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d o w n in the dissolut ion r a t e of t he glass d u e 
to the lower ing of dissolved silica levels, b u t 
eventual ly "will favor a r a p i d dissolut ion of 
t he glass because t h e reac t ion affinity will re 
main h igh" since t h e reac t ion leads to t he for
ma t ion of m a g n e s i a n silicates which a r e m o r 
stable t han the glass itself. Howeve r , we d o 
no t see evidence for such r a p i d dissolut ion in 
the case of microtekt i tes , which have exhibi t
ed a very small e x t e n t of co r ros ion (see be
low) over pe r iods of e x p o s u r e of t he o r d e r of 
a million years a n d , as a ru le , a r e no t ob
served to have dist inct m a g n e s i a n silicate de 
posits on thei r surfaces . I t is in te res t ing to 
no te , a l t hough a full discussion of t he subject 
is beyond the scope of this p a p e r , tha t s tudies 
of nuc lear waste glasses show tha t d i f ferent 
glasVss compos i t ions differ widely in t he sta
bility of the i r surfaces with respec t to at tack 
by a q u e o u s med ia , a n d tha t t he m e c h a n i s m 
cited by Crovisier a n d H o n n o r e z may apply , 
within t he t ime scales re levan t to nuc lea r 
waste immobil izat ion, only to l imited r a n g e s 
of glass compos i t ion . 

T h e y t h e n r e m a r k tha t tekti tes a r e h i g h e r 
in silica con ten t ( 6 8 - 8 2 % ) t h a n nuc l ea r waste 
glasses a n d a r g u e tha t t h e r e f o r e tekti tes a r e 
no t suitable ana logs for nuc l ea r waste glasses. 
I n fact, however , t h e r e is a class oficrotek-
tites, called the bo t t l e -g reen microtekt i tes , 
whose compos i t ion e x t e n d s to m u c h lower 
values of silica con t en t , specifically to a n d be
low the 5 0 % figure cited by Crovis ier a n d 
H o n n o r e z [Glass, 1972]. H a v i n g in m i n d the 
po in t m a d e by Crovis ier a n d H o n n o r e z , 
namely , tha t nuc l ea r waste glasses a r e of low 
silica con ten t , we c o n c e n t r a t e d effort o n these 
microtekt i tes . Glass [1982] f o u n d tha t t he av
e r age d e p t h of co r ros ion of microtekt i tes in 
t he deep-sea e n v i r o n m e n t increased g r a d u a l 
ly f rom a r o u n d 2 + / - 2 |xm at 7 2 % S i 0 2 to 
a r o u n d 14 + / - 5 |xm at 5 4 % S i 0 2 . ( T h e s e fig
u r e s a r e eye es t imates f rom his plots.) T h e 

low silica values, n e a r 5 0 % , were f o u n d only 
in t he fields with a n age n e a r a mill ion years 
o r y o u n g e r . T h e s e glasses were t h e n s tud ied 
in t he l abora to ry [Barkatt et ai, 1986] a n d 
were f o u n d to exhibi t t he p r o p e r t y of surviv
al in seawater (leach ra tes dec reased by m o r e 
t h a n a factor of 30 f rom t h e leach ra te in d e -
ionized water) . 

T h e r e m a i n i n g ques t ion is w h e t h e r t he 
glasses used for nuc l ea r wastes behave like 
the low-silica microtekt i tes in t he p r e s e n c e of 
m a g n e s i u m in the leach solut ion. T h e p r o b 
lem has b e e n s tud ied by Barka t t ' s g r o u p at 
Catholic Universi ty; they find tha t t he waste 
glasses behave like microtekt i tes , i.e., they a r e 
p ro tec ted by m a g n e s i u m , a n d no t like t h e ba
saltic glasses r e p o r t e d by Crovis ier a n d H o n 
norez . 
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W e complete ly a g r e e with t h e answer of 
the a u t h o r s w h e n they wri te , " a l t h o u g h a full 
discussion of t he subject is b e y o n d the scope 
of this pape r , . . . s tudies of nuc l ea r waste 
glasses show tha t d i f ferent glass compos i t ions 
differ widely in t h e stability of the i r surfaces 
with respec t to a t tack by a q u e o u s m e d i a , 
and . . . the m e c h a n i s m cited by Crovis ier a n d 
H o n n o r e z may apply . . . . " 

T h e ma in p u r p o s e of o u r rep ly to t h e i tem 
by W. W. Maggs (Eos, J a n u a r y 26 , 1988) was 
to state that , " O n t h e whole , we believe tha t it 
is no t possible to c o n c l u d e tha t t h e p r e s e n c e 
o r absence of m a g n e s i u m o r any o t h e r ele
m e n t (and could h a v e a d d e d "any o t h e r fac
tor") a lone will lead to an increase o r a de 
crease of t he glass co r ros ion r a t e w i thou t con
s ider ing the whole nuc l ea r waste r epos i to ry 
system." W e a r e g lad to n o t e tha t in t h e e n d 
the a u t h o r s a g r e e with us with t h e saying, 
" O n e swallow does n o t m a k e a s u m m e r . " 

J. L. Crovisier 
J. Honnorez 
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S t r a s b o u r g 
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G. -R. Hof fman a n d D. F. Snel l ing (Eds.) , 
Spr inger -Ver lag , N e w York , 4 3 8 p p . , 1988. 

Reviewed by John P. Boyd 

T h i s book is t h e r e c o r d of two w o r k s h o p s 
o n paral lel p rocess ing . T h e first was he ld in 
D e c e m b e r 1984; its p a p e r s a r e t h e first 236 
pages of this v o l u m e . T h e second w o r k s h o p 
convened 2 years la ter . I t is u n u s u a l to com
b ine two confe rences t h a t w e r e he ld so far 
a p a r t in to a single v o l u m e . I t is also su rp r i s 
ing tha t these p a p e r s w e r e pub l i shed in h a r d 
cover r a t h e r t h a n t h e usua l p a p e r b a c k . Nev
er theless , these pub l i sh ing decis ions were 
wise. T h e book is a good archive t ha t will b e 
useful to meteoro logis t s for years to c o m e . 

Parallel p rocess ing is clearly t h e l o n g - t e r m 
fu tu re of scientific c o m p u t i n g . It is likely t ha t 
small calculations will always be d o n e o n con
vent ional serial m a c h i n e s ; a mul t ip rocess ing 
pocket calculator is j u s t p la in silly. U n f o r t u 
nately, conven t iona l serial c o m p u t e r s a r e r a p 

idly a p p r o a c h i n g theore t ica l limits set by t h e 
speed of l ight. Fo r gene ra l c i rcula t ion m o d 
els, d iv id ing t h e calculat ion b e t w e e n m a n y 
processors is t he only way to t r a n s c e n d t h e 
limits o n t h e p o w e r of a s ingle processor . 

Unfo r tuna te ly , Lincoln Steffen's f amous 
line a b o u t t h e Russ ian Revolu t ion—"I 've seen 
the fu tu re a n d it works"—would have to be 
p a r a p h r a s e d for paral le l p rocess ing to "I 've 
seen the fu tu re , a n d it's confused . " T h e p r o b 
lem is tha t too m a n y d i v i d e - a n d - c o n q u e r 
strategies a r e possible. N o a rch i t ec tu re is opt i 
m u m for all p r o b l e m s ; n o a lgo r i t hms a r e o p 
t i m u m for all a rch i t ec tu res . Does t h e f u t u r e 
lie with h y p e r c u b e s with a t h o u s a n d proces 
sors, o r with bus m a c h i n e s with a c o m m o n 
m e m o r y s h a r e d by a d o e n CPU ' s , o r with 
some a l ternat ive n o t yet i m a g i n e d ? 

I t is likely t ha t paral le l p r o c e s s i n g — p r o 
g r a m m i n g l anguages , a r ch i t ec tu re , a n d algo
ri thms—will c o n t i n u e to rap id ly evolve unt i l 
at least t h e e n d of t h e cen tu ry . Paradoxical ly , 
this very d y n a m i s m of t h e field m a k e s this 
book m o r e useful . I t t rea t s , a t least briefly, al
most all paral le l a rch i t ec tu res t ha t n o w exist. 
Theore t i ca l articles such as t h e 40 -page , 1984 
review by McBryan a r e c o m p l e m e n t e d by 
m a n y articles t ha t discuss pract ical e x p e r i e n c e 
with t he E C M W F m o d e l a n d o t h e r s o n mul t i 

processor Crays a n d Cybers . T h i s b o o k will 
be a good "fixed po in t " in a rap id ly c h a n g i n g 
wor ld . T h e scientist w h o n e e d s to get a qu ick 
overview of a pa r t i cu la r type of c o m p u t e r , o r 
of t he practical difficulties of a p p l y i n g pa ra l 
lel process ing with a spect ra l o r finite differ
ence mode l , will b e able to find e n o u g h in 
this book to at least b e c o m e o r i e n t e d . 

T h e ma in criticism of this b o o k is t h e usua l 
g r ipe abou t con fe rence p r o c e e d i n g s : t h e ar t i 
cles a r e very d iverse . S o m e a r e l o n g a n d d e 
tailed; t he 70-page art icle by H o f f m a n , 
Swarz t rauber , a n d Sweet inc ludes c o m p l e t e 
F O R T R A N listings for s imple p r o g r a m s they 
r a n o n t h r e e d i f ferent mach ines . O t h e r s a r e 
br ief abstracts of t h e a u t h o r s ' o w n c u r r e n t r e 
search. Because t h e field of para l le l process
ing is itself so confused a n d d iverse , this vol
u m e has even less focus a n d c o h e r e n c e t h a n 
the average con fe r ence p roceed ings . 

None the less , every l ibrary shou ld buy this 
book. Most n u m e r i c a l m o d e l e r s will also w a n t 
to r e a d it, a n d m a n y will invest in a p e r s o n a l 
copy. 

W h a t sets this a p a r t f rom mos t o t h e r vol
u m e s o n paral le l p rocess ing is t ha t books by 
c o m p u t e r scientists a r e focused o n t h o u s a n d s 
of processors . T h i s book , especially in t h e pa
pe r s of t he second w o r k s h o p , has a s t r o n g e r 
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emphas i s on m a c h i n e s with two to e ight p r o 
cessors—the Cybers , Crays , All iants , a n d 
E T A mach ines tha t a r e t h e w o r k h o r s e s of 
c o n t e m p o r a r y me teo ro logy . It fills its i n t end 
ed p u r p o s e admi rab ly . 

John P. Boyd is with the Department of Atmo
spheric, Oceanic, and Space Sciences, University of 
Michigan, Ann Arbor. 
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K e n n e t h Pye, Academic , O r l a n d o , Fla., 334 
p p . , 1987. 

Reviewed by Pierre Rognon 

In E a r t h science his tory, n u m e r o u s sub
jects , such as pol len a n d f reshwate r d i a t o m s 
have b een s tud ied f rom first a geological 
po in t of view, t h e n in re la t ion to t h e p re sen t -
day e n v i r o n m e n t . T h i s is t he case for dus t ; 
loess depos i t s tudies b e g a n as far back as 
1880 a n d inc luded m a n y in t e rna t iona l publ i 
cations o n t h e subject, b u t scientific works 
conce rn ing t h e eol ian d u s t only s ta r ted to
ward the m i d d l e of t h e 20 th cen tu ry . Never 
theless, invest igators of eolian du** have 
m a d e g rea t s t r ides , as it is p o i n t e d o u t in t h e 
in te res t ing "book by K e n n e t h Pye, which p u t s 
t oge the r t h e p r e s e n t s tudies o n d u s t a n d its 
history since t h e Q u a t e r n a r y a n d Cenozoic 
epochs . I n add i t ion to loess, t h e s tudies also 
cover t he con t r i bu t ion of d u s t to d e e p - o c e a n 
sed iments , ice, a n d soils. 

T o d a y , t he bu lk of d a t a c o n c e r n i n g t h e eo
lian dus t is l a rge r t h a n tha t c o n c e r n i n g loess, 
a n d in Pye's b o o k a b o u t 190 pages dea l with 
eolian dus t , while only a b o u t 70 pages dea l 
with loess. T h e r a p i d d e v e l o p m e n t of d u s t 
s tudies is l inked to ma jo r e n v i r o n m e n t a l a n d 
economical consequences , for e x a m p l e , wind 
eros ion of soils, p red ic t ion of b lowing d u s t 
haza rd a n d r e d u c e d visibility, effects o n h u 
m a n hea l th , d i spe rs ion o f toxic meta l s , de se r t 
varnish o r d u r i c r u s t d e v e l o p m e n t , effects o n 
salt wea the r ing , a n d d u s t add i t i on to soils. 
T h e s e impl icat ions of d u s t deflat ion, t r ans 
por t , a n d depos i t ion ( chap t e r 7) of ten a r e 
new areas for f u r t h e r r e sea rch , s u p p o r t e d by 
some scientific projects . 

K e n n e t h Pye has succeeded in wr i t ing a 
mult idiscipl inary book which p rov ides n u 
m e r o u s da t a o n wind dynamics , me teoro log i 
cal condi t ions p rop i t i ous to d u s t load ing , oce
anic a n d con t inen ta l depos i t ion , paleocli-
mates , a n d Q u a t e r n a r y his tory, etc. , u s ing 
very diverse re fe rences ( abou t o n e t h o u s a n d 
titles) a n d synthesiz ing m u c h d a t a a n d m a n y 
different op in ions . T h i s very well wr i t t en a n d 
profusely i l lus t ra ted b o o k is of g r e a t va lue for 
geologists, geomorpho log i s t s , soils scientists, 
meteorologis ts , e n g i n e e r s , a n d e n v i r o n m e n t a l 
m a n a g e r s . It b r ings a n i m p o r t a n t con t r ibu 
t ion to t he f u t u r e i n t e rna t i ona l Global 
C h a n g e project . 

T h e first ques t ion a b o u t t h e d u s t c o n c e r n s 
t he mechan i sms of fine-particle fo rma t ion . 
T h e answer is n o t easy because d u s t a n d loess 
deposi ts a r e main ly c o m p o s e d of par t ic les in 
t he 10- to 15-(x size r a n g e . T h e silt f o r m a t i o n 
is m u c h h a r d e r to exp la in t h a n t h e clay o r 
sand fo rmat ion . Pye sugges ts n i n e possible 

mechan i sms of silt par t ic le fo rma t ion . S o m e 
a re l inked to cold e n v i r o n m e n t s (glacial 
g r ind ing , frost wea the r ing ) a n d have l o n g 
been recognized in re la t ion to r e sea rch o n 
periglacial loess. B u t today it is necessary to 
expla in t he h u g e bulk of dus t c o m i n g f rom 
the ho t deser t s , a n d s o m e s tudies have poin t 
ed ou t new m e c h a n i s m s , such as eol ian abra 
sion o r salt wea the r ing . 

T h e physical laws of eol ian t r a n s p o r t we re 
for a long t ime res t r ic ted to t he b lown sand 
a n d dese r t d u n e s (Bagnold, 1937-1941) . T h e 
eolian dus t e n t r a i n m e n t involves a p r i m a r y 
sor t ing f rom a b e d c o m p o s e d of sand/silt o r 
silt/clay mix tu re s a n d can be ini t iated u n d e r 
different condi t ions i nc lud ing bo th wind 
dynamics (fluid d r a g , a e r o d y n a m i c lift, en 
t r a i n m e n t by ballistic impact ) a n d the cha rac 
teristics of t h e g r o u n d . On ly field a n d wind 
t u n n e l observat ions c o m b i n e all t he p a r a m e 
ters (for ins tance, g ra in size d is t r ibut ion , co
hesion, o r r o u g h n e s s of t h e source mater ia l ) 
a n d a re an i m p o r t a n t con t r i bu t ion t o w a r d 
u n d e r s t a n d i n g these int r icate p rob l ems . T h e 
dis tances t raveled by s u s p e n d e d d u s t par t ic les 
have been pr incipal ly ob t a ined by c o m p u t a 
tion while t he d u s t is in a state of n e u t r a l 
equi l ibr ium, i.e., w h e n t h e t e m p e r a t u r e gra
d ien t above t h e surface is very close to ze ro . 
Bu t recen t sampl ings in t h e eas t e rn Pacific 
a n d the C a n a r y I s lands po in t o u t t ha t these 
calculations a r e no t available to expla in t h e 
fallout of >100- |x par t ic les at o n e o r a few 
h u n d r e d s of k i lometers off t he coast. N e w 
models shou ld be used in uns tab le a t m o 
sphe re , w h e n t h e air t e m p e r a t u r e rap id ly d e 
creases with he igh t . 

T h e m a p showing t h e d is t r ibu t ion of a reas 
with a h igh d u s t s t o r m activity (p. 63) po in t s 
ou t t he first place of t h e subt ropica l de se r t 
regions , which a r e t h e ma jo r sources of p r e 
sent-day dus t emissions. B u t t h e S a h a r a is ab
sent a m o n g t h e n u m e r o u s m a p s of a n n u a l 
f requency of p r e s e n t - d a y dus t s to rms in t h e 
Middle East, Soviet U n i o n , Ch ina , sou thwes t 
Asia, Austra l ia , a n d t h e U n i t e d States. T h a t is 
no t a n omiss ion: N o d a t a a r e available today 
o n the scale of t h e la rges t dese r t of o u r p lan
et. I n t he same way, m e a s u r e m e n t s o n d u s t 
concen t ra t ions in t h e air have been m a d e 
bo th over l and a n d t h e oceans , b u t only n e a r 
t he g r o u n d a n d of ten far f rom the d u s t 
sources . Few da t a a r e available at h igh alti
t udes ( sampl ing by p lane) o r in t h e de se r t it
self. T h e sho r t d u r a t i o n of most of these 
sampl ings p r e v e n t s s tudy of t he seasonal vari
ability. T h e r e is a lmost n o da ta for t h e ra tes 
of dus t depos i t ion , b u t a few sed imen t t r aps 
directly m e a s u r e t h e a m o u n t of mate r ia l set
t l ing to t he seafloor in t h e Pacific. Pye's book 
shows how difficult it is t o obta in precise val
ues of global d u s t fal louts. 

C h a p t e r 5 takes stock o f t he ques t ion a b o u t 
the d u s t - t r a n s p o r t i n g wind systems. T h e 
mechan i sms seem to b e well k n o w n at small 
o r reg ional scale (dus t devils, haboobs , sha-
mal, etc.), b u t in west Africa they vary ac
co rd ing to t h e reg ions , seasons , levels of at
m o s p h e r e , e tc . Synopt ic s i tuat ions a r e very 
useful to u n d e r s t a n d s o m e l o n g - r a n g e t r ans 
por t s of dus t (by j e t s t r eams , for ins tance) , 
b u t m o r e a n d m o r e , t h e satellite images a n d 
t ra jec tographies s h o u l d b e used (e.g., C o u d e -
Gaussen et al., Journal of Geophysical Research, 
1987). 

T h e review of all d a t a c o n c e r n i n g g ra in 
size, minera logy , a n d chemis t ry of t h e n a t u r a l 
dus t is very in te res t ing . I t is difficult n o w to 
give a gene ra l survey f r o m sparse a n d ep isod

ic da ta , ob t a ined by di f ferent m e t h o d s of col
lection a n d m e a s u r e m e n t . N e w techn iques , 
such as oxygen isotope rat ios of qua r t z a n d 
magne t ic d i f ferent ia t ion, will be used to iden
tify t he source of l o n g - r a n g e dus t . 

T h e s tudy of f o r m e r d u s t is easier in ocean 
sed iments t h a n in con t inen ta l s ed imen t s be
cause oceanic r e c o r d s a r e comple t e a n d have 
a relatively good s t ra t ig raphy , a n d very nu 
m e r o u s cores have been m a d e available over 
the last 20 years . T h e dus t i n p u t is m o r e im
p o r t a n t t h a n p o i n t e d o u t in p rev ious works 
(in some a reas , u p to 8 0 % of the total accu
mula t ed sed imen t ) . Seven m a p s clearly show 
the d is t r ibut ion of q u a r t z o r clay minera l s in 
Atlantic o r Pacific m o d e r n sed imen t s , a n d the 
changes in d u s t supply have b e e n s tud ied 
f rom oceanic cores to r econs t ruc t c l imate 
fluctuations over t he n e i g h b o r i n g con t inen t s 
d u r i n g the late Cenozoic a n d the Pleis tocene. 
O n the m a i n l a n d , mos t of t h e loess in west
e r n E u r o p e o r in N o r t h Amer i ca was deposi t 
ed d u r i n g t h e la ter p a r t of t he last glacial 
stage, a n d only a few sequences of loess de 
posit ion show as m a n y as 17 ep isodes d u r i n g 
the last 1.7 mill ion years in cen t ra l E u r o p e . 
In China , loess s ed imen ta t ion p robab ly b e g a n 
abou t 2.4 mill ions years ago . T h e p re sence of 
paleosols indicates tha t loess accumula t ion 
was episodic a n d few depos i t s have b e e n 
identified d u r i n g interglacial t imes. I n fact, 
t he r e is very little d iagnost ic ev idence of t he 
sed imen ta ry fea tu res of loess deposi t s , a n d 
abou t the i r m o d e of fo rma t ion a n d source 
e n v i r o n m e n t , p robab ly because few s tudies 
have b e e n d o n e o n silt part icles by scann ing 
e lect ron microscopy (SEM) e x a m i n a t i o n o r o n 
the or ig inal mic ros t ruc tu re s by optical a n d 
SEM microscopes . O n t h e o t h e r h a n d , they 
supply very p rec ious paleocl imatic da t a by t h e 
pol len, fauna l , o r pedological evidences in
c luded in t h e m . Moreove r , all t he mode l s for 
the p re sen t -day eol ian depos i t s a r e available 
in the t ropical oceans a n d a r o u n d t h e ho t d e 
serts, as all t h e major loess occu r r ences a r e 
localized in t h e cold zone . O n a m a p (p. 201) , 
only t he wel l -known e x a m p l e of Israel is 
shown a m o n g t h e subt ropica l de se r t loess, no t 
t he loess f r o m Tun i s i a , which is identif ied in 
n u m e r o u s p a p e r s of G. C o u d e \ Pye expla ins 
the quasi lack of ho t de se r t loess by t h e fact 
tha t h e r e d u s t is d i spe r sed over a wide geo
graph ic a r ea as a consequence of env i ron
menta l g r ad i en t s (p. 265) . T h e a r g u m e n t is 
p e r h a p s valid for t h e p r e s e n t t ime, b u t no t 
for the glacial t imes , a n d I r a t h e r t h ink t h e 
pr incipal r e a s o n is t he very l imited deve lop
m e n t of t h e r e sea rch works o n f o r m e r d u s t 
deposi ts a r o u n d t h e S a h a r a n (Libya, Niger , 
Nigeria , Mali, C a m e r o o n , etc.) o r Aus t ra l i an 
deser ts . I n t he reg ions n e a r these dese r t s t he 
dus t depos i t s can be fine sandy loess (p. 265) 
because fine sand can be t r a n s p o r t e d by sus
pens ion d u r i n g v igorous s t o rm winds . M o r e 
over, all t h e loesslike depos i t s a r e yet u n 
known a r o u n d t h e ho t deser t s , a n d this g a p 
in the p r e sen t -day inven tory (on F i g u r e 9—1) 
is qui te provis ional . 

I n conclus ion, Pye's book does n o t only 
b r ing a h u g e mass of c u r r e n t d a t a of p r e s e n t 
a n d f o r m e r dus t s , b u t also a useful eva lua t ion 
on the acqu i r ed k n o w l e d g e a n d o n t h e fu tu r e 
of research . 
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