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Kachchh, Gujarat, India: a possible Martian analog?

Introduction Why is the presence of jarosite 
on Mars important?

 Jarosite serves as a mineralogical indicator of aqueous 
activity on the Martian surface [e.g., Christensen et al., 2000],  
and is stable only under low water:rock ratios [Elwood 
Madden et al., 2004]. Thus, jarosite may indicate the time 
when water was last present at a particular location on the 
surface[Kula and Baldwin, 2011]. 
 The discovery of Martian jarosite has thus led to a search 
for comparable jarosite-bearing terrestrial localities that can 
serve as possible Martian analogs on earth.
 In terrestrial sedimentary environments, jarosite has 
been reported within black shale horizons; the origin of the 
sulfate is generally attributed to oxidation of pyrites within 
the shale layers.

Spectroscopic & XRD  results

Chemical Analyses

According to [Bhattacharya et al. 2016, Gupta et al. 2016], the 
Matanumadh Formation at Kachchh could be considered as an 
appropriate Martian analog site for investigating the formation of jarosite 
on Mars. In this study, we show that apart from Matanumadh, other 
formations in Kachhchh also show striking resemblance to Martian 
jarosite localities. It can therefore be inferred that a major part of present-
day Kachchh could be considered as a Martian analog site. Although 
jarosite-bearing assemblages appear in formations of dif-ferent 
stratigraphic ages, it is very unlikely that all the different formations 
formed jarosite at different times. It is much more likely that jarosite in 
Kachchh formed during the final phase of marine regression, symbolizing 
the disappearance of a standing water body over the Kachchh region. In 
addition, the dry environment of Kachchh is suitable for the formation and 
preservation of jarosite. Similar to our area of study, Martian jarosite 
outcrops are detected on sparsely scattered areas on the planet. The 
presence of jarosite not only indicates the presence of acidic and oxidizing 
water on the surface, but also indicates its ephemeral nature. Jarosite 
therefore could constrain termination of surface water activity on Mars 
and might be indicative of the final period of water-rock interation on the 
Martian surface. 
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Results from  XRF analyses Results from  ICPMS analyses Results from  Isotope analyses

 The Mars Exploration Rover ‘Opportunity’ revealed  the presence of the 
mineral jarosite  on the Meridiani Planum on Mars.  The presence of jarosite  
[KFe (SO ) (OH) ] signifies  the existence of acidic, oxidizing aqueous 3 4 2 6

conditions on the Martian surface, that are not common in natural terrestrial 
geological environments. The presence of jarosite indicates the presence of 
liquid water on the Martian surface at some time in the past. But how did the  
jarosite form? 

Topographic map of Mars (Watters et al., 2007)
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Compositional variation from XRF analyses obtained from basalt spheroids show that these are most likely derived from weathering of columnar basalts; the spheroids eventually alter to 
kaolinite under specific  environmental conditions [(Mitra et al. (2016), Mitra et al. (2017) in press]. ICP-MS results show a similarity in the REE patterns of jarosite and the corresponding 
host shale, implying that the major components required for jarosite formation were locally derived. Sulfur Isotope results inferred from differnt zones indicated sulfurs are mainly derived 
from pyrite.     
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In the Naredi Formation, 
jarosi te  a lso  occurs 
within shale. At Site-2,  
j a r o s i t e  o c c u r s  i n 
association with layers of 
gypsum. VNIR and FTIR 
spectra, supplemented 
w i t h  X R D  r e s u l t s , 
indicate the presence of 
jarosite.   At Site-1 
jarosite exists as clasts  
commonly associated 
with kaolinite clasts 
w i t h i n  w e a t h e r e d 
sandstone. 

In the stratigraphically  
higher Harudi Formation, 
jarosite is found within a 
s h a l e  l a y e r  b e l o w 
kaolinitized shale. 

 In the Matanumadh Formation,  yellow 
material within shale and red sandstone 
layers unambiguously display spectra 
of jarosite. At Site-1, jarosite coexists 
with alunite and kaolinite. VNIR and 
FTIR spectra, supplemented with XRD 
results, confirm their co-existence. 

The stratigraphically oldest 
jarosite-bearing formation in 
Kachchh, the Bhuj Formation 
at Guneri, also preserves 
jarosite within shale layers.

The Naredi Formation of early 
Eocene age shows cyclic repetition 
of shale and carbonate layers. Here, 
too, jarosite is restricted to the shale 
layer. Surprisingly, this shale layer is 
sandwiched between carbonate 
layers indicating that acidity was 
confined to the shale layer. This 
formation is succeeded by the late 
Eocene  Harudi Formation.
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The Bhuj Formation of late Cretaceous age is exposed 
near the village of Guneri in the study area. It is  
composed of sandstone and shale, with jarosite being 
restricted to the  shale layers. Overlying this are lava 
flows of the Deccan Traps , which in turn are overlain by 
Paleocene deposits of Matanumadh Formation. The 
latter also contains hydrous sulfates, namely jarosite, 
alunite and gypsum, often associated with kaolinite. 

In the Harudi Formation also, shale layers 
are enclosed within carbonate horizons. 
Laterites lie both at the base and top of the 
Harudi Formation. Here too,  jarosite 
occurs within shale layers. This formation 
is overlain by the Fulra Limestone.

The Matanumadh Formation of Paleocene age has different 
layers of shale and cross-bedded sandstone. Bhattacharya et 
al. (2016) report that in this formation jarosite is widely 
distributed in the shale layers as well as in the sandstone beds. 
Interestingly, this formation rests unconformably over 
Deccan basalts. This formation is succeeded by the early 
Eocene Naredi Formation.

No jarosite is found in the 
Oligocene Fulra limestone and 
overlying beds.
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Terrestrial analogs  from different parts of the world
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