
STUDYING SPECTRAL VARIABILITY OF AN IGNEOUS STRATIFIED COMPLEX AS A TOOL TO 
MAPS LUNAR HIGHLANDS.  C. Carli1, M. Sgavetti2, F. Capaccioni1 and G. Serventi2, 1IAPS-INAF (via Fosso 
del Cavaliere 100, 00133, Rome, Italy; cristian.carli@iaps.inaf.it), 2Physics and Earth Sciences, University of Par-
ma (via delle Scienze, 157, Parma, Italy). 

 
 
Introduction:  Terrestrial planetary surfaces are 

characterized by high amount of igneous rocks. The 
Moon shows highland regions with a composition 
typical of plutonic basic rocks, and samples from the 
Apollo missions have confirmed the presence of such 
cumulitic rocks. 

Similar plutonic complexes are present in the 
Earth, with mineral associations that could be consid-
ered as analogues of the lunar rocks. Moreover Moon 
Mineralogy Mapper (M3) data have revealed that dif-
ferent portion of a magmatic chamber or separate plu-
tons could be recognized by remote sensing data [1]. 
Describing spectra variation of samples from cogenet-
ic rocks and quantifying spectral parameters could 
help to discuss and interpret the new spectral signa-
tures and spectral variability shown by the new data. 

Here we propose the analysis of the Stillwater 
Complex (SWC) rock suite. The spectral characteriza-
tion of these rocks can represent both the background 
for understanding the geologic significance of the reg-
olith composition and the starting point for modeling 
surface alterations. These rocks include ultramafic 
rocks, norites, gabbro-norites and anorthosites, and 
have significant analogies with lunar rock suites. 

Background:  The crusts of terrestrial planets and 
natural satellites largely consist of magmatic rocks, 
which are the natural products of magma-rock dynam-
ic systems, controlled by T, P, oxygen fugacity and 
time. Individual rock-forming mineral assemblages 
represent well defined equilibrium points in the sys-
tem evolution. Although initial magma composition 
and physical constraints could have been different, 
planets share common origin and genetic processes, 
whose evolution can be traced starting from rock 
compositions. 

The Moon surface shows a high variability of ig-
neous rocks, both volcanic and plutonic, with variable 
composition, subdivided in Maria and Highlands. Ma-
ria can be subdivided at first approximation in low-Ti, 
high-Ti, and high-Al composition, whereas highlands 
can be divided in Ferroan anorthosites, Mg rock suite, 
and KREEP material [2]. Recently M3 data indicate 
unusual rock types (defined as ‘OOS’) dominated by 
orthopyroxene (opx), olivine (ol) and spinel (spl) in 
the Moscoviense region [1]. Although the abundance 
of plagioclase was not retrived the authors hypothesize 
that rock types could approach pyroxenite, 

harzburgite, and spinel rich rock. Moreover those 
rocks are embedded whithin anorthositic material so 
OOS could be contemporaneous with crustal products 
from the cooling magma ocean[1]. 

The terrestrial rock suites:  The Stillwater Com-
plex (SWC) is a cumulitic layered intrusion that was 
emplaced about 2.7Ga [3]. 

SWC was built up by two compositionally different 
magmas: a MgO and SiO2 rich magma (olivine-
saturated) which formed the Ultramafic Series, and a 
tholeitic magma from which the Banded Series origi-
nated. Cumulitic mafic minerals and opaque occur 
within the Ultramafic Series whereas the plagioclase 
cumulus occurs within the Banded Series. 

Methods: Reflectance spectra were measured on 
slabs and powders (<125 and <250 m grain sizes), 
representative of the Series of the Stillwater Complex. 
Rock samples of SWC were ground and dry sieved. 
Total reflectance spectra of slabs were measured using 
a double-beam, double monochromator spectropho-
tometer (Perkin-Elmer, Lambda19), with 0.35 – 2.5 
m spectral range and 1 nm spectral resolution. Bidi-
rectional reflectance spectra of powders were meas-
ured using a spectrophotometer (Fieldspec pro) 
mounted on a goniometer, with 0.35 – 2.5 m spectral 
range and 1 nm spectral resolution, i=30° e =0°. 

We have used Gaussian models (e.g. Modified 
Gaussian Model [4]) to separate the contribution of 
Opx and Cpx and to determine the position of band I 
center (near 0.9 and 1.0 m, respectively). 

Results:  Spectra characterization. The spectra 
show four different crystal field absorption bands: a 
wide 1.25 m indicative of iron in plagioclase, two 
well defined bands at circa 1 and 2 m indicative of 
Fe2+ in M1 and M2 sites of pyroxenes, and a wide 2 
m absorption indicative of Chr-spinel. Samples can 
be generally grouped in four classes considering dif-
ferent association of the absorptions. Moreover, varia-
tion of the position and intensity of the bands can be 
correlated with the chemistry and modal composition 
(Fig. 1). 

Band minima vs mineral chemistry. 
As expected, fitting parameter results for SWC 

spectra split into two groups, which plot within the 
high Ca and low Ca pyroxene fields (Fig. 2, after [5]). 
The systematic variation of band minima with Fs con-
tent is shown by the trend for both low Ca and high 
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Ca pyroxene. Moreover powders and slabs have simi-
lar positions, as expected, with a slight shift for rocks 
with higher amount of Fe2+. 

Band depth vs modal composition of rocks. 
A good linear relationship exists between pyroxene 

band I intensity and the modal distribution of Fe2+ 
(Fe2+ * px mod. Ab.) within powdered samples and 
rocks samples belonging to the SWC (Fig.3).  

Conclusions and future work:  1) Using a band 
fitting technique, both mineral chemistry and modal 
abundance of lunar rock analogues can be estimated 
with fairly good accuracy for complex mixtures like 
powdered rocks. 2) Considering the modal distribution 
of Fe2+ also samples with saturated absorption bands 
of mafic minerals show a linear relationship with the 
band intensity. 3) Further work is still required in or-
der to simulate or model the weathering effects on 
these rocks and thus allow comparison with Moon 
soils.  

 
Fig. 1: Spectra of different rock types: St6, Chr-spl 
rich rock, St2, St8, Px rich rocks, pyroxenite and gab-
bronorite, respectively, St10, pl rich, px bearing rock, 
leucogabbro, St18, high pl content, anorthosite. Fig. 
2: band I position vs molar Ferrosilite in pyroxenes. 
Modified after [5, 6]. Fig. 3: Pyroxene band I depth vs 
modal distribution of Fe2+, confidence level of 99%. 
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