
point it is appropriate to comment that use 
of the olivine-clinopyroxene geothermom- 
eter (23) for mineral inclusions of the eclo- 
gitic suite is invalid because olivine has not 
yet been observed to coexist in a diamond 
with either pyrope-almandine garnet or the 
associated clinopyroxene of the eclogitic 
suite. 

The above results for both the ultramaf- 
ic and eclogitic suites of inclusions illus- 
trate the information that can be obtained 
from investigation of these minerals in dia- 
mond. Unfortunately, the relatively simple 
models used in the determination of pres- 
sure and temperature do not consider the 
effect of several important element sub- 
stitutions, notably chromium, on the vari- 
ous partitionings. Nevertheless, as in other 
studies (5, 8) the pressures and temper- 
atures calculated in these models are inter- 
nally consistent and fall within the antici- 
pated ranges for mantle material. 

It has been observed that specific kim- 
berlite diatremes often contain multiple in- 
trusions of kimberlite, each with possible 
characteristic suites of diamond morpholo- 
gies. Such a phenomenon may also be re- 
flected in the mineral inclusions in dia- 
mond, thus one particular pipe may con- 
tain considerably more minerals of one 
suite than the other. For example, in dia- 
monds from the Premier mine eclogitic 
garnet and clinopyroxene are the major 
phases, whereas mineral inclusions of the 
ultramafic suite are less common. How- 
ever, the diamonds examined from this 
pipe may have been obtained from one 
particular kimberlite facies in the mine. 
Since several distinct lithologies of kim- 
berlite occur in the Premier Pipe (24), ob- 
viously more detailed sampling is neces- 
sary. This problem of sampling is a major 
factor in almost all studies of inclusions in 
diamond to date, but it is hoped that future 
investigations will be undertaken on dia- 
monds from known areas within specific 
kimberlite pipes. The results of such stud- 
ies would then be directly comparable with 
current investigations of the xenoliths from 
kimberlite (25) and should add consid- 
erably to our understanding of mantle 
mineralogy and chemistry. 
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sure dependence of the wavelength of the 
R, ruby fluorescence line. The NBS cali- 

Boron carbide bration showed the spectral shift to be lin- 
half cylinder ear to 291 kbar, and required serious revi- 

sion (a factor of 2 at 500 kbar) of previous 
Zirconium fixed point scales (4), from which pressures 

had earlier been estimated (5). 
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Fig. 1. Simplified diagram of diamond pressure 
cell, after Mao and Bell (6). The two half-cylin- 
ders shown are of identical shape. The axis of 
the lower one is normal to the page; the axis of 
the upper one lies in the plane of the page. An 
upper half-cylinder of boron carbide is used for 
x-ray diffraction of the sample under pressure; it 
was replaced with a tungsten carbide half-cylin- 
der for the experiments reported here. The up- 
per portion of the outer cylinder is 3.2 mm in di- 
ameter. The work area of the diamonds (not 
drawn to scale) is 1.5 x 10-3 cm2. 
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High-Pressure Physics: The 1-Megabar Mark on the 

Ruby R, Static Pressure Scale 

Abstract. Ruby crystals were subjected to a static pressure greater than 1 megabar in a 
diamond-windowed pressure cell. The pressure was monitored continuously by observing 
the spectral shift of the sharp fluorescent R, ruby line excited with a cadmium-helium 
gas-diffusion laser beam. One megabar appears to be the highest pressure ever reported 
for a static experiment in which an internal calibration was employed. 
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We report here experiments in which 
pressures of 1 Mbar were reached, as 
measured by a further extension of the new 
NBS scale. The data are reproducible and 
can be easily compared with other types of 
calibration. The estimated uncertainty in 
pressure is no greater than 10 percent. To 
the best of our knowledge, this is the high- 
est static pressure ever reached in an ex- 

periment in which an internal calibration 
was employed. 

The difference between external and in- 
ternal calibration of pressure is fundamen- 
tal. External procedures usually involve 
monitoring mechanical loading of high- 
pressure apparatus. However, the loading 
is not transmitted to an internal sample be- 
cause the apparatus deforms, and as parts 
begin to yield it is not possible to deter- 
mine the internal pressure. 

In the experiments reported here, it was 
possible to monitor the sample being pres- 
surized with a new diamond-windowed 
cell. The cell was designed for static experi- 
mentation in the megabar pressure range, 
which was inaccessible with previous appa- 
ratus. Ruby fluorescence in the cell was ex- 
cited by a laser beam, and its wavelength 
was monitored continuously with a spec- 
trometer linked to the pressure cell by a fi- 
ber optic bundle. 

The improved diamond pressure cell 
used in the experiments has been described 
in detail by Mao and Bell (6) and is shown 
diagrammatically in Fig. 1. The apparatus 
consists of two single-crystal diamonds op- 
posed as pressure anvils. A scissors-shaped 
lever-block assembly is spring-loaded to 

apply a mechanical advantage of 2. The 
diamonds are supported by half-cylinder 
seats of tungsten carbide with a zirconium 
shim (0.001 inch thick) placed between the 

low-pressure-bearing surfaces. The half- 

cylinders are adjusted to achieve and main- 
tain excellent alignment of the diamonds 

(to better than one-half a Newton color 

fringe interference of the diamond faces) 
during an experiment. A sheet (0.010 inch 
thick) of work-hardened steel (7) is placed 
between the high-pressure diamond faces, 
and then a crystal of ruby is placed on the 
steel and pressed into it as the diamond an- 
vils are squeezed together. Blue laser light 
(8), wavelength 441 nm, is used to excite 
fluorescence in the ruby. Spectrometer and 
detector systems are the same as pre- 
viously described (6), except that the 

photomultiplier tube in the experiments 
was cooled to -50?C to reduce dark noise 
(9). 

Before the experiments were done we 
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Before the experiments were done we 
observed the sodium chloride B1-B2 
(NaCl-CsCI structure types) transition at 
291 kbar (1) and simultaneously measured 
the wavelength of the R, ruby line. A single 
ruby fragment was monitored each time an 
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Table 1. Observed spectral shift (AAX) of the R, 
line of a ruby crystal at high pressure. The shift 
of 106 A (values in italics) corresponds to the 
B1-B2 transition in NaCl. Pressures below 291 
kbar were determined from the NBS calibration 
curve (2). Pressures above 291 kbar were deter- 
mined from a linear extension of the NBS curve. 

xA (A) Pressure (kbar) 

30 83 
75 206 

106 291 
180 495 
225 619 
290 797 
310 823 
320 880 
370 1018 
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experiment was done. The observed spec- 
tral shift of the R, ruby line in a typical ex- 
periment and the corresponding pressures 
from a linear extension of the NBS scale 
are listed in Table 1. The intensity of the 
R, ruby line appeared to diminish slightly 
as the pressure was increased to the mega- 
bar range. No sign of mechanical failure 
was observed in the diamonds, and with 
improved support it should be possible to 
increase the pressure to at least 1.5 Mbar. 

The capability of routinely experiment- 
ing at pressures in the megabar range has 
far-reaching applications. It will be pos- 
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It is now well established that toxic trace 
elements such as As, Be, Cd, Cr, Mn, Ni, 
Pb, Sb, Se, T1, V, and Zn are being mobi- 
lized in the atmosphere in association with 

particles emitted from fossil fuel com- 
bustion and conversion (1). It has also been 
shown (1-3) that the specific concentra- 
tions of many of these elements (in micro- 

grams per gram of fly ash) increase with 
decreasing particle size in fly ash derived 
from coal combustion. Consequently, the 

highest trace element concentrations are 
encountered in small particles which most 

readily pass through control devices, which 
remain suspended in the atmosphere for 
long periods, and which deposit in the in- 
nermost regions of the human respiratory 
tract when inhaled (2, 4). 

Recently, it has been suggested (5) that 
this dependence of elemental concentra- 
tion on particle size occurs because certain 
elements (or their compounds) are vol- 
atilized in the high-temperature coal com- 
bustion zone and then condense uniformly 
onto the surfaces of entrained fly ash parti- 
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highest trace element concentrations are 
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readily pass through control devices, which 
remain suspended in the atmosphere for 
long periods, and which deposit in the in- 
nermost regions of the human respiratory 
tract when inhaled (2, 4). 

Recently, it has been suggested (5) that 
this dependence of elemental concentra- 
tion on particle size occurs because certain 
elements (or their compounds) are vol- 
atilized in the high-temperature coal com- 
bustion zone and then condense uniformly 
onto the surfaces of entrained fly ash parti- 

sible to study insulator-metal transitions 
and numerous other proposed physical and 
chemical changes in materials at high pres- 
sures (10). The accessibility of this pressure 
range coupled with the high temperatures 
already reached (2) makes it possible to ex- 
periment directly at the conditions of the 
earth's core. 
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cles as the temperature falls. Such surface 
deposition would give rise to the observed 
inverse dependence of specific concentra- 
tion on the diameter of the approximately 
spherical fly ash particles (2, 3). 

If surface deposition does occur, either 
as a result of the postulated mechanism or 
otherwise, then the actual concentrations 
of toxic material present at the point of 
contact of a particle with living tissues may 
be substantially higher than hitherto sup- 
posed on the basis of bulk analyses. To es- 
tablish whether the surface concentrations 
of toxic elements are higher, we have deter- 
mined the dependences of several elemen- 
tal concentrations as a function of depth in 
individual coal fly ash particles. 

The fly ash samples studied were collect- 
ed in the stack systems of two coal-fired 

power plants burning midwestern U.S. 
bituminous coals. One plant was of small 
capacity and obsolete design utilizing a 
chain grate stoker; the other was a large 
modern plant with an input of pulverized 
coal. 
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Surface Predominance of Trace Elements in Airborne Particles 

Abstract. A number of minor and trace elements including Be, C, Ca, Cr, K, Li, Mn, 
Na, P, Pb, S, Tl, V, and Zn present in coalfly ash are found to be preferentially concen- 
trated on the particle surfaces. Environmentally effective concentrations of these elements 
are thus much higher than indicated by conventional bulk analyses. 
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