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Introduction:  Interior Layered Deposits (ILD) 

have the potential to reveal a history of climate varia-

tion on Mars. We are studying them by characterizing 

cyclicity and making comparisons to the North Polar 

Layer Deposits (NPLD) and between different ILD e.g. 

Arabia Terra mounds and Valles Marineris. Here we 

report the results of a study using CRISM to assess the 

role of water in their formation and compare between 

different deposits. 

ILDs are mainly found in equatorial regions, usually 

in topographic lows, such as large impact craters (Bec-

querel Crater 220N, 3530E has one of the best sedimen-

tary sequences within the Arabia Terra region) or 

Valles Marineris. Layering is visible on the metre scale 

as recent HiRISE results demonstrate and partial ero-

sion reveals intricate patterns between geological layer-

ing and the topography.  

The processes which lead to ILD are as yet un-

known, with various formation models proposed; in-

cluding a lacustrine event, wind-blown sediments or a 

similar mechanism to the NPLD [1,2, 3]. It is the regu-

larity of the light-dark layer alteration observed in ex-

amples of ILD, such as Becquerel sediments, and 

marked similarity to the current NPLD which suggests a 

climatic control dominated by orbital forcing [2, 3].  

CRISM can help determine the likelihood of such a 

model and assess the role of water by looking for clay 

and other water bearing minerals on Mars.  One of the 

questions we seek to address is were hydrated minerals 

within ILD deposited at the same time as the layers or 

as a result of later brine activity?   

Data:  CRISM (Compact Reconnaissance Imaging 

Spectrometer for Mars) is a visible-near infrared 

(VNIR) and infrared (IR) imaging spectrometer on the 

Mars Reconnaissance Orbiter (MRO) spacecraft [4]. In 

targeted mode, CRISM can map a region of interest at 

full spatial and spectral resolution (15-19 m/pixel, 362-

3920 nm and at 6.55 nm/channel over 544 channels). 

The focus of the study was on 6 ILD sediment 

mounds within craters of the Arabia Terra region (Fig. 

1a) which were compared as a group to 4 NPLD and a 

comparable group of 6 ILDs found within Valles Mari-

neris (Fig. 1b) .    

Method:  Data processing has been conducted us-

ing the freely available CRISM Analysis Tool [5] in 

conjunction with ENVI.  The spectral data has been 

processed to account for all instrumental effects and 

reduced to radiance from which I/F are calculated. Fig. 

1 – Locations of ILDs used in the comparison. (A). 

Arabia Terra region, CRISM IDs; FRT00003245,  

 

 

 
Fig. 1.  FRT00008EAE (5.90E, 18.20N), FRT0000931E 

(14.20E, -1.00N), FRT00009B18 (23.60E, 11.50N), 

FRT0000B0E0 (2.60E, 23.10N) & FRT0000B3DD (13.10E, 

16.10N). (B). Valles Marineris, CRISM IDs; FRT0000869B 

(-66.60E, -7.40N), FRT00009A1B (-48.90E, -6.70N), 

FRT00009D1E (-64.70E, -8.70N), FRT0000C678 (-48.50E, -

14.30N), FRT00010E3E (-66.60E, -7.40N) & FRT000127C0 

(-49.50E, -7.40N). 

 

This data is corrected for photometric and atmospheric 

effects by division of the solar incidence angle and 

taking a ratio to the scaled transmission spectrum of the 

atmosphere, respectively. The transmission spectrum is 

derived from the column density for CO2 across a 

CRISM observation at Olympus Mons. CRISM Clean is 

applied to filter the data and reduce the effect of noise 

before the data is map-projected.  

Data Analysis.  The spectral trends within the cho-

sen CRISM scenes were studied by extracting spectra, 

averaged over ~100 pixels, from regions of interest 
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selected through the use of mineral indicator maps. The 

NPLD spectra depict the differences between ice-rich 

and dust-rich layers, across several scenes, as depicted 

in Fig 2. For comparison, spectra were taken from 

many examples of ILD within Arabia Terra and Valles 

Marineris as highlighted in Fig. 3 & 4 respectively. 

 
Fig. 2 – Comparison of ice-rich and dust-rich layers (dotted 

line & solid line respectively) extracted from 4 NPLD 

CRISM scenes; FRT0000B4D7 (red, 169.30E, 88.00N), 

FRT00003509 (green, -20.50E, 85.60N), FRT0000C967 

(blue, -56.50E, 88.20N) & FRT0000C299 (cyan, -30.20E, 

86.10N). 

 
Fig. 3 – Comparison of a variety of ILD spectra ex-

tracted from craters of Arabia Terra; FRT00003245 

(red), FRT0000931E (green), FRT00009B18 (blue), 

FRT00008EAE (magenta), FRT0000B0E0 (maroon) & 

FRT0000B3DD (cyan). 

 
Fig. 4 – Comparison of a variety of ILD spectra extracted 

from Valles Marineris; FRT00009A1B (red), FRT000127C0 

(green), FRT0000C678 (blue), FRT0000869B (cyan), 

FRT00009D1E (magenta) & FRT000010E3E (maroon). 

In addition, the 1.9 µm absorption band was se-

lected for comparison across both the NPLDs, ILDs and 

spectral signatures of smectite detected in Nili Fossae 

and gypsum in the North polar dunes to assess the 

strength of the hydration band in Fig. 5. 

 
Fig. 5 – Comparison of the hydrated 1.9 and 1.94 µm ab-

sorption bands found in extracted spectra of  ILDs in Arabia 

Terra (AT ILD, 3245), Valles Marineris (VM ILD, 9A1B), a 

dust-rich layer  NPLD (C299), gypsum in polar dunes (285F, 

-119.50E, 80.10N) & smectite in Nili Fossae (64D9, 74.20E, 

21.10N). 

Discussion: The ILD spectral signatures studied so 

far show a ferric oxide dust coating, indicated by the 

iron mineralogy parameter maps, for Becquerel in par-

ticular. However small absorption features at ~1.9 µm 

on NPLD and ILD surfaces do suggest the presence of hy-

drated minerals.  Hydrated sulphate e.g. gypsum and kieserite 

has been identified in some ILD or Light Tone Layered De-

posits in Valles Marineris [6,7].  Our results to date suggest 

that the ILD within Arabia Terra, Valles Marineris and the 

NPLD have locally variable amounts of hydrated minerals 

such as sulphate.  The ILD across Mars may share a common 

origin analogous to NPLD but at times of high obliquity.  

This suggests that the variable concentrations of sulphate and 

other hydrated minerals being identified in ILD by CRISM 

and OMEGA may be due to localised low temperature brine 

activity after the layers were deposited.   
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