric clearing proceeded from south to north and from higher
to lower elevations. Even with the general clearing of the atmosphere, local surfaces were
partly obscured by haze, dust, and transient deposits of fine materials. Severe problems of
surface visibility occur in the southeast and northwest corners and within Schiaparelli.
Pictures obtained of the west edge of Sinus Sabaeus during the Viking Mission (Snyder,
1977) show by comparison that atmospheric obscuration was extensive in the Sinus Sabaeus
quadrangle during the Mariner 9 mission. In addition, surface resolutions of the Viking
pictures are higher. Revisions of map units and geologic interpretations for this quadrangle
are expected.

Mariner 6 obtained pictures of part of Sinus Sabaeus (National Aeronautics and Space
Administration, 1971). In some pictures, some features can be seen more clearly than in
the Mariner 9 pictures; in other pictures, features cannot be seen as clearly. In no case is
resolution of Mariner pictures as good as that of pictures taken by the Viking Orbiters.

GEOLOGIC SUMMARY

The area included in the Sinus Sabaeus quadrangle represents an ancient cratered surface
that has been modified by a combination of impact cratering, fluvial, eolian, and, probably,
volcanic processes. Impact cratering has been the dominant process. Cumulative
frequencies of craters larger than 20 km for the entire quadrangle (fig. 4) are only about a
factor of two below the idealized lunar steady-state curve (Moore, 1964 ; Trask, 1966).
Two of the units mapped (hilly, channeled, and cratered material and hilly and cratered
material) have cumulative frequencies of craters larger than 40 km that are nearly the same
as the idealized steady-state curve. The young map units (smooth plains material and
units of the crater Bakhuysen) have cumulative frequencies of craters and distributions
that are similar in form and magnitude to the average frequency distributions of lunar maria.
Ages of surfaces recorded by craters larger than 5 km (fig. 4) are probably measured in
several billions of years. Direct comparison with lunar craters would place the age of the
young units (smooth plains material and units of Bakhuysen) in the range 3.2 to 3.5 billion
years, but procedures for making such a comparison are controversial. (See, for example,
Soderblom and others, 1974; Neukum and Wise, 1976). These units may be either a few
tenths of a billion years older or about a billion years younger than the average lunar maria.
The more cratered units (hilly, channeled, and cratered material and hilly and cratered
material) may represent the cumulative result of about 4 billion years of cratering (Soder-
blom and others, 1974 ; Neukum and Wise, 1976).

For most surfaces, in figure 4, the frequency distribution of craters deviates from the
lunar curve. For the more cratered map units, this deviation begins at crater diameters
near 40 km and is most marked for craters below 20 km, where the slope of the distribu-
tion curve is near minus one. Curves of this form have been noted (Soderblom and others,
1974 ; Neukum and Wise, 1976) and later confirmed from data obtained in pictures taken by
the Viking Orbiters (Masursky and others, 1977). Such frequency distributions have been
generally attributed to resurfacing (Neukum and Wise, 1976) by erosion or to infilling and
degradation (Masursky and others, 1977). They may also represent the result of primary
impacts (Soderblom and others, 1974) or steady-state surfaces for which the primary dis-
tribution coefficient is slightly less than minus two or for which the lifetime of craters is
a suitable function of their size. (See, for example, Moore, 1964). The crater-frequency
distributions of Bakhuysen units and smooth-plains material suggest that the crater produc-
tion curve does in fact have a slope near minus two and that the lower slope of the older
surfaces may represent a steady-state or degraded population of craters. A steady-state
surface is more or less consistent with the gradation in morphology exhibited by craters
of all sizes.

Stratigraphy

The stratigraphic relations of the major units are difficult to establish. This difficulty
may arise from several causes: (1) poor resolution because of atmospheric obscuration,
(2) a complex history chiefly involving impact cratering, and (3) subsequent modification
by erosion and infilling. The complex nature of the problem can be illustrated by
Schiaparelli. Ejecta from Schiaparelli appear to embay hilly, channeled, and cratered
material at lat 10° S., long 343° W. Craters superposed on the flanks of Schiaparelli are
somewhat more numerous than on this material. Moreover, the crater-frequency distribu-
tion on the flanks does not behave in the same way. If it is assumed that craters on
Schiaparelli between 5 and 10 km in diameter represent secondary craters produced by the
impact of ejecta from Schiaparelli, then Schiaparelli is younger than hilly, channeled, and
cratered material.

Map units have been ordered by relative age in table 1, assuming that the frequency
distributions of craters (fig. 4) are the result of the primary flux of objects from space
(Soderblom and others, 1974), but other models are possible. Apparent relative ages fall
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into three categories using cumulative frequencies of craters larger than 5 km: (A) young,
(B) intermediate, and (C) old. The age of Schiaparelli is assigned to category B on the
basis of stratigraphic evidence and the frequency of craters larger than 10 km: the
unusually large number of craters 5-10 km across is attributed to secondary impact cratering
(Soderblom and others, 1974). Plains materials that fill craters vary widely in age, depend-
ing on the age of the craters filled.

Structure

Structural features within the quadrangle are of four types: (1) large graben with irregular
boundaries, (2) multiring basins, (3) craters, and (4) reticulate joint patterns. Large graben
are concentrated in hilly and cratered material in the southeastern part of the quadrangle,
but the largest, which measures about 100 km across, is southeast of Bakhuysen in cratered
plains material. The irregular forms of the scarps are produced by faults transecting craters
and partial burial by materials filling the graben. Traces of scarps concentric with the rim
of the Hellas basin can be traced from the Noachis quadrangle (Peterson, 1977) at lat
42° S., long 340° W., through the southeast corner of the Sinus Sabaeus quadrangle to the
west flank of Huygens in the lapygia quadrangle (Schaber, 1977). It appears likely that
these graben are related to the formation and subsequent deformation of the Hellas basin.
Scarps concentric to the Isidis basin are similar (Meyer and Grolier, 1977; Schaber, 1977).

Multiringed basin structures are represented by Schiaparelli. Like the lunar basin
Schrodinger (Hartmann and Kuiper, 1962; Hartmann and Wood, 1971), Schiaparelli has
a central ring that is about half the diameter of its rim, which is slightly larger in an east-
west direction than in a north-south direction. A number of hypotheses have been advanced
to account for the origin of multiring basins. The central ring may represent the rim of a
transient impact crater that has collapsed by slumping (Moore and others, 1974). In this
model, Schiaparelli had a raised rim 6.3 km high, a depth below the rim crest of 43 km,
and a rim-crest diameter of about 240 km. Within a very short interval of time, a matter
of hours after impact of a moonlet, the rim and flanks collapsed inward, producing the
central ring and a circular scarp 520 km across. The central ring is then ejecta and fallout
some 4.8 km thick underlain by tilted target material. The mapped rim is made of about
0.5 km of ejecta overlying target material tilted gently outward.

Another possible model requires the interaction of shock and stress waves generated by
the impact of a moonlet with a relatively strong interface at depth (Oberbeck and Quaide,
1967; Quaide and Oberbeck, 19680. In this model, the central ring becomes a surface ex-
pression of a relatively strong interface that has been uplifted (Hodges and Wilhelms, 1978)
and is veneered with fallback and impact melt. By analogy with lunar basins, melt and fall-
back would occur within the central ring and between the rim and ring. Ejecta would occur
on the uptilted rim and flanks.

An early concept suggests that target materials within the craters have been uplifted to
produce a central ring and peaks by gravitational recoil (Gilbert, 1893) and elastic rebound
of shock-compressed target material (Milton and Roddy, 1972). An alternative hypothesis
suggests that the rims are “frozen” body waves generated during impact (Van Dorn, 1968,
1969).

A possible structural profile through Schiaparelli shown in the cross section is fashioned
after the Ries basin, Germany (Pohl and others, 1977). A strong substrate has been uplifted
to produce the central ring. The center is brecciated substrate overlain by shocked and
melted debris. Outward from the ring, faulted outward-dipping units are target material
overlain by ejecta. The outermost rim is delineated by the outermost scarps. Beyond the
scarps are more ejecta.

Structures related to craters include central peaks, structurally uplifted rims, and faults
related to slumping. Structural uplift beneath rims of impact craters and faulting and
slumping of crater walls are well established (Shoemaker, 1960). Central peaks have been
attributed to rebound during decompression of shocked rocks (Milton and Roddy, 1972),
gravitational rebound (Gilbert, 1893), and interaction of shock waves with a strong
horizontal interface at depth (Oberbeck and Quaide, 1967). The cross section, which passes
through Bakhuysen, shows a possible structural model of a crater.

Reticulate joints are revealed where directions of channels have been controlled by them.
They are particularly evident in the hilly, channeled, and cratered material where channels
are abundant. Near lat 8° S., long 318° W. incision of channels has produced particularly
distinct diamond-shaped patterns and zig-zag channels with north-northwest and northeast
trends. This structural pattern is analogous to the lunar grid (Strom, 1964).

Channels

Numerous anastamosing and dendritic channels are distinctive features of Sinus Sabaeus
and other regions of Mars not common to the Moon. Unlike most lunar rilles, these
channels commonly form dense radial patterns on crater flanks and walls and are broad and
shallow, yet without levees. Some channels have aerodynamic shapes on their floors as
well as terraced walls. Analyses of data returned by the Viking Landers show that signi-
ficant amounts of water are present in the martian regolith (Biemann and others, 1977)
and that the outgassing of Mars must have included large amounts of water, equivalent
to a layer with a depth of 10 m over the entire planet (Owen and others, 1977); the north
polar cap contains water ice (Kieffer and others, 1977). It seems reasonable that the
channels were produced by fluvial erosion. The behavior of the channels and their dis-
tribution is somewhat puzzling. Large catchment areas are not seen in the pictures; alluvial
fans or deltaic deposits are not evident; and locally the channels occur in small closed basins,
such as those containing the linear canyon unit. The channels in Sinus Sabaeus are generally
confined to the hilly, channeled, and cratered terrain and do not appear to be numerous in
the apparently older hilly and cratered material or the younger cratered plains of Sinus
Sabaeus. Perhaps the agent that eroded the surface was somehow localized, or the various
rock units may differ widely in their resistance to erosion.

Volcanic Rocks

Photogeologic evidence for widespread lava flows in Sinus Sabaeus is not great. The only
convincing flow escarpment occurs in a crater at lat 20° S., long 359° W. Ridges that appear
to be similar to those of the lunar maria are present in high-resolution pictures and on
moderately cratered plains and cratered plains in low-resolution pictures. Yet some geologic
process had to produce the widespread filling of craters and graben. If the crater-size-
frequency distributions are accepted as valid indicators of age and the primary flux, then the
plains units were produced after the older cratered units. The plains units, then, may have
been formed in part by an episode of volcanism that produced lava flows. Other geologic
processes may form plains units, as they are common around large lunar basins and are
related to the deposition of ejecta from the basins. Lunar experience at the Apollo 16
landing site, where upland volcanic rocks were anticipated by many observers, has shown
that the plains there were produced by impact processes rather than volcanism.

Wind Features

The primary wind-associated features within Sinus Sabaeus are light and dark streaks
(Arvidson, 1974) extending from small crater rims. Bright wind streaks extend southwest
of craters in the northwest part of the quadrangle; in the southeast part, they extend south-
east of craters (Sagan and others, 1973). High-albedo material is probably a concentration
of windblown material and locally may be dune fields (at lat 8.1° S., long 335° W.).
Thermal inertias are consistent with deflation by eolian processes throughout much of
the quadrangle, but in the northern part, deposition of loess seems likely.
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Table 1.—Relative ages of mappable units of the Sinus
Sabaeus quadrangle inferred from crater frequencies

[Errors computed as the square root of the number of craters counted
divided by the area including the craters counted. |

Cumulative
number of Number of Number of
craters craters craters
(10—4/km?2) (10—4/km?2) (10—4/km?2)
Map larger than between 5 between 5
Age Unit symbol 5km and 10 km and 20 km
A. Young 1. Bakhuysen unit cq 1.86 + 0.48 1.36 + 0.41 1.74 + 0.46
2. Smooth plains ps 1.91 + 0.28 1.25 £ 0.23 1.74 + 0.27
3. High-albedo
material w 2.02 +0.56 1.71 £ 0.51 1.86 + 0.54
4. Plateau material pl 2.24 + 0.50 1.01 + 0.34 1.68 + 0.43
B. Intermediate 1. Moderately
cratered plains pem 3.26 + 040 1.58 + 0.27 2.53+0.35
2. Cratered plains pc 3.39+0.17 1.78 + 0.13 2.70 + 0.16
3. Schiaparelli unit cry (5.28 + 0.77)* (3.59 £ 0.64)* (4.61 + 0.23)*
C. 0O1d 1. Hilly, channeled,
and cratered
material hce 4.82+0.16 2.27+0.11 3.53 +0.13
2. Hilly and
cratered
material hc 5.24 + 0.27 2.56 £ 0.19 3.87+0.23
Sinus Sabeus quadrangle 4.17 + 0.96 2.08 + 0.68 3.18 + 0.84

* Large number of craters ascribed to secondary impacts;age assigned on basis of stratigraphic evidence
and frequency of craters greater than 10 km.
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