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Introduction:  Chloride-bearing deposits in the 

Martian southern hemisphere provide significant insight 

into the water cycle on Mars at a time when the planet 

may have been habitable. However, an earlier study [1] 

was only been able to constrain their formation to the 

general period from the early Noachian to the early Hes-

perian. This study aims to further constrain the for-

mation ages of the chloride-bearing deposits using data 

that was not available at the time of the original study. 

The detection of chloride minerals is difficult be-

cause they do not have diagnostic spectral features in 

the wavelength ranges observed by current Mars-orbit-

ing instruments. However, they can be indirectly identi-

fied by the slopes they introduce to thermal infrared 

spectra [2], particularly in THEMIS [3] decorrelation-

stretched (DCS) images, which enhance this spectral 

slope and give the chloride-bearing deposits diagnostic 

colors in different DCS band combinations.  

Osterloo et al., (2010) [2] identified 642 chloride-

bearing deposits by visually inspecting the available 

THEMIS DCS images for their diagnostic colors and 

then used the ages of the geologic units [4,5] where they 

are located to estimate their formation ages. Fortunately, 

significant improvements have been made to all of these 

inputs over the last decade. 

Methods:  This study has improved on the methods 

of Osterloo et al., (2010) [2] by: 1) using the objective 

THEMIS quasi-spectral index to identify chloride-bear-

ing deposits; 2) examining all DCS-suitable THEMIS 

images acquired from 2002-present; 3) re-mapping the 

deposit boundaries using CTX [6] images; and 4) esti-

mating the deposit ages based on the improved geologic 

map and unit ages compiled by Tanaka et al., (2014) [7].   

Chloride Index:  A THEMIS quasi-spectral index 

has been developed to objectively identify chloride-

bearing deposits. The index is considered “quasi-spec-

tral” because it is based on the band variations from the 

decorrelation-stretched data instead of the original radi-

ance or emissivity data. This approach was chosen be-

cause initial attempts to develop a true spectral index for 

the chloride-bearing deposits were plagued by signifi-

cant false-positive identifications. 

The quasi-spectral index utilizes the standard 

THEMIS DCS band combinations of 875, 964 and 642, 

which highlight the chloride-bearing deposits with diag-

nostically unique colors (blue in DCS875, teal in 

DCS964 & yellow/orange in DCS642 [2]). The index it-

self is composed of four tests: one for each of the three 

standard DCS band combinations and one for slope, 

which helps reduce false positives. 

 
Figure 1: Chloride-Bearing Deposit East of Ma’adim Vallis: a) THEMIS DCS 875 Mosaic (Chlorides in Blue) 

with Previously-Mapped Deposit Outline in White;  b) CTX Image with THEMIS Quasi-Spectral Chloride Index 

Detections (Detections ≥ 2) Shown as a Heat Map with the Re-Mapped Deposit Outlines in White. 
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DCS875:  B > (R+1σ)   Eq. 1 

DCS964:  G > (R+1σ)   Eq. 2 

DCS642:  R > (B+½σ)   Eq. 3 

HRSC/MOLA DTM [8]:  m ≤ 5° Eq. 4 

 

The index returns a positive detection for any pixels 

that satisfy all four tests. To further protect against false-

positives, only pixels that satisfy the index criteria in 

multiple THEMIS images are treated as confident de-

tections. The results are displayed as a heat map, indi-

cating how many images provided positive identifica-

tions for a certain pixel. (Figure 1) 

Available THEMIS Images:  At the time Osterloo et 

al., (2010) [2] conducted their survey, THEMIS had ac-

quired < 23,800 DCS-suitable IR images. At the time of 

this survey, THEMIS has acquired > 66,200 DCS-

suitable IR images, which translates to full global cov-

erage with repeat coverage over most of the planet. 

Re-Mapping with CTX:  To better estimate the sur-

face area covered by the chloride-bearing deposits, they 

were re-mapped using CTX images manually registered 

to the THEMIS Day IR Global Mosaic (v14) in JMARS 
[9]. The extents of the deposits were determined by the 

visual extent of the surface unit corresponding to the 

chloride index detections. In many cases, the deposits 

identified by the original survey[2] were divided into 

multiple deposits because they were clearly not contin-

uous at the scale of CTX images. 

Improved Geologic Map:  The re-mapped chloride-

bearing deposits were compared to the improved Mars 

geologic map by Tanaka et al., (2014) to determine their 

corresponding geologic era with improved temporal res-

olution compared to the original survey. 

Results:  Re-mapping the chloride-bearing deposits 

resulted in 888 distinct deposits. Their geologic context, 

as determined by the improved geologic map [7], are 

summarized in Table 1 and Figure 2, which are color-

coded by historical period. (Units with relatively uncon-

strained ages are not included in Figure 2.)  

Figure 2: Distribution of Chloride-Bearing Deposit 

Ages by Geologic Period 

 

Work in Progress:  Chloride-bearing deposits that 

were not identified by Osterloo et al., (2010) [2] are cur-

rently being identified and mapped using a global map 

of the THEMIS quasi-spectral chloride index results. A 

few deposits (~2%) cross multiple geologic units [7] and 

will need to be examined in more detail to determine the 

unit most representative of their ages. 
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Table 1: Distribution of Chloride-Bearing Deposits Across Geologic Units and Time 

Unit Unit Description 
Chloride Area 

(km2) 

Normalized Chloride Area  

by Unit (x106) 

eNh Early Noachian Highland 1457.98 99.87 

eNhm Early Noachian Highland Massif 16.05 8.25 

mNh Middle Noachian Highland 5825.99 180.30 

mNhm Middle Noachian Highland Massif 2.13 1.14 

lNh Late Noachian Highland 2545.55 239.12 

Nhu Noachian Highland Undivided 3.76 2.34 

eHv Early Hesperian Volcanic 169.69 29.30 

Ahi Amazonian & Hesperian Impact 9.52 1.20 
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