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      Introduction:  Taytay crater is an approximately 
20 km diameter crater within a larger unnamed crater 
(about 40 km in diameter) located northeast of Aram 
Chaos and Ares Vallis (7.7° latitude, -19.5° longitude).  
Previous studies covering the area of Taytay crater and 
Ares Vallis using TES and THEMIS data identified 
olivine around and within Taytay crater [1]. 
      Previous global detections of olivine have been 
observed by TES [1, 2, 3, 4, 5, 6].  Olivine has also 
been detected by OMEGA [7, 8, 9] and by the MER 
rovers in situ [10, 11, 12].  Syrtis Major and areas 
around Nili Fossae are the main olivine outcroppings 
found by the aforementioned studies; however, [7] and 
[8] also detect olivine associated with crater interiors 
and rims.  These detections and compositions of oli-
vine are important for explaining the persistence and 
activity of water, as well as the effects of weathering 
on olivine on Mars.  In addition, it would be helpful to 
constrain whether the olivine associated with impact 
craters is a consequence of impact such as an impact 
melt or excavation of pre-existing lithologies, or a lava 
flow subsequent to the impact.      
      [1] maps (1) a regional rock unit composed of a 
basalt and a high silica component, (2) an olivine-rich 
unit composed of Fo60 olivine and clinopyroxene, (3) 
an olivine rich component with sand, and (4) a mafic 
sand unit composed of an andesitic basalt and high 
silica composition in and around Taytay crater.  The 
olivine-rich unit is exposed in Ares Vallis [1] at an 
elevation of ~ -3700m.  The olivine-rich unit exposed 
in Taytay crater [1] is at an elevation of ~-3300m.      
      Here we analyze the mineralogy of Taytay crater 
using CRISM (Compact Reconnaissance Imaging 
Spectrometer for Mars) [13], HiRISE (High Resolu-
tion Imaging Science Experiment) [14], and CTX 
(Context Camera) [15] data collected from MRO 
(Mars Reconnaissance Orbiter).   
      Datasets and Methods:  CRISM observation 
(HRL00005B77) covers Taytay crater and is a half 
resolution long hyperspectral observation with a spa-
tial resolution of 36 meters per pixel (Figure 1).  
CRISM data are collected at 544 separate wavelengths 
between 0.362 µm and 3.92 µm in hyperspectral mode 
with a spectral resolution of 6.55 nm/channel.  The 
atmospheric and photometric corrections were imple-
mented as described in [16].  Both the L and S detector 
data were used.   
      Spectra were extracted from regions of interest on 
the basis of spectral parameter maps using a 5 X 5 
pixel average.  Residual artifacts after calibration and 

atmospheric removal are suppressed by ratioing the 
spectra to a spectrally neutral region (Figure 2).  Nor-
mally, ratios are generated using a neutral spectrum 
from the same column because of the nature of 2-D 
detectors; however, for the sake of consistency and 
clarity, each spectrum was ratioed to the same 20 X 20 
pixel average spectrum of dust.  In this way, we are 
able to assess the spectral variations among the olivine 
outcrops with respect to each other. 
      The surficial textural and morphologic characteris-
tics for the mineralogic deposits are assessed with 
HiRISE and CTX data.  The HiRISE and CTX obser-
vations used are respectively, PSP_003762_1875 and 
P08_004118_1857_XI_05N019W. 
      Spectroscopy of Units:  Four different spectral 
types have been identified using CRISM data (Figure 
3).  The first is spectrally neutral except for a strong 
blue slope (decrease in reflectance with wavelength).  
We interpret this to be dust.  The dust unit is present 
across most of the interior of the crater, in patches ex-
terior, and along the crater walls.   
      There are two spectral types with strong 1 micron 
mafic absorptions.  These absorptions are most consis-
tent with the mineral olivine.  Olivine is characterized 
by three overlapping crystal field absorptions between 
0.8 and 1.5 microns due to the Fe2+ in the M1 and M2 
sites and as the Fe content of the olivine increases, the 
absorption mimima shift to longer wavelengths [17].  
We identify two distinct types based on differences in 
this wavelength region.  In comparison to the USGS 
spectral library (sample HS285-4B) and consistent 
with the olivine detection by [8], the shape of the spec-
tra for Taytay crater most closely resembles an olivine 
composition of ~ Fo80.  The ratioed spectra of olivine 
within the crater are either flat or nearly flat at wave-
lengths less than 0.8 microns or have a concave down 
shape.  On the contrary, the spectra of olivine outside 
of the crater show a decreasing relative reflectance 
throughout the entire wavelength region short of 0.8 
microns until the deepest point of the absorption.  
Some spectra from outside of the crater have what 
seems to be a separate absorption around 0.8 microns 
which is different from the olivine absorption around 1 
micron. 
      A small amount of iron magnesium phyllosilicates 
have also been identified on the basis of the presence 
of the 1.4, 1.9, and 2.3 micron bands.  These bands are 
due to vibrational absorptions respectively as follows: 
the OH stretch vibration and combination tones of the 
H2O molecule, the combination tone of the fundamen-
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tal bending and stretching vibrations of the H2O mole-
cule [18, 19], and metal-OH bonds [20].   These phyl-
losilicate spectra also have a slight blue slope.  

 
Figure 1.  (A) Map-projected CRISM image of HRL00005B77 

bands 211 (2.3840µm) RED, 123 (1.8028µm) GREEN, 24 
(1.5121µm) BLUE.  (B) Olivine map of the OLINDEX parameter. 
 
      Discussion:  The olivine-bearing deposits exterior 
to the crater differ spectrally and texturally than those 
interior.  All olivine outcrops are exposed from under-
neath a smooth capping unit, but the olivine outcrops 
within the crater show a vertically ridged texture while 
those exterior to the crater do not.  Spectrally, the oli-
vines differ in the visible region in the red blue ratio 
(RBR) parameter.  The deposits within the crater have 
a weaker RBR than the deposits outside of the crater.  
Using ratio spectra, the slopes and shapes of the visible 
region vary consistently with differences in the RBR 
parameter map.  These differences can be seen in the 
ratioed spectra in Figure 2.  There are several scenarios 
that could explain these apparent differences: (i) the 
apparent spectral differences are an artifact due to the 
ratio method  used to reduce noise in the spectra, (ii) 
the differences in the spectral features are due to shock 
effects, (iii) the olivines are of two distinct types, 
and/or (iv) the differences are due to differing extents 
of weathering.  The first option is not as likely because 
all spectra are ratioed to the same denominator.  The 
olivine on Mars tends to be associated with impact 
craters which can either indicate something about im-
pact process or is present because it was excavated 
from below.  For this reason, olivine may be able to be 
used as a tracer for impact processes. 
      Since Taytay crater is 20km in diameter, the im-
pact should have excavated material from as deep as 
2km.  The floor of Taytay crater sits at ~ -3300m and 
the surrounding plains are at an elevation of ~ -2400m.  
It is possible the impact tapped into the olivine-rich 
unit mapped by [1] in Ares Vallis.  The unit would 
then be a regionally extensive, compositionally distinct 
unit. 

 
Figure 2.  5X5 average spectra of olivines ratioed to a 20X20 

average dust spectrum from within the crater (black) and outside the 
crater (red).  Spectra are ratioed to remove noise.  
 

 
Figure 3.  Calibrated reflectance spectra for the 20X20 average 

dust spectrum (red), a 5X5 average phyllosilicate spectrum in the 
central peak (green), and olivine (black).  The map projected x, y 
values are respectively (224, 381); (329, 445); and (305, 276).  The 
two olivine spectral types appear very similar in this plot, so only 
one is shown.  Erroneous data between 0.9578 and 1.0341 microns 
have been removed.  
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