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Wohletz, and J. Blacic, Earth and Environmental Sciences Division, Los Alamos National 
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PALAGONITES ON EARTH - FIELD OCCURRENCES AND MINERALOGY 
"Palagonite" was first used [I] to describe alteration products of basaltic pyroclastic deposits 

a t  Portella di Palagonia in Sicily-"an amber-yellow to collophane brown substance" closely 
associated with water-free basaltic glass (sideromelane). The most common terrestrial 
occurrence of palagonite is in association with hydrovolcanic deposits-associated with tuff 
rings, tuff cones, maar crater deposits, littoral cones, and submarine hyaloclastites. Alteration 
of basaltic glass to palagonite can occur in several different geologic scenarios involving water: 

1. "Wet" hydrovolcanic eruptions produce surge deposits consisting of a mixture of 
condensed steam and fine-grained ash. Palagonitization occurs rapidly and is restricted to the 
surge bed - some experiments and field observations demonstrate that thin alteration rims can 
form on hydroclasts within minutes. 

2. f i r  deposition, hydrovolcanic ash can be altered slowly to palagonite by weathering, 
which is limited to surficial deposits and more permeable beds. 

3. In craters and along faults, tuff deposits can be completely altered to palagonite by 
hydrothermal activity. In these settings palagonitization occurs wherever steam or heated water 
have gained access. 

With increasing alteration intensity, basaltic glasses (mostly in hydrovolcanic deposits) 
go through the following changes: (a) slightly altered glasses have a thin hydration rim; (b) as 
the rim thickens (>several pm) a homogeneous orange layer is developed; (c) individual glass 
shards then develop a rim of fibrous dark-orange palagonite, an inner band of optically 
homogeneous orange palagonite, and a core of light-brown basaltic glass - relict shard textures 
remain and interstices between grains are filled with calcite and zeolite cements; (dl the shards 
eventually are completely altered to fibrous palagonite - at  this point the rock is crossed by 
dessication cracks that eventually break it into 10- to 40-pm-diameter particles, destroying the 
original rock texture. 

The water contents of basaltic glasses rise considerably during palagonitization. For 
example, high-Al basalts that form tuff rings in central Oregon have an initial water content 
ranging from 1 to 3%; thoroughly palagonitized equivalents within the same beds of these tuff 
rings may contain 10-18% water. Although there are many studies of nonmarine 
palagonitization, most terrestrial studies of palagonite mineralogy have concentrated on the 
reactions between basaltic glass and seawater. Studies of reactions between brine and glass may 
in fact be the terrestrial research most relevant to alteration of basaltic glass on Mars, since the 
martian regolith contains abundant C1 and SO4. 

In terrestrial palagonites, there is a broad range in alteration products from poorly- 
crystalline materials to smectite clays and associated alteration minerals. Within this range 
are a number of transient phases, including amorphous gels, hydroxycarbonates, hisingerite, 
and hematite [2,3,41. These transient phases tend to react with the glass and the surrounding 
solution to produce smectites (dioctahedral nontronite and trioctahedral saponite) as  stable 
alteration products [41. Although these smectites predominate in the alteration assemblage, they 
may be accompanied by glass, by the "transient" phases, and by a broad variety of final products 
(e.g., analcime, phillipsite, erionite, amesite, and anhydrite [2,51). The end product is a massive 
rock consisting of a fine-grained mixture of smectites, zeolites, iron oxides, and often calcite. 

PALAGONITE ON MARS - CREATING A MARTIAN REGOLITH SIMCiLANT 
A reasonable mostly-crystalline simulant with chemical composition similar to that of the 

Viking-analyzed martian regoliths can be prepared by mixing nontronite (47.8 weight %), 
saponite (15.9 %), MgS04-H20 (12.6 %), opal (8.2 %), calcite (4.9 %), hematite (4.5 %), gibbsite (4.2 
%), halite (1.3 %), and rutile (0.6 %). This mixture results in a simulated martian regolith with 
the composition shown in Table 1. To prepare this simulant, the nontronite SWa-1 from Garfield, 
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Washington and the saponite SapCa-1 from Ballarat, California, were obtained from the Source 
Clay Minerals Repository (Univ. of Missouri). The nontronite is relatively pure and requires 
only crushing before use. The saponite has more impurities; therefore this material was crushed, 
dispersed in deionized water by sonic agitation, and allowed to stand for 1 hrlcm depth of water. 
The supernatant was centrifuged a t  8000 rpm for one hour, and the clay concentrate was collected, 
dried and crushed again before use. Compositions of the clays were determined by AA and XRF 
analysis before preparing simulants; water content of the clays was estimated by heating to 
1000°C for one hour and weighing the residue. Natural opal-CT and natural calcite were used for 
the simulant; reagent-grade Fe203, Al(OH)3, Ti02, and NaCl were used for hematite, gibbsite, 
rutile, and halite respectively. MgS04.H20 was prepared from epsomite by heating a t  llOoC for 
one week. These constituents are essentially white except for the nontronite (Munsell color 5Y716) 
and the hematite (7.5R3/8). The resulting simulant has a reddish Munsell color of 10R516, 
compared with the moderate yellowish-brown color 8-9YR415 that  predominates a t  the Viking 
lander sites (the known color range a t  the Viking lander sites is from 7.5YR214 to 10YR415; [61). 
A range of simulants within the YR color range can be prepared by using less than 4.5% hematite 
in the mixture; these closer color matches have only slightly less Fe2O3 than the simulant shown 
in Table 1. By varying the hematite content, a range of simulants can be prepared to represent 
crystalline end-members of likely martian soils. 

TABLE 1: Simulant va V i i  Chemical Compositions (weight %) 

isimumi Simulant 
ORide Q ... Nol7nalized* Normalized* 

Si02 39.6 47 47 
A2203 5.1 6 6 
Fe203 17.2 20 20 
MgO 7.7 9 9 
CaO 4.7 6 6 
K20 0.6 0.7 4.3 
Ti02 0.8 1.0 1.0 
s o 3  7.3 9 9 
C 1 0.8 1.0 0.9 

other* 15.5 0 0 
*normalized values are compositions recalculated to 100% without "other" constituents, 
principally H 2 0  and Na20. Note that the terrestrial simulant contains 0.9% Na2O and 2.1% 
Cog;  its water content (12.5%) is much higher than that of the martian regolith, which has no 
more than 7% H 2 0  plus Na2O plus C02 based on the Viking XRF totals. I f  a simulant is to be 
prepared using natural nontronite and saponite, the actual water content should be determined at 
the time and place of preparation since water content of the clay minerals will vary with 
temperature and humidity. For the simulant discussed in  this abstract, the composition of 
nontronite SWa-1 was 50% Si02,3.5% Al203,26% Fe2O3, 0.3% MgO, 2.1% CaO, 0.6% K20, 0.2% 
TiO2,1.3% Na20, and 16% H20; the composition of purified saponite SapCa-1 was 50% SiO2,4.3% 
Al2O3, 1.2% Fe2O3,24.6% MgO, 5.5% CaO, 1.8% K20, 0.7% Ti02, 1.7% Na20, and 10% H20. The 
opal used contained 5% H2O. 
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