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Key points

1 We produced a geomorphic map of Arsinoes and Pyrrhae Chaos, including the
graben/fissures occurring throughout the staiha,;

1 Spectral analyses of tlight-toned deposits provide clues for sedimentary and
hydrothermal minerajspectral analyses of the bedrock iadicative ofbasaltic
compositions;

1 The observed volcanri@ctonic surface features suggest a piecemeal eatddlapse as a
possible mechanism of formation for the chaotic terrains.

Abstract

Arsinoes and Pyrrhae Chaos are two adjacent chaotic terrains located east to Valles Marineris
and west to Arabia Terf@n Mars In this work we produced morphastratigaphicmap of

the area, characterized byvalcanic bedrock disrupted into polygonal mesas and knobs
(Chaotic Terrain Unit) and two nedisrupted units interpreted as sedimentary @redenting

a spectral variatio, likely associated to hydrated mineralBhe reconstructed geological
history of the area starts with the collapse that caused the formation of the chaotic terrains.
Since volcandectonic evidences are widespreadoader the area (e.g. fissure ventsiggn,

radial and concentric systems of faultsshaped conjunctions, lava flows, pit chairs)dan

intricate system of lava conduits is hypothesitedthe occurrence of such features, we
proposethe possibility that the whole collapse was caupgthaily by volcanetectonic
processes. On Earth, polygonal blocks and systems of concentric + radial fissures are originated
in the frame of a particular caldera collapse catlledoticor piecemealln the study arean
Mars,the chaotic collapse would have been triggered by repeated inflation and deflation of a
putative magma chamber in depth under the terrain. In a late stage, after the end of the volcano
tectonic activity,a lacustrinfevaporitic depositional environmentould have set, with the
deposition of the nodisrlﬁted unitsThe hydrated mineral®und in the ﬁeriphery of the
Chaoscouldbe the result ofiydrothermal alteration of the basaltic bedrock.

KeywordsChaotic terrains; Caldera collapse; Mappingpé&ctral andyses; Mars Hydrothermal system

Plain Language Summary

Chaotic terrains are peculiar features on Mars. They consist of broad regions characterized by a variable surface
disruption pattern of large polygonal blocks. Proposed generic scenarios in the literature always included a
collapse, possibly caused byange of processes (magtica interactions, melting of buried ice, groundwater
pressure, etc.). In this work, we propose a new mechanism of formation for closed Chaotic terrains: a caldera
collapse. The evidences supporting our hypothesis include the gdkztonic assemblage found within the
terrain. Additionally, our mineralogical analyses suggest that during a late stage of the volcanic activity a
hydrothermal system could have set. In such scenario hot water would have risen from the subsurface through
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fractures created by the volcanic activity, evolving from explosive to hydrothermal. The detection of possible new
hydrothermallygenerated deposits bears poteralabfor the search of past evidersax life.

1 Introduction

2L km
18 km
15 km
12 km
9km
6 km
3km
0km
“3km
6 km
9 km

0 25 50 100 Kilometers

Fig. 1: Location of Arsinoes and Pyrrhae Chaos on a M@l#bal Color Shaded Relief.

Arsinoes and Pyrrhae Chaag awo adjacenChaotic terrains, respectively centered at 7.8°S,
332Eand 10.3°S331.5E (Fig. 1), a few tens okilometressouth ofAureum Chaos and a few
hundred kilometres SW of Aram Chaos, sharing with the lattenany structural and
depositional chacteristics.Several mechanisms of formation were proposed in literature to
explain the nature of the putative collapse responsible for the disruption of the bedrock into
polygonal blocks that characterizes the chaotic terrains. The proposed scenhrdss ina
major role played by groundwatand cryosphereparticularly linked to changes of pressure
within the aquiferthat caused the disruption of the bedrock andsequentvater outflow
(AndrewsHanna & Phillips, 2007; Carr, 1979; Harrison & Grimm, 2009; Rnekr et al.,
2005) ii) the occurrence of a buried ice lakat after melting would have caused fracturing
and catastrophic outflo@Manker & Johnson, 198Rodaet d., 2014; Zegerst al, 2010) iii)
catastrophic destabilization buriedclathrateqHoffman, 2000; Kargel et al., 200 @ndiv)
magmacryospherggroundwaterinteractions(Chapman & Tanaka, 2002; Head & Wilson,
2007; Leaslet al, 2006; Meresse et al., 2008; Wilson & Head Ill, 20@yen the complexity

of the currengeologicsettingof Arsinoes and RyhaeChaos possiblyaugmented bgeveral
million years oferosion and mantling possiblanteraction between the proposed processes
(or singular contributions at different times) malkstobe considered.

In the presentvork we performedgeomorphic and stratigraphimapping ofArsinoes and
Pyrrhae Chaos and spectral analysiof the deposits; in addition, we propose a possible
sequence of events to explain the occurrence of the collapsed bedrock (inwivaagly
caldera collapse) and the sedimentary units (involvingtar-stageaqueous depositional
envirorment).
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1.2 Regional setting

The first comprehensive description of the Chaotic terrains was made by Sharp et al. (1971)
using Mariner 6 imagery, followed by Sharp (1973) based on Maridata@&nd Schultz et al.

(1982) based on Viking dat#n this early stage of researdhe mainfeaturesof Martian

Chaotic terrains were already clear and these areas were defined as deeply collapsed terrains
disrupted into an irregular pattern of tilted meaasd knobs, in some cases associated with
outflow channelsThe Chaotic Terrain Unit walirst definedby Schultz and Rogers (1982)

and then with a refinement @lotch & Christensen (2005nto three subunits: Fractured
Plains, Knobby Terrain and High Thermal Inertia Chaotic Terrain. The Chaotic Terrain Unit
represents the basaltic bedrock over a large area inclsduggal other Chaotic terrains such

as Aureum, Aram, Hydratoes, Aurorae, Chryse and Hydaspis Chaos. TbkthgeChaotic

Terrain Unitaccording toTanakaet al, (2014)is Middle Noachian, with younger Hesperian

ages in the internal portions of collapsed ar@ésh the collecton of newcompositionadata

from THEMIS (Thermal Emission Imaging SystemES (Thermal Emission Spectrometer)
OMEGA (Observatoire pour la Minéralogie, I'Eau, les Glaces et I'Actiaté) CRISM
(Compact Reconnaissance Imaging Spectrometer for Méwes)nvestigationsin literature
focusedmainly on the sedimentary units lying ¢op ofthe basaltic bedrock. Several authors
analyzed the mineralggf the layered sedimentary units occurring for example in Aram Chaos
(Catling & Moore, 2003; P. R. Christensenal, 2001; Dobreaet al, 2008; Gendriret al.,

2005; Timothy D Glotch & Christensen, 2005; Lichtenbetrgl, 2010; Liuet al, 2012; Masseé

et al, 2008; Orméet al, 2004) Aureumandlani ChaosChaos(Dobreaet al, 2008; Glotch

& Rogers, 2007)Hematite deposits associated with monohydrated and polyhydrated sulfates
werespatially correlated witthayered sedimentary units, separated by an unconformity from

the basaltic bedrock. The occurrence of hydrated sulfates and hematite led the prewexlsly
authors to assume that an aqueous and/or hydrothermal depositional environment must have
set after the collapse of the bedrock. The sedimentary layered deposits in Arsinoes Chaos were
not included in the previous studies, while in Pyrrhae Chaosetthienentary deposits are not
observedat all The lack of studies in thitocation emphasizes the need &xpandour
knowledge of this are@roviding abroader contexbn Martian Chaotic terrains.

2 Data and methods

2.1 Data, processing and tools

The imagery used to perform the geological mapping were provided by the CTX (Context
CamerajMalin et al, 2007) and HIRISE (High Resolution laging Science
ExperimentjMcEwen et al, 2007)instruments onboard the MRO (Mars Reconnaissance
Orbiter). One HRSC (High Resolution Stereo Camera, on board Mars Express spacecraft)
image was also used to observe in false colour the studyaattane HRSC DEM was
downloaded for the contours in east®yrrhae Chaos, since the area is not covered by CTX
stereo pairsCTX imagerywasusedas a basemap; in particulae usech global blended CTX
mosaic provided by the Murrayab (Dickson et al, 2018) HIRISE images were used to
observe in detail the stratigraphic contacts in certain aleE2R: productsvere processeand

tiled through the USGS software ISIS&addiset al, 1997) The data processing was
supported byGNU Parallel(Tange, 2011)Changes in thermal inertiaene investigaed on
JMARS (Java Missiorplanning and Analysis for Remote Sen3{@hristenseret al, 2009)
developed by ASU's Mars Space Flight Facility. IMARS is asyEem where different layers

can be loaded on a global basemap: it was used to visualize the THEMI®al Emission
Imaging System) nighiime infrared.
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DEMs from CTX were computed using ASRmes Stereo Pipeline) developed by NASA
(Beyeret al, 2018; Morattoet al, 2010) the resulting products are bundldjusted to the
global topography(MOLA - Mars Orbiter Laser Altimeter). A list of the used images is
provided in Table 1.

HIRISE ESP_016658_1735 -

HIRISE ESP_020060 1715 -

HIRISE ESP_026996_1725 -

HIRISE ESP_027629 1730 -

HIRISE ESP_034499 1710 -

HIRISE ESP_035356_1715 -

HIRISE ESP_036622_ 1720 -

HIRISE ESP_037545_ 1730 -

HIRISE ESP_039352 1730 -

HIRISE ESP_053883_1730 -

HIRISE PSP_002180 1720 -

CTX  B05 011700 1720 XI_08S028V B06_012056_1721 XI 07S028V
CTX  F10 039563 1729 XN_07S027 P04 002747 1736 XN_06S027
CRISM  frt00008233_07 -

CRISM frt00023790_07 -

CRISM  frt000196b0_07 -

HRSC h1947_0000 -

HRSC h1958_0000

Table 1 ID of the data used fdhis work.

The imagery vasthen imported into ESRI Arcgis for the geological mapping. The attitudes
were measured using the beta version of LayerTeaisiss et al, 2011) kindly provided by
Dr. Thomas Kneissl.

TheCRISM (Murchieet al, 2007)cubes (Sdetector short wavelength channel, abdetector

- long wavelength detectowith full resolution(FRT) available in the study areal$olisted

in Table 1) vereprocessed by means of the software ENVI (with the CAT extension) where
atmospheric corrections andjgction were applied, allowing the subsequent visualization and
analysis of the spectra.
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2.2 Mapping

2.2.1 Scale

The geological map of the areldd. 10) was digitized on ArcGIS at the CTX resolution (~5
m/px), but the chosen output scald 18.000.000. At first, the standard approach suggested by
Tanakeet al, (2009 was considered:

Ye Y €

Where"Y¢€ is the output scal€y is the raster resolution x 2000 afids the factor between

the digitizing scale and the output scale (the authors suggest a number between 2 and 5). Using
this criteria and considerirlg v to get the best resolution for the small mapped depasits

this case the resulting output scale vdohilave been 1:50.000, while a smaller scale was
required for a proper visualizatiptherefore this approach was abandoned.

Only craters with a diameté&rger thar2 km were mapped

2.2.2 Polygonal feature$ Geomorphic units

The geomorphic unitsbserved in the study area are five and were mapped as polygons. The
units include the three subunits of the Chaotic Terrain Ergicfured Plains, Knobby Terrain
andHigh Thermal Inertia Chaotic Terra)rand the nordisrupted unitsl{ight-toned Layered

Unit andCap uni). Furthermore, the inner part of the postlapse craters was mapped as an
additional unit:Post Collapse Craterd-ollowing the USGS guideline (2005), we chose warm
colours for the Chaotic Terrain subunits given their volcanic natureh©mwther hand we

chose to use cold colours for the raisrupted units since they were interpreted as sedimentary
deposits and green for the craters so that they could be clearly distinguished from the bedrock.

2.2.3 Linear featuresi Structur al features and contacts

The mapped linear features include the crater rims, the contacts between different units and the
structural features. Therdactures affecting the bedrock and the elongated grdien
depressions were included in a single categatied Graben/fissuresThis choice is mainly

due to the coalescence of the structures and the difficulty in distinguishingfthersecond

group of structural features is represented by the wrinkle ridgescontacts were divided into
certaincontactgcontinuous lines) andpproximate/inferredontacts (dotted lines), for those
cases where the mantling covers the contact (e.g. between Cap Unit artbhéght ayered

Unit) or if the change from one unit to another is transitional (e.g. between KnabiainT

and High Thermal Inertia Chaotic Terrain).

2.2.4 Surface feature$ Pit chains and pitted areas

Pit chains and diffuse pits are widespread throughout the study area. In several parts the high
density of pits did not allow to map the singiéchains, leading to the necessity to introduce
a polygonal feature to indicate these ar€asgd areal.

2.2.5 Symbols

The symbology used for crater rims, graben, pit chairiakle ridgescertain and approximate
contacts was chosen in agment with the standards recommended by USGS and FGDC for
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planetary mapping. For pitted areas we introduced a new symbol. All the symbols are listed in
the legend oFig. 13.

3 Results

3.1 Morphological
observations and
stratigraphy

Contours elevation (m)

The ddest unit observed iNS®
Arsinoes and Pyrrhae Chaos /&
the Chaotic Terrain Unit h
composed by three subunity | d&f
Fractured Plains (characterize
my angular flatopped blocks),
the Knobby Terraindisplaying !i
rounded mounds) and the Hig" =
Thermal Inertia Chaoticérrain |
(heavily eroded and &
characterisedby the higher

- -4400,00--3800,00
-3799,99--3200,00
-3199,99--2600,00
-2599,99--2000,00

= -1999 99--1000,00

Figure2: Elevation contours in Pyrrhae Chaos showing the mesas ¢

thermal inertia;) The  Fractured plains at higher elevations compared the mounds o
Fractured Plains are Knobby Terrain. CTX mosaic; HRSC DEM from orhit958_0000.
predominantly occurring

along the rim of the Chaos, while the Knobby Terrain acts as a transition towards the inner
parts of the Chaos.HE Knobby Terrain subunis the most extensive materr@presenting the
Chaotic Terrain Uniin this areaThe Knobby Terrain isn contact withthe sharp angular
mesas of the Fractured Plai(fag. 2) and thesmall mounds of thédigh Thermal Inertia
Chaotic Terrain, even though the latter occurs only in a small area in the NE part of Arsinoes
Chaos angeems not the presenin Pyrrhae Chaos. The rounded mounds characterizing the
Knobby Terrairare located at lower elevations compared to the mesas of the Fractured Plains
(Fig. 2). The faults bounding the mesas of the Fractured Plains showtlawgem 1 km and

the flattopped blocks appear as irregular polygonal bo&eatigraphically above the Chaotic
Terrain Unit nondisrupted and layered deposits lie unconformallyArsinoes Chaoshe
nondisrupted deposits overlying the Chaotic Tertanit displaystwo differentmorphologies

and attitudebased domaingurthermore they occur at different elevations showing their
stratigraphic relationshif:herefore they were considered as two separated \(Rits 3). At

lower elevations lightoned deposits are characterized by planar bedding and scalloped
surfacestheir aspect resembles the ILDs (Interior Layered Deposits) descrilitaiimet al

(2007), Le Deitet al.(2008) and Schmidtt al (2018) The average attitude of the ligtaned
layered deposits is ~100.2dip direction.dip angle)rhe lighttoned layered unit fills the voids
between the mounds of the Knobby Terraliig( 4), assuming often a lobate shape and
wrapping around the knob§he overlying sedimentary deposits are separated frortighe

toned layered deposits by an unconformity: the attitude of the youngest deposits (informally
called Cap Unit due to the fact t ha@aheCdphese
Unit does not seem to be layered or if it is, the bedding is massive and the outcrop visible today
represents only one thick bed with a platéke aspectThe occurrence of the natisrupted

C
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units only in certain areas of the Chaos leads to question whetleerrtbet extent represents
approximatelythe original extent or the erosiobliterated a large portioof the depositshat
were originally covering thentireChaos.

Cap Unit

Light-toned Layered Unit

= e >

Cap Unit

Unconformity

Cap Unit

Light-toned Layered Unit

Figure 3: A)Overviewmap ofthe area where the contact between the twedisnupted units occurs. The blac
square bounds the area depicted in D. The secti¥ndX r ef er s t o the topograp
stratigraphic contact between the Ligbhed Layered Unit anthe Cap Unit, separated by the unconformity
blue). C) Topographic profile showing the platdifee morphology of the Cap Unit and the different attitude
the units. D) Some of the attitudes measured with LayerTools (light blue-toight Layered bit; black: Cap
Unit). CTX stereo pairB05_011700_1720_XI_08S02&AJB06_012056_1721 XI_07S028W

In Pyrrhae Chaos the nalisrupted
sedimentary units are not prese
althoughthe two adjacent Chaos show
similar depth (in certain areas of Pyrrhq .
Chaos the depth is even higher th{ ¥
Arsinoes Chaos) “

3.2 Structural observations

In Arsinoes and Pyrrhae Chaos, as
as in other Chaotic terrains, the mat
structural feature is represented by t Figure 4: The lighttoned layered deposits overlying tt
deep fracturedounding the polygonal Knobby Terrain and outflanking the mounds (black arrow

blocks of the Fractured Plainghe The superposition relationships suggest a younger age ¢

nature of these fractures is main layered deposits relatively to the knobs. &atlso the

o . tendency to assume a lobate morphology. CI
dilational The minimum e@pth of the 15 039563 1729 XN 07S027W
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Figure5: The faults and the elongated grabite depressions are mapped in red in Arsinoes Chaos (A)
Pyrrhae Chaos (B). Not that in 5A the location of Fig-6-B and Fig. 7 is indicated. C) The elongated grab
like depresgins occur close to the faults affecting the Fractured Plains and it is difficult to distinguist
separation. D) The elongated grabi&e depressions are also coalescent with pit chain (black arrows) ar
often associated with heavily pitted arépmk area). CTX mosaic.

fracturescan be assumed by the height of the mesa from the floor, arahithis order ofew
hundred meters, up to 1 krAdditionally, it is common thathe floor of the Chaotic terrain
accommodates nedisrupted unitsthusforbiddingto observehe real depth of the blockBhe
oriertation of facturesdbounding the blocks follogtwo trends that show variations throughout
thechaos. The polygonal geomiesaredue to tharregularly orthogonaldispositionof these
two trendqFig. 5ab).

A large number of elongated grablédte depressions was mappgg. 5ab). These confined
structures that may resemble channels at a first glance, are often in coalescence with the
orthogonal factures of the polygonal mesdbig. 5¢). In addition, he elongated grabelike
depressions aralsoin coalescence with pit chains and/or occur in areas heavily piigd (

5d). Consideringgrabenlike depressions and fracturas belonging to the same groap
structurestwo patterns can hiistinguishedased a their orientationone group of structures
seens to follow the rim of the Chaos, showing a concentric pattern; another group shows
instead a radial pattern. When these twag seiss each other, polygonal block® defined

The elongated grabdike depressions have a linear or slightly sinuous morphology and do not
show any braided system nor meandéng depth range is between 100 and 400 meters, while
the length can reach up to 40 Kxhoreover, sveral elongted grabetiike depressions display
y-shaped bifurcationsnd in some cases they are associated with lava flagsquth-eastern

8
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Pyrrhae Chaodgrig.6a) The lava flowin Pyrrhae Chaokas a darker tone compared to the

surroundings in thelRSCfalse cobur image. In additiorthe lava flowshows higher thermal
inertiathan the surrounding materials in the THEMIS nitiimte infrared Fig. 6b).

Although thenon-disrupted deposits do not have complete lateral continuity, no major faults
affecting themwere detected, not even at the HIRISE resolution. However, due to the lack of
continuity of these depositort he er osi on, we <canobofyengerl ude

L e A

sin |8 ['e B o

Figure6: A) 3D view of the false colour HRSC ima§a947 0000showing a difference in tone between tl
Fractured Plains materials and the lava flow pointed out by the white arrow. The black arrow pahtpad/
conjunction within an elongated grabkke depression in the souttastern Pyrrhae Chaos. B) The sa
features displayed in A are now showed in another perspective and in THEMISimigtifrared. Note that
the lava flow occurring in Pyrrhae Chaos (white arrow) has a thermal inertia higher than the surrc
materials.

faults affecting the layered deposttsat have bee
eroded

Compressive structuresich as wrinkle ridgewere
also observed30 km SE from Arsinoes Chadsid.
7), providing an important clue on the existence o
compressional regional steesThe wrinkle ridges
show a typical orientation ~IS and are characterize¢
by sinuous/arcuate morphologies

The last importanstructuralobservatiorconcerns the|
craters: two major preollapse craters were
incorporated in the collapse in the periphery of 1
study area, one in the nomlastern Arsinoes Chao.
and one in the soutkastern Pyrrhae Chafiepicted inFig. 6). The embodying of the crager

Figure7: Two wrinkle ridges are indicate:
by the black arrows. CTX mosaic.

within the collapsevas likely due to theeactivation opre-existing weaknesses caused by the

impacs.

3.3 Thermal Inertia

The surface temperature of a given area depends on the properties of the exposed materials but
it is also affected by externfdctors such as dust covering and atmospheric pressure. Diurnal
changes in temperature can be detected and described through the thermal inertia, a bulk
property of materials defined by the relationship between thermal conductivity, density and
specific feat of the considered material. These properties are different for each material and
some of the factors influencing the thermal behaviour are for example grain size, eventual

cementation, packaging of the grains and degree of exposure. Therefore sutfadéterent

-

C
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298 thermal inertia are most likely indicative of a change in composition and/or physical properties.
299 A material with high thermal inertia is able to gather the heat and conduct it beneath the surface
300 during the day, while during the night thiered heat is released through the sur{atellon

301 etal, 2000) In this way the surface appears cold during the day and warmer during the night.
302 High thermal inertia is typical of consolidated/lithified, such as an exposed bedrock, lava flows,
303 indurated and compact rocksn the other hand unconsolidated sands and dust show a low
304 thermal inertia(Fergasoret al, 2006) On Mars thermal information are provided by TES

305 (Thermal Emission Spectrometasee e.gJakoskyet al, 2000; Christenseet al, 2001) on

306 board Mars Global Surveyor, and THEMIS (Thermal Emission Imaging Sysesne.gPhilip

307 R. Christensemt al, 2004) on board 2001 Mars OdigsaNe investigated the thermal inertia

308 visualising the THEMIS nighime infrared on JMars. As anticipated in the previous sections,
309 two areas with higher thermal inertia were identified in the study area. The first area occurs in
310 Arsinoes Chaos and correspls to the most eroded part of the Chaotic Terrain thattvas

311 identified as the High Thermal Inertia Chaotic Terrain subunit. The differentiation from the
312 Knobby Terrain is transitional and was complicated to delineate a sharp boundary, but the high
313 thermal inertia seems to coincide with the most eroded and peaked knobs, completely lacking
314 flat surfaces where the mantling could find accommodation space. The second area is located
315 in Pyrrhae Chaos and corresponds to a lava flow (Fig. 6). In this casantihast is sharp and

316 well-defined, despite the lava flow occurs on a flat surface that could host a substantial amount
317 of dust. In the same area other small regions show high thermal inertia, iogveith the

318 margin of the mesas and the steep slopes.

319

320 3.4 CRISM spectral analyses

321 In the nearbyAram ChaosGlotch & Christensen (2005)3etected mixtures of sulfates and

322 phyllosilicates (associated with plagioclases and pyroxeneaslfénent percentage in all the

323 nondisrupted units (Cap Unit and layered unitsing the TE&nd THEMISdataset Part of

324 the layered deposits wasterpretedby the authors as hemativearing, while within other

325 layered deposits the iron oxide was faatnd. Moreover,Lichtenberget al. (2010)provided a

326 stratigraphic andnineralogical characterization of the hydrated sulfates occurring in Aram

327 Chaos, based on CRISM daféhe authorsidentified two sedimentary units: the oldest

328 consisting of monohydrated sulfates intercalated with ferric hydsokfate or nanophase

329 ferric oxides andthe youngest bearing polyhydrated sulfates and crystalline hematite.

330 Monohydrated sulfates were detedyd.ichtenberget al.(2010)observing minor absorptions

331 at 2.1 and 2. 4-sufarmm;e fwearsr iicntlreydprrexy d t hrough
332 associated with minor abs g pgyhydrated sulfades wete. 4 9 ,
333 inferred from the absorptions at 1.9 and2#/ wi t hi n the youngest uni
334 on the oldest with mmohydrated sulfates. Polyhydrated sulfates in association with crystalline

335 gray hematite have been found alsddmpreaet al. (2008)in Aram, Aureum and lani Chaos:

336 ugng the TES and OMEGA datasets, the authors were able to point out a correlation between
337 all these Chaotic terrains East to Valles Marin&awveet al.(2012)analysed CRISM spectra

338 from Aureum Chaos, and also in this case the authors were able to identify within the light

339 toned layered units hydroxylated, monohydratedlyhydrated sulfates. The hydroxylated

30 sul fates were interpreted by the authors ba
341 occurrenceof OH),142 . 45 em and its weak 1.93 and 2. 4
342  (kieserite) were detected thpln absor pti ons at 2.12 e€m and a
343 while polyhydrated sulfates were diagnosed based on absorptionsidat.442and at 1.92

344 1. 93 &m.

10
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Considering these evidences from thearby Aram and AureumChaosand given the
morphologic analogiesye investigatef similar mineralogies can be detected alsaisinoes
Chaos.

Within the inner region of Arsinoes Chaosly onefull resolutionCRISM cubeis available
(frt00008233_07_if16¢ This cubewas analysed imrder to characterize the ndisrupted

units overlying the basaltic bedrodkfirst distinction ofspectrallydifferentterrainsvas made
based on the RGB imagésig. 8) with combined summary producf¥iviano-Beck et al.,

2014) These products wepeliminarily considered taking into account the minerals revealed
by previous work on Chadic terrains.In Fig. 8C the summary parameter for chlorides shows

a possible occurrence of hydrated minerals (in yellow). Timatpe hydratel minerals
coincide in extent with the morphologically identified Ligbhed LayeredJnit. The RGB
composites derived froméiparameters that are specifically used to identify hydrated minerals
(such as sulfates and phyllosilicates) did not provide a clear distinction of a mineralogical
variation. Moreover, the difficulty in finding a spectrum with clear evidences of hydrated
minerals is attributed to the detection limit and to the noise affecting the data. Therefore,
summary produstsuggest mineralogical variation and likely bearing hydrated minerals, but
the spectraanot allowthe detection of specific mineralBhe interpetation of these deposits

as sedimentary can only Bapported by analogiesith the adjacent chaotic terrainad by
themorphaostratigraphic observations

Other hydrated minerals were found in the northeastern periphery of Arsinoes(CR#5K1
cube frt000196b0_0Y, in correspondence ofome of the collapse features previously
described In this A B

area (shown in Fig.
9), at the boundary
with Aureum Chaos, {58
also analyses on the [ ¥
bedrock were
performed CRISM
cube
frt00023790_07and
frt000196b0_0).

The hydrated

minerals detected in"""]
the CRISM cube
frt000196b0_07are ‘
concentrated in the s
central area of the
cube, precisely

\fv?t'ﬁch'”gx'ﬁuf:;fe”é Figure 8:A) Location of the CRISMcube frt00008233_03uperposed

. . on the geomorphic map where the different units are shown.
deposit ~ slightly complete geomorphic map with legend is presentddgni0.B) True
different in albedo colors image (R=R600; G=R530; B=R44@) RGB composite with
from the summary parameters of the CRISM TRB#0008233sene. CHL:
surrounding Chlorides are in blue, yellow/green are indicative of hydrated mine
materials. As shown (R=ISLOPE; G=BD3000; B=IRR2).

in Fig. 10A, a
mineralogical variation is already distinguishable fromitifi@redfalse color image where the
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392 hydrated minerals appeartie
393 pale green. Thigdirst clue is
394 therefore additionally
395 supported by the RGB
396 composites inFig. 10B and
397 10C. In 10B the RGB
398 compositePFM is shownfor
399 the detection of Fe and Mg in
400 the crystalline structure of the
401 hydrated phyllosilicates,in
402  particularfor significant band
403 depths at 2.2 mas a result,
404 FeMg hydrated
405 phyllosilicates are displayed
406 as cyan, allowing to
407 appreciate the mineralogical
408 variation at a first glance-or
409 the ratioed spectrum the
410 numerator is an average of
411  some of theyan pixels shown

412 in Fig. 10B having both band . , ,
413 depth at 1.9 and 2.3 micron we Figure 9: Location of the peripheral CRISM cube

414 above the detection limitvhile frt00023790_07 and frt000196b0_61 the CTX mosaic.

415 the denominatas an average of

416  pixels with relatively flat spectra gied from the sameolumnof their respective numerators
417  Thereailting ratioedspectum is reportedin Fig. 10, where a comparison with spectra from
418 the CRISM resampled library is provided. Seveaayllosilicates sharing similar absorptions
419 (indicative of FeMg-OH) were plotted in order to compare even the weakestrptisn to
420 understand theorrespondingnineral thamay occuiin the depositWe interpreted the ratioed
421  spectum as smectite, since theratioed spattia nd t he smectiteds
422  absorptions, including the absorptionat 226 t hat i s i nstead shi
423  other plotted phyllosilicateslue to a bigger concentration of Fe instead of(Migrk et al,
424 1990)

425 On the same CRISM culig000196b0_0aAnalyses bthe bedrock revealed the occurrence of
426  mafic minerals in particula pyroxenes with low Ca conterA first identification ofthe
427 pyroxeneswas made by analyzing the summary product LCPINDEX2 -@awvpyroxenes)
428 (Fig. 11) A significant spectrum for the analysis of the bedrock results from the CRISM cube
429  frt00023790_07 where broad absorptions &t € m a n donfi2n the raccurrence of
430 pyroxenegFig. 12) (Viviano-Beck et al, 2014) Theasymmetry of thebsorption al € m
431 towards longer wavelengttould also be associated with the occurrenca sécond mafic
432  phase aslivine or an highCa pyroxenewith variations in breadth due tbe amount of Fe
433 and Mgor Ca(Cloutiset al,, 1986; King & Ridley, 1987)Pyroxenes and olivine are indicative
434  of basaltic compositias This observation supports the basaltic nature obtdrockof the
435 Chaotic terrain (Chaotic Terrain Unit).
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