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NOTES ON BASE

This map sheet is one of a series covering the entire surface of Mars at nomipal
scales of 1:25,000,000 and 1:5,000,000 (Batson, 1973; Batson 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 1:5,000,000 at the
equator and 1:4,336,000 at lat 30°. Longitudes increase to the west in accordance
with 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)
No simple statement is possible for the precision, but

within the crater Airy.
local consistency is 10-20 km.

MAPPING TECHNIQUE

A series of mosaics of Mercator projections of Mariner 9 pictures was assembled

at 1:5,000,000

Shaded relief was copied from the mosaics and portrayed with uniform illumina-
tion 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 photographic reliablity (Inge, 1972).

Shaded relief analysis and representation were made by Patricia M. Bridges.

CONTOURS

Since 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 surface derived from radio-occultation data (Kliore
and others, 1973; Christensen 1975, Wu 1975).

The contour lines on most of the Mars maps (Wu, 1975) were compiled from
Earth-based radar determinations (Downs and others, 1971; Pettengill and others,
1971) and measurements made by Mariner 9 instrumentation, including the ultra-
violet 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
The estimated vertical accuracy of each source of data indicates a

been made.
probable error of 1-2 km.

NOMENCLATURE

All names on this sheet are approved by the International Astronomical Union

(1AU, 1974;1977).
MC-17:

Abbreviation for Mars Chart 17.
M 5M —15/112 G: Abbreviation for Mars 1:5,000,000 series; center of sheet,

15° S latitude, 112° longitude; geologic map, G.
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CORRELATION OF MAP UNITS

SHIELD AND VOLCANIC PLAINS OTHER CRATER
MATERIALS MATERIALS MATERIALS MATERIALS
. . Volcanic
Pavonis Mons Arsia Mons i
chains

DESCRIPTION OF MAP UNITS

SHIELD AND VOLCANIC MATERIALS

PAVONIS MONS SHIELD MATERIAL—Forms upper flanks and summit of Pavonis Mons. Char-
acterized by terraced lineaments concentric to summit depression; cut by some radial and concentric
lineaments. [Interpretation: Volcanic flows of basaltic composition; youngest shield materials in
area

PAVONIS MONS FRACTURED SHIELD MATERIAL-Surrounds shield to the southwest; displays
similar lobed concentric lineaments cut by radial lineaments; slopes gently outward at about 2°.
Interpretation: Lava flows of basaltic composition, possibly interbedded with volcanic tuff modified
by wind erosion. Similar to units am on this map and h on Tharsis map (MC-9)

PAVONIS MONS AUREOLE MATERIAL—Forms northwest outer flank of Pavonis Mons directly
north of this map area. Interpretation: Basal volcanic flow unit. Similar to unit amq;may correlate
with unit au on Tharsis map (MC-9)

ARSIA MONS YOUNG SHIELD MATERIAL-Occurs in caldera and on north and south flanks of
Arsia Mons. Caldera material flat and featureless; flank material displays faint radial lineaments.
Interpretation: Fluid volcanic material, probably basaltic in composition, that filled caldera; also
erupted and flowed down shield flanks from flank faults and vents. Lineaments probably lava
channels
ARSIA MONS DOME MATERIAL-Forms flanks of Arsia Mons. Slopes of 4° to 6° display con-

| centric and radial lineaments along which lines of craters occur. Similar to large shield mountains
located in Tharsis map (MC-9) to north. Displays largest number of volcanic craters in map area.
Interpretation:  Viscous volcanic flows of more silicic composition such as basaltic andesite or
andesitic basalt. Lines of craters probably are volcanic vents

ARSIA MONS PITTED SHIELD MATERIAL-Forms terraced, lobate lower flanks of Arsia Mons;
slopes 1° to 3°. Part lying southeast of dome cut by radial lineaments 50 to 150 km in length that
trend northeast-southwest; part lying northwest of dome displays rough pitted surface cut by radial
lineaments trending northwest-southeast. Interpretation: Volcanic flows, possibly basaltic in
composition, partially modified by wind erosion. May correlate with unit h on Tharsis map (MC-9)

- ARSIA MONS AUREOLE MATERIAL-Forms very gently sloping outer flanks of Arsia Mons.
Displays mottled, faint lineaments radial to flanks of shield. Interpretation: Fluid volcanic flows,

probably basaltic in composition, greatly modified by wind erosion; may correlate with unit au on
Tharsis map (MC-9) to north

VOLCANIC CHAIN DEPOSITS—Occur as irregular to elongate deposits commonly within valleys or
depressions; some linear features are characterized by chains of small rimless craters. Overlie or
cut plains deposits. Interpretation: Volcanic material, possibly basaltic in composition, may be
flowsof low viscosity with included fragmental volcanic material, extruded from volcanic vents
or fissures. Overlapping relations indicate younger age than all volcanic plains

PLAINS MATERIALS

YOUNG SMOOTH PLAINS MATERIAL-Occurs in central part of map area, west of Claritas Fossae;
one small patch occurs in fractured plains east of Claritas Fossae. Nearly featureless except for thin,
bright, elongate streaks and very sparse, small, superposed craters. Interpretation: Lava flows
overlain by thick, young eolian deposits

& THARSIS YOUNG PLAINS MATERIAL-Surrounds Arsia and Pavonis Montes. Occurs as dark,
relatively smooth plains; distinct to indistinct lobate and radial lineaments visible at 1-km resolution.
Interpretation: Lava flows, possibly basaltic in composition, with flow fronts and lava channels;
mantled by eolian deposits that thin to south

OLDER SMOOTH PLAINS MATERIAL-Occurs on Syria Planum; characterized by wide bright
elongate streaks, faint lineaments, and a few medium-sized impact craters. Interpretation: Lava
flows mantled by thin eolian deposits

THARSIS OLD PLAINS MATERIAL—Occurs only in far western part of map. Forms dark smooth
plains; indistinct lobate lineaments visible at 1-km resolution. Small craters display vague light halos.
Interpretation:  Lava flows, possibly basaltic in composition, with indistinct flow fronts and lava
channels; mantled by thick eolian deposits

MODERATELY CRATERED PLAINS MATERIAL WITH FLOWS—Occurs in east-central and south-
central part of map area. Forms plains characterized by moderate crater populations and vague
lobate lineaments. No fractures or streaks visible at high resolution. Very small craters commonly
display distinct bright halos. Albedo moderately low. Radar spectra most sharply peaked of any
unit on Mars. [Interpretation: Unmantled or very thinly mantled volcanic flows of intermediate
age; bright halos around superposed impact craters interpreted as fresh ejecta deposits

YOUNG FRACTURED PLAINS MATERIAL—Occurs as caprock of Noctis Labyrinthus and in south-
western corner of map area. Characterized by indistinct widely spaced lineaments 50 to 150 km in
length that trend northwest-southeast near Noctis Labyrinthus and northeast-southwest in south-
western part of map area. Small craters in southwest part of map area display light *“tails” and (or)
indistinct light halos. [Interpretation: Volcanic flows and tuffs, possibly basaltic in composition,
offset by faults

CRATERED PLAINS MATERIAL—Forms cratered plains in southern and eastern map areas. Surface
appears virtually featureless except for numerous superposed small (8-km) craters and few indistinct
lobate lineaments at 1-km resolution. Higher resolution photograph shows knobby area and faint
outline of buried crater. Interpretation: Thin lava flows, possibly basaltic in composition

OLD FRACTURED PLAINS MATERIAL-Occurs in central part of map area, at Claritas Fossae and
eastward; and north of Noctis Labyrinthus. Characterized by numerous subparallel or intersecting
lineaments 100 to 200 km in length that trend north northwest-south southeast in eastern portion of
map area and north-south, north northeast-south southwest, and east northeast-west southwest in
Claritas Fossae area.  Interpretation: Volcanic flows and tuffs, possibly basaltic in composition;

unit faulted and fractured by recurrent tectonic forces
- CRATERED PLATEAU MATERIAL-Occurs in south-central part of area and as outliers to west;
forms dark plains containing numerous degraded or partly inundated medium-sized craters. Closely
spaced subparallel lineaments trend north northwest-south southeast.
crustal material of basaltic or anorthositic composition.
fluidized impact ejecta
HILLY CRATERED PLATEAU MATERIAL-Occurs in south-central part of area, east of unit plc;
characterized by numerous degraded craters with flat or hummocky floors; some rims incomplete.
Widely spaced degraded lineaments trend east northeast-west southwest. /Interpretation: Ancient
crustal material, possibly noritic or anorthositic in composition, faulted and degraded by eolian and
mass-wasting processes

PS;

Interpretation:  Ancient
Intercrater plains may be lava flows or

v OTHER MATERIALS
BRIGHT EOLIAN DEPOSITS—Occur as light streaks or triangular ‘‘tails” extending in a south-
westerly direction from small or medium-sized craters and as wide parallel streaks on smooth plains
units. [nterpretation: Eolian deposits

DARK EOLIAN DEPOSITS—Occur as dark material surrounding old, degraded craters. Interpretation:
Eolian deposits of fine-grained dark, possibly volcanic material deposited by wind. Some irregular
dark areas may be darker rocks stripped of bright eolian deposits

SLOPE AND BEDROCK MATERIAL-Occurs in northwest part of map area; forms slopes of steep,
narrow, intersecting valleys in Noctis Labyrinthus area and broader valleys in western edge of Valles
Marineris. Tops of some slopes scalloped; others fresh and crisp. Some deposits of slumped material
on gentler valley slopes. [Interpretation: Exposed outcrops of underlying units and mass-wasted
debris (talus or scree) derived from them

CANYON FLOOR MATERIAL—Occurs as two patches of mantling material on floor of western end
of Valles Marineris and small isolated patches on floors of some valleys in Noctis Labyrinthus. /nter-
pretation: Depositional materials derived from mass wasting of canyon walls and (or) products of
eolian deposition

CRATER MATERIALS
Craters form circular to near-circular areas depressed relative to their rims. They are classified ac-
cording to their relative age by shape and morphology; craters <20 km in diameter not mapped. Inter-
. pretation: Impact craters
CRATER YOUNGER THAN OR CONTEMPORANEOUS WITH SURFACE—Rim rough, raised above
surrounding terrain; randomly distributed in unfractured plains and volcanic plains units; floors
bowl shaped or flat
PARTLY BURIED CRATER-Rim slightly raised above surrounding terrain; floors flat, commonly
consist of same material as surrounding unit. Occur in older plains units and ancient crustal material

EXHUMED CRATER-Rim smooth, commonly incomplete; floor flat or displaying mass-wasted
material from rim; commonly cut by degraded lineaments

CENTRAL PEAK MATERIAL-Occurs as rough, raised material in center of some 1, €9, and c3
craters. [nterpretation: Material uplifted by immediate rebound as result of impact

Contact—Queried where uncertain; dotted where ephemeral

Fault- Ball and bar on downthrown side

Narrow depression of graben

Lineament—Linear ridge or valley
Crater rim crest—May represent contact in places

Greatly subdued or buried crater rim crest

—t— 1 Caldera rim

PHYSIOGRAPHIC SETTING

The Phoenicis Lacus quadrangle (named Lake of the Phoenix by Schiaparelli,
1877) includes some of the largest geologic features recognized on the terrestrial
planets. Arsia and Pavonis Montes, (“South Spot™ and “Middle Spot™ of Mariner
9) rise 18 and 17 km, respectively, above the surrounding plateau to an elevation
of about 27 km above the 6.1 millibar base level. These mountains and the two
large volcanoes Ascraeus and Olympus Montes, located outside the quadrangle to
the north, are also about 27 km in height, about three times as high as any
volcano on Earth. The summit caldera of Arsia Mons. more than 100 km in
diameter, is the largest known. Syria and Sinai Plana are part of the highest
plateau on Mars, the Tharsis plateau; their relative elevation, 10 km, is twice
that of the Tibetan Plateau, the highest plateau on Earth. Noctis Labyrinthus,
the great system of fault valleys at the west end of Valles Marineris which is
located outside the quadrangle to the east, displays a more clearly developed
system of faults than the largest continental fault system on Earth, the East
African rift valleys. The land slopes down to the northwest into Amazonis
Planitia (fig. 1); the difference in elevation between the volcanic peaks and
the Amazonis low plains is greater than the relief from the top of the Andes to
the bottom of the Peruvian trench. This great slope on Mars is similar to the
continental shelf and slope that marks the transition between the continents and
ocean basin floors on the Earth.

The lowest area in the quadrangle is 4 km above the 6.1 millibar datum; the
lowest regions on Mars, Chryse Planitia northeast of the Tharsis Montes near
the Viking 1 landing site, the bottoms of Hellas and Argyre Planitiae (basins)
in the southern hemisphere, and the northern plains at about 65° N., are 34
km below datum.

MAPPING TECHNIQUES

The geologic map is plotted on a base map compiled from Mariner 9 photo-
graphs (see index maps). Geologic mapping was done using low-resolution (1 km)
A-frame photographs that were enhanced by the computer in various ways;
several versions of each picture were studied. High-resolution (100-meter) B-
frame pictures, similarly enhanced, were used to aid in the interpretation and
description of geologic units. The A-frame mosaic and map tell where units are;
the B-frames tell what they are. Elevation contours are based on Goldstone and
Arecibo radar observations in 1971, 1973, and 1975-76 and Mariner 9 occultation,
ultraviolet spectrometer, infrared interferometer-spectrometer data, and con-
vergent stereoscopic photographs (Christensen, 1975; Wu, 1975). Goldstone
and Arecibo radar spectra and reflectivity in the range doppler mode were used
to help classify geologic units (fig. 2A: Simpson and others, 1977; Masursky and
others, 1977).

The 27-km elevation of the summits of the mountains is based on stereoscopic
photographic determinations combined with UV and IR spectrometry and
ground-based radar. Unfortunately, data from radar passes in 1975 over Arsia
and Pavonis Montes could not be reduced; the true elevations from a single data
type are yet to be determined.

GEOLOGIC SUMMARY

Most of the rocks in the southern hemisphere of Mars are materials of ancient,
heavily cratered terrain, whereas rocks in the northern hemisphere are composed
primarily of younger lava flows that covered the ancient crustal material. The
bimodality of terrain is expressed by a relative difference in elevation between the
two hemispheres, the northern plains being as much as 3 km below Mars base
level (6.1 mb), the southern highlands 3-4 km above it. Isostatic equilibrium be-
tween the two hemispheres (Phillips and Saunders, 1975) may have been reached
when less dense crustal material under the northern flows was thinned by mantle-
convection currents that eroded the underside of the crust and deposited the
low-density material under the highlands to the south. A similar hypothesis
was proposed for thickening of the Colorado Plateau, an isostatically com-
pensated area that now stands high but was below sea level during most of its
history (Gilluly, 1952; 1963).

Although the Phoenicis Lacus quadrangle lies south of the Martian equator,
only a small area in the south-central part of the map area consists of ancient
crustal material. Most of the materials in the map area are volcanic flows similar
to those in the northern hemisphere and young volcanic flows extruded con-
temporaneously with uplift of the Tharsis mountains and plateau, forming a
great domical area.

The Syria-Sinai plateau is part of this great domical uplift, the apex of which
lies in the Noctis Labyrinthus area (see also Masson, 1976). The presence of a
large positive gravity anomaly in the plateau region (Lorell and others, 1973;
Phillips and Saunders, 1975) indicates that denser material must have been up-
lifted with the overlying low-density crustal rocks in this area and that the plateau
is not solely the result of isostatic uplift of a thickened section of low-density
crustal material. Where ancient cratered terrain is exposed south of the apex of
the dome (at the south end of Claritas Fossae), it is evident that the old Mars
crust has been uplifted more than 8 km in that area. The uplift may have been
caused by a crustal hotspot of more intense magmatic activity like the
“geotumor” described by Haarman (1930), or a “mantle plume,” described by
Morgan (1973). Convection currents initiated by the hotspot may have removed
lighter crustal material from the area, resulting in the invasion of this part of the
southern hemisphere by dense mantle material and (or) high-density basaltic
flows. The large shields of Arsia and Pavonis Montes and those of Olympus and
Ascraeus Montes to the north may have formed over local concentrations in the
regional crustal hotspot.

The preservation of the Syria-Sinai uplift with its gravity anomaly indicates
cither that the area is held up dynamically or that the lithosphere is strong enough
to preserve this destortion. The dome is only thinly mantled by younger lavas
and eolian deposits. The source for the gently sloping caprock lava flows on the
dome is not apparent; the feeding fissures may now be buried by the basaltic
flows. From the apex of the domical uplift, older and older mantling volcanic
rocks are exposed to the east and west, like shingles on a roof, until the ancient
cratered terrain is completely exposed 2,500 km to the east and 2,000 km to the
west.

Doming was accompanied by large-scale faulting to the north, south, and west
of the apex of the dome in the Claritas Fossaec and Noctis Labyrinthus areas
(fig. 2); radiating faults also occur at greater distances in the Thaumasia, Mem-
nonia, and Ceraunius Fossae areas. Valles Marineris may be a part of the same
fault system and represent a complex large graben or rift formed as part of the up-
lift process. The intersecting fault pattern at Noctis Labyrinthus at the apex of
the uplift resembles similar fault systems over salt domes in the gulf coast of the
United States (Halbouty and Hardin, 1954) and experimentally produced faults
over uplifts (Cloos and Cloos, 1934).

The great shields form two-or three-tiered mountains. The shields of Arsia
and Pavonis Montes show evidence of at least four episodes of volcanism; de-
gradation of the older shield units indicates that the recurrent extrusions that
formed the volcanoes were separated by periods of intense wind erosion. The
earliest extrusion, Arsia Mons aureole material (unit am ), appears very degraded.
The aureole around Olympus Mons also appears to be strongly wind eroded; one
explanation might be that it consists of early shield materials that correspond to
Arsia Mons aureole material in this map area. Similar early wind-eroded material
also occurs at the foot of Ascracus and Pavonis Montes, although it is not desig-
nated as such on the Tharsis quadrangle map (Carr, 1975). Fractured shield mate-
rial (unit am,), present at both Arsia and Pavonis Montes but absent or covered
at Olympus Mons, was extruded; this unit is probably equivalent to the hilly unit
in the Tharsis quadrangle. The shield materials that form the main volcanic con-
structs were then extruded; they are equivalent to the sparsely cratered shield unit
in the Tharsis map area. Finally, a young unit partially filled each summit cal-
dera. It flowed outward from the northern and southern flanks of Arsia Mons,
and spread radially along the base of the volcano.

The alinement of the great volcanoes along the margin of the plateau may be
analogous to the Andean volcanoes that occur along the margin of the Nazca
plate on Earth or to Mount Hood, Mount Shasta, and Mount Rainier along the
margin of the American plate in the Pacific northwest of the United States.
However, the absence of other structural evidence of plate motion, such as
marginal troughs and strike-slip fault zones, indicates that plate motion probably
is not taking place or is, at most, incipient or minor in extent (Dietz, 1963;
Wilson, 1963; Masursky, 1973; Carr, 1976).

The common height (27 km) of Olympus Mons and the three large volcanoes
along the margin of the plateau suggests that they are fed by a common, or at
least similar, plumbing system. Elysium Mons and Hecates Tholus, in the Elysium
volcanic field, are other features of nearly accordant, though lower, height (9 to
11 km). Structures of still lower, accordant elevation are seen in the continental
volcanic centers of low relief around Hellas at Hadriaca and Amphitrites Paterae.
Accordant summits, probably produced by similar regional magma feeder
systems, are common in terrestrial volcanic fields.

The composition of the rock units in the map area must be inferred from Earth
and Moon analogues. The volcanic shield materials are probably basaltic or
andesitic like the volcanoes in the Pacific northwest. Both the gross shield shape
and the individual flow shapes suggest a basaltic composition. An exception is
the uppermost flows on Arsia Mons, which, being shorter and thicker, more
closely resemble andesitic basalt flows. The youngest flank eruptions have flow
shapes that resemble the basalt flows in Hawaiian volcanoes. The flows that
produced the materials of extensive volcanic plains are inferred, from the lobate
flow fronts visible in the high-resolution pictures, to be basaltic in composition,
like lunar mare material. The composition of rocks exposed in the walls of Valles
Marineris is less clear. Darker, more resistant layers may represent basaltic lava
flows interlayered with lighter, less resistant pyroclastic deposits of more silicic
composition, or eolian deposits. The ancient, heavily cratered crustal rocks may
be anorthositic or noritic in composition like the lunar highland rocks and some
ancient terrestrial crustal rocks.

Bright and dark markings are common and record the deposition and erosion of

wind-blown materials during and after the 1971 planet-wide dust storm observed
in Mariner 9 photographs. Bright streaks, possibly sand sheets or bright fine
grained eolian (loess) deposits, trend northwest-southeast on the smooth plains
units. Bright tails extend southwest from craters in the southwestern corner of
the map area. Dark tails trending west from small craters in the southern region
may be dark eolian deposits or dark bedrock stripped of bright eolian deposits.

GEOLOGIC AND STRATIGRAPHIC HISTORY

The earliest episode of geologic history is represented by ancient, differentiated
Martian crust that was extensively modified by the terminal phase of a heavy rain
of impacting meteoroids. Craters formed by these objects and the debris ejected
from the craters cover most of the ancient crust. Large areas of this ancient
cratered terrain (hilly and cratered) are exposed in the southern hemisphere but
occur only locally in the map area. The ancient terrain was fractured and exten-
sively degraded by eolian and mass-wasting processes. Contemporaneous with
and following the later stages of heavy cratering, the ancient crustal material was
inundated by a succession of lava flows or impact debris, or both, to form the
intercrater plains of the cratered plateau unit. Absolute ages for Martian rocks
like those obtained for lunar samples by radiometric dating are not available, but
estimates can be made (see below). Relative ages can be derived from geologic re-
lations of overlap, intersection, and degradation. A rough estimate of relative age
relations for units not in contact can be obtained from crater counts (Fig. 3; Table
1) using the technique described by Shoemaker and Morris (1972), Hartmann
(1973), Soderblom and others, (1974) and Blasius (1976). By this technique, cra-
ter-density determinations of 225 + 15 for the hilly cratered plateau material and
125+ 11 for the cratered plateau material indicate that they are the oldest units
in the map area. Curves derived from crater counts of similar ancient crustal
materials in other map areas (Meyer and Grolier, 1977; Schaber, 1977) indicate
a relative age approaching that of the ancient lunar crustal material, 4 to 4.3
b.y. Ages for lunar materials are based on isotope ratios obtained for returned
lunar samples and lunar crater counts; from these two data sets Soberblom
and his coworkers (1974) have constructed an integrated lunar flux curve (fig. 4).
Since no samples have been returned from Mars, the Martian flux curve derived
by them is based solely on Martian crater counts relative to lunar crater counts.
Crater-density determinations for the two oldest units, when compared with the
derived Martian flux curve, yield relative ages of approximately 3 and 1.5 b.y.
The apparent age discrepancy between the crater curves and ages derived from
crater-density determinations is probably produced primarily by the limitations
of the derived Martian flux curve, based on Mariner photography (also see
Neukum and Wise, 1976). Comparisons between Viking and Mariner crater
counts in other areas have shown that the higher resolution and discrimination of
the Viking photographs yield crater densities that are higher by a factor of two or
three for counts on Viking photographs. A new Viking flux curve, derived from
Viking counts, will be constructed and probably will yield older relative ages for
these units. Other factors that may have influenced the crater-density age deter-
minations are: (1) the small area contained in this map is not a statistically valid
sample; (2) the oldest rocks probably are resurfaced in this area; (3) ages from
density determinations using the Soderblom technique based on craters in the
4-to 10-km-diameter range rather than crater curves that include the large old
craters that characterize the ancient terrain give biased ages that are too young.
The relative ages for the younger map units (fig. 4B) appear to be more reasonable;
no true ages for Martian materials will be known until samples are returned from
the Martian surface.

Some time later, basaltic flows inundated most of the northern hemisphere of
Mars. Units similar to the northern volcanic flows covered part of this map area,
lapping onto the ancient crustal material that forms the old fractured plains and
cratered plains units. Crater density determinations of 85+9 and 80+9 for these
units, respectively, yield estimated ages of slightly less than 1 billion years. How-
ever, the old fractured plains unit probably is somewhat older than the cratered
plains unit; fracturing of the fractured plains unit that accompanied the beginning
stages of uplift of the Tharsis Plateau may have destroyed some craters; as a
result, age determinations could be deceptively young. The old fractured plains
unit probably ‘predates uplift; the cratered plains unit probably postdates or is
contemporaneous to uplift. The cratered plains unit spreads widely in the low
area around the uplift, and probably underlies the younger flows of the Tharsis
plains units in the western part of the map area.

After a period of quiescence, renewed uplift in the Tharsis plateau was ac-
companied by extrusion of the Tharsis volcanic flows. Crater density deter-
minations of 50+ 7 for the young fractured plains unit, 45 + 7 for the old smooth
plains unit, and 40+ 6 for the moderately cratered plains and old Tharsis plains
units indicate that these units were extruded over a relatively short time period
about 500 m.y. ago. Crater flux curves for the young fractured plains unit and
the old smooth plains unit are similar in the 4-to 10-km crater-diameter range,
suggesting that the units are equivalent in age.

The last surge of volcanic activity resulted in the construction of Pavonis Mons
and Arsia Mons. These huge volcanic shields appear, from crater density deter-
minations, to have been formed approximately 100 to 300 m.y. ago; 200 m.y.
may be the lower limit of age determinations using count craters made from
Mariner 9 photographs. On the flanks of the volcanic shields, lines of craters
along possible faults were inferred to be volcanic and eliminated from impact-
crater counts (see also Hartmann, 1973; Soderblom and others, 1974;and Blasius,
1976). Most of the volcanic material that makes up the Tharsis plains and shield
materials probably is basaltic in composition; shorter, stubbier flows near the
summit of Arsia Mons may indicate a more silicic composition (andesitic basalt)
for this unit.

The caldera-filling and flank flows that spread radially outward from the flank
fissures revert to the shapes characteristic of basaltic flows; they display grooves
that may be lava channels. These flows may be 100 to 200 m.y. old. The
volcanic shields and plateau-mantling flows resemble the Columbia plateau basalts
and volcanic constructs. Late-stage volcanic material, probably basaltic in com-
position, fills fissures in the Noctis Labyrinthus and other areas; craters are
common along the fissures and probably served as vents for volcanic material.

Crater counts of the shield volcanoes are difficult to obtain because volcanic
craters (alined along faults) must be deleted from the data set. The impact crater
counts subset indicates that the three great alined volcanoes may differ slightly in
age, with Arsia Mons being slightly older than the northern volcanoes. The basal
materials (Arsia Mons aureole material, Pavonis Mons aureole material, and
Olympus aureole material) are successively less exposed from south to north.
Deeper burial of the shield by late flank eruptions or less extensive eruption of
the basal units may have caused this relation. Higher resolution pictures may
resolve the question.

In the protected lower area between Syria Planum and the volcanic shields of
Arsia and Pavonis Montes, a volcanic unit overlain by eolian debris collected ; the
age of this unit, based on crater-density determinations, is approximately the
same as that of Arsia Mons.

Finally, biight and dark material was deposited as crater tails and irregular
patches, these deposits of reworked eoliian material were derived from the 1971
and earlier planet-wide dust storms. These features, being highly mobile, will
probably be seen in later photography as changed.

The position of the Viking 1 landing site, indicated on figure 4A, is a prelimi-
nary determination based on crater counts from Viking photographs; it is
included here to indicate the relative ages of the map units based on the lower
resolution Mariner 9 data.

TECTONIC HISTORY

The earliest evidence of tectonism in the area is seen in the east-northeast
trending, extensively degraded lineations cutting the ancient crustal rocks that
protrude through the younger plateau lavas. Following deposition of the oldest
volcanic flow unit, the old fractured plains, the first stage of uplift of the Tharsis
plateau resulted in widespread fracturing of that unit along northeast-southwest,
northwest-southeast, east-west and north-south trends. Evidence for at least
three periods of uplift with renewed fracturing along these trends can be found in
the complex overlapping relations amomg the faults and the varying degree of de-
gradation of the fault scarps in the Clariitas Fossae and Noctis Labyrinthus areas;
the oldest fractures are widened and degraded and the youngest fractures are
unmodified. Faulting occurred intermititently (Masursky and others, 1978; Wise,
1975) over a long time period. The relative ages of faults, based on intersection
and degradation, are shown on the tectonic map (fig. 2B); Masson (1975) has
inferred similar relative ages for the fault systems based on construction and study
of rose diagrams that show the varying diirection and intensity of faulting. During
this extended time period, the ancient rocks in the map area were buried by
successive outpourings of basaltic flows extruded from vents along established
fractures that were created during the first period of uplift. These vents tapped
magma chambers developed over possible hotspots in the mantle under the
Tharsis plateau. Lava channels, flow lobes, and other patterns visible in the
photographs suggest that vents along an inferred fault, whose northeast-southwest
trend coincides with the locations of Arsia, Pavonis, and Ascraeus Montes, were
probably the surface outlets for most of the basaltic flows. After deposition of
the Tharsis volcanic flow units, localized uplift of the central part of the map area
raised the Noctis Labyrinthus, Claritas Fossae, and Syria-Sinai Plana areas to their
present elevated position. Renewal of the old east-west fracture trends that
accompanied uplift resulted in the formation of the large rift valleys that form
Valles Marineris; chains of volcanic crater vents at Tithonia, Coprates, and Melas
Catenae and fractures in the Claritas Foossae area follow the east-west fracture
trend. Renewal of the northwest-trendling fractures in the Claritas Fossae area,
which accompanied differential uplift in the south-central part of the map, raised
this area above the surrounding terrainm; the ridge that makes up the Claritas
Fossae area is prominently displayed in radar traverses across the map area (fig. 2;
Simpson, et al., 1977). The ancient crustal rocks were raised to their present
elevation by earlier faulting episodes and by the tectonism that formed the
Claritas Fossae ridge. This great tilted fault block has a vertical displacement
greater than 8 kmj it is the largest tectonic feature on the planet. It resembles
the great lunar uplift east of Mare Smithii, which has a displacement of the crustal
rocks of about 9 km. The earth-facing hemisphere of the Moon slopes down to
the east such that the floor of Mare Smithii is § km below the mean lunar radius;
the surface rises abrupt]y to the highlands east of Smithii. The Mars plateau is
more intensively faulted and its volcanic rocks are more highly developed.

Formation of the younger volcanic shields of Arsia and Pavonis Mons and the
emplacement of young volcanic material along renewed north-south, northeast-
southwest and northwest-southeast-trending fractures cut all basaltic flow units;
these features are the youngest in the map area formed by volcanism associated
with tectonism.
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Figure 3—Crater counts based on Mariner 9 high and low-resolution photography. A,
Younger units. B, Older units. Error bars are left off of some curves to reduce clutter.

Cumulative impact
density at given Crater density
Approximate Total number of diameter per 106 km?2

area (km?) craters > 1 km at >D 106 km?2 4-10-km
Unit X 1000 low resolution 1km | 4km | 10km diam. craters
ps, 300 18 60 17 2 15+ 4
pt2 1091 89 82 33 5 28 +5
Pty 363 41 113 61 19 42 + 6
Ps, 452 70 155 55 9 46 + 7
pf2 407 86 211 52 2 50+ 7
pfc 574 133 232 51 16 35+6
pc 452 125 277 104 21 83+9
pf1 422 120 284 123 38 85 +9
plc 170 ~60 360 224 100 124 + 11
hc
(high) 78 ~60 780 601 345 255 + 16
hc
(low) 78 ~60 600 470 370 200 + 14

Arsia and Pavonis Mons low resolution

am& 470 —_ 54 11 -
pma 100 ey 8 C: R |

Aall subunits

Table 1-Summary of crater density determination data used to derive
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Figure 4.—Comparison of impact flux history derived for Mars with that observed for
the Moon, showing estimated age relations of geologic units. A, All geologic units.
B, Expanded scale to show younger units.
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