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1. Pilbara as a Mars Analog
Stromatolites and Ultramafic Rocks



Pilbara  
region of  
Western  
Australia



North Pole Dome Mars analog
1. Brown et al (2005) showed the stromatolite bearing, hydrothermally 
altered North Pole Dome region of the Pilbara is a good analog for Mars 
2. Showed how talc was an easily detectable ultramafic mineral











Pilbara as a Mars analog
1. Brown et al 2005 showed how the stromatolite bearing, hydrothermally 
altered North Pole Dome region of the Pilbara is a good analog for Mars 
2. Showed how talc was an easily detectable ultramafic mineral
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Talc carbonate deposits
Note bright, friable nature of talc on right 
Located above Dresser formation in the N. Pole Dome



Talc-carbonate 
Sample from  
Pilbara 
!

Ref: Brown (2006) PhD  
thesis (online) 

Note: 1. XRD shows strong 9.38 A spacing 
2. third band in lab spectrum not apparent in airborne 
3. Talc replacing olivine with Dolomite 



2. Spectra of Martian Basement
Talc-carbonate hypothesis, Olivine and Mg-OH at 
Nili Fossae



Nili Fossae



CRISM finds carbonate at Nili
Ref: Ehlmann et al. 2008, No other exposed  
large carbonate deposits on Mars found to date.



The Talc-carbonate hypothesis
Ref: Brown et al. 2010 suggested the presence of 
talc in combination with carbonates at Nili 
Fossae, in analogy to terrestrial greenstone 



Spectral evidence 
for talc
Ref: Brown et al. 2006 
(Pilbara remote sensing) 
laid the groundwork 
for the suggestion 
!

KEY QUESTION: 
Why is carbonate at Nili 
Fossae often associated with 
an Mg-OH alteration mineral? 
(only exception is Jezero)



Relationship of Talc to other clays
Ref: Michalski et al. 2015, talc is 1:1 trioctahedral, non 
expanding (not a smectite), physically mixes with 
swelling smectites saponite and nontronite



Ref: Vivano et al. 2013 mapped talc throughout 
eastern Nili Fossae and proposed a detailed 
formation model



From Southern Nili Fossae 
Courtesy of Christina Beck
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Nili Fossae Landing Sites



3. Serpentinization Ansatz
Hydrated and Carbonated Hydrothermal Models



Talc-Carbonatization
1. Hydrothermal alteration reaction to produce talc-carbonate 
Ref. Brown et al. 2010 
Both processes probably occurred, key question is how much

vs. (or in addition to)

Serpentinization



Ref: McSween et al. 2014 “Both serpentine- and talc-bearing assemblages 
are consistent with temperature constraints imposed by the metabasalt 
assemblages (<350 °C). At these temperatures, serpentine is stable with 
fluids having XCO2<0:1 and talc with fluids having XCO2 1⁄4 0:1 to 0:3.” 
!
Says low pressure on smaller Mars 

Metamorphism in Martian crust



Ref: McSween et al. 2014 “Both serpentine- and talc-bearing assemblages are 
consistent with temperature constraints imposed by the metabasalt 
assemblages (<350 °C). At these temperatures, serpentine is stable with fluids 
having XCO2<0:1 and talc with fluids having XCO2 = 0.1 to 0.3.” 
* Calculations are at P=1kbar, this is reached 10km deep in Martian crust 
* Heating by diagenesis is insufficient

Formation  
of talc vs. 
serpentine



Ref: McSween et al 2014 showing a new map of 
hydrothermal classes including the talc findings



‘Talc Carbonate Hypothesis’ 
A Distilled Model

Two (maybe three) step process: 
1. Emplacement of a pre-Fossae formation 
(~3.9Ga) ultramafic (komatiite) lava flow across 
eastern Nili Fossae 
2. This flow was buried and later altered by 
CO2 rich fluids in a low grade metamorphic 
event accompanied by some degree of heating  
(3.)These rocks were later exhumed 



Q. But can 
komatiite  
form on the 
surface of 
Mars?

Ref. Bowen and Tuttle 1948, this phase diagram was misleading. 
A. We don’t yet know. But two points are germane. 
1. Nili Fossae is the place it would be preserved. 
2. if we found out it would have implications for rocky planets everywhere. 
3. This is falsifiable by looking for spinifex textures or cumulate textures



North Pole Dome Mars analog
1. Brown et al (2005) showed the stromatolite bearing, hydrothermally 
altered North Pole Dome region of the Pilbara is a good analog for Mars 
2. Showed how talc was an easily detectable ultramafic mineral



Astrobiology Questions to be addressed 
by Mars 2020 Rover at Nili Fossae

1. Late Noachian conditions. Was the Noachian habitable? How 
was the carbonate at Nili emplaced? 

2. Organic Preservation. Are there recognizable signs of thin 
chert/silicic inter layers or sediments that might preserve 
biosignatures below the talc-carbonate layer?  

3. Energy source. Was the heat and water source for Mg-OH 
alteration? 1. Exhalative? 2. Contact/Intrusive?  3. Magmatic? 
4. Impact? Was it available for origin of life? 

4. Talc vs. serpentine. How much of each phase precipitated 
and under what conditions? Was burial required? 

5. Syrtis. What is the nature of the ‘spectrally featureless’ cap 
rock? Can we use it for crater count calibration? 

6. Isidus. What part has been played by Isidus in the mineralogy 
of Nili Fossae? Are the carbonates pre or post Isidis?
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