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Introduction: Paleosols are ancient soils formed 

by the interplay of the hydrosphere and the atmosphere 

with the surface, and can be used to reconstruct a plan-

et’s evolution over time [1, 2]. Precambrian paleosols 

are found near Flin Flon, Manitoba, in the Canadian 

Shield. Mineralogical evidence and chemical analysis 

prove that the alteration zone is a paleosol [3] and is 

extremely well preserved [1]. Missi Group fluvial sed-

iments in the Flin Flon-Snow Lake (1800 – 1900 mil-

lion years old) greenstone belt cover Amisk Group 

volcanics [4], where the presence of volcanic subaerial 

weathering is evident at various locations where the 

Missi Group and Amisk Group are in contact [5]. 

Weathered pillow lavas called corestones are also pre-

sent deep within the paleosol and eventually decrease 

in size and disappear toward the surface [3].  
This investigation of how paleosols can be recog-

nized in the field was used to help determine how pale-

osols could be identified on the surface of Mars, using 

rover-like instruments. The major goal of this work is 

to use this knowledge in the context of Mars explora-

tion to determine how rover-based instruments, specifi-

cally, Raman, and Visible and near-infrared (VNIR) 

reflectance spectroscopy, can be used to recognize and 

characterize Archean paleosols, as tools for planetary 

and mineral exploration, and finding geological ter-

rains that can host life. The identification and investi-

gation of paleosols on Earth are significant as there is 

the possibility of paleosols on Mars within Gale Crater 

detected by remote sensing instruments [6]. Identifying 

paleosols on Mars is important because it could pro-

vide evidence for a once habitable environment, as 

soils serve as a habitable microbial environment on 

Earth [6].  
Table 1: Samples selected at the field site and analyzed us-

ing Raman and VNIR reflectance spectroscopy at <45 µm 

particle size and as whole rocks. Minerals identified using 

XRD.  

Sample  Mineralogy by XRD  Mineral Groups  

FFM011 chamosite and quartz, 

minor albite, trace cal-

cite 

chlorite, silica, 

plagioclase feld-

spar, and car-

bonate    

FFM012 chlinochlore, minor 

albite and quartz, trace 

calcite 

chlorite, plagio-

clase feldspar, 

silica, and car-

bonate  

FFM013 quartz, minor albite, 

chlinochlore, and cal-

cite 

silica, plagioclase 

feldspar, chlorite, 

and carbonate  

FFM014 chlinochlore and chlorite, silica, 

quartz, minor musco-

vite 

and phyllosilicates  

FFM015 chamosite, minor 

quartz and albite, trace 

calcite 

chlorite, silica, 

plagioclase feld-

spar, and car-

bonate  

Methods: Five geological samples (Table 1) were 

obtained from a well-preserved Archean paleosol near 

Flin Flon, Manitoba, Canada. Fieldwork included 

mapping the exposed sections and acquiring samples 

across vertical and horizontal transects along the out-

crop. Whole rocks (saw-cut and polished to remove 

terrestrial weathering) were analyzed, and samples 

were powdered by hand and dry sieved to a <45 µm 

particle size and measured as flat matte-surface pow-

ders with X-ray Diffraction (XRD), Raman, and VNIR 

reflectance. For XRD, a Bruker D8 Advance was used, 

with a DaVinci automated diffractometer, with an inte-

gration time of 1 second per 0.02º step. For Raman, 

spectra were collected with the BWTek 532 laser 

iRaman system (150-4000 Δ cm-1). Reflectance spectra 

were collected with an ASD LabSpec4 Hi-Res spec-

trometer (350-2500 nm), at a viewing geometry of 

i=0°, e=30°. Each of these analytical techniques are 

similar to instruments on current and future Mars rov-

ers. 

Results: Each figure contains spectra for the <45 

µm particle size powdered sample labeled as A, and 

the sample as a whole rock labeled as B.   

XRD: The XRD patterns show that the samples are 

generally dominated by chlorite group phyllosilicates, 

with smaller amounts of quartz, plagioclase, and traces 

of calcite (Table 1). 

VNIR reflectance: The spectra shown in Figure 1 

(FFM014) exhibit evidence of an OH absorption band 

near 1400 nm indicating that the rock contains hydrat-

ed minerals, and with metal-OH absorption bands pre-

sent between 2200-2400 nm, which is commonly pre-

sent in hydrated clay minerals [7]. Figure 3 (FFM015) 

shows VNIR reflectance spectra that exhibit an OH 

absorption band near 1400 nm indicating that the rock 

contains hydrated minerals, with a clay absorption 

band (metal-OH) present at 2200-2400 nm, similar to 

sample FFM014. The reflectance spectra are also con-

sistent with the XRD data for the spectrally active 

phases. None of the spectra appear to show strong evi-

dence of diagnostic carbonate bands, which indicates 

the calcite concentration is <5 wt.%. This may be due 

to masking by the ~2350 nm band of chlorite group 

minerals. 
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532 nm laser Raman: Figure 2 (FFM014) shows Ra-

man spectra, with several peaks between 150 – 700 Δ 

cm-1, including an intense peak at ~470 Δ cm-1, which 

is due to quartz, as confirmed by XRD. Many of the 

samples show the 1085 Δ cm-1 calcite peak, despite 

being volumetrically minimal as shown by XRD and 

VNIR reflectance. A number of Raman features are 

present due to the chlorite-group volumetric dominance 

of most of the samples. FFM011 shows evidence of a 

carbon G-band, which highlights the ability of Raman 

to detect carbon in cases where XRD and VNIR reflec-

tance will not. 

 
Figure 1. Reflectance spectra of the paleosol (FFM014); 

350-2500 nm of sample A at <45 µm particle size (pow-

dered), and sample B as a whole rock. 

 
Figure 2. Raman spectra of the paleosols; 150-4000 Δ cm-1 

of sample A at <45 µm particle size (powdered), and sample 

B as a whole rock. 

 

Figure 3. Reflectance spectra of the paleosol (FFM015); 

350-2500 nm of sample A at <45 µm particle size (pow-

dered), and sample B as a whole rock. 

Discussion: The XRD results indicate that there are 

slight trace mineral differences within the various tran-

sects of the outcrop for each sample; however, for the 

samples shown (Figures 1 and 3), both have measura-

ble spectral OH absorption bands present as indicated 

in the VNIR reflectance spectra, indicating the pres-

ence of OH-bearing phyllosilicates. Sample FFM014 

and sample FFM015 both share similar mineral groups, 

such as chlorites and silica, but also differ in other 

mineral groups, such as micas (FFM014), plagioclase 

feldspar (FFM015) and carbonates (FFM015); howev-

er, these two samples show similar VNIR reflectance 

spectra, which is likely due to both samples sharing 

chlorite as the major mineral group. The spectra also 

indicates the presence of hydrated clay minerals with 

the metal-OH absorption band present at 2200-2400 

nm.  

Due to the Mars rover capabilities and limitations, 

this experiment analyzed samples in powder form, and 

as whole rocks, to compare and contrast any spectral 

differences to simulate the rover measuring whole 

rocks on the martian surface, and drill cuttings or 

abraded materials. The whole rock vs. powder spectra 

show very little absorption band differences, except for 

weaker widths and depths for the whole rock spectra.  

Conclusions and future work: This study pro-

vides information to aid the detection and characteriza-

tion of paleosols on the surface of Mars using rover-

based instruments. In particular, 532 nm laser Raman 

was able to detect the presence of carbon where XRD 

and VNIR reflectance did not. Future work will involve 

SEM-EDS mapping at the spatial resolution of the 

PIXL instrument, and UV-LED-induced fluorescence 

imaging and further analysis on the basis of sample 

composition.   
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