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     Introduction.  Plagioclase feldspar has been identi-
fied as the dominant mineral phase in the martian crust 
[1-2] through analysis of Mars Global Surveyor Ther-
mal Emission Spectrometer (TES) data.  Martian me-
teorites, samples of isolated terrain on Mars, contain 
plagioclase in abundances secondary only to pyroxene. 
      Terrestrial basalts and andesites contain primary 
plagioclase that is calcic-intermediate (An50-75) in com-
position. Sodic plagioclase (>An30) occurs as a primary 
phase in felsic and alkali-rich volcanic rocks and as an 
alteration product in metamorphosed and hydrother-
mally-altered rocks. Primary plagioclase compositions 
vary with the extent and type of crystallization proc-
esses and with a variety of emplacement mechanisms. 
In low-temperature (<200˚C) aqueous environments, 
plagioclase often converts to clay minerals through 
hydrolysis.  At hydrothermal temperatures, calcic pla-
gioclase converts to more sodic compositions (<An30) 
through a process known as albitization [3-5]. 
     Our ability to accurately derive feldspar composi-
tions from thermal infrared (TIR) emission spectra of 
martian surface materials affects our ability to interpret 
evidence for primary igneous and alteration (low vs. 
high T) processes that may have been at work on 
Mars. A previous study [6] demonstrated that average 
plagioclase compositions of two-component, coarse 
plagioclase sand mixtures can be  derived to within 4 
An (1σ standard deviation) at laboratory, TES, and 
Miniature-Thermal Emission Spectrometer (Mini- 
TES) spectral resolutions and 6 An (1 σ) at and Ther-
mal Emission Imaging System (THEMIS) resolution, 
with absolute variations ranging up to 12 An. Addi-
tional work with multi-component (multi-solid solu-
tion), coarse sand plagioclase mixtures yields similar 
results, with plagioclase compositions derived to 
within 4-6 An (1 σ) of measured values at lab, TES, 
THEMIS, and Mini-TES resolutions with variations of 
up to 15 An [7].  Both of the above studies used con-
trolled mixtures with known average plagioclase com-
positions for comparison with derived values.  The 
accuracy is comparable in natural samples.  In terres-
trial volcanic rocks, compositions have been modeled 
within 10-15 An [6,8] of average [8], weighted aver-
age [6], and CIPW Norm plagioclase compositions [6] 
at laboratory and TES resolutions. 
     In natural samples, with multiple phases, variable 
grain size, and complex solid solutional zoning, deter-
mination of true average mineral compositions by geo-
chemical analysis is problematic [6].  Thus, a compari-

son of “measured” and modeled average plagioclase 
compositions in volcanic rocks is somewhat tenuous. 
     Methods.  In an effort to determine the accuracy to 
which we can derive average plagioclase compositions 
in such samples, we have constructed new physical 
mixtures more analogous to volcanic rocks than simple 
sand mixtures from previous studies [6-7].  Here, we 
produced 3 multi-phase coarse sand mixtures with 
multi-component plagioclase of whose average com-
positions are known from geochemical analyses (Table 
1).  Compositional variation in each component pla-
gioclase varied by no more than 5 An and each com-
ponent was weighed with a measured accuracy of 0.1 
mg.  Average plagioclase compositions were calcu-
lated according percentage contribution of each com-
ponent in a mixture.  Mixtures are somewhat compara-
ble in composition and modal mineralogies of surface 
type 1 [1], Shergotty, [9], and Mazatzal [10].  MP-1 
contains a 2-component plagioclase mixture of 25% 
albite (An2) and 75% bytownite (An73) used in [6] that 
produces the average plagioclase composition (An55) 
similar to that derived for surface type 1 [1].  MP-2 
includes a 3-component mixture of 5% albite (An2) 
and two labradorites (An51 and An53; 15% and 80% 
respectively) that produce an average composition 
(An51), within the reported range of maskelynite values 
for Shergotty [9, 11].  A 4-component mixture of 30% 
albite (An2) and 3 labradorites (An51, An53, and An63; 
30%, 20%, and 20% respectively) produces an average 
plagioclase of An40 in MP-3 analagous to that reported 
for Mazatzal [10]. 
     TIR spectra were collected using a Nicolet Nexus 
670 spectrometer at Arizona State University. Each 
mixture spectrum is the average of 270 scans collected 
over 2000–200 cm-1

 (2.5–50 µm) with 4 cm-1 spectral 
sampling. Sample radiance was then converted to 
emissivity and calibrated using techniques described 
by [12-13]. As in [6], lab spectra (4 cm-1

 sampling), 
were degraded to TES/Mini-TES (10 cm-1) and 
THEMIS (10 bands from 1480-796 cm-1) resolutions 
to simulate the effects of lower spectral resolution col-
lected by these instruments.  Mixture spectra were de-
convolved using a linear deconvolution technique [12] 
over 1300-400 cm-1, a range that includes most silicate 
absorption features and is directly comparable to the 
results from previous studies [6-8].  Spectra were de-
convolved using a spectral library that contains 40 
endmembers of major silicates and oxides commonly 
found in mafic-intermediate volcanic rocks.  This li-

Lunar and Planetary Science XXXVII (2006) 1156.pdf



brary also contained all available plagioclase endmem-
bers minus those used in creating the mixtures.  This 
represents an assumed unlikelihood that a spectral li-
brary would contain endmembers with an exact match 
to those present in a natural sample. Because the linear 
deconvolution technique requires a spectral library 
with the number of spectral endmembers being one 
less than the total number of bands in a spectrum, 
THEMIS resolution spectra were deconvolved using 
spectral libraries containing 6 endmembers chosen 
based on those most commonly used in deconvolutions 
at TES resolution. 
     Results.  An example of  measured and modeled 
spectra from this study is shown in Figure 1.  Decon-
volution results were used to calculate an average an-
orthite content for each mixture.  The difference be-
tween measured and modeled compositions are de-
fined as anorthite variation or ∆An.  ∆An did not vary 
in any of the deconvolutions with an increase in the 
number of phases per mixture (MP-1 to MP-3), al-
though RMS error does degrade overall (ranging from 
0.002-0.0036.  ∆An for all deconvolutions ranged 
from 0-12 An.  Overall, MP-1, MP-2, and MP-3 de-
convolutions produce average ∆An’s of 3,8, and 7 
respectively.   Plagioclase compositions modeled to 
within 6 An (1 σ std. dev.) at laboratory and TES reso-
lutions and 3 An (1 σ std. dev.)at THEMIS and Mini-
TES resolutions. 
     Discussion.  Results show that plagioclase feldspar 
compositions in multi-phase, coarse sand mixtures can 
be modeled to a degree of accuracy comparable to that 
modeled in previous studies of emissivity spectra of 
sand mixtures [6-7].  This is also within the reported 
10-15 An range of accuracy reported from studies of 
terrestrial volcanic rocks [6,8].  Although this study 
does not address whether or not average [8], weighted 
average [6], or normative plagioclase [6] compositions 
(as derived from geochemical analyses) is the true 
standard of comparison for complex samples where 

component and phase modes and average composi-
tions cannot be directly measured, we can infer that in 
those samples,  plagioclase compositions can be confi-
dently derived to within 10-15 An overall and to 
within 6 An (1 σ) in most samples at all instrument 
resolutions.  It is important to note, from a application 
standpoint, these results do not take into account the 
effects of atmospheric phenomenon and lower signal-
to-noise ratios from colder, higher latitude terrains on 
Mars. 
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Table 1.  Multi-phase mixture information. 
                   Mixture        mass (g)          % of mixture 
  MP-1 (surface type 1 analog [1]) 
    plagioclase feldspar (average An55 = 25% An2 + 75% An73)     2.0003  66.67 
    augite (from Ward’s Supply Co. WAR-5858)      0.9998  33.33 
  MP-2 (Shergotty analog [9]) 
    augite (WAR-5858)                                                                                                               2.1825  72.74 
    plagioclase (An51 = 5% An2 + 15% An51 +80% An53)                                     0.7401  24.67 
    magnetite (WAR-5906)       0.0621    2.07 
    ilmenite (WAR-5946)       0.0157    0.52 
  MP-3 (Mazatzal analog [10]) 
    plagioclase (An40=30% An2+ 30%An51 +20% An53 +20% An63)    1.3797  45.98 
    diopside (WAR-5870)       0.4168  13.89 
    olivine (U.T. collection)        1.0954  36.50 
    magnetite (WAR-5906)        0.0810    2.70 
    ilmenite (WAR-5946)        0.0278    0.93 
 

microns 

Figure 1.  Plot showing measured (black) vs. modeled (purple) spectra 
for mixture MP-1.  RMS error for this deconvolution = 0.0036 
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