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To maximi:16 the displacement, the magnetie 
distill'bancs field is assmnod porpendicular to the 
average or undisturbed field. Consider first the case 
where the disturbance at a ll levels equals its value 
measured at the surface; this implies a very extensive 
current ,murce in ths ionosphere. In t his case it can 
be shown that th e displacement of a ficld line , in the 
auroral zone, at 1,000 kIn. above the conducting core, 
is about 0·015 /1 km., where /1 is the disturbance in y 
(10 -' gauss) units. 

In the ease of more localized ionospheric currents /1 
increaseH with alt,itudl', and the overall effect of this, 
for a givcn sW'faee value of the diRtw'bam;c , il; 
to give a smaller displaccmpnt thun that ahove. 
Consider an overhcad cylindl"i('al ClUTcnt causing the 
disturhuncc. Then /1 is (A lel), d being distance from 
the current and A a constant. Thprefore, /1 is lesH 
than (A Ih) where h is the vertical component of d. 
Taking /1 as (Alh) tho desired di"placement of It line 
in 1,000 kill. height can readily bc found, and it 
increases slowly as the CUlTent diameter i" reduccd. 
For a CWTent of diamcter !Heater than about 0·1 km . 
the calculated displacement is less than the 0 ·015 /1 
km. found before. But for such small diameters, 
replacing (A la) by (.4 Ih) caus('s a gfllil" ovcrcHtimato 
of the c1isplacf'n1('nt; and furthcnnol"l', ionospheric 
currcnts havo a lI1uch largel' scalc t han 0 ·1 km. 
,\tIding the' diRtul'bance duc to the imluced current 
ill the core doc's not alter t his resu lt. 

TIlliS the diRpl!wement ofO'O If; ~ km. (/1 ill-,') il'lan 
lIpp('r limit, Lo the mOVPlllt'nt of <llll'oral phenompna 
duc to field distol,tion. This <listanl'c is very "' ltull. 
It efJlIlds 50 kill. (almost 1° of latitude) only if /1 has 
the extremc value of 3,300y; while if ~ is lesR than 
1,300;" as in most mllft,"Tfletic storms when the J( index 
doeR not exceed 7, tHe displacement is l('ss t.han 20 
km. Only hy very slow changes, such UR th 08l' with 
tho period of the sunspot cyc le, can the lines of forco 
be !novlxl th rough grpal distances at low a ltitudes. 

Obsel'vatiol1R of tllc nH \iation points of allroral 
coron<e' show that the displacementA of the fif' I(\ lineR 
between tho Earth's surfaf'o and t he au rora' an) well 
within the limit.s cxp('cted from the forL'going. 

ThiR work is pal·t of t Il(' rcsearch progmmnlC of tho 
Dominion l'hysi(:ul Laborutory AlII'ol'!11 StH t ion, of 
the New Zealand Department of Sc ientific ann 
In(\m;trial Res('arch. 

C. J , LOUGHNAN 

Dominion Physical Labol'utory Auroral St.ation, 
Awarua Radio, InvE'rcargill, 

New Zea land , 
FC'b . 3. 
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GEOCHEMISTRY 

High-pressure Phase Transformations in 
Laboratory Mechanical Mixers and 

Mortars 
TffE mechanical action of simple laboratory 

grinders, mortars and similar d ev ices has occasionally 
been used to assist in chemical reactions in addition 
to performin.g their primary physical functions. 
Among theso chemical reactions a.re phase trans-

formation:;. Thut the effect is due to AOmE' kind of 
a presslu'e compon ent in tho mechanical action may 
appear obvious, but the magnitude of the pressure!; 
is not rcadily appreciateJ, nor ('an it be calculated 01' 
measw·od. Howl'ver, in the (;()lU'Se of work in thi~ 
laboratory on tho high-prcsHl lt'" polymorphism o f 
kad dioxide (Pb0 2 ), tIle infornlution tha t a phast' 
identical with tho new high -pressure polymorph. 
which h ad boen sho"Wn to be stabll' only in t h e r egion 
ahove 10,000 bars, had bel'n formed by simple 
grinding' was noted "with no liLtle surprise. TIll' 
observation was promptly C()Jtiinlled by grinding u 
slllull f~IIlO1mt (~ gill.) of th(' ""lJllIlon rutile forlll (1 ) 
of kacl dioxid(' in tL m echalll" a l mort.al' und postll' 
('umh illlllinn u f laboratory pllt k l"ll. Grinding in ai.r 
foJ' a fow h om's ('onver ted all ,·,.:timated one-third t o 
th(' d enser mi horhombie forlll ( Il l. After preliminar~' 
work, it t runsp il'f'u that n()lllJII l! ""\\" in principlc had 
been addeJ to some sinlilar I">,,·,," t>-l which had been 
r('ported by Burns and Brcd a:' "II the trans formation 
of ('alc'ite to aragonite by g1"l 111 I 1111.: in a mortar. Th( , 
high-pressure phase was for II I" " fn'm the 10w-preSSlll'l' 
one, t.he amount of c1uJ,ng" ""- dependent on tinH'. 
a mI subsequent, heating would 1" ,'1Il the 10w-preRstU't' 
phase. A s ignifieant differ"", ", ;s that phase equil 
ibrium and thcrlllo<:ht'mi.·,,1 studies· place t h e 
calcite-aragonite transformat j, ,II at about 3,000 bar!! 
at room t ('mpcrlLtnre, wbid, I~ ('ons iderably lower 
than the 10,000 bars n('e, 's":I""' for the lead oxidl' 
1 ~II tral1.<;fomlation. 

1110 obyious ,!u('stion t h tl. t Ill"l ~'''' i>j wheth er or no t 
the high-presi:;nl'o types afo' '1<'III,lIly be ing formed in 
t hcir field of stability, or Wlt"IIt" , t It" shearing strl'SSN; 
1'10 dominant in su ch an ell ' "'''11 ' ,,'nt e ither a lt('r th,' 
relative frce-en('l'gy relatilll" " t ho two forllJs ur 
)l('rmit metast.able nucleat I" ,t the high -rrp:';Slu', ' 
phase, Thereforf', other 1'<1 Ii .. ' ,' , ... ' '''; with lulOwn p- I 
I'olationships bctween Pl)l,- , 'I, lts (work in thi" 
laboratory, with L. A7.7.arill .'/' 1 W. B, White) w('1'( ' 
choRcn for flll"t hcr study; \\ ' ~ BeF 2, SiO 2, PbO. 
~b203' B 20. and HAsO , . 1'1." transition prcs!Slu'et; 
at. room t('mperature (extr", ,, "I.'.) from our cCJllili 
brium data obtainod at lli!!I" , . "'1'Pratw'os) are near 
9,500, 15,500, 1 :I ,iiOO, .:; .. -,11" III.noo, 18,500 and 
:10,000 bm's rC~T'I'("j ively. I "~ ''' tmd that grinding 
for soveral h Olli's in tho llI " " ~ ... o.;embly under ail" 
Ol' nil1"ogf'n (where ox i<1a ti ." , " possibility) would 
prod llcn varying amolmts I, wrmined in ever~ 
(· .... ;;e by X -ray diffraction) III ; "l!h-pressure phase!' 
()f PLO, PbO" CaCO., \1 ' ~b.O. and BoF , 
('lu(',,1; ionable ) in d pcrcasilll Also of n ew bU1 
related intorcst is ow' find ,. . "1 the 'quenchabl (" 
trunsitions in clllc iluTI carl · and lead dioxidt· 
and in m a ny uther sclcct('oi '"' , . , (·nuld be effected 
(partially), in a fow JI "I,' "t 2 hI'" by th, ' 
uct.ion of a small rapidly \ ,! 1\1 IIlg mixer -grinder . 
The typ e used (trade nam. · \ \ I. . Bug') is com m Oil 
in spectroscopic laborat ol I' ·",,1 was used with a 
metal vial and ball a l1l\ ," 1 111 I mgm. of sampk. 
Furthcrmoro, it was fOlllld 11.·, ' 11(' same (vide supra ) 
relat,ivo offect ivaness in f",., " . dl'tectable amount f' 
of tho high-prf'ssure phasl'"'' "" Ident, in tho a ctioll 
of tho 'Wig-L-Bug'. Of 11" , _!I It'~t-pressure phase, 
BeF. (cccf;ite), only u tnLt" " ",: formed. Ma king 
allowances for thc vl'ry s lug!.! " I IIIU lire of the quartz
ccesite tram<it ion of Rilica 1\1 ,' the more complex 
relation' and serious h ydratJ' d, problem in the n ew 
high-pressw'o B ,O. poly mClII ·I,. it appears that 
pressures in t.he r cgion of Itl :!1I.1I00 bars are being 
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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-
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