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Introduction: Terrestrial analogue sites are useful for 

testing techniques and instrumentation used for charac-

terizing possible signs of life, identifying areas in 

which extremophiles can survive or preserved, and 

possible mineralogy related to relevant geological pro-

cesses or interactions [1]. 

Meriden, Connecticut, USA is a suitable ter-

restrial analogue site for Jezero Crater: the NASA 

2020 Perseverance rover landing site because of sever-

al similar characteristics such as geological processes, 

a diversity of exposed altered minerals, aqueous and 

hydrothermal alteration, and volcanic/basaltic flows [2, 

3]. By using samples collected from Meriden and con-

ducting laboratory analysis we can expand our 

knowledge of how to characterize such sites, as well as 

explore the possible detection, location, and preserva-

tion of biosignatures in such environments. This in-

formation can be applied before, during, and after a 

mission to help select landing sites, plan in-situ sample 

analysis, and collect samples for later laboratory analy-

sis - aspects of the Perseverance mission [1]. 

Jezero Crater has been identified as a paleo-

lake with lacustrine origins that was later altered by 

volcanic influences causing the area to have minerolo-

gy consisting of iron/magnesium smectites, olivine, 

pyroxene, carbonates, sulfates, aluminum bearing 

phyllosilicates, zeolites, and other hydrated silicates 

[3]. 

Meriden similarly consists of a rift basin of 

four fine-grained sedimentary formations and three 

basaltic lava flows that created a paleoenvironment 

influenced by multiple aqueous flows, fluvial, lacus-

trine, and alluvial fans, and basaltic lava flows [2]. Past 

studies have shown that these processes have created 

mineralogy consisting of hematite, pink feldspar, mag-

netite, quartz, Ca-clinopyroxenes, chlorite, albite, cal-

cite, anhydrite, andradite garnets, aegirine, Fe/Mg 

phyllosilicates, goethite, copper sulfides, palagonite, 

quartz, zeolites, and an unidentified montmorillonite-

type phyllosilicate [2]. 

 Methodology: Forty-seven samples were 

collected from a quarry found within Meriden. The 

sample site consisted of altered pillow basalts and 

massive basalts emplaced on sediments. Once returned 

to the laboratory samples were subsampled to properly 

represent sampled regions and features of interest. The 

subcategorizing can be seen in sample MER003: a 

single sample subdivided because of alterations and 

weathering seen within the sample, and in MER047- a 

transect sample across a basalt-sediment interface, 

which was subdivided into seven subsamples. 

Samples were analyzed as whole samples and 

powdered to three different grain sizes, <1 mm, <150 

µm, and <45 m. The samples were then characterized 

by reflectance spectroscopy, infrared spectroscopy, 

Raman spectroscopy, X-ray diffractometry, and X-ray 

Fluorescence.  

Instrumentation selected for this study con-

sisted of an Analytical Spectral Devices (ASD) Lab-

Spec 4 HiRes reflectance spectrometer, a Bruker Ver-

tex 70 Fourier-Transform Infrared Spectroscopy 

(FTIR), and two Raman instruments: the time-resolved 

Raman system from the University of Hawaii and a 

BWTek 532 nm iRaman system. These instruments 

were selected for this study because of their similar 

ability to the SuperCam found on the NASA 2020 Per-

severance rover [4]. Other instruments that were used 

to analyse the samples include a field-portable Terra 

X-ray Diffractometer (XRD) and a Bruker D-8 powder 

XRD. Compositions of the samples were also deter-

mined by the Malvern PANalytical, Inc. Zetium X-

ray fluorescence vacuum spectrometer (XRF) and wet 

chemistry, at Franklin and Marshall College.  

Figure 1. Reflectance spectra of powered samples <1 MM collected 
from Meriden. Displaying the detection of hydration features, hy-

drated silicate, multiple iron phases, and carbonates. 
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 Results: The ASD was able to detect hydra-

tion indicated by the water/hydroxyl features at ~1400 

and ~1900 nm throughout all samples. Carbonate fea-

tures at ~2333 nm, weakly seen in sample MER047 

3/3 Rock #6, ~2000 nm in sample MER020, and a 

double band at ~2100 nm in sample MER020 (Figure 

1). Several phases of iron can be seen spectrally 

throughout the samples, with features at 700 and 900 

nm indicative of Fe2+ and Fe3+, and the wide band 

found at 1050 nm indicates crystal field spitting in Fe-

bearing carbonates (Figure 1). A weak band found at 

~2200 nm is indicative of hydrated silicate, and is seen 

in sample MER047 3/3 Rock #6 (Figure 1).  

The 532 nm iRaman was able to detect calcite 

from Raman peaks at 280 and 1085 cm-1 - seen in 

MER018, MER041, and MER047 Rock #6 (Figure 2). 

A weak possible sulfide band was seen at 355 cm-1 in 

MER018 spot 5 and MER041 (Figure 2). Features in-

dicative of hematite at 500 cm-1 can been seen in all 

samples, most strongly in samples MER018 spot 2, 

MER041, and MER047 3/3 Rock #6 (Figure 2). A 

peak seen at 600 cm-1 that is also indicative of hematite 

can be seen in all samples except MER039 (Figure 2). 

Quartz features were strongest at 400 and 460 cm-1 

whereas a weaker quartz band could be seen in sample 

MER018 spot 2 at 810 cm-1 (Figure 2).  

These findings were supported by instruments that 

were selected as baselines to support mineral identifi-

cations by rover related instruments. The Bruker XRD 

and the TERRA XRD detected mineralogy such as 

carbonates, silicates, iron oxides, and clinopyroxenes 

that supports the Raman and ASD findings.  

Discussion: The detection of carbonates is im-

portant as carbonates are able to preserve traces of life, 

indicate the presence of life supporting elements,  and 

create compelling evidence for the presence of water 

on Mars [5, 6]. Similarly, the detection of silica-based 

minerology such as quartz is important as it can also 

preserve traces of life, indicate life supporting ele-

ments, and indicate the presence of water on Mars [5, 

6]. The detection of iron mineralogy has great im-

portance because of life’s reliance and interaction with 

iron can be a sign of past or present life [7, 8]. Sulfur 

bearing minerals can supply a food source as well as 

preserve signs of life making the detection of these 

minerals key to understanding if life was once present 

or could be present [6, 9]. 

 In conclusion the use of Meriden as a terrestrial 

analogue has given us a laboratory insight on similar 

geological processes that can be found within Jezero 

crater. These insights allow us to better understand 

Jezero crater and areas of interest that could indicate 

the presence of past, present, or future life on Mars. 
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Figure 1.532nm iRaman spectra of four samples collected 

from Meriden, one sample with multiple spots to show large 

variation in single sample. Displaying the detection of hema-
tite, calcite, and quartz.  
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