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CORRELATION OF MAP UNITS

[U, Unconformity between unit and superposed units]
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DESCRIPTION OF MAP UNITS

[Unit descriptions and interpretations based on morphology, albedo, brightness temperature, stratigraphic position, and superimposed crater populations as seen in available orbital imaging and topography. Sources of these
data include Mars Odyssey Thermal Emission Imaging System (THEMIS, infrared and visible), Mars Reconnaissance Orbiter (MRO) High Resolution Imaging Science Experiment (HiRISE) and Context (CTX) cameras,
and 128-pixel/degree MGS Mars Orbiter Laser Altimeter (MOLA) Mission Experiment Gridded Data Record (MEGDR). Derived products from MRO Compact Reconnaissance Imaging Spectrometer for Mars (CRISM)
used, where available, to identify mineralogical differences within and between mapped geologic units. See pamphlet for details and references. Abbreviations: m, meter; km, kilometer; %, percent]

UNIT SYMBOL

UNIT NAME, AGE, AND DESCRIPTION

ADDITIONAL CHARACTERISTICS

INTERPRETATION

CRATER UNITS

Cs

Crater 3 unit—Floor and rim of morphologically fresh,

well-preserved impact craters elevated relative to
surrounding materials. Well-defined, continuous ejecta
blankets often present. Type locality: Unnamed crater at lat
—16.17° N., long 336.61° E.

C,

Crater 2 unit—Rims of morphologically moderately degraded

impact craters that may exhibit only minor relief above
surrounding materials. Discontinuous, poorly exposed
ejecta may be present. Type locality: Unnamed crater at lat
—15.5° N., long 339.5° E.

Crater 1 unit—Degraded, incomplete or remnant crater rims
that exhibit little relief relative to the surrounding
materials, a featureless crater floor, and lack of ejecta. Type
locality: 1lat —16.2° N., long 335.89° E.

Age variable, but locally crosscuts all other units. Craters exhibit
simple crater morphologies (typically <15 km in diameter). Includes
ejecta from Jones crater southeast of the map

Characterized by mostly complex craters (>15 km and exhibiting
terraces, central peaks/rings, and (or) flat floors; see Melosh, 1989)
possessing subdued crater rims with minor relief relative to surrounding
materials. Somewhat more rugged texture than terra unit (HNt), which
it overlies. Underlies basin fill 2 unit (HNb,) and fan unit (AHf)

Crosscuts mountainous unit (Nm). Underlies basin fill 2 unit (HNb,)

Pristine crater material exhibiting little degradation. Some crater floors
may contain deposits emplaced by mass wasting and (or) eolian,
volcanic, and fluvial processes

Impact craters with moderate degree of degradation. Most crater floors
contain deposits emplaced by mass wasting and (or) eolian, volcanic,
and fluvial processes

Highly degraded impact crater material. Ejecta is completely eroded or
mantled by younger materials, rim has been heavily modified by
erosion, and crater floor contains deposits emplaced by wasting and
(or) eolian, volcanic, and fluvial processes

SEVERELY DEFORMED UNITS

Chaotic 2 unit—Discrete areas of severe structural disruption,
resulting in irregular patches of closely spaced knobs or
irregular blocks of similar heights within depressions that
are typically >500 m in depth relative to the surrounding
terrain; <50% of original surface intact. Type locality:
Margaritifer Chaos at —8.6° N., long 335.33° E.

AHct,

Chaotic 1 unit—Surfaces with structural disruption, resulting in

fractures, pits, linear troughs, and knobs. Surfaces with
structural disruption are typically <500 m in depth relative
to surrounding terrain; >50% of original surface intact.
Type locality: Margaritifer Chaos at —9° N., long 336.9° E.

Light-toned transverse eolian bedforms infilled some low areas between
knobs and blocks. Slope failures common on block margins. Displaced
knobs and mesas composed of materials crosscut by chaotic unit
include the terra unit (HNt), channel units (HNch,, AHch,), basin fill
units (HNb,, HNb,, Hb,), and chaotic 1 unit (AHct,)

Blocks of material are hummocky in appearance but retain some
characteristics of the original pre-collapse and older terrain surfaces.
Light-toned transverse eolian ridges sometimes occur between blocks,
and slope failures are common on block margins. Displaced knobs and
mesas composed of materials crosscut by chaotic unit such include the
terra unit (HNt), channel units (HNch,, AHch,), basin fill units (HNb,,
HNb,, Hb,), vallis unit (HNvn), and volcanic unit (AHv)

Densely fractured and (or) collapsed surfaces due to deflation of the
surface; less than 50% of the surface remains intact. Topographic
relations with fluvial surfaces indicate that uplift from volcanic
intrusion, hydraulic pressure, or processes related to ground ice
preceded and created the space and mechanism for subsequent collapse.
Possible temporal and causal relation with web-like floor fractures in
nearby crater floors and Margaritifer basin

Surfaces exhibiting fractures, pits, linear depressions, and areas of
knobby terrain due to localized deflation of the surface. Moderate
structural disruption of the surface; greater than 50% of the surface
remains intact. Similar to AHct,, volcanic intrusion, hydraulic pressure,
and (or) processes related to ground ice created the space and
mechanism for subsequent collapse. Possible temporal and causal
relation with web-like floor fractures in nearby crater floors and
Margaritifer basin

MASS-WASTING MATERIAL

Mass-wasting unit—Isolated lobe-shaped deposit with distinct
margins that originates in crater wall and extends onto
crater floor. Type locality: lat —17.18° N., long 337.44° E.

Crosscuts basin fill unit (HNb,) and rim of crater 2 unit (c,). Degraded
appearance is inconsistent with very recent activity

Downslope transport of crater rim and wall material under gravitational
influence, possibly triggered by nearby impact cratering events

VOLCANIC MATERIAL

AHv

Volcanic unit—Subdued, mottled, cone-shaped surfaces that are

elevated relative to surrounding materials and locally
embay low-lying regions, including a portion of Samara
Valles. Type locality: 1at —13.9° N, long 337.7° E.

Low elevation, dune-like ridges occur concentrically around the
topographic highs

Local phreatomagmatic volcanic edifices, possibly enabled by zones of
weakness along a ring of Ladon basin. Dune-like features are probable
sand waves caused by percussive explosions resulting from the
interaction of hot material with water or ice in the near surface

BASIN, CRATER, AND CHANNEL-FILL UNITS

Fan unit—Sloping or cone-shaped deposits. Distributary
paleochannel networks sometimes preserved in negative or
(more commonly) positive relief. Type locality: lat —16.24° N.,
long 339.16° E.

Hb,

Basin fill 3 unit—Relatively smooth surface over km-length

scales, low-relief, darker-toned (in CTX data) relative to
basin fill 1 unit (HND,), crater-retaining material. Type
locality: Margaritifer basin at lat —10.66° N., long 336.58° E.

Basin fill 2 unit—Relatively smooth, low-relief plains surface
confined to topographic lows (for example, floors of impact
craters). Small superimposed craters commonly well
preserved in surface layer. Type locality: 1at —16.5° N., long
335.5°E.

Basin fill 1 unit—Patches of rough, scabby to knobby (at length
scales of meters to hundreds of meters), light-toned
material on floor of Margaritifer basin. Hydrated mineral
signature in CRISM data consistent with Fe/Mg-smectite
(Salvatore and others, 2016). Type locality: Margaritifer
basin at lat —10.7° N., long 336.4° E.

AHch,

Channel 2 unit—Smooth floor of main outlet valley from Ladon

impact basin and deepest channel of Morava Valles.
Streamlined outcrops of terra (HNt) and basin fill 3 (Hb,)
units common. Type locality: Morava Valles at lat —12.95°
N., long 336.08° E.

Channel 1 unit—Eroded surfaces related to early incision of
Morava Valles. Type locality: Morava Valles at lat —13.54°
N., long 336.34° E.

Derived from dissected interior impact crater walls in two unnamed
craters in MTM —15022 quadrangle. Overlies terra unit (HNt), crater 2
unit (C,), and basin fill deposits (HNb,). Youngest fluvial deposits in
map area

Eolian bedforms and (or) polygonal and hummocky fractures common.
Non-hydrated basaltic (coarse sand) composition with higher olivine
abundances relative to terra unit (HNt) (Salvatore and others, 2016).
Unit crosscuts basin fill 1 unit (HNb1), terra unit (HNt), and channel 1
unit (HNch,). Unit underlies channel 2 unit (AHch,) and chaos units
(AHct, and AHct,)

Unit appears contemporary with basin fill 1 unit (HNb,). Overlies terra
unit (HNt) and embays vallis unit (HNvn)

Fractures common at scales of a few meters. Typically bright in
THEMIS nighttime infrared data. Superposed craters sometimes contain
layered fill (Salvatore and others, 2016). Underlies basin fill 3 unit
(Hb,). Contemporaneous with channel 1 unit (HNch,) and (or) vallis
unit (HNvn)

Generally bright in THEMIS nighttime infrared data. Crosscuts terra
unit (HNt), channel 1 unit (HNch,), basin fill units 1 (HNb,) and 3
(Hb,). Underlies chaos units (AHct, and AHct,)

Crosscuts terra unit (HNt) and underlies basin fill 3 unit (Hb,). Channel
form in places persists largely unmodified although variably and (or)
thinly covered by basin fill 3 unit (Hb,)

Alluvial deposits composed primarily of gravel and fine-grained
material, emplaced by fluvial sediment transport with little to no evident
contribution from debris flows. Relief inversion of distributary
paleochannels due to selective eolian erosion of granule- to sand-sized
material originally deposited between channels

Volcanic and (or) indurated basaltic materials of volcanic or sedimen-
tary origin (Salvatore and others, 2016)

Moderately to strongly indurated alluvial, volcanic, or eolian fill
materials; origin and composition may vary within and between
individual basins

Sedimentary materials of perhaps varying composition and (or)
mineralogy, eroded from surrounding plains and uplands and deposited
by water flowing through early stages of Morava Valles formation and
(or) Samara-Himera and Parana-Loire Valles. Consistent with a
lacustrine and (or) large-scale alluvial environment in Margaritifer
basin

Surfaces deeply eroded by later catastrophic flooding and veneered by
coarse fluvial sediments during waning flow

Surfaces eroded by early catastrophic flooding and thinly veneered by
coarse fluvial sediments during waning flow

VALLIS UNITS

Vallis unit—Generally smooth deposits that fill somewhat
sinuous, narrow (1-2 km wide) depressions that are the
lowermost trunk valleys of the Samara-Himera and
Parana-Loire drainage networks. Type locality: Samara-
Himera Valles system at lat —15.57° N., long 338.08° E.

Some valleys exhibit tributaries. Valley floors lack incised channel
features and exhibit uneven accumulations of light-toned transverse
eolian bedforms. Crosscuts terra unit (HNt). Underlies the volcanic unit
(AHv), chaotic 1 unit (AHct,), and basin fill 2 (HNb,) unit in places

(fig. 5)

Sedimentary materials of perhaps varying composition and (or)
mineralogy. Eroded from surrounding plains and uplands and deposited
by water flowing through multi-digitate, parallel to dendritic valley
networks. Small valleys likely formed by fluvial processes related to
precipitation-recharged groundwater sapping

PLATEAU AND HIGHLAND UNITS

HNt

Terra unit—Widespread, smooth to rolling, cratered, and

variably dissected surfaces between degraded impact
craters. Type locality: lat —11.18° N., long 336.8° E.

Mountainous unit—Bedrock promontories including impact
crater central peaks and mountain chains along impact
basin rings. Mountains typically steep and variably eroded
depending on age. Type locality: Ladon impact basin outer
ring at lat —16.56° N., long 338.8° E.

Overlies mountainous unit (Nm). Underlies all other units

Oldest unit in map area

Noachian geomorphic surface resulting from impact cratering, ejecta
emplacement, prolonged weathering, and erosion primarily by water
and wind

Deeper Noachian bedrock outcrops exposed during impacts and
overlain by terra unit

EXPLANATION OF MAP SYMBOLS
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. Secondary crater chain—Clusters of small, sometimes

elongated craters that are oriented radially to larger
impact craters

Contact—Solid where certain; dashed where approximately

Ridge

Inferred contact—Position of contact estimated based on

located

topography data

—4—  Wrinkle ridge—Sinuous, crenulated. Origin: tectonic

contraction

Crest of volcanic dome—Linear to arcuate. Origin:
volcanic

—_——

+

Sand wave—Linear to slightly arcuate. Origin: volcanic
Impact basin ring—Broadly linear to arcuate. Origin:
impact
Trough

Graben—Linear or sinuous; en echelon. Origin: tectonic
extension

Channel—Straight to dendritic; floor sloping downhill;
line follows valley thalweg. Origin: fluvial erosion

Trough—Linear, line follows trough floor. Origin: likely
fluvial erosion

Scarp
1  Depression margin—Hatchures point downslope. Origin:
tectonic collapse possibly triggered by volcanism
Tr 11T Scarp crest—Linear to sinuous. Origin: tectonic or erosional
Crater rim—For all impact craters >2.5 km in diameter
m 11 Exposed crater rim—Well-defined circular ridge and (or)

scarp, sometimes includes associated inner depression
and apron

Buried crater rim—Approximate location of heavily
eroded circular ridge and (or) scarp

Figure 7. Figure location and number

Cumulative crater frequency, per square kilometer
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Figure 3. Graphs showing
cumulative crater statistics for
units defined in Mars Transverse
Mercator -10022 and -15022
quadrangles based on
chronology function from
Hartmann and Neukum (2001)
and production function from
Ivanov (2001). Example absolute
ages (in billions of years [Ga])
estimated using Craterstats2
software (Michael and Neukum,
2010) using largest craters that
provide best fit to expected
production function (table 1).
Crater diameter (D) range in
kilometers (km). Cumulative
resurfacing correction of

¢ Fan (AHf)—Age, 3.13'3% Ga. Crater D range,

f Terra (HNt—Age, 3.84735% Ga. Crater D range,

+ Chaotic 2 (AHct,)—Age, 1.03t3;§; Ga. Crater D range,
¢ Chaotic 1 (AHct,)—Age, 1.33t3;§8 Ga. Crater D range,

4 Volcanic (AHv)—Age, 2.84’:8:22 Ga. Crater D range,

10" 10° 10'

Crater diameter, in kilometers

EXPLANATION FOR A

0.6—-1 km. Number of craters, 2
4 Channel 2 (AHch,)—Age, 2.64
4.5-60 km. Number of craters, 29

0.8-1.5 km. Number of craters, 10
{ Basin fill 2 (HNb,)—Age, 363
0.6—2.5 km. Number of craters, 46

0.6-3 km. Number of craters, 25

Crater diameter, in kilometers

EXPLANATION FOR B

? Channel 1 (HNch,)—Age, 3.54
0.8-2.5 km. Number of craters, 9

*927 Ga. Crater D range,
0.45-2.5 km. Number of craters, 73

© Basinfill 3 (Hb,}—Age, 3.39t3;8§ Ga. Crater D range,
1.5-14 km. Number of craters, 17

‘3% Ga. Crater D range,
1-12 km. Number of craters, 105

4 Basin fill 1 (HNb,)—Age, 3.62°
1-6 km. Number of craters, 24

016 Ga. Crater D range,

005 Ga. Crater D range,

Michael and Neukum (2010) not
applied. A, Chaotic units (AHct,
and AHct,), volcanic unit (AHv),
fan unit (AHf), and terra unit
(HNt). B, Channel units (AHch,
and HNch,) and basin fill units
(HNb,, HNb,, and Hb,). Area of
vallis, mass wasting, and
mountainous units too small to
provide meaningful crater
statistics (table 1).

w
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Figure 6. Topographic map
showing that early discharge
through Morava Valles (white
arrows, unit HNch,) carved
channels in the terra unit (HNt)
that are more degraded and
~200-300 meters shallower
relative to the smooth floors that
formed during later discharge
events (black arrows, unit
AHch,). Topography from Mars
Orbiter Laser Altimeter (MOLA,
stretched to scene) over the
Mars Odyssey Thermal Emission
Imaging System (THEMIS)
daytime infrared shaded relief
showing colored elevation.
Image is centered at
approximately lat -13.3° N., long
336.1° E. North is towards the

A
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HNt

top.
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Figure 4. Context Camera
(CTX) image showing
Samara-Himera Valles in Mars
Transverse Mercator -15022
quadrangle. Valley is incised
(south of map, dashed lines),
then widens into a trough before
| transitioning to a more incised
valley to the north (dashed
lines). As a result, the valley in
the trough becomes diffuse,
then becomes incised as it
narrows northward. This
transition reflects changes in
sediment load, local slopes, and
(or) bank resistance along the
valley that leads to broadening
where load is relatively higher
and (or) slopes and bank
resistance are relatively lower.
Elongated features may be
longitudinal bars that mark
transition to braided system
within lower gradient trough.
Variable eolian degradation may
impair visibility of the subtle
channel through section where
it becomes diffuse. Excerpt of
CTX image B20_017449_1630
(5.21 meters per pixel). Image is
centered at approximately lat
-17.0° N., long 338.4° E. Note
that figure extends south of map
boundary. North is towards the
top.
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Figure 1. Topographic map of Margaritifer Terra region of Mars showing locations of regional

landforms and drainage systems discussed in pamphlet. White boxes indicate boundaries of
Mars Transverse Mercator -10022 and -15022 quadrangles. Approximate locations of second,
third, and fourth basin impact rings of Ladon impact basin (Schultz and others, 1982; Grant,
1987) indicated with black dashed lines; approximate location of first and second impact rings
associated with Ares basin indicated with yellow dotted lines (Ares basin centered near lat 4°
N., long 344° E., approximate location of rings after fig. 2 in Frey, 2008). Margaritifer Chaos
generally located between rings of Ladon and Ares basins. Approximate location of Chryse
trough axis (Phillips and others, 2001) indicated by pink dashed line. Topography from Mars
Orbiter Laser Altimeter (MOLA) over Mars Odyssey Thermal Emission Imaging System
(THEMIS) global daytime infrared mosaic showing colored elevation.

340°E

Figure 2. Topographic map
showing Mars Transverse
Mercator -10022 and -15022
quadrangles (see fig. 1 for
context). Major place names
labeled for reference.
Topography from Mars Orbiter
Laser Altimeter (MOLA; 128
pixel per degree) over
MOLA-generated shaded relief
showing colored elevation.

-10022

-15022

EXPLANATION
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Figure 5. Context Camera (CTX)
images showing contact relations
of basin fill 2 unit (HNb,). North is
towards the top in all images. A,
Local occurrences of valley
networks (unit HNvn) buried by
basin fill 2 unit (HNb,). Upstream
segments of unit HNvn become
increasingly buried and difficult
to detect; linear depression at
bottom of image could be
remnant upstream segment of
valley at the top of image. Excerpt
of CTXimage B17_016315_1620
(5.28 meters per pixel [m/pixel]).
Image is centered at approxi-
mately lat -16.2° N., long 337.3° E.
B, The smooth, less cratered, unit
HNb, embays the rough,
cratered unit HNt unit. Note
buried crater on basin floor and
wrinkle ridges typical of unit
HNDb, expression. Contact
(dashed line) between units
HNb, and HNt is not always
obvious, likely due to degradation
of unit HNb, since emplacement.
Excerpt of CTX image
B01_010012_1651 (5.31 m/pixel).
Image is centered at approxi-
mately lat -14.8° N., long 337.0° E.
C, Unnamed impact crater (~43
kilometers in diameter) along
southeastern edge of map that
has been partially filled with unit
HNb,; may be volcanic in origin.
Fracture walls often terraced and WH
partially filled with eolian drift that
obscures the floor; examples of
transverse ridges that may be
related to a discharge event.
Central pit extends northwest and
small mounds on northwest floor
could be kipukas of wall materi- i
als, rootless cones, or mostly 4
buried source vents. Excerpt of
CTXimage G17_024820_1652
(5.21 m/pixel). Image is centered
at approximately lat-15.4° N.,
long 339.4° E.

- wrinkle ridge

buried crater

- 3KILOMETERS

transverse ridges
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SCHEMATIC CROSS SECTION

~200 m

Morava Valles
bedrock floor

0 1 KILOMETER
' (AHch,)

Figure 7. Image showing that the floor of Morava Valles (unit AHch,) incised into a remnant
of the basin fill 3 unit (Hb,) and created a series of terraces (white lines), which cut into the
terra unit (HNt) bedrock. Wrinkle ridges (for example, black arrow) on bedrock floor post-date
channel incision; possibly confined to channel floor or extend into adjacent terraces. Inset
shows schematic cross section (from left to right) of boundary between the two units and the
possible terraces. Excerpt of High Resolution Imaging Science Experiment (HiRISE) image
ESP_035646_1675 RED (53 centimeters per pixel) is centered at approximately lat -12.2° N., long
336.8° E. (see red dot labeled “7" on the map for context). North is towards the top. m, meter.

Figure 8. Image showing approximate contact (dashed line) between light-toned, scabby basin
fill 1 unit (HNb,) that underlies smoother basin fill 3 unit (Hb,) in Margaritifer basin. Some small
craters in unit HNb, partially filled by layered deposits (Salvatore and others, 2016). Excerpt of
Context Camera (CTX) image B21_017660_1687 (5.33 meters per pixel) is centered at approximately
lat 10.8° N., long 336.4° E. (see red dot labeled “8" on the map for context). North is towards the top.

Figure 9. Cross section (A)
and topographic map (B)
showing Samara-Himera and
Loire valley systems and part
of the Margaritifer basin. A,
Cross section showing
northernmost volcanic
construct (unit AHv) along the
southeast margin of
Margaritifer basin. Unit AHv
rises ~1 kilometer above
surrounding terrain. B,
Topographic map showing that
the confluence of the
Samara-Himera and Loire
valley systems and their
relation to Margaritifer basin is
obscured by younger volcanic
features (unit AHv, dashed
lines). Unit AHv is elevated
above surrounding areas and
embays older terrain; unit
surface exhibits ridges (for
example, arrows) interpreted
to be concentric sand wave
features. Topography from
Mars Orbiter Laser Altimeter
(MOLA,; stretched to scene)
over Mars Odyssey Thermal
Emission Imaging System
(THEMIS) daytime infrared
data showing colored
elevation. Image is centered at
approximately lat -14.2° N.,
long 338.1° E. North is towards
the top.
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