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Introduction:  The Lost City Hydrothermal Field 
(LCHF) is a submarine site of active serpentinization 
located  ~15 km west  of  the mid-Atlantic  ridge  near 
30ºN  [1,2].  The  site  was  discovered  in  2000  and 
presents a unique environment where the alteration of 
source rocks, rather than an external energy (e.g., vol-
canic  or  solar),  provides  biologically  viable  energy. 
This site in particular is a source of relatively young 
(1-2 Myr) samples, within a clear geologic context.

The LCHF serpentinites, and associated alteration 
products  are  produced  by  the  fluid  interaction  with, 
and hydration of, mafic and ultramafic rocks, predomi-
nately mantle peridotites with lesser gabbro. Fluid rock 
interactions at temperatures <150 ºC produces pH 9-11 
vent fluids enriched in CH4  and H2  thereby sustaining 
dense microbial communities through an abiotic pro-
cesses [2-5].

Our investigation of the LCHF has two goals: 1) 
characterize the spectral  and mineralogical variability 
in terrestrial  samples from an active zone of serpen-
tinization and 2) place these results in a geochemical 
and astrobiological context with respect to mineralogi-
cally similar deposits in Nili Fossae, Mars.

Relevance: Serpentine,  carbonate,  and  olivine-
rich basalts have been detected in the Nili Fossae re-
gion of Mars,  along with potential  detections of talc 
and saponite [6-10]. Although the lithologies and min-
eralogical assemblages identified on Mars are unlikely 
to  be  directly  analogous  to  rocks  that  underlie  the 
LCHF, it  may be that  similar geochemical  pathways 
(and associated sources of energy) were once present 
in the region making Nili Fossae a interesting candi-
date for a once habitable environment on Mars.

Data & Methods: A suite of variably altered and 
deformed harzburgite, serpentinite, gabbro, carbonate, 
and talc-rich fault rocks were collected from the LCHF 
on several  oceanographic  expeditions  since  2001  by 
the Lost City Team led by D.S. Kelley at the Univer-
sity  of  Washington  with  support  from the  NSF and 
NOAA's Ocean Exploration program.

Laboratory spectra of Lost City Samples. Spectro-
scopic  measurements  of  fifteen  variably  altered  ser-
pentinites,  gabbros,  talc-  and  amphibole-rich  fault 
rocks,  and  carbonate  samples  were  acquired. 
Visible/near-infrared  (VNIR)  data were  collected  us-
ing an ASD FieldSpec 4 HiRes spectroradiometer with 
a spectral range of 0.35 to 2.5 μm. Due to the hetero-
geneity of the hand samples, data were collected from 
multiple spots of ~2 mm2.

Thermal infrared (TIR) emissivity spectra of  the 
suite  of  samples  will  be  collected  using  the  thermal 
emission  spectrometer  at  Arizona  State  University. 
Mineralogy of the LCHF samples will be characterized 
using using the VNIR/TIR spectra in addition to X-ray 
diffraction. 

Martian Spectral Data. The Compact Reconnais-
sance Imaging Spectrometer  for  Mars  (CRISM) pro-
vides VNIR hyperspectral data of the martian surface. 
In our analysis, we primarily examined full-resolution 
targeted (FRT) images with a spatial sampling of ~18 
m/pixel. Data were corrected for atmospheric gas ab-
sorptions using the methodology described in McGuire 
et al., (2009) [11]. Spectral indices were constructed in 
a manner similar to Pelkey et al., (2007) [12] in order 
to  quickly  determine  the  general  spatial  context  for 
specific mineral phases present in the area. The indi-
vidual I/F spectra, as well as spectral ratios, were also 
examined to confirm the presence or absence of a spe-
cific phase.  We analyzed CRISM data acquired over 
Nili  Fossae,  particularly  including  images  where 
Ehlmann  et  al., 2009 [13] and Ehlmann  et al.,  2010 
identified serpentine bearing surfaces. 

Multi-spectral THEMIS (Thermal Emission Imag-
ing System, 100 m/pixel) images and  TES (Thermal 
Emission Spectrometer, ~3 by 6 km spatial sampling) 
will be used to determine the bulk composition of sur-
faces of interest. Spectral  variability within THEMIS 
images are typically identified by examining decorrela-
tion stretch (DCS) [14] images of THEMIS band com-
binations. TES and THEMIS apparent emissivity data 
are then examined in areas of specific interest for more 
detailed mineralogical characterization.
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Figure 1: A) Summit of Poseidon 
tower - largest carbonate chimney at 
LC. B) Highly deformed and faulted 
serpentinite outcrop that forms 
basement rock at LC. C) Example of 
sample used for spectral analysis. 
White boxes show approx. spot sizes 
for spectral measurements.
Photos A and B from D.S. Kelley et 
al.,  2007 [3].
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Results & Discussion: LCHF Samples. See Figure 2.
     CRISM Analysis.  Initial  analyses  of Nili Fossae 
CRISM  data  are  from  FRTABCB  and  FRT93BE 
where prior studies have documented olivine, serpen-
tine, carbonate as well as talc and saponite bearing sur-
faces [6-10]. CRISM spectra examined from these im-
ages contain spectral features similar to  the suite of 
spectra collected from LCHF samples. 

There is a clear presence of olivine within the pre-
sented CRISM data identified by a broad absorption 
around 1.1  μm. Carbonates were found regionally as-
sociated with the mafic units and phyllosilicates. 

Spectra A and B in Fig. 3 show absorptions typi-
cal of phyllosilicate bearing surfaces in this region. It 
is important to note that talc, saponite, and to some ex-
tent serpentine can be spectrally ambiguous in CRISM 
data. A subdued 2.11 and 2.38 μm are often observed, 
perhaps  indicating  the  presence  of  serpentine  and 
talc/saponite mixtures. 

There is a clear similarity in the spectra between 
the LCHF and Nili Fossae samples. Most interesting is 

the overall  similar suite of alteration products  which 
stem  from  the  alteration  of  ultramafic  and  mafic 
bedrock. This similar suite of mineralogy may indicate 
the  presence  of  similar  aqueous  geochemical  condi-
tions present in Nili Fossae during the time of alter-
ation.  The LCHF spectra can be used to better  con-
strain the mineralogy on Mars and give a better under-
standing  of  how  the  distinctly  martian  phases  may 
have formed. 

Further  comparison  of  the  LCHF  spectral  data 
with the Nili Fossae CRISM data may yield more de-
tails about this unique analog environment. Continued 
work  will  investigate  the  variability  in  the  suites  of 
minerals and their spatial and geological relationships 
with each other  and associated  ultramafic units.  The 
addition of thermal infrared spectral data will also con-
tribute to the understanding of the bulk composition of 
surfaces bearing serpentine and other alteration prod-
ucts on Mars. 
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Figure 3: CRISM ratioed I/F VNIR data. A) 
Candidate talc or saponite -bearing unit. B) Candi-
date serpentine-bearing unit. C) Candidate carbon-
ate-bearing unit.
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Figure 2: Laboratory VNIR reflectance data 
for Lost City Hydrothermal Field rock samples. 
Lines, and arrow, indicate the band center position 
for diagnostic absorptions.  
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