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Table 1. FAME detection in Mars-analogous samples with variable mineralogies.  
C6 C8 C9 C10 C11 C12 C13 C14 C15 C16 C16:1 C17 C18 C18:1 C18:2 %TOC 

Iron  
Oxides 

A -- -- -- x -- x -- -- x x -- -- -- -- -- 0.97% 
B x x x x -- -- -- -- -- -- -- -- -- -- -- 0.05% 
C1 x x x x x x x x x x -- -- x -- -- 0.81% 
C2 no FAMES detected 0.07% 

Siliceous 
Sinter 

D1 -- x x x -- x -- x -- -- -- -- x -- -- nd 
D2 x -- x x -- x -- -- -- -- -- -- -- -- -- nd 
E1 x x x x x x x x x x x x x x -- nd 
E2 -- x x x x x x x x x -- x x -- -- nd 

Carbonate F x x -- -- -- x -- x -- x -- -- -- -- -- nd 
Shale G x x x x x x x x x x -- x x -- -- 32.57% 

 
Introduction: The Mars Curiosity rover is at the base 

of Mt. Sharp, Gale Crater, exploring stratigraphic packag-
es of rocks for evidence of habitability [1] and searching 
for organic compounds using the Sample Analysis at 
Mars (SAM) instrument suite. SAM includes a gas chro-
matograph mass spectrometer (GCMS) and sample pyrol-
ysis ovens. SAM has the capability of performing wet 
chemistry experiments, one of which uses tetrame-
thylammonium hydroxide (TMAH) thermochemolysis to 
make lipids sufficiently volatile for detection by SAM's 
GCMS [2]. This project determines the effectiveness of 
the SAM-like TMAH experiment to liberate organics 
from a variety of Mars-analogous rock samples. 

Background: Rock samples were collected from a 
variety of Mars analogue environments. Samples include 
iron oxides from a modern mineral precipitate at Iron 
Mountain, CA (A), the older oxidized surface gossan at 
Iron Mountain (B), and ancient acid salt lake sediments 
(C1) and more neutral lake sediments (C2) from Western 
Australia; siliceous sinter at an inactive deposit (D) and 
modern near-vent (E) in Icelandic hot springs (both sites 
include samples from the surface (#1) and several cm 
below the surface (#2)); modern carbonate ooids from 
Pigeon Cay, The Bahamas (F), and organic-rich shale 
from Messel, Germany (G). 

Methods: Samples collected using organically-clean 
techniques underwent pyrolysis at a 1mg:1uL ratio with 
TMAH. The fatty acids were analyzed by pyro-GCMS 
using a SAM-like heating ramp (35°C/min) on a Frontier 
pyrolyzer + Agilent GCMS instrument. 

Results & Interpretations: FAMEs were detected in 
all samples but iron oxide sample C2. Low molecular 
weight (LMW) (C6-C10) FAMEs were present in all other 
samples, medium MW (MMW) (C11-C18:2) FAMEs were 
present in select samples (Table 1), and high MW (HMW) 
(C20-C30) FAMEs were detected in the shale sample only 
(data not shown). Results of note are detailed below: 

Iron Oxides. The low FAME detection in the older 
Iron Mountain iron oxide (B) may be due to a decreased 
microbial population within the rocks, or a reduction in 
FAME preservation due to the presence of iron oxides 
[3]. Within the ancient acid salt lake deposits (C), which 
also host phyllosilicates, sample C1 contained 11 detecta-
ble FAMEs, and with a different optimized GC-MS meth-
od, HMW FAMEs (C20-C27) were also detected. These 
FAMEs may represent a terrigenous plant or algal origin.  

Siliceous Sinter. C14 and C18 FAMEs were detected in 
the inactive sinter surface sample D1, and may represent 
some modern microbial surface communities. Sinter col-
lected from the surface of an active spring (E1) contained 
14 FAMEs, and the subsurface sample (E2) contained 11 
FAMEs. E1 alone contained the C16:1 and C18:1 FAMEs. 
More FAMEs were detected in the modern vs inactive 
sinter, indicating a modern microbial community with 
degraded preservation over time in inactive sinter. 

Carbonate. The modern ooid (F) contained 5 FAMEs. 
This detection represents a small fraction of the lipids 
present in these ooids [4]. 

Shale. The Messel shale (G) contained 23 FAMEs, in-
cluding 11 HMW FAMEs. HMW FAMEs are most con-
sistent with plant and algal origins [4], and the lipids in 
the Messel Shale have a demonstrated algal origin [5]. 

Conclusions: These experiments demonstrate that 
TMAH thermochemolysis with a SAM-like pyro-GCMS 
is effective, and FAMEs have been detected in Mars-
analog samples that vary in mineralogy, age, and microbi-
al community input. HMW FAMEs are not detected in 
iron-dominated samples, and may not be detectable at low 
concentrations. 
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