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Introduction: Although Fe-rich phyllosilicates are 

rare on modern earth, they may be the most common 
hydrated minerals on early Earth, on Mars  and in the 
asteroid belt [1-3] largely owing to the Fe/Mg-rich 
nature of their protoliths. Fe-rich phyllosilicates are not 
only closely associated with several fundamental geo-
logical processes, e.g., hydrothermal alteration and 
(reverse) weathering, but also can serve as water sink 
[4], even as templates for the origin of life on early 
Mars [5]. Owing to their rarity and low reflectance on 
current earth, however, mineralogy and spectroscopy 
of Fe-rich phyllosilicates are poorly constrained, which 
limits the interpretation of these fundamental infor-
mation recorded on Mars and in the asteroid belt. 

Materials and Method: Samples of Fe2+-rich phyl-
losilicates are very rare terrestrially. Our mineral sam-
ples were primarily obtained from the Natural History 
Museum in London. The Fe-rich chlorite includes 
chamosite, berthierine, thuringite. We also collect two 
samples of clinochlore to get a compositional range for 
chlorite relevant to Mars. Among 7-Å group minerals, 
we focused on cronstedtite and greenalite. In addition, 
in order to relate the composition and spectral parame-
ter of phyllosilicate to the composition of the bulk rock, 
10 diagenetically altered E’meishan (SYD)  basalt 
samples were collected from Guizhou, China. Bulk 
rocks and their separated clays of these samples are 
investigated in the study. EMPA, Mossbauer spectros-
copy, X-ray Diffraction, and SEM-EDS were used to 
characterize the crystal-chemistry of the Fe-rich chlo-
rite and Fe-rich serpentine. 

Near-infrared spectra were collected from 1000 to 
2500 nm at the Planetary Spectroscopy and Mineralo-
gy Laboratory (PSML), the University of Hong Kong 
using a spectralon reflectance standard by integrating 
500 scans over a period of ~5 min from a spot size of 3 
mm2 in a praying Mantis diffuse reflectance chamber 
attached to a Nicolet iS50 interferometer. Detector is 
TEC inGaAs 2.6 µm and the beams plitter is CaF2 un-
der white light.  
     Results and Discussion: The reflectance of all Fe-
rich phyllosilicates samples is low. The most obvious 
spectral feature for Fe-rich phyllosilicates is their near-
infrared slope from 1.0 to 1.8 μm. The low reflectance 
and lack of OH/H2O spectral absorption of the Fe-rich 
phyllosilicates in the shortwave infrared region can 
explain their rare detection by infrared remote sensing, 
though they may be the largest water sink on Mars. 

For serpentine, one striking characteristic is that 
they have very weak absorptions or completely lack 
features at ~1.4 μm attributed to metal-OH vibration 

overtones (Fig. 1), which are common and diagnostic 
in many other phyllosilicates include Mg-rich varieties 
of serpentine and chlorite group minerals. There are 
two spectral absorptions around 2.325 μm and 2.370 
μm for iron-rich serpentine, although the reflectance is 
low and other spectral absorptions are lack. That 
means, we have to rely on the NIR slope and the two 
spectral absorptions around 2.325 μm and 2.370 μm to 
identify Fe-rich serpentine. Currently, we cannot relate 
the spectral peak position to their crystal-chemistry 
partly owing to the slight shift of the peak positions 
and the small number of pure samples. 

For chlorite, there are several spectral absorptions 
around 1.4 μm, 2.0 μm, 2.25 μm, and 2.35 μm (Fig. 2). 
The reflectance of Fe-rich chlorites is also low, but 
their reflectance and absorption intensities seem to 
increase with increasing Mg and Al. The peak position 
of chlorite absorption at ~2.35 μm is well correlated to 
their Mg number (Fig. 3A), even for very Fe-rich sam-
ples. It is understandable in terms of crystal chemistry 
because Mg-OH is ~2.32 μm and Fe(II)-OH is around 
2.36 μm. The replacement of Mg by Fe(II) in octahe-
dral sheets undoubtedly shifts the peak position to a 
longer wavelength. A similar trend is observed for 
spectral absorption around 2.25 μm. However, the 
spectral absorption is relatively weak for Fe-rich sam-
ples because the intensity of the absorption is depend-
ent on Al content in octahedral sheet. According to 
trend for chlorite, we collect spectral and chemical data 
for natural and synthetic (Fe-bearing/rich) saponite [6, 
7]. We found that the Mg number of saponite is also 
negatively correlated with the peak position of absorp-
tion around 2.33 μm. Importantly, all points for both 
chlorite and saponite can located along a same line.  

The 2350 wvl of SYD rock samples is also negative-
ly correlated with the Mg number of the chlorite-rich 
samples (Fig. 3B). The observation confirms previous 
notion that the chemistry of chlorite is mainly depend-
ent on the chemistry of precursor minerals or bulk 
rocks. Therefore, we can use the spectral parameter of 
chlorite to constrain the chemistry of protolith.  
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Fig. 1. Reflectance spectra of serpentine (A) and their continnum-removed spectra (B) 

 

 
Fig. 2. Reflectance spectra of Fe-rich chlorite (A) and their continnum-removed spectra (B) 

 

 
Fig. 3. A positive correlation between 2350 wvl and Fe No. of chlorite/saponite and bulk rock. 
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