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INTROUCTION Six phyllosilicates have been progressively dehydrated under con-
trolled conditions in an effort to study the spectral effects of their dehydration.
Justification for the study may be found in both terrestrial and planetary soil science
applications. For example, we know through spectroscopic observations of Mars and
several asteroidsl.2 that their surfaces contain ubiquitous hydrated silicates. However,
due to the anhydrous nature of the extraterrestrial environment, one would not expect
these soils to exist in the same hydration states as they do on Earth. Furthermore,
spectroscopy provides a tool which probes the internal structures of these clays as
they undergo changes. Thus, the spectra obtained at each level of hydration provide
information which may be used in future spectroscopic observations of other planets,
as well as a data set which complements the existing body of terrestrial soil knowledge.
SAMPLES AND EXPERIMENTAL METHODS Samples were chosen to represent a range of
both crystalline and X-ray amorphous soil components. The four crystalline clays in-
clude dioctahedral and trioctahedral endmembers of t-o and t-o-t type clays, as well as
species characterized by extensive substitutions in their tetrahedral and octahedral
layers. Serpentine, Mg Sig0 (OH) , represents an endmember (negligible cationic sub-
stitution) tmcotahedtaj3 t-0 clay, Whlle tale, MggSi, 04 o{OH)o, is an endmember trioc-
tahedral t-o-t clay. Ca-montmorillonite was chosen as a dloctahedral smectite, while
saponite represents the trioctahedral smectite group. Both smectites have the general
formula, (}o Ca,Na)j ~(ALMg,Fe),(Si,Al)g054(0H), nH50.

The final two ¢ ays studied are Bxgals? %agomtes -- X-ray amorphous, low tem-
perature alteration products of basaltic volcamc glass. The two differ in that the Pahala
Ash is more completely weathered, more incipiently crystalline, and significantly more
hygroscopic than the Mauna Kea palagonite.

Each clay was ground and dry-sieved to <38 um, and then equilibrated in a high
humidity (>95%) environment. An environment chamber which allows spectropho-
tometric observations at non-ambient conditions was used in conjunction with a
custom-built furnace. Each sample was heated to eight elevated temperatures (120,
180, 200, 250, 300, 400, 6800, and 750° C.) in an inert, dry nitrogen atmosphere. Spectra
were obtained at room temperature and after heating to each of the aforementioned
target temperatures.

BACKGRCUND In order to understand the nature of clay dehydration, a brief introduc-
tion to the different species of hydration is helpful. The four species of hydration which
exist include three forms of adsorbed water and one form of hydroxyl ions.

The first of three types of adsorbed water is found in pores, on surfaces, and
around the edges of particulate samples of all clay minerals, regardless of type. It con-
sists of loosely bound H;0 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 t-o-t
layer clays, refer to those H,0 molecules which are bound more tightly to a clay
mineral than physically adsorbed water. Although capable of being removed at low
temperatures, these molecules are bound to the basal surfaces of a clay by forces of a
more electrostatic nature. This species will be referred to here as surface-bound wa-
ter. Often surface-bound water grades into physically adsorbed water at some distance
from the basal surface.

Very similar and difficult to distinguish from surface-bound water are those Ho0
molecules bound to cations which have been adsorbed between layers in smectile
clays. A distinction must be made between this cation-bound water and surface-bound
water because researchers have shown that cation-bound water is held much more
tightly, and driven off at much higher temperatures, than surface-bound water34,
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The final form of hydration consists of those OH molecules which comprise por-

tions of the clay structure through their presence in an octahedral layer. This species
of hydration will be referred as structural hydroxl ions, and its loss from a clay as
dehydroxlation.
INTERPRETATION The plots which follow illustrate spectral changes observed with in-
creasing temperature for three of the six samples investigated. Only those tempera-
tures at which significant changes occurred are shown. Numbers in bold type represent
the temperatures associated with each sample.
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Spectral features to be noted in the room temperature (22° C.) spectrum above in-
clude the following: 1) a sharp, 1.4 um band due to both OH and H,0 2) a broader 1.9
pm Ho0 band 3) a broad, shallow 2.2 um cation-OH feature 4) very sharp, well-defined
2.3 and 2.4 um Mg-OH bands 5) a strong OH fundamental near 1.8 um, and 8) a broad,
deep 3.1 um H50 absorption. Upon heating to 120°C., physically adsorbed water contri-
buting to the 1.9 and 3.1 um bands is driven off, dramatically lessening the strength of
both features. By 4007 more tightly held water molecules have begun to leave the
structure, reducing 1.4 um band depth, completely eliminating the 1.9 um band, and
further reducing the 3.1 um band. Limited cationic substitution has attracted surface
and/or cation bound water molecules to a few interlayer sights, and sufficient kinetic
energy is now available to begin removing them. Most likely some of this water is rein-
corporated back into the structure to cause the oxidation which is apparent as a slope
change between 0.65 and 1.8 um. Upon heating through 750° C., talc continues losing
its most tightly bound HEO as shown by the continued decrease in 3.1 um band
strength.
Monimorillonite
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Salient spectral features in the room temperature smectite spectrum include the
following: 1) a deep, asymmetric 1.4 um OH + H,0 band, 2) a deep asymmetric 1.9 um
absorption, 3) a 2.2 um Al-OH band, and 4) complete saturation in the region between
~2.75 and 3.2 um, which includes both OH and H50 fundamentals. As physically ad-
sorbed water is lost through 160° both the 1.4 um and 1.9 um bands decrcase in
strength, narrow and become more symmetric. This occurs because the molecules
which contribute to their absorptions are in more well-defined crystalline sites. When
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the water bands decrease in strenglh, they are less able to mask other absorptions,
and the apparent 2.2 um band increase is due to this effect. At longer wavelengths,
both the 2.9 and 3.1 pum H,0 fundamental bands lessen dramatically, eliminating sa-
turation in the 3 um region. Loss of tightly held, surface-bound water by 400° contri-
butes to a decrease in band strength at 1.4, 1.9, 2.9, and 3.1 um. Very likely the in-
creased slope between 0.6-1.8 um is due to cation oxidation by some of this released
water. By 750° structural reorganization begins to occur. The 1.4 um band is 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. The miniscule 1.9 um feature indicates that little HZO
remains, a conclusion substantiated by the weak 2.9 and 3.1 um bands. Incipient
structural reorganization is also indicated by a broadening of the 2.2 um Al-OH absorp-
tion.
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At room temperat}ﬁ%e the hygroscopic palagonite displays the following four

features: 1) a broad Fe “ electronic transition band centered near 1 um, suggesting
the presence of some short range crystalline order, 2) a deep, asymmetric 1.4 um H20
+ OH band, 3) a deep, asymmetric 1.9 um H,0 band on which the resolution of a 1.7 um
shoulder feature is evidence for extreme hydration, and 4) complete saturation of the
2.7-4.3 um region. Heating to 120° drives off the most loosely bound water molecules,
decreasing the strength of the 1.4 and 1.9 um features and easing saturation between
3.1-4.3 pm. Lessening these HEO features enables a previously masked 2.2 um Al-OH
band to be seen. More water, and loosely held OH molecules are driven off by 300°. The
lack of a well defined crystalline network eliminates the distinction of structural OH
ions; hydroxyls are held much less tightly and may be driven off at lower temperatures
than in crystalline clays. Removal of some hydroxyls eliminates the 1.4 um band and
lessens the 2.75 um band. However, the distinct 2.2 um Al-OH feature indicates that
tightly bound hydroxyl ions are still held. By 400° loss of these tightly held hydroxyls
begins, indicated by reduction and broadening of the 2.2 um band and continued
reduction of the 2.75 um band. More H,0 is also lost by this temperature, and lessen-
ing 1.9, 2.9, and 3.1 um bands reflect this change. The trends noted above continue
through 750°,
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