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Background and Objective:  

When a meteorite enters into the earth’s at-
mosphere, it is immediately subjected to various 
chemical reactions between its minerals and the 
elements in our thick atmosphere. These reactions 
alter the mineralogy of the meteorites. Some ex-
amples of the altered minerals in some meteorites 
are summarized below in Table 1 [1].  If meteor-
ites can be linked to their corresponding parent 
body asteroid in space, we can improve our un-
derstanding of the solar system.  Spectroscopy has 
been used in determining the links between aster-
oids and meteorites. However, meteorite weather-
ing in the Earth’s atmosphere also has an effect 
on meteorite spectra, and altered spectra can eas-
ily confuse asteroid connections.  The goal of this 
project is to study the mineral and spectral 
changes due to Earth’s environment and to design 
a computer simulation to correct meteorite spectra 
for the effects of terrestrial weathering. 
 
Previous work: 
Some asteroids (and the meteorites derived from 
them) have been mildly processed by aqueous 
alteration. The common products due to aqueous 
alteration on the parent body and terrestrial altera-
tions simplify the science of weathering but com-
plicate the process of distinguishing which proc-
ess occurred in a meteorite. Thus, the terrestrial 
age of a meteorite plays an important role in find-
ing how much the meteorite has been terrestrially 
weathered.  After a meteorite lands on earth, it is 
shielded from cosmic rays and so, the abundance 
of cosmogenic radionuclides declines from a satu-
ration level because the unstable isotopes decay. 
The decay of several cosmogenically produced 
radioniclides, such as, 14C, 81Kr, 36Cl, and 26Al, 
has been used to determine the terrestrial ages of 
meteorites [2].  90% of OC (Ordinary Chondrite) 
mineralogy is made up of olivine, pyroxene, troil-
ite, and Fe-Ni all of which have Iron. Therefore, 
the 57Fe Mossbauer spectroscopy, which is highly 
sensitive to the change in iron valence state has 
been used to equilibrate iron in the meteorites [2].   
All iron in an equilibrated OC fall is present as 

Fe0 and Fe2+. Thus any iron in Fe3+ could be in-
terpreted as a contamination product. This is con-
cluded from various collections of similar OCs 
gathered from diverse places on earth. Although 
OCs differ from each other in metal and silicates 
content (H-high iron, L-low iron, LL-very low 
iron), they have very similar Mg/Si and (Ca, Al, 
Ti)/Si ratios [3].  However, some OCs have 
shown the presence of some phyllosilicates due to 
pre-terrestrial aqueous alteration. XRD (X Ray 
Diffraction) and SEM have shown terrestrial 
evaporitic carbonate and sulphate in Antartic me-
teorites, the sources being atmospheric CO2.  In 
Antarctica, weathering is not just restricted to 
rusting but also includes hydrolysis of silicates, 
breakdown of glass, hydration, solution and car-
bonation. The evaporites’ terrestrial elements are 
C, O and H and meteoritic elements are Mg, Ca, 
Na, K and Rb. There is also halogen contamina-
tion in meteorites from the overabundance of 
methyl iodide (CH3I) in Antarctica in its gaseous 
state. The photochemical reaction converts CH3I 
into other iodides [2]. Hot desert meteorites 
weather in two stages: passivation: since the OC 
is very porous (avg. porosity 15%) [1], the weath-
ering agents penetrate into the meteorite interior 
and convert Fe, Ni metal and troilite (FeS) to Fe-
oxide/hydroxides. Then the chemical weathering 
rate slows down. During humidity, weathering 
gives off a lower paramagnetic Fe3+ / total Fe3+ 
[1].  An advantage of stony meteorites is that their 
terrestrial age can be measured by using the 
amount of cosmogenic radionuclides, such as 14C, 
and for, most types of meteorites, their original 
mineralogies are known from modern falls [2].  
During humid periods paramagnetic Fe3+/total 
Fe3+ is a lower value. 
 
Approach: 
Our approach on this project has been first to 
learn what is already known about meteorite al-
teration products from previous studies, and how 
these alteration products appear in thin section 
images and reflectance spectra.  We will measure 
spectra of altered minerals that do not already 
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have spectra available in the RELAB archives.  
After a thorough study of the spectral effects due 
to the changes in the minerals, we will devise a 
theoretical model to remove the spectral effects 
and thus “correct” the meteorite spectrum from 
terrestrial weathering contamination. We will be-
gin our model by modifying one that already ex-
ists to model pure minerals in asteroid spectra. 
Modifications to this program will include opti-
mization for deconvolution for the specific min-
eral alteration signatures we identify. This model 
will ultimately help us improve spectral evidence 
for connections between meteorites and asteroids. 
 
List of some common minerals and/ elements in 
meteorites and their altered products [1,2,3,4]: 
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MINERAL/ELEMENT ALTERED PRODUCT AGENT/SOURCE METEORITE 
TYPE 

Aluminum Varnish (Al, Si, Mn, and Fe) Desert  
Primary minerals: 
Olivine, Pyroxene, Troil-
ite, and Fe,Ni 

Akaganeite, goethite, 
maghemite, and magnetite 

Oxidation from at-
mosphere 

Ordinary 
Chondrites (OC) 

Olivine, 
Pyroxene 

Carbonates and/or sulfates of 
magnesium (white evaporite 
deposits) 

Antarctic Ice  OC 

Clay minerals Mg-Fe oxyhydroxides Water Carbonaceous 
Chondrites (CC) 

Fe,Ni metal,  
Iron Sulfides, 
Troilite (FeS) 

Fe-oxide/hydroxides 
Magnetite(Fe3O4) 
Hematite (Fe2O3) 

 
Water 

 
CC, OC 

Olivine: Forsterite 
(Mg2SiO4) 

brucite and serpentine Water CC, OC 

Olivines: fayalite, monti-
cellite, glaucochroite, 
kirschteinite, tephroite 

serpentine, iddingsite (red 
brown to orange), bowling-
ite(green with chlorite and 
goethite), chlorite, amphi-
bole, talc, carbonates and 
iron oxides 

Water CC, OC 
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