
observations can provide near-global mon- models include processes that transform and aerosol simulations with CTMs. Also, 
itoring of aerosol distribution, but cannot chemical species into aerosols, that remove NASA will soon launch the Earth Observ- 
separate natural aerosols from those asso- chemical species and aerosols through rain ing System (EOS), a satellite that carries 
ciated with human activity. Observations out processes, and that transport them several instruinents for measuring aerosol 
made from Earth's surface are thus impor- through the atmosphere. They produce properties. Finally, a joint U.S.-French 
tant for validating and improving observa- three-dimensional distributions of aerosols satellite called PICASSO-CENA will mea- 
tions from space. In situ measuremeilts can as they vary with time. sure aerosols wit11 a two-wavelength laser 
be made from the ground or from aircraft 
and balloons. In conjunction with laborato- 
ry studies, they can provide important in- 
formation on the precise chemical composi- 
tion and physical properties of aerosols, 
which are necessary for determining how 
efficiently aerosols scatter and absorb sun- 
light. Howevel; such observations can never 
be global in extent and are restricted to 
small areas that cannot be resolved by glob- 
al climate models. Data regarding the verti- 
cal distribution of aerosols are also impor- 
tant for understanding radiative forcing, but 
few such observations are currently avail- 
able from aircraft campaigns and ground- 
or balloon-based remote sensing tech- 
niques. All of these data can then be used to 
test the validity of three-dimensional chem- 
ical transport models (CTMs), which are 
numerical tools that employ observed or 
analyzed meteorological conditions (such 
as winds, moisture, and temperature) to 
inodel the transport and reactions of atmo- 
spheric species as a function of time. These 

Reduced uncertainties in aerosol forc- 
ing will only be achieved through coordi- 
nated integration of these observational 
and modeling techniques. Haywood et 01,'s 
approach is a step toward this coordina- 
tion. They combine results from various 
CTMs along with satellite ineasureinents 
of reflected sunlight to directly determine 
the forcing effect due to various aerosol 
types. Additional observations on chemi- 
cal composition u~ould  further improve 
their estimates of aerosol direct forcing. 

Is there reason for optimism in solving 
the aerosol problem? Haywood et a1.k 
study, in conjunction with some new ob- 
servational programs, gives reason to be- 
lieve there is. In February and March of 
this year, a major field campaign will take 
place in the Indian Ocean near the Maldives. 
The Indian Ocean Experiment (INDOEX) is 
an international field prograin designed to 
observe the direct and indirect effects of 
aerosols. The experiment includes surface, 
aircraft, and satellite observing systems 

that will provide high-vertical resolution 
profiles of aerosol properties. A prototype 
of this instrument flew on the space shuttle 
in 1994 and gave a glinlpse of the three-di- 
mensional  dis t r ibut ion o f  aerosols  in 
Earth's atmosphere. 

These studies will be invaluable for 
solving the aerosol puzzle. Nevertheless, 
as Haywood et ul have demonstrated the 
ultimate success of putting the pieces to- 
gether rests on close integration of obser- 
Tations and modeling programs (5) 
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A Slippery Problem with 
Explosive Consequences 

Frank Spera 

A lthough its ultimate planetary ori- 
gin is debated, there is no doubt re- 
garding the important role played 

by water in many geological processes. 
The properties of water, either as a con- 
densed low-temperature fluid or dissolved 
in crystalline, glassy, or molten silicates, 
influence myriad geochemical phenomena 
extending from Earth's surface to its deep 
interior. On page 1314 of this issue, Ochs 
and Lange ( I )  report important new re- 
sults on the behavior of water-bearing sili- 
cate liquids. 

In surficial processes, the role of wa- 
ter-rich fluids is self-evident. Geothermal 
waters, brines, and fluids within both con- 
tinental and oceanic crust act to transport 
chemicals and heat in many l i thospl~~ric  
environments, including sedimentary 

basins, orogenic belts, crustal fault zones, 
and hydrothermal systems. In deep-seated 
environments, even sinall amounts of wa- 
ter-a fraction of a weight percent-can 
drastically influence the properties of geo- 
materials. For instance, the heat capacity 
of glassy silica increases by 30% as the 
concentration of water (as hydroxyl) in- 
creases from several parts per million by 
mass (ppm) to 1000 ppm (2). 

The effects of water on the rheological 
properties of  materials are remarkable. 
Small concentrations of water in the range 
of 100 to 1000 ppm dramatically weaken 
strong crystalline silicates, making them 
prone to ductile flow at temperatures typi- 
cal of the crust and mantle (3). Recent ex- 
periments (4) show that 200 to 500 ppm of 
water can be dissolved in garnet and car- 
ried to transition zone or lower mantle 
depths (depths exceeding 400 km) u~ithin 
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duction of water-bearing lithosphere (and 
perhaps even soine coiltinental li tho- 
sphere). Water's lubricating action facili- 
tates the plate tectonic cycle responsible 
for earthquakes, mountain building, sub- 
duction, and the growth of continents. The 
tectonic role of water may even extend to 
Earth's closest planetary neighbor, Venus. 
Differences in the tectonics of Venus and 
Earth have been ascribed to the relative 
dryness of Earth's twin and its attendant 
lack of a ductile asthenosphere (5). 

Because the effects of dissolved water 
on the properties of magma are critical for 
analysis of many magina transport phe- 
nomena as well as an understanding of the 
atomic structure of hydrous silicate liq- 
uids, these conclusions are of broad inter- 
est. In particular, inagma density is relevant 
to the segregation and ascent of magma, 
coinpositionally driven mixing of magma, 
and the dynamics of explosive eruptions 
driven by volatile exsolution. Ochs and 
Lange (1) address the volumetric proper- 
ties of water dissolved in silicate melts at 
magmatic conditions, a relatively poorly 
known quantity. They have measured the 
density of  hydrous glasses from which 
they infer the partial molar volume of wa- 
ter component (T/,,,) dissolved in silicate 
melts at elevated temperatures and pres- 
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sures. They argue that vHZ0 is independent (melt) + 02- (melt) = 20H- (melt)] equi- 
of silicate framework composition, the to- libria that govern water solubility and spe- 
tal water content, and speciation of dis- ciation, respectively, are used with (i) the 
solved water (6). total water concentration as a function of 

The effects of dissolved water on the water fugacity along an isotherm, (ii) the 
properties of magma have been studied assumption of ideal mixing (or some oxher 
for nearly a century (7). Despite this, activity-composition relation), and (iii) 
there are still many mysteries regarding spectroscopic measurements that indepen- 

the solution mech- dently fix the speciation of water (ratio of 
anism and thermo- dissolved mo1ecuh water to dissolved hy- 
dynamics of water droxyl) to extract the partial molar volume 
in magma. Early of molecular water (VHZOmd). how eve^, ex- 
solubility mea- traction of VHzomol fiom solubdjty data de- 

mands accurate knowledge of 
water speciation at high tem- 
perature and pressure. Labora- 
tory quench rates are often too 
slow to ensure quenching of .  
high-temperature speciation. 
Because in situ infrared (IR) 
and nuclear magnetic reso- 
nance spectroscopic studies are 
difficult, petrologists have been 

forced to collect speciation data on 
quenched melts (glasses) and to take 
account of the kinetics of the homo- 
geneous reaction. To further compli- 
cate matters, the molar absorptivities 
of the IR bands that correspond to 
molecdar water and hydroxyl depend 

o 1 2 3 4 5 6 7 on water concentration as well as 
Weight % Hfl temperature and perhaps even the an- 

Big bang. Explosive volcanism (Left) and mildly effu- hydrous Of the 
sive volcanism (right) at Mount St. Helens; the differ- framework. Although progress has 
ence results from differing water content of magma. been made, calibration of SPecbo- 
Graph shows density of hyolite melt (9000C, 0.2 GPa, scopic models is slow and painstak- 
dark brown circles) and andesite melt (100O0C, 0.2 ing because many factors wed to be 
GPa, red cirdes) as a function of weight percent of dis- carefully accou~ted for (8,9). 
solved water ( I ) .  Compositional buoyancy commonly A second method was used by 
exceeds thermal buoyancy, and this leads to large Ochs and Lange (I). The hydrous 
reservoirs of density-stratified magma within the con- melt is quenched, and the resulting 
tinental crust. Eruptions from such magma are often glass density is measured at room 
explosive and of large volume. temperature. Water speciation in the 

room temperature glass is assumed to 
. surements demonstrated that typical crust- be identical to that in the melt at the glass 

ally derived magmas had the capacity to transition temperature (Tg) and is deter- 
dissolve large amounts of water (-10 mined by room temperature IR spec- 
weight %) at pressures corresponding to troscopy. The thennal expansion of each 
only a few kilometers depth. However, glass is then measured from room temper- 
quantification of the thermodynamic prop ature up to the glass transition tempera- 
erties of dissolved water in melts and an ture; melt density equals glass density at 
understanding of the underlying molecular T,. Because sampies with different bulk 
dynamics have proven diEcult. Develop- water contents were used and because wa- 
ment of new spectroscopic a .  aperimen- ter speciation depends on total water con- 
tal techniques and more focused thermo- tent, glasses with variable hydroxyl to 
dynamic models has afforded geochemists molecular water ratio were included in 
an improved view of water-bearing silicate their study. When combined with partial 
liquids within the last decade: The contri- molar volume data of other oxide compo- 
bution of Ochs and Lange (1) is an impor- nents from independent experiments on 
tant piece of the puzzle. anhydrous melt (lo), the partial molar vol- 

'Itvo different methods have been used ume of water component and its tempera- 
to estimate the partial molar volume of ture and pressure dependence may be de- 
water dissolved in melts. in the solubility termined. Ochs and Lange conclude that 
method, the heterogeneous [H20 (vapor) = VH Ototal = 22.9 f 0.6 cm3/mol at 1000°C 
H20ml (melt)] and homogeneous [H2Oml d 1 bar and that VH2- is independent 

of silicate melt composition. the total wa- 
ter content, and thk speciation (OH or 
H20m j. The latter point is consistent with 
recent independent observations (11). 

The results of Ochs and Lange have 
both macroscopic and atomic implications. 
At large scale, the gravitational stability of 
water-bearing crustal magma is strongly 
governed by the ratio of compositional to 
thermal buoyancy (12). Explosive eruptions 
exceeding several thousand cubic kilome- 
ters iq volume occur frequently along plate 
boundaries with global implications. At the \ 

smallest 'scale, the independence of the par- 
tial molar volume of water component on 
melt matrix composition must be explained. 
The observation that V;I,o is independent of 
melt matrix composition is consistent with 
the homogeneous speciation reaction in- 
volving rupture of bridging oxygen bonds. 
However, the lack of compositional depen- 
dence of VHZo is at odds with some recent 
melt structure studies (13). Water, it seems, 
remains a slippery component in silicate 
mells worthy of W e r  study. 
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