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applied intermittently to tho fino grains subjected to 
tho 'grinding' actions in cach of the so types of 
a.pparatus . 

That a real pressure component il:l operative in the 
action of the mortar assembly was shown by incruasing 
or reducing the weight of the peslle-head assemuly by 
means of a suitable weight 01' eounterpoi::;o to twice 
01' one-sixth the normal weight. Thus. although 
about 20 per cent ('ollVel'Hioll of cnlcite to aragonite 
was achieved by only 13 hr. of grinding tmder normal 
weight., and about 5 pel' cent in the same timp wlder 
half the normal wei~ht. more than 100 hr. ,md')r t h e 
one-sixth weight fl~ikd to produce detectable amounts 
of aragonite. l'res1lJllfLbly tho greatly reduce"l weight 
of pestle is not sufficil'lll to generat,e pressurcs greM-Gr 
than 3,000 bars 011 till' calcite, lea-,ing it still in its 
equilibrium field. Anothe'r example is tho litharge
massicot transition of letLJ oxide in which litharge is 
the low-pressure (uwl also low-temperatw'e) form. 
The action of the light-weight l)('stlo (wldl:'l' nitrogen) 
will drive massicot n..ulily to the sUl.ble litharge (this 
being merely th,' ('f'f,'ct on kinet it:> dun to bond 
breakage), but if btl\ILrgo is the Htartillg IllaW1'ial no 
change to massicot I" " ",",or"OO. 1'0 uccomplish the 
lat.ter the heavier 1"',,110 is necl'::;sary, pl'C'slIIl1ably 
since only then is ('w'llgh pn'::;»w'o availablC' to rrl\('h 
the massieot field. ()n till' other hand, the hcavy 
pestle will producl' "ome litharge whcn acting on 
massicot, because all \'alues of pressure up to the 
maximum must bt· "III'uunterod, sillco the appara
tus of necessity pr,.Jutes u, wholf' 'spcI·tl'um' uf 
pressures. A sinillur l·:-.ample WUI'l futmd on gl' inding 
a mixture of t1w !<, Ildrrr,ontite and \'alf'ntinite forms 
of Sb.O •. 

Thus it is clear 1.1,at tbe str('s::;('s l'UU::;illg fl'u.ct ure 
generally opel'ak \" accelerate 1'('act innf', o.lthough 
tho effect is larg('r ' Ii " ,me pain; of "trw·tm·,'s than in 
others . Superinq .. "" I on tbis kinetic effect is a 
hydrostatic prefl"" '" ,· flect. Detailed v('ritieation of 
the soparability , ., .' ill ' 'stress' and preSSIIl'e effcI·ts 
has been effected '" ,, 11 uniaxial high'l'l'es;;w'c device' 
so modified th!~1 - I .. \\' cont inuous oscillAting dis
placing shear 0.('1,· , I,y the Il10Velllt'nt of one pi::;ton 
through 2° of al'l ,- " I'plied to samp!t·s (of thl' u10\'e 
compounds) sin" , '" ,w(Jusly subjf'cted to high prc,;
sures and templ·r.. r'o·". 1t is suilicicnt to Jllention 
here that it haH I .. " 1\ , · ... to,blished that :;tresse8 in the 
form of disp\ul'lI, e ... 1"'111' do) not alter ('quiliIJl'illm 
pressures of tn<l" . ,,,ItS (within the (;x!'t:l'imrntal 
limit!:!) , althougl, , 1" .\ tlo contribute rl1m'muusly to 
the rates of such " ',wt ,ons. 

Burns and Bn·d ,l.!' Iouve already pointed out that. 
the possibility (,f 1'1 ,,,,,.· transformations taking placo 
on grinding must I .. I.,k('n into account in explaining 
discrepancies in I It , 1,, 'haviotU· of calcium c<Lrbunllte. 
Our results sho" I lolL" : (l) 'grinding' 01' mixing, in 
both 'automat... ",ortars' and 'vVig-L-Bug'-type 
shakers not onl.\ , .<11 introduce appreciable amolmts 
of surface and ,'10 ' m energy but also can quitf' 
generally causo I I" ' 'l'Illation of high-pl'(,flSUl'(' ph!1f;f'f; ; 
(2) the efi'ecti\ " rr"lximum in the 'spectrum' of 
hydrostatic }J!·' ·"" I'I·ti obtained in such instrunlents 
is not less thall "\,,,,,t. 15,000 bars; (a) in addition (,0 

the quasi-hydr"", .. 1 'c presstU'es exerted, the shearing 
stresses caUSIllj.! \ he breakage of bonds and /or tho 
storage of stl'tW' l'nergy result in a very marked 
acceleration on I hl' kinetics of such transfol'll1ations. 

This work \HI" done as part of the high-pressure 
studies under ... mtract with the Office of Naval 

Research. Mf'tallurgy Bl'anch, NONR-656(20). We 
are also indebted to S . Merrin and D. Corr igan, who 
carried out some of tho experiments reported. 

FRANK DACHILLE 
RusTUM Roy 

Dl'partment of Geophysics and Geochemistry, 
PelUu,ylvania State University, 
Uni\'el'Rity Park, l'a. Feb. 10. 
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Strontium-90 in the 'Mixed Layer' of 
the Atlantic Ocean 

OCEANOURAPllY and marine geochemistry have 
only relativoly recently been able to take advantage 
of isotopic tracer techniques; unfortunately, the 
conceptual framework devised for isotope studiel:l in 
biochemistry and physiolo!-"Y is not readily applic
able to systems of very large spatial extension. 

In contlidering the significance of the ocean 
rc::;crvoirs in the geochef!listry of carbon dioxide, and 
in using the distribution of carbon-l4 to derive rates 
of ocean mixiLlg in both vertical and horizontal 
plunes, it 111.1s boeH conventional' to divide the oceans 
into shallo" surface reservoirs assumed to be well 
mixed, and deep re:;en .'Qirs aRsumed to be only slowly 
renowed fWIll the ::;tu'face. Since, in some applications, 
the quantitative expression of this picturo is extremely 
sensitivo t.o tho assumed depth of the surface 
reservoir, and to itf; l·~te of renC'wal from below, it 
til'pms Important to pomt out that theso parameters 
arc mea::;w'able by using relatively short-lived 
radioisotopes, which are untied to the Rystem at the 
surface. In tho casf' of the Atlantic Ocean, North 
and South, this condition is well met by radioactive 
strontium-90 front bomb test fall-out. To the Atlantic, 
strontium-9U has been added, measurably, only as 
fall-out to the ocean surface. In this form the isotope 
iR wholl) soluble in water"; and in sea water, the 
dilution of the radioisotope by both stable strontium 
and stahle calcium in solution is so great that 
neith,'!' biological nor chemical processes produce 
significant changc:; in stwntium-90 concentration. 
Thus, its vertical tl'aw;port depends wholly on vert
ical lllovement of the water in wltich it is dissolved. 

As a part of an extclilled study of the marine 
geochemiRtry oflong-livo(l radioisotopes from fall-out, 
wc are obtaining a number of series of measurements 
of the change in strontium-90 concentration with 
d epth in the ocean. Some of these measurements, 
together with descriptions of the methods employed, 
have been published'_ We now present (Table 1) 
soven seri!'s of strontium-90 analyses, all but one 
previously unreported. These series agree in showing 
very significant eoncentrations of radiostrontium at 
depth in the open ocean, both north and south of the 
equator. The number of analyses is still too few to 
justify very precise integration of the curves of 
strontium-90 versus depth, but an average concen-


