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SOI.lE BIOL6IGI'JAL ASPECTS OF THE STROJifTIU:I CYCLE 

Introducin3 ;> now tool. cf .t'8..1eoecology 

Hotrard ':1 .. OJ.U!ll 

The main overal.;" problcn being unde:. ... taken is the Bio-mro:. 
chemi�tFJ of 3trOnt:i.1.J.m�· The arl:Cunts are determined in rocks, 
soils, sediments, Ifllces.1 l.j ver�� OC6f;\ll, and orGanisms so as 
to form a cO:lCI'ent pictu:-'fJ of 'elle :"'ute oJ: flux of the element 
betvTeen its 31 tes of O � C1.:rence p- This 1.'"lhole complex of distri­
bution and Y.1ovement 01 an elei.lent rJ8.y be visuo.lized as a unit 
as done by Ve:i:"nc..cls�::;r� Lil;:e othor s�ecie3 or unl ts in n:1ture, 
this COI,lplex qUo.lifies as an entity because of stability 17ith 
time even though material and enercy are cont�nuQlly passing 
t�rouGh the system. A systmTI of balanced rates may have 
selfcorrect:tlhg mechanisr.1s 1,vhich l'1O.intain the sta�)ili ty. 
A water w'ave" an oI'go.nis1".1 or a bio-ceoc.::::hemical cO'o·.1plex 
are all cases of at least partial s'(;a')ili ty. Hatural 
selec tion can act on any self propagating entity 
orGanic or inorGanic. 

This overall problem as stated above has several parts 
that have assumed major importance. It is one such part that· 
is presented in t:lis pup·er. 

Strontium by its close c�le:lical similarity to the f:J.r 
r.lOre abt1.11dc..nt calciulll Goes alonG ui th calciUlD. wl:-.erever that 
elenent Goes. :Gut it is just different enou.c;h so that it is 
more or les8 partially excluded or included relQtive to 
calcim:l dependinG on the no.tl'..ro of the journey. Thus the 
ratio of t:le a:':101.1.ll-CS of the trIo elements is 8.rl evel" present 
indicator of the ;.Jast history of the material. 

r.rhis paper ma.y be s1.m:rr:larized briefly as follows: Because 
t�le strontium in sl.:eletons and shells of orc;anis�'ls reflects 

the E1:.ilount in the medium in wh�Lch the .'1nimal lived, it is 
possible to tellfrO!:1 fossil shell s the type of habitat in 
which the animal lived. The follOi;!inc; may be inferred: 

1. The constitution of ancient sen.s l:lay be deternined. 
2. Some marine and fresh ",ater llaterial may be se:Jarated. 
3. PhYSiological evid.-·nce may be acquired on ancient 

organisr.ls .. 
4. J.!:vidence·uay be had as to the stability of Dio-Ceo-

cllemical cOnl)lexes. 
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14ethod 

First let us consider the teclmique. rrhe accurate 
determination of Strontivm vnlcre calcium is a thousand times 
more abundant requires" a spectrographic technique vnlere the 
excited ions in an arc, spark, or flame emit characteristic 
liGht that is in part proportional to the amount. Thus 
strontium has been estimated for many years in the.se ways. 

2. 

But the big problem in such determination has been interferenc e 
since any other ions present influence the �trontium emission 
by unltnovm interactions in the excited state. l1eliable values 
are obtained only when the total· composiJ�ion of the stande.rds 
used corresponds to the Ul�{nOYfns. 

Because of this difficulty and tho todiousness of the 
methods, Bood reliable values have been scarce indeed. In 
spectro-craphic 1.'lor!;:: errors of 1000% have crept into much 
published i.70rh: vlhere precautions were not taken. Due to 
these ditficul ties t:le accVJl1ul3.ted data he.s been too 
contrac.ictory for generalization to be made . 

In the analyses to follow, it is believed that many of the 
difficulties have been overcome by three technical steps. 
First of all a Lunde:'gardh flanle sp:ctrosco:)ic method is used. 
�'... solution of the material is ator,lized by a jet of comppessed 
air and injected into the base of a Dunsen burner. The 
strontiurll and calci1..1.lll ions are excited in the flarae and er.li t 
theil" characteristic i7D.ve lengths of light. This liC;ht is 
passed through lenses to a cUffro.ction grating YJ1ivhich 
acting ClS a prism spreads the wave lengths apart into a 
spectrum. This flame technique invented in 1029 by 
Lundergardh has adv:::mta.Gos of steadiness of liCht. Also 
it does not excite many elements other than alkali and 
alkaline earth ele:ments... Thus there is no di.ff:icul ty in 
separating lines of the,.spectrum. In acldit1o'n ·ther:e .. is no 

. change. in. charo.cteristiqs",'of,.the ll-ght.:.,s:Ource. VJi tl1tirae . .  
.. ' . ,.:... . d1'.rine ,.tl1:e.,.0xc.ita·t ion" ."$.ii;ic � .:ne-w"'fre�E ;rna tori al' i s .. al t,s.ys coming ;\ ; ' "  �:qto .. �t"he .. flJ1.m�.· 

G
Tlie apparatus· i's-'i15broviated in figure 1 • . " ljl� BUre 1.' ; :  . ' . ' " 
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T}JQ socond difficulty of' tediousness , accompanie d 

by all the difficulties of tho photographic method used in 
l:lany spectrographic techni ques has been overcome by the use 
of' photoelectric measurelucnt. A phot;oL1ul tiplier tube is 
p lace d oppos ite tho best stronti1.1ln line and another oPPosite 
tho best calci� line. The eloc tric current from these 

. 

tubes is proportional to tho amount of light striking them,. . 
The currents are p&ssed through a D.C. amplifier and registered 
on a micro-annneter. By turning a switch the calcium and then 
the strontiura deflections arc observed in turn. These readings 
give tho amounts'of both elements whon taken to a curve made 
from standard solutions. This speed increases.accuracy by 
allowing const�t checks to be made with the' Standar ds and vroth 

tho ba.ckground light of the gas flmae alone. 

The third technical stop overcomes the greatest difficulty 
of interforence, All an�lyses are �ade on calcium carbonate 

dissol ved in 20�·� IIydrochloric .acid. VJhen tho 5alcium and 
stnontium aI'S in any other form or associated with anything 
else, standard gr avi:n'J.ctric toc�i que is' used to separate 
and convert them into tho ce.rbonate form. These elements are 
procipi tatod as oxalate and ashcd to convi/:?;l .. t to carbonateo 

AnalysiS of vari anco on 120 samples shows 5--20% 
reproducibility for the strontium/calcium ratio. For a 
spifJ:ctroc;raphic mmethod this is· goo¢!. and whrero '1;he variation 

in occurronce is of the or der of' 100,000%, this is quite 
�doqu.ate. Like all spectrographic mothods the percent repro­
ducibility docs not decr ouso with the ' quantity . The moasur ement 
is ns �ccurate for tiny quantities as for the larger ones . 

RESULTS 

In order to get oriented to the story, the following basic 
fncts must be romembered. ·In the ocean there are 8.16 atoms 
Qr �trontium ror every 1000 atoms of calcitWl. This is. written 
e.16/10000 But whEln skeletons and shells arc laid down, somEl 
�i' 'uho �·trontl� is 10ft behind so that in shells and skeletons 
tJho l'Q. tic by :Atoms of' strontium to calciu111 is' DctYlTOen .6/1000 
�,rH� 5 .. 5/1000. Tho degree of exclusion has a defrni te taxonomic 
p,ttern. 

In contrast to the oc ean most ordinary �rosh waters have 
lowgI' �r/On ratios with a rango: .S/lOOO to 5.0/1000. 
Oorrespondingly the ratio in the shells is less than the water 
and thus less than the: mar..i.ne shells . 1lJlat this is truo is 
demonstrated in figure 2. The data in Thble I sho\'i1 that the 
�ro·;:t� di�fcl"cnces' o.:xist bctwtJen i'r03h and sal'li; water for 
�al�areous algae, crustacoa, and otoliths o:f fish as well as 
�w�11uscs. 



Figure 2 4. 

§..tr,ontium in Shells of Pelec7:pod �nd Gnst!pl?�d Uollu�e.� 
l.5 4l!.. !. Function of f)trontJ;Luu in Aq1l;�ti.£ li!b.i tntD 
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Sr/Ca ratio in IIabi to. t (25 Lal:cs and the Oeean) 

These basic data lead us to the nost interesting result 
in Table 2. Tho Sr/Ca ratio is not radically different in 
the Cre taceol'.s, Lioccne, a.nd P1oistocene marino shells. 
Thus it is inferred t�1[lt the oceanic chbmimal condition was 
Si1:1ilo.r in those rOSlJects c:1..".:,,"inc; this :;eriod. This can 
be called Paloochomistry. 

;.:arino 

Sr/Ca nunber of 
so.np1es 

:)1r03h Water 

31" /Co. Humberat' 
srouples 

'I/ater 
lIollus ca 
Crustacea 
Ca1co.reous a1c;ne 
Otoliths of fish 
Arid 1a1:e �=01111.sca· 
1.:0111.1soo. from pool, Roson-

dn1e, lJ.Yo 

---- _._----
8.16 
1.01 
2.82 
2.45 
2.25 

120 
25 

5 
10 

7 

Table 2. I:io11us c a DurinG Geologic Time 

I.:odorn 1.01 2 5  
Pleistocene --Flao 1.24 6 
I.:iocenc --ll.ustria r� France 1.16 10 
Crotaceous--Tonn, IT.J.,e; 1T.D� 1.42 19 

Liazon Creek, Ill. 
OldDan niver, .'\lb. 

1.09 28 
.37 72 
�37 1 
.29 3 
.33 2 
.90 :3 

3.75 :3 

.37 72 

... 
.60 1 
.84 1 

The second biG use of the Sr/Ca ratio as a paleoecoloGical 
tool is the deterrJ.ination of the differences 'between fresh 
and marino fossil shells. As sho'l!m in figure; 2 for tho 
1.1011uscs tho fr:::;sh rra tel' va.l ucs .:;rn.de into and ovol'lap ,,-:i th 
the na1""'1.11e vo..lues. Dut the ma.rine val U(· s never Get belo\"T • 6/1000. Fresh \1n.:t1.Ul"S Get hiGh Sr/Ca rn.t1os onl'.:r under 
certain conditions. TIlis is not conplctcly ':!orked out yet 
but :;n'or.lis es to be a. tool in i taelt as an indicator of lako 
pal .oochemistry. At pI'CBont it mn.y be sa.id that ;3r/Cn ro..tios 
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arc hiGh in three. c:),-1'�i tions.. One occurs uhorover tho 
c2.1ciuIll is vcry low sv tllo.t �J:l';' ratio tends to bo hiGh. 
Tho sel octiv e .,C';1.lC"iic'.l. ci iuC'll"'U:l by 0:rc;a.�i:Jms 111D.y a.id 
this process. It L'.Ost c'.:.."'t:::.inly doos in laboratory culture. 

rrhe s econd condition is in Arid lo.kos. This Has I'irst 
pointed 01.'.t by Ilutchlnson in 1043 I'or Tiboto.n lc.!:es. ':rho 
high valu�;s ave,raCine; .9/.1. 000 for snails in Table 1 
support this idea. 'J�hc third condit ion for hiGh 3r/Ca 
ratio occurs "horo tho \'later is pcc'ulinrly situa.ted over 
rocks and minerals "lhich for special Loologica.!lJ. rc..asons are 
hiGh in Jr. In the tn.ble 1 thore is a. caGO where this is 
susp ected for a pool ne�r �osondalo, N.Y. 

5. 

In Table 2, two frcs� r'ator locc..lities in the Cretaceous 
'.7ero nnalyzod. '11hc values 0.:'0 in aGrocn�ont nit', tho 
genoraliza.tlons above. 'rhe �':.10crta. VD.luo of .84/1000 is 
too much on the border betrrccn fresh weter a.nd m:::..rino organisms 
to bo conclusive alone. :Jut tho .60/1000 for c.. G2.stropod 
frOD Lazon Creel:, III is plainly indicative of 7rosh water . 
since t:10 only r.1UI"inc forns this low are foc ton, Drachiopods, 
and l:"teropods. 

'.[1:.,e data for t1:;.e ?o.leozoic a.a Jet is very li1:1i tod b ocaus o 
Good unroplacod fossil nn.terial h�z not ')oen o'.Jtcinod. Jut 
in the process of study, c.ltho·':...h t:.le ('vic: 0nco is not yet 
oxtensive� it 3CO;·:lS li1;.:ely that .Jr/Co.. ratios can eive 
imforr1ation be'lrinl3 on replo.c CE1cllt .J.nd his tory of rocl: forma. tion, 

... -
Tho evidonco in t able 2 from t�e EooloGic )oriods 

sUGGests tho..t si nc e tho ionic constitution of tho ocoans 
is strongly interrel:-::.tod, tho r.1cintenanco of tho ssamo ordor 
of �ilacni tu.do of Jr/Ca ratios ovor cona id · ra.bl0 th'lo is a. 
support for tho idea of Ct chomical COljlplox of sone sta")ili ty 1/ 
Just as lTatnral solectj.on as a. : .• axwcll Dcr:lon has Gui dod 
organic evolution tou rd the ;'--.lore complo.::::., 80 has it here 
porh8.ps Guided tho evolution of tho bio-eoochcnical complex 
to·:I;�.rd his-h.or sl�rvi vc..l vo.luo. Can ',10 ··'ondor t�l.: t there J11iCht 
bo rloro tota.l o"-'�;aniz;:.·Gion in t:;.o modern oc02.nic c0r;lplex 
'chan in o.ncicnt ocoans?? 

18 J.;ec6 . . 1ber 1949 
Vsborn Zoologi�Bl baboratory 
-:ia16 University 
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