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Introduction:  We examine here the role of hydro-

thermal alteration on Mars, focusing on the finding of

talc in association with carbonate at Nili Fossae, a po-

tential landing site for the Mars 2020 Rover. We seek

to establish linkages between the Earth's early bio-

sphere, its potential origin in a hydrothermal setting,

and what we can learn about a potential Martian bio -

sphere through studies of Archean greenstone se-

quences in Western Australia.

Discoveries. The CRISM VNIR hyperspectral in-

strument has detected Mg-carbonate at Nili Fossae [1]

and other forms of carbonate in small amounts have

also been discovered by Spirit and CRISM at Gusev,

Huygens, Leighton and McLaughlin Craters [2].

Association of Talc and carbonate: Two recent

studies have uncovered corroborating spectral evidence

for talc in association with the carbonate at Nili Fossae

using the CRISM spectrometer on MRO. Motivated by

fieldwork in the Pilbara region of Western Australia

[3], Brown et al. [4] suggested talc was present in

some locations at Nili Fossae. Viviano et al. [5] then

identified a spectral signature for talc vs. saponite

which confirmed the presence of a talc component and

used this spectral feature to map the locations and con-

fine the talc findings to eastern Nili Fossae.

Source of hydrothermal energy @Nili_Fossae:

In hydrothermal conditions, Talc, Mg3Si2O5(OH)4 re-

quires sustained moderate temperature and pressure

conditions to form. At Nili Fossae, the impact that

formed the Fossae and the adjoining Isidis Planitia

likely induced a massive amount of hydrothermal alter-

ation. Ehlmann et al. [6] suggested the original Isidis

impact was responsible for driving hydrothermal activ-

ity that formed carbonates and clays comprising the

basement rocks of the area.

Brown et al. [4] suggested that the carbonate and

phyllosilcates were formed contemporaneously by hy-

drothermal activity driven by the lavas of Syrtis Major

in the Hesperian period, ~ 2Ga ago. Most recently, Mc-

Sween et al. [7] found that the conditions to form talc

would be met deep in the Martian crust, somewhat

strengthening the suggestion that burial by Syrtis Ma-

jor lavas was responsible for at least part of the hydro-

thermal alteration in evidence at eastern Nili Fossae.

It should be pointed out that impact and lava flows

will have both played a significant role in driving the

hydrothermal alteration at Nili Fossae, but further in-

vestigation of geological associations is necessary to 

Figure 1. Geological framework and map of Nili Fossae [14]

learn more about the carbonate formation environment.

Figure 1 shows a geological timeline for the Nili Fos-

sae region based on recent global maps of Mars [8].

Astrobiological Implications: Following the over-

turn of their respective magma oceans and creation of

their primordial seas [9], life began on Earth and may

have emerged on Mars in an ocean-floor setting [10].

The presence of talc (particularly in combination with

carbonate) is consistent with hydrothermal alteration of

ultramafic rocks in an ocean-floor setting [3] and may

therefore be an indicator of an astrobiologically-rich

environment at Nili Fossae.

As discussed by Mustard et al. [11], Nili Fossae

contains ancient crust on Mars that includes pre-Isidis

basement rocks and post-Isidis brecciated materials.

This complex history will be challenging to interpret,

but interpret it we must, as it may constitute a geologi-

cal time capsule within which we can examine the ori -

gin of life on our neighboring planet.
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