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Table 1. Comparison of geologic units of the Hellas region of
Mars in the present map with those in the eastern equatorial and
south polar geologic maps at 1:15,000,000 scale by Greeley and
Guest (1987) and Tanaka and Scott (1987), respectively.

Unit symbol and name in this map

Unit symbols in
1:15,000,000-scale maps
SURFICIAL MATERIALS

Aa, apron material As
HNe, etched material Nplo, Hplm, Ahg, s
PLAINS MATERIALS
Smooth plains units
Nhy, Hhg, Ah;
Nplo, Hplm, Hplg, s

AHps, younger smooth plains unit

Hps, older smooth plains unit
Ridged plains materials

Hpr, younger ridged plains material Nplq, Hr, Hplz, Hho, s

HNpr, older ridged plains material Hr, Hho

HELLAS PLANITIA ASSEMBLAGE
Patterned ridge units and lobate material

Arr, reticulate ridge unit Ahg
Ara, arcuate ridge unit Hhg
Al, lobate material Hhs

Interior units
Nm, Hh2, Hh3, Ah4
Hhy, Hhz, Ah7, Ahg

Hipl, plateau interior unit
Hih, hummocky interior unit

Hik, knobby interior unit Hhy, Hhg, Ahg
His, smooth interior unit Hhy, Hhg, Ah,
HELLAS RIM ASSEMBLAGE
Dissected units
AHy, vallis unit Hhg, Hch
HNd,, younger dissected unit Hhs, Ahg
HNd1, older dissected unit Hhg, Ahg
Tyrrhena Patera Formation
AHtp, plains member Hr
Htf, flank member Hr
Nts, summit shield member AHt
Ntb, basal shield member AHt
Hadriaca Patera Formation
Hhs, summit member AHh
HNhf, flank member AHh
Amphitrites Formation
HNaf, floor member Hap
HNad, dissected member Had
HNas, shield member Hap, Had
HNar, rim member Hap

Basin-rim units

Nh, hilly unit Nhy, Nplo
Nm, massif unit Nm, Nh4
PLATEAU SEQUENCE
Hpls, smooth unit Nh4, Nplp, Hr, Hpls, s
Nplo, subdued cratered unit Nh4, Nply, Nplo

Nply, cratered unit Npl4, Npld

Npld, dissected unit Nh4, Nply, Npid
CRATER MATERIALS

AHc, younger crater material c

Nc, older crater material c

QUADRANGLE LOCATION

Photomosaic showing location of map area. An outline of
1:5,000,000-scale quadrangles is provided for reference.
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Table 2. Area and crater densities of selected geologic units in the Hellas region of Mars. N(x) equals
number of craters >x km in diameter per 106 km2. Standard error equals the square root of the number of

craters divided by the area.

Map unit Symbol Area (km?2) N(Q2) N(5) N(16) Ref.1

Younger smooth plains unit AHps 142,887 - 70£22 - 1
Vallis unit AHv 86,664 - 92+33 - 1
Vallis unit AHv 45,947 239+72 109+49 - 2
Flank member, Tyrrhena Patera Fm Htf 80,576 397+70 87+33 - 3
Flank member, Tyrrhena Patera Fm Htf 203,510 - 118+24 - 1
Older smooth plains unit Hps 75,356 - 119+40 -—- 1
Plateau interior unit Hipl 230,341 234432 10922 30=+11 2
Hummocky interior unit Hih 267,636 18726 7517 15«7 2
Hummocky interior unit Hih 267,636 - 56+14 T+4 1
Knobby interior unit Hik 241,749 --- 62x16 --- 1
Smooth interior unit His 397,106 37331 179+21 20+7 2
Smooth interior unit His 397,106 - 16120 1326 1
Smooth unit, plateau sequence Hpls 260,757 - 161+25 -—- 1
Younger ridged plains material Hpr 535,281 --- 200+19 60=x11 1
Etched material HNe 100,173 - 230+48 -—- 1
Dissected member, Amphitrites Fm HNad 512,364 347+26 133+16 27+7 4
Shield member, Amphitrites Fm HNas 42,413 - 189+67 47+33 1
Older ridged plains material, Malea HNpr 440,090 384+30 159+19 34+9 4

Planum only
Older ridged plains material HNpr 564,075 - 24621 67x11 1
Younger dissected unit HNdo 188,976 460+49 132+27 --- 3
Younger dissected unit HNd» 295,141 559+44 244+29 37«11 2
Younger dissected unit HNd» 295,141 - 15623 10+6 1
Older dissected unit HNd 119,478 502+65 184+39 42+19 2
Older dissected unit HNd 119,478 - 285+49 59+22 1
Flank member, Hadriaca Patera Fm HNhf 103,089 572+75 175+41 - 3
Flank member, Hadriaca Patera Fm HNhf 93,776 --- 213+48 64+26 1
Older ridged plains material, Hellas HNpr 295,244 40637 18625 54x14 4

Planitia only
Summit shield member, Tyrrhena Nts 114,324 --- 201x42 26=15 1

Patera Fm
Shield members, Tyrrhena Patera Fm Nts, Ntb 32,860 654+214 440179 - 5
Subdued cratered unit, plateau sequence Nplo 684,284 - 485+27 175+16 1
Dissected unit, plateau sequence Npld 410,396 - 66040 210+23 1
Cratered unit, plateau sequence Npl4 379,449 - 614+40 190+22 1
Hilly unit, plateau sequence Nh 1,340,848 - 549+20 196+12 1
Massif unit Nm 204,170 - 294+38 4915 1

IFor some units, more than one crater count is provided from multiple reference sources. The sources are:

(1) Derived from crater database described in Barlow (1990). Only superposed craters included for Amazonian and Hesperian units.

(2) Data from this study.

(3) Data from Crown and others (1992); their unit mapping does not exactly match this map’s.

(4) Data from Tanaka and Leonard (1995).
(5) Data from Gregg and others (1998).

CORRELATION OF MAP UNITS

GEOLOGIC INVESTIGATIONS SERIES [-2694
ATLAS OF MARS: HELLAS REGION

Pamphlet accompanies map

DESCRIPTION OF MAP UNITS

[Material units defined by geomorphology, geologic associations, and contact boundaries. Time-stratigraphic positions based on
superposition relations and crater densities (see table 2 and text). Some units previously defined by Greeley and Guest (1987),
Tanaka and Scott (1987), Greeley and Crown (1990), and Crown and others (1992). Type areas indicated for new units. Brief inter-
pretations given; some discussed further in map text]

Aa

SURFICIAL MATERIALS

Apron material—Smooth, lobate deposits on slopes of steep massif material (unit Nm), interior basin

scarps, and inner crater rims. Deposits typically extend a few to more than 30 km from source area.
Apron material overlies all surrounding units. On east rim, completely surrounds some massifs;
within basin, adjacent to long linear to curvilinear scarps of interior plateau unit (unit Hipl). Inter-
pretation: Mass-wasted slope debris, possibly entrained with ice; locally emplaced by rapid fluid-
ized flow

- Etched material —Forms patches of smooth, sparsely cratered material having low relief and locally

high albedo. Two chief occurrences: (1) irregular, low (<100-200 meters high) mesas on flat areas
of northern and eastern rim of Hellas basin, superposed on subdued cratered unit (unit Nplo) and
younger dissected unit (unit HNd»), and (2) plains within large, Noachian craters (unit Nc) marked
by pits and etched, irregular depressions. Type area: lat 28° S., long 286° (crater Terby infill). Inter-
pretation: Friable eolian, fluvial, and possibly volcanic air-fall sediments; may be ice-cemented
locally. Etching may result from disintegration and eolian erosion of poorly indurated portions

PLAINS MATERIALS

[Includes smooth and ridged plains materials within Hellas Planitia and on surrounding basin rim and plateau]

AHps

Hps

Smooth plains materials—Smooth, widespread deposits superposed on most surrounding materials

Younger smooth plains material—Forms smooth, planar, generally featureless deposits in five
areas: (1) mantles high-standing outcrops of Hellas interior units (units Hipl and Hih) in southeast
Hellas Planitia; (2) fills a few craters on northern and southwestern Hellas basin rim; (3) fills local
basins in central Hellas Planitia; (4) forms plains in low areas of western Hellas Planitia and along
western basin rim; and (5) covers interior units in places. Locally gradational with smooth interior
unit of Hellas Planitia assemblage (unit His). Type area: lat 44.5° S., long 296.5°. Interpretation:
Deposits of eolian sediments; central and western Hellas Planitia occurrences likely include mass-
wasted materials eroded from Hellas interior units

Older smooth plains material—Similar to younger smooth plains unit except with relatively more
craters and rare flow fronts. Occurs primarily as crater fill and discrete plains on basin rim and sur-
rounding highlands; one small patch in western Hellas Planitia. Embays or overlies most surround-
ing materials; cut by Reull Vallis at east edge of map area. Type area: lat 26.5° S., long 301°.
Interpretation: Friable eolian and fluvial sediments derived from dissected plateau and rim mate-
rial; possibly volatile-rich in places

Ridged plains materials—Forms extensive plains marked by wrinkle ridges in outer parts of Hellas

Planitia, Hesperia and Malea Plana, and other highland areas. Ridges a few kilometers wide and
tens of kilometers long

Younger ridged plains material—Forms smooth, broad, planar, moderate to heavily cratered surfa-
ces marked by long, linear to sinuous mare-type (wrinkle) ridges; few flow fronts. Ridges primarily
trend radial to Hellas basin; some trend concentrically. Embays or onlaps most adjacent units;
underlies flank member (unit Htf) of Tyrrhena Patera Formation and smooth interior unit (unit His)
of Hellas Planitia assemblage. Occurs at northern Hellas Planitia, Hesperia Planum, in several
patches on northern and eastern Hellas rim, and locally fills few craters on eastern and southeastern
highlands. Interpretation: Extensive low-viscosity lava flows probably extruded through local fis-
sures. Ridges formed by compression due to local volcanic loading and global contraction

Older ridged plains material—Forms extensive, smooth to rugged, moderate to heavily cratered
plains marked by numerous wrinkle ridges. Occurs in two areas: (1) discontinuous annular band of
plains in outer, northwestern and southwestern Hellas Planitia. Ridge trends generally radial to
basin. Locally gradational with plateau and rim units; superposed by remnant outlier patches of
Hellas Planitia interior units. Cut by few small channels extending into southern basin interior from
inner basin slopes. Rims of larger, older craters are subdued. (2) On northern Malea Planum ridges
mainly trend west to northwest, roughly concentric with Hellas basin. Albedo markings and pedes-
tal craters common; some craters partly infilled or buried. Embays subdued cratered unit (unit Npl,)
and gradational with dissected member of Amphitrites Formation; some of Axius Valles head from
unit. Type area: lat 59.5° S., long 314°. Interpretation: Low-viscosity lava flows. In Hellas Planitia
represents earliest observed deposits; ridges and their radial trends may indicate basin subsidence
and contraction. On Malea Planum lava likely from Amphitrites and Peneus Paterae and other local
sources; wrinkle ridges may be contractional structures due to loading. Pedestal craters may have
entrapped transient eolian mantles

HELLAS PLANITIA ASSEMBLAGE

[Deposits confined to interior of Hellas basin. Previous mapping by Potter (1976) and Peterson (1977) resulted in four units of Hel-
las basin materials; Greeley and Guest (1987) divided the basin materials into a sequence of six units of the Hellas assemblage.
Here, seven units are categorized based on morphology and stratigraphic position into three subgroups]

Ara

Al

Hipl

Hih

Patterned ridge units—Form discrete plains and patches in north-central to western sections of Hellas

Planitia; marked by linear to curvilinear ridge sets. Units overlie all surrounding materials. Craters
scarce

Reticulate ridge unit—Forms sets of low ridges a few to tens of kilometers long and 1-2 km wide in
low plains areas of Hellas Planitia. In northwestern Hellas Planitia forms elongate, roughly basin-
concentric patches below plateaus of interior deposits; patches have reticulate patterns of intersect-
ing, roughly orthogonal curvilinear ridges. Ridge-bound areas ovoid to polygonal, a few kilometers
wide, and form honeycomb pattern. Patch in north-central basin interior has less-ordered reticulate
and linear patterns. Unit gradational with all adjacent units. Type area: lat 35.5° S., long 301.5°.
Interpretation: Sets of compound crescentic dunes; ridge crest orientation indicative of dominant
wind directions

Arcuate ridge unit—Within low, central parts of Hellas Planitia forms lobate patches characterized
by arcuate to concentric low-relief ridges, locally forming fingerprint patterned terrain. Locally
appears layered. Type area: lat 41° S., long 294.5°. Interpretation: Fine-grained eolian or volcanic
air-fall deposits, possibly volatile-rich and modified by glacierlike creep

Lobate material—Occurs in central Hellas Planitia and on northwestern edge of Hellas Planitia. Forms

smooth, flat, elongate, locally sinuous deposits with low, lobate margins. Type area: lat 40° S., long
292.5°. Interpretation: Lava or debris flows. Origin of flows not apparent; possibly from fissures

Interior units—Include most of the thick sequence of sediment that fills Hellas Planitia. Overlie ridged

plains units and locally mantled by other units of the Hellas Planitia assemblage

Plateau interior unit—Forms moderately to densely cratered, generally smooth-topped, undulating,
high-standing plateaus. Bounding scarps steep, curvilinear, and typically hundreds of meters high.
Locally displays layering, hills, depressions, and ridges; gradational with interior hummocky unit
(unit Hih). Primarily covers large areas of eastern Hellas Planitia. Type area: lat 42.5° S., long 289°.
Interpretation: Upper part of interior deposit composed mainly of volatile-rich, fine-grained eolian
sediment; lower sections possibly derived from fluvial and volcanic sources. Primarily modified by
eolian and mass-wasting processes. Some bounding scarps may be edges of collapse depressions
resulting from withdrawal of ground ice

Hummocky interior unit—Characterized by widespread, moderately cratered, rolling to uneven,
hummocky and hilly terrain. Hummocks and hills generally lower and more widely spaced than
knobby unit (unit Hik). Local knobs, ridges, mesas, depressions, faults, and channels. In eastern
Hellas Planitia, surrounded by high scarps of plateau interior unit (unit Hipl). In central and western
basin interior, generally high standing and partly bounded by steep, outward-facing scarps. Locally
gradational with or overlying knobby interior unit (unit Hik). Type area: lat 42° S., long 291°. Inter-
pretation: Volatile-rich eolian material degraded mainly by devolatilization, collapse, and eolian
deflation

Knobby interior unit—Forms broad, moderately cratered, rolling to uneven plains studded with
closely spaced, jumbled to chaotic knobs and small hills. Knobs and hills sharply defined and sev-
eral kilometers or less across. Knob chains and elongated and tapered knobs oriented predomi-
nantly north-northeast. Unit includes a few long, broad, sinuous ridges (largest >400 km long and
~20 km wide) roughly trending east-west. Faults and channels rare. Typically occurs within closed
depressions below adjacent units. Type area: lat 42° S., long 300.5°. Interpretation: Knobs are ero-
sional remnants of lower parts of interior deposit. Dominant erosional mechanisms likely include
eolian deflation and devolatilization, collapse, and eolian deflation; elongate knobs may be yard-
angs oriented along dominant wind direction

Smooth interior unit—Moderately cratered; two principle occurrences: (1) Extensive, discontinuous
annular band of plains along eastern margin of basin interior marked by smooth, locally undulating
deposits that partly bury wrinkle ridges; gradational with interior plateau and hummocky units; cut
by Dao and Harmakhis Valles. (2) Irregular and arcuate patches in central and western Hellas Plani-
tia; resembles first occurrence but without wrinkle ridges; generally gradational with interior and
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dissected units and ridged plains materials. Type area: lat 47° S., long 274°. Interpretation: Eastern
Hellas Planitia occurrence may be fluvial sediments from dissection of Hellas slope (units HNd_5)
and eolian deposits that partly bury underlying ridged plains materials. Central and western interior
basin occurrences primarily eolian deposits, possibly volatile-rich. Crater-density indicates that this
is the earliest of the interior units

HELLAS RIM ASSEMBLAGE

[Includes dissected, paterae, and hilly units forming part of or superposed on the Hellas basin rim]

Dissected units—Dissected and channel-fill materials of the eastern and northern rim of Hellas basin
AHv Vallis unit—On slope in eastern embayment of basin rim, forms smooth floor materials of Niger,
Dao, Harmakhis, Reull Valles and associated depressions at heads of valles, including Ausonia and
Anseris Cavi. Also forms floors of Mad Valles and other smaller valles on the southern Hellas basin
rim. Fills large, isolated, deep depressions (cavi) and long (hundreds of kilometers), wide (5 to 50
km), linear to sinuous depressions (valles) typically bounded by high (as much as 1 to 2 km), steep
scarps. Vallis heads form enclosed depressions; upper vallis reaches generally wider than inter-
mediate ones. On the level basin floor, valles wider and shallower where they incise and grade into
the smooth interior unit (unit His). Valles and cavi floors generally smooth but locally hummocky to
knobby and incised by small, braided channels. Valles walls locally display thick layering. Some
valles segments filled with chaotic material. Valles cut smaller, narrow channels of younger and
older dissected units (unit HNd4_») of Hellas Planitia assemblage and flank member (unit HNhf) of
Hadriaca Patera Formation. Interpretation: Deposits of catastrophic outbreaks of ground water and
fluidized debris through ice-rich cap rock; subsequent fluvial activity fed by large-scale sapping of
ground water. Cavi and chaotic terrain within valles indicate collapse
- Younger dissected unit—Forms broad, uneven, moderately cratered plains cut by many linear to sin-
uous narrow channels trending downslope toward Hellas Planitia. A few channels trace into smooth
interior unit (unit His) in Hellas Planitia. Locally has etched margins, particularly where overlies
and superposes older dissected unit (unit HNd4). South of Reull Valles, numerous channels begin
where terrain breaks downslope toward basin. Albedo streaks appear in places. Forms subtle, broad,
undulating set of ridges or terraces just south of Coronae Montes. Impact craters appear degraded,
having little to no rims and partly infilled floors. Wrinkle-type ridges and small depressions com-
mon; faults rare. Cut by vallis unit (unit AHv) and gradational with flank member (unit AHtf) of Tyr-
rhena Patera Formation and smooth interior unit (unit His). Type area: lat 44° S., long 266°.
Interpretation: Alluvium and probably volcanic and eolian material highly dissected by fluvial ero-
sion. Some channels possibly volcanic. Ridges south of Coronae Montes may be tectonic, wind
sculptured, or mass-wasting features

- Older dissected unit—Resembles younger dissected unit (unit HNdp) except terrain more rugged and
heavily cratered. Channels in places relatively broad (several kilometers wide) with smooth floors;

le3

some channels originate and extend from younger dissected unit. Craters fairly degraded, with low
rims, partly infilled smooth floors, and little or no ejecta blankets. Small hills and mountain blocks
common. Type area: lat 41° S., long 275°. Interpretation: Older, rugged rim terrain extensively

eroded and resurfaced by fluvial dissection and sedimentation. Some channels possibly volcanic

Tyrrhena Patera Formation—Includes shield materials, plains deposits, and flows of Tyrrhena Patera

NpI2

AHtp Plains member—Forms broad, moderately cratered, smooth plains west of Tyrrhena Patera. Resem-
bles flank member (unit Htf) except smoother, no leveed channels, and fewer lobate scarps and
includes a few depressions. Generally gradational with flank member, but appears locally to overlie
it, and embays basal shield member (unit Ntb) and units of plateau sequence; these contacts etched
in places. Interpretation: Eroded pyroclastic deposits and possibly lava flows from Tyrrhena Patera
- Flank member—Forms lobate, moderately cratered and ridged plains extending more than 1,000 km
southwest from Tyrrhena Patera; also exposed west of Tyrrhena, including within two enclosed
depressions or windows in the plains member (unit AHtp). Many low, linear to lobate scarps (a few
tens of kilometers wide and several kilometers of km long) and discontinuous leveed channels (a
few kilometers wide and tens of kilometers long) generally radiating from Tyrrhena Patera. Unit cut
by large rille originating from partly enclosed, shallow circular depression at summit; rille becomes
leveed downslope. Wrinkle ridges trend roughly northeast near Tyrrhena and in various orientations
at southwest end of unit. Partly buried crater rims common. Embays and overlies younger ridged
plains material (unit Hpr) of southwestern Hesperia Planum and some units of plateau sequence.
Interpretation: Lava flows erupted from Tyrrhena Patera. Northeast-trending ridge set may be
partly buried ridges of Hesperia Dorsa; some northwest-trending ridges may be flow fronts
- Summit shield member—Forms the heavily cratered, broad, moderate relief, upper shield of Tyr-
rhena Patera, including 50-km-diameter summit caldera partly bound by interior ring faults. Unit
extends more than 50 km from the caldera rim; marked by many radial ridges and scarps, a few
large channels, and narrow discontinuous ring faults. Caldera dissected by head of large collapse
channel that feeds into flank member. Some layering in dissected areas observed in high-resolution
images. Unit overlaps basal shield member and embayed east of Tyrrhena by ridged plains material
(unit Hpr). Interpretation: Pyroclastic deposits of Tyrrhena Patera later dissected and eroded by flu-

outward-facing ring scarps about 25 and 55 km from outer rim of Amphitrites. Shield member
extends 100 to 150 km from rim member (unit HNar) except where superposed by the impact crater
Barnard. Contacts with dissected member (unit HNad) and older ridged plains material (unit HNpr)
placed where channels end or dissection pattern is no longer radial to Amphitrites. Interpretation:
Edifice of volcanic material that has undergone extensive fluvial, mass-wasting, tectonic, and per-
haps eolian modification

Rim member—Forms rugged, ring-fractured rims of Amphitrites and Peneus Paterae. Fractures gen-
erally discontinuous and concentric; some form narrow arcuate depressions. Unit locally pitted or
smooth in flat areas between fractures. Peneus shows numerous, mostly inward-facing fractures;
Amphitrites has at least one outward-facing, bounding scarp in this member. Rim generally sits
higher than adjacent materials and on Amphitrites is cut by many small radial channels. Interpreta-
tion: Volcanic material of highly faulted outer caldera rims; numerous ring faults and wrinkle ridges
may indicate multiple episodes of magma withdrawal and collapse. Etching of local mantles pro-
duced pitting

Basin-rim units—Includes rugged, high-relief terrain and large mountain blocks around Hellas basin

rim and surrounding highlands. Distributed in relatively continuous band 200 to 500 km wide
around the western and northern rim of Hellas basin and in a lobe extending more than 1,200 km
southeast (distal end outside map area); absent along southern part of rim. Embayed by all adjacent
units

- Hilly unit—Forms rugged, high-relief, densely cratered terrain with numerous isolated massifs.

Channels and ridges common; faults along west rim. Boundaries distinct except for areas along
north rim where contacts are based on frequency of mountain blocks and ruggedness of intermon-
tane areas (larger blocks mapped as massif unit (unit Nm). Includes part of exposed wall in Reull
Valles. Interpretation: Uplifted crustal material and ejecta from Hellas impact and post-impact
structural and erosional modifications. Asymmetry of unit possibly due to oblique Hellas impact,
pre-Hellas structural fabric, or both

Massif unit—Forms large (> 25 km across), rugged, isolated mountain blocks (massifs) and ranges;
measured relief commonly 2—4 km. Largest and highest density of massifs along southeastern, east-
ern, and western rim of Hellas basin, whereas smaller blocks more evenly distributed around the
rim; few Hellas Planitia occurrences. Blocks along western rim concentric with basin and bounded
by faults. Type area: lat 30° S., long 273°. Interpretation: Highly resistant, pre-basin crustal mate-
rial, faulted and uplifted during the basin-forming impact; also includes some Hellas basin and
post-basin ejecta and possibly a few volcanic constructs

PLATEAU SEQUENCE

[Includes smooth moderately rugged regional highland units on the Hellas basin rim and surrounding terrain]

Smooth unit—Forms moderately cratered, smooth, flat to undulating, relatively featureless plains and

patches around the rim and within highlands surrounding Hellas basin. Locally marked by wrinkle
ridges and light or dark patches. Channels common; faults and flow fronts rare. Embays all other
materials of plateau sequence and fills many impact craters. Interpretation: Thick fluvial, eolian,
and volcanic deposits burying most underlying rocks

Subdued cratered unit—Forms widespread moderate to heavily cratered, relatively smooth plains

marked by subdued crater rims, small channels, ridges, and uneven terrain. Crater floors partly to
completely infilled with smooth material; ejecta blankets rare. Some highly eroded craters dissected
by small channels. Faults rare. Large exposure south of Reull Valles includes many ridges and
small massifs; superposed by mesas of etched material (unit AHe). Occurrence in south locally
superposed by material forming northwest-trending albedo streaks. Material gradational with most
adjacent units. Interpretation: Ancient veneer of eolian, fluvial, and perhaps volcanic materials that
partly resurface underlying cratered and dissected units (units Npl{ and Npld)

- Cratered unit—Forms large expanses of heavily cratered terrain. Most craters degraded, having low

rims and poorly preserved ejecta blankets. Intercrater areas uneven to rugged, with moderate to
locally high relief. Some channels, ridges, and small mountain blocks. Gradational with most adja-
cent materials; contacts based on crater density, degree of crater degradation, and frequency of
channels. Unit extensive along north and west edges of map area. Interpretation: Impact breccia
dating back to heavy bombardment. Material highly eroded and locally modified by fluvial, eolian,
and volcanic processes

- Dissected unit—Resembles cratered material (unit Nplq) except dissected by many small, narrow, linear

to sinuous channels and channel networks. Forms extensive plains in northeastern part of map area
and local, smaller patches within cratered highlands around Hellas basin. Locally forms along steep
fronts of mountain blocks and within intermontane plains. Gradational with, and generally topo-
graphically higher than, plateau cratered units; mapped where channels most numerous. Interpreta-
tion: Same origin as cratered terrain (unit Npl{) but more intensely dissected by fluvial channels

CRATER MATERIALS

[Includes rim, ejecta, and floor materials produced by the impact of bolides on the martian surface. All impact craters > 40 km in

vial and eolian processes. Caldera and ring faults probably result from collapse due to magma with-
drawal

AHc

- Basal shield member—Forms moderate to heavily cratered, uneven terrain, partly surrounding and
extending more than 150 km from summit shield member (unit Nts) of Tyrrhena Patera Formation.
Characterized by many features radial to Tyrrhena summit, including linear to lobate scarps,
degraded channels, and wrinkle ridges. Superposed by flank and summit shield members (units
AHtf and Nts). Locally darker than adjacent units. Interpretation: Oldest exposed deposits of Tyr-
rhena Patera. Similar to summit shield member except older and more degraded. Scarps may be
lava-flow fronts, etched erosional scarps, or both

Hadriaca Patera Formation—Includes summit shield, flows, and dissected flank of Hadriaca Patera

- Summit member—Forms relatively smooth summit area of Hadriaca Patera and high-standing rem-

nants on volcano flanks. Ridges, lobate scarps, and small channels common. Includes fill within 80-
km-diameter summit depression, which has a bounding scarp having radial dissection and layering.
Scarp buried to east where unit extends more than 100 km past edge of depression. Appears grada-
tional with younger ridged plains material (unit Hpr) and locally with flank member (unit HNhf) of
Hadriaca Patera Formation; embays materials of plateau sequence. Interpretation: Shield- and cal-
dera-forming pyroclastic and lava flows erupted from Hadriaca Patera and later dissected by fluvial
activity. Collapse of summit caldera likely due to magma withdrawal
HNhf Flank member—Forms moderately cratered, layered, and highly dissected materials surrounding
summit member (unit Hhs) at Hadriaca Patera; extends more than 400 km toward Hellas Planitia.
Most channels radial to caldera are broad, trough-shaped, and have theater-shaped heads; a few nar-
row and more sharply incised channels dissect larger channels and extend into the younger dis-
sected unit (unit HNdo). Unit embays most rugged plateau materials but appears gradational with
smooth unit of plateau sequence (unit Hplg). Unit and its channels cut by vallis unit (unit AHv).
Interpretation: Pyroclastic flows erupted from Hadriaca Patera subsequently dissected by fluvial
processes. Some channels possibly formed by ground-water sapping

Amphitrites Formation—Includes Amphitrites and Peneus Paterae and surrounding dissected shield
and plains materials of northern Malea Planum. Paterae form topographic rises about 2 km above
surrounding plateau

HNaf Floor member—Forms relatively smooth floors in circular depressions of Amphitrites and Peneus

Paterae. Partly bound and cut by discontinuous, concentric, inward-facing sets of scarps. Marked

by a few wrinkle ridges and several small craters (including a few on pedestals). Scarps and floor

margins locally dissected. Interpretation: Late-stage lava and perhaps eolian mantle filling collapse
calderas. Scarp sets may represent discrete collapse episodes

- Dissected member—Along south rim of Hellas basin forms moderate to heavily cratered plateau

deformed by wrinkle ridges and heavily dissected by Axius Valles. Many lobate scarps modified by
simple channels, channel networks, and ridges, all of which trend downslope toward Hellas Plani-
tia. Channels linear to sinuous, several kilometers wide, tens of kilometers long, and commonly
partly infilled and discontinuous. Some channels veer around large craters (> 25 km diameter) and
roughly east-west-trending wrinkle ridges. Many smaller craters (<15 km diameter) infilled and
partly buried. Pedestal craters common. Where contacts older ridged plains material (unit HNpr),
unit appears more rugged and locally fretted resulting in small mesas and canyons. Embays materi-
als of the plateau and rim sequences and terminates in Hellas Planitia along abrupt basin-facing
scarp. Elsewhere, gradational with older ridged plains material; contact placed where intensive dis-
section begins. Interpretation: Pyroclastic flows originating from Amphitrites and Peneus Paterae
and associated fissures modified by intense channeling and wrinkle-ridge deformation. Paucity of
tributary development may indicate formation of channels by ground-water sapping. Fretted terrain
may indicate that some dissected material contained ice. Pedestal craters and discontinuous chan-
nels indicate local mantling

- Shield member—Characterized by closely spaced channels and ridges radiating from the summit of

Amphitrites Patera. Most channels sharp, narrow, and form extensive tributary networks. Some
channels appear infilled with bright material. Shield also marked by two discontinuous, concentric,

<

diameter mapped]

Younger crater material—Forms generally circular depressions surrounded by raised rim and blanket

of elevated, lobate terrain. Rim and surrounding material usually fairly rugged; blanket material
commonly extends one rim diameter or more past edge of rim. Rim and ejecta blanket locally dis-
sected by small channels. Some craters filled with younger smooth material; otherwise floors rug-
ged. Interpretation: Relatively young or well-preserved impact craters and surrounding ejecta
blankets

Older crater material—Similar to younger crater material except rims and surrounding blanket mate-

rial are more highly degraded. Rims relatively worn down or partly buried and commonly cut and
degraded by channels. Blanket material typically extends only a fraction of rim diameter or absent
altogether. Rim-bounded depressions commonly filled with smooth or etched materials (or both).
Interpretation: Older, more highly degraded impact craters and ejecta

Contact—Dashed where approximately located or gradational
E! ¢ Fracture or graben—Bar and ball on downthrown side
——4—— Mare-type (wrinkle) ridge
——O—— Ridge
__ ¥  Scarp—Line marks base of slope; barb points downslope
Narrow sinuous channel
@ Closed depression—Line marks top of slope; ticks point downslope

Open depression or caldera—Line marks top of slope; ticks point downslope

Q Flow front—Line marks top of slope; ticks point downslope; arrow shows inferred flow direction

_(")_

Q ( : Partly buried or subdued crater—Circular line indicates crater rim; hachures point to crater depres-

sion

Crater central peak—Ticks point downslope
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