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INTROUCTION It is known through spectroscopic observations of Mars and several as- 
teroidsl2 that their surfaces contain ubiquitious hydrated silicates. However, due to the anhy- 
drous nature of the extraterrestrial environment, one would not expect these soils to  exist in the 
same hydration states as they do on Earth. Therefore. six phyllosilicates have been progressively 
dehydrated under controlled conditions in an  effort to  study the spectra! effects of their dehy- 
dration. The spectra obtained at  each level of hydration provide information which may be used 
in future spectroscopic observations of other planets. 
SAMPLES AND -AL METHODS Samples were chosen to represent a range of both cry- 
stalline and X-ray amorphous soil components. Serpentine, talc. Ca-montmorillonite and sapon- 
ite, represent 1:l and 2: l  layer clays and di- and trioctahedral smectites, respectively. Two X-ray 
amorphous ferric oxides (palagonites) formed in semi-arid environments on the Big Island of 
Hawaii comprise the non-crystalline samples studied. 

Each clay was ground and dry-sieved to (38 pm, and then equilibrated in a high humidity 
(>95%) environment. An environment chamber which allows spectrophotometric observations a t  
non-ambient conditions was used in conjunction with a custom-built furnace. Spectra were ob- 
tained in an inert, dry nitrogen atmosphere a t  room temperature, and after each sample was 
heated to the following eight elevated temperatues: 120, 160, 200, 250, 300, 400, 600, and 750" C. 
SPECIES OF HYDRATION In order to understand the nature of cia>- dehydration, a brief introduc- 
tion to  the different species of hydration is helpful. 
Adsorbed Water The first of three types is found in pores, on surfaces, and around the edges of 
particulate samples of all clay minerals, regardless of type. It consists of loosely bound H20 
molecules held only by Van der Waals' forces and is called physically adsorbed water.  The second 
and third forms of adsorbed water, found almost exclusively in interlayer sites of 2: 1 layer clays, 
consist of H 0 molecules bound more tightly to  a clay mineral than physically adsorbed water. 
One form, r3er red  to here as surface-bound water,  is attached to the basal clay surfaces, while 
the other form, cation-bound wafer ,  is bound to  cations adsorbed between the layers in smectite 
clays. A distinction must be made between these two forms of adsorbed water, because research- 
ers have shown that cation-bound water is held much more tightly, and driven off a t  much higher 
temperatures, than surface-bound water304. 
Hydroxyl Groups The final form of hydration consists of OH molecules which comprise portions of 
the clay structure through their presence in a n  octahedral layer. These molecules are  called 
structural hy&ozl i o n s ,  and their loss from a clay is dehydroxlation. 
DDXRPRETATION Plots which follow illustrate spectral changes observed with increasing tem- 
perature for three of the  six samples ~nvestigated. Only those temperatures at which significant 
changes occurred are shown. Kumbers in bold type represent the temperatures associated with 
each sample. 

Talc Spectral features to be noted in the 22" C. 
spectrum at left include the following: 1) a sharp, 
1.4 ,urn OH + H20 band, 2) a broad 1.9 p m  H 0 

2, band, 3) a shallow 2.2 prn cation-OF feature 4) 

very sharp 2.3 and 2.4 p m  Mg-OH bands, 5) a 
strong OH fundamental at 2.8 pni, and 6) broad, 
deep H20 absorptions between 2.9 and 3.1 prn. 
Upon heating to 120aC., physically adsorbed water 
is <riven off, lessening the strength of the 1.4 and 
-3 p m  features. By 100°, more tightly held water 
molecules begin to leave the structure, reducing 

..=L i , 4 n I . 1 . 1,' and p% features, and eliminating the 1.9 
1 . 0  2.0 3 0 4.0 

w s v e l e n p c n  Urn1  p m  band, and further reducing the 3.1 prri band. 
The slope change between 0.65 and 1.8 pm is-likely 

a result of cation oxidation by some of t h s  released water. Upon heating through 7 5 0 T C . ,  taic 
continues losirig its most tightly bound HZO, as shown by the continued decrease in 3.1 pm band 
strength. 

Like talc, serpentine does not have the ext.ensive catioriic substitutions which result in inter- 
layer adsorption of molecules. Correspondingly, the serpentine spectra stlow identical spectral 
trends. Mauna Kea palagonite spectra are also quite similar. In this case, however, the paucity 
of tightly held water is due to t.he lack of a well-defined crystalline network. 
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Like talc, serpentine does not have the extensive cationic substitutions which result in inter- 
Layer adsorption of molecules. Correspondingly, the serpentine spectra show identical spectral 
trends. Mauna Kea palagonite spectra are  also quite similar. In this case, however, the paucity 
of tightly held water is due to the lack of a well-defined crystalline network. 

Yontmorillonite Spectral features at left include 
the following: 1) and 2) deep, asymmetric 1.4 and 

0..3 
1.9 pm bands, 3) a 2.2 pnl Al-OH band, and 4) com- 
plete saturation in the -2.75 - 3.2 pm region, . 

C 0 . B  
which includes both OH and H20 fundamentals. As 
physically adsorbed water is lost through 160°, and . - more tightly bound water through 400°, 1.4, 1.9 

: 0 .4  and -3pn  bands decrease in strength, narrow and 
become more symmetric. This occurs because the 

0 .1  molecules which contribute to their absorptions 
are  in more well-deked crystalline sites. As this 

O i )  occurs they are less able to mask other absorp- 
naval.nptn Lunl tions, and the apparent 2.2 prn band increase is 

due t o  this effect. The increased slope between 0.6 
and 1.8 p m  is due to cation oxidation by some of this released water. By 750htructural reorgani- 
zation begins t o  occur. The 1.4 and 2.2 /.un bands are now both broad and very weak, suggesting 
a disruption of sites in which OH is commonly located as well as its loss from the clay. 

Because of its structural similarity to  the rnontmorillonite, the saponite demonstrated near- 
ly identical spectral behavior. 

Palagonite At room temperature the fo owing four 
features arc observed: 1) a broad Fe" band cen- 
tered near 1 pm, implying short range crystalline 

0.6 order. 2) and 3) deep, asymmetric 1.4 and 1.9 ,urn . 
C bands, and 4) complete saturation of the 2.7-4.3 

prn region. Heating to  120" drives off loosely 
: 0.4  bound water, decreasing the the 1.4 and 1.9 pm . 
K features, easing saturation between 3.1-4.3 pm, 

0 . 2  
and unmasking a 2.2 p m  &-OH band. More water, 
and some OH nio!ecules are driven off by 300". 
Since a well-defined crystalline network is lacking, 

0.0 structural hydroxyls are driven off a t  much lower 
1.0 0 . 0  3.0 4 . 0  

w.w.l.npth (urn) 
temperatures than in crystallirie clays, eliminating 
the 1.4 and lessening the 2.8 pm bands. By 400" 

(not shown) loss of more H20 and tightly held OH occurs, weakening the 1.9, 2.2, and 2.8 p 
bands. Loss of these species continues t t ~ o u g h  750 ", but by this temperature the palagonite be- 
gins to  redevelop some crystallinity. Fe and H20 bands a t  w1 and 1.9 prn deepen, and an Al-OH 
band reappears near 2.2prn, shortward of where one was lost previously. Thus, upon heating, this 
sample Arst loses, then regains its incipient crystallinity. The other five samples show differing 
amounts of dehydration and dehydroxylation, but none show any evidence of recrystallization. 
DATA ANALYSIS The 1.4 and 1.9 bands, and the entire -3pm feature have been analyzed with re- 
gard to depth, area, width, and asymmetry a t  each of the nine temperatures. Additionally, Dr. 
James Gooding of Johnson Space Center has performed differential scanning calorimetry on all 
the samples, yielding the amound of H20 + OH remaining in the clay structures at each tempera- 
ture. Band depth and area are found to vary in non-linear, though regular ways with extent of hy- 
dration. Width and asymmetry cannot be correlated with extent of hydration, but are related 
more directly to degree of sarnple crystallinity and orientation of hydrated species within thc 
clay structure. 
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