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Some reconnaissance observations on the ·combined use of ion-exchange 
enrichment and spectrochemical analysis for the determination of trace 

constituents in silicate rocks 

R. A. EDGE,*:j: R. R. BROOKS,* L. H. AHRENS* and S. AMDURERt 

(Received 2 July 1958) 

Abstract-A reconnaissance investigation has been made of the possible combined m,'l of ion-exchange 
enrichment (cation and anion) and spectrochemical analysis for the determination of several rare 
elements, notably Ag, Be, Bi, Cd, Cs, In, La, Mo, Nb, Sn, Pb, Tl, Y and Zn, in silicate rocks and allied 
materials. Observations which have been carried out on granite G-1, a specimen of Cape granite, and 
diabase W-1, indicate that many of these elements should be easily detected in a wide variety of rocks 
and soils. The scope of the combined procedure seems to be immense and it is evidently possible to 
determine several elements in a single operation; the combined procedure should be particularly useful 
for investigating the general geochemistry of Bi. 

INTRODUCTION 

SPECTROCHEMICAL methods of analysis are perhaps the most widely used general 
procedures for determining trace elements in rocks, soils, minerals and meteorites. 
The advantages of spectrochemical methods are many (TAYLOR and AHRENS, in 
press; AHRENS, 1957), but it is nevertheless not possible to employ them for the 
determination of a large number of trace elements because their concentrations 
are below spectrochemical detection limit concentrations, and other methods 
must be used. Though the other methods may be most effective they are invariably 

' specific and a thorough investigation of the composition of a rock, soil, mineral or 
meteorite involves a large number of lengthy separate analytical operations. 
There is clearly a place therefore for procedures which are more sensitive than the 
usual spectrochemical methods of direct excitation of sample powders and which 
are comparatively rapid and applicable to many elements. 

If the concentration of an element is very low it is often necessary to enrich it 
before a determination can be carried out by one of the several general procedures, 
spectrography, polarography, or colorimetry, for example. Many enrichment pro­
cedures are chemical and specific for one or a small number of elements; several 
have been used in conjunction with the spectrograph, for example by MITCHELL 
and co-workers (MITCHELL, 1957: several elements in plants and soils), LIEBENBERG 
(1956: Cs in rocks), and BERMAN (1957: La, Ce, Nd, Yb and Yin granite G-1 
and diabase W-1). Apart from the fact that many enrichment procedures are 
restricted, chemistry may be complex and errors can arise from absorption and 
occlusion. A simple versatile enrichment procedure which involves a minimum 
number of chemical operations would offer most advantages and in this respect 
the use Qf an ion-exchange procedure seems a likely possibility. 

In our present paper we wish to discuss the combined use of ion-exchange 
procedures (anion and cation) and spectrochemical analysis. We have prepared 
this brief and preliminary account because although many of the investigations 
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are still in their reconnaissance stage they have revealed so clearly the potential 
value of the combined procedure: it will be our main purpose to illustrate the 
general principles of the procedure and its scope in geochemistry and cosmo­
chemistry; details of analytical methods will be given elsewhere. 

Our investigations have been carried out mainly on the standard rocks G-1 
and W-1 (for recent.review of data, see AHRENS and FLEISCHER, in press), a 
sample of Cape granite kindly provided by Prof. E. S. W. SIMPSON (Department 
of Geology, University of Cape Town) and a specimen of Limerick chond1ite. 

DISCUSSION 

( 1) Elements which have been investigated 

The investigations so far have been concerned mainly with several elements 
whose concentrations in igneous rocks and soils lie either in the neighbourhood of 
their spectrochemical detection limits or somewhat lower than these limits: we 

Table 1. Estimated crustal abundances and approximate spectrochemical detection limits 
(d.c. arc) of some rare elements 

Elements 

I 
Abundance Detection limit 

Remarks 
(p.p.m.) (p.p.m.) 

Ag 0·1 0·5 Virtually never 
Be 2 10 Very uncommon 
Bi 0·2 20 Never 
Cd 0·15 10 Never 
Cs 6 2 Some~imes in granite 
In 0·11 1 Never 
La 18 10 Sometimes 
Mo 1 5 Fairly common 
Nb 24 30 Never 
Nd 24 10 Rare 
Pb 15 5 Sometimes in granite 
Sn 40 10 Sometimes in granite 
Tl 1·3 1 Occasionally in granite 
y 28 10 Sometimes 
Zn 110 100 Occasionally in ferro magnesians 

have not investigated extremely rare elements such as Re and noble metals such 
as Pt, Pd, Os, etc. Table 1 lists these elements together with their estimated 
crustal abundances (RANKAMA, 1954, among other sources) and their approximate 
detection limit concentrations in the d.c. arc (AHRENS, 1951). The remarks in the 
appropriate column in Table 1 have been inserted to provide an indication as to 
whether or not an element is likely to be detected by direct spectrochemical 
excitation in common rock types such as granite and basalt. Most of the elements 
listed in Table 1 are either only occasionally detected or never at all. 

Before turning to discuss the combined procedure we shall mention one special­
ised fairly general spectrochemical procedure, the so-called double-arc. It is 
highly sensitive for several of the spectrochemically volatile elements, notably Tl, 
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In, Zn and Pb, and has been used for their determination (SHAW et al., 1950; 
SHAW 1952a,b; WEDEPOHL, 1953, 1956). 

2. Principles of the combined procedure 

The principles of ion exchange have been described in several texts (SAMUELSON, 
1953 and KrTCHENER, 1957, for example). For the purpose here we shall 
briefly recall a few relevant points. Ion exchange resins are of two types, cation 
resins and anion resins. Each has been investigated for the purpose .at hand; we 
shall consider first cation exchange chromatography with HCI elution. When a 
solution containing several cations and anionic complexes (e.g. SnCl6

2-) is adsorbed 
on a cation resin and eluted with HCI, most of the anionic complexes pass through 
the column first followed by the cations. The order in which the cations appear 
in the eluate is usually M+ cations, M2+ cations, and finally M3+ cations. Within 
each charge group the order is usually according to size, cations with smaller 
radius moving through more rapidly than those with a large radius; for example, 
in the alkali metals the order is Li+, Na+, K+, Rb+ and Cs+. Irregularities can 
occur and certain cations of given charge may appear in the same volume eluate 
as others of different charge. An element may be separated or obtained in a 
highly concentrated form (see, e.g., PrNSON, 1953; ScHUMACHER, 1956; ALDRICH 
et al., 1953), by careful control of the column conditions but for our purpose it is 
necessary only to concentrate the element to within the detection limit concen­
tration of the spectrograph. In most d.c. arc spectrochemical procedures, up to 
about 100 mg of powder may be accommodated into the electrode; accordingly, 
on the basis of 1 g of original sample, an increase in sensitivity by a factor of about 
ten may be anticipated provided the total quantity of trace metal can be concen­
trated into a volume of eluate which yields up to 100 mg or so of residue. Greater 
sensitivity may be achieved by using a larger sample. 

In our experiments, the powdered sample is treated with HF and HCIO 4 and 
taken to dryness; the residue is taken up in a minimum volume of HOI and poured 
on to Dowex 50 resins (SX, 200-400 mesh) in the hydrogen form. Elutions with 
1, 2, 2·5, 3 and 6 N HOI have been made. For monitoring purposes 20-30 ml 
fractions were collected on an automatic fraction collector, taken to dryness and 
arced to completion at 3A. The spectrograph is useful in this respect because the 
spectrum of each fraction provides a fairly complete and permanent record of its 
composition. These experiments showed that, apart from some irregularities and 
surprises (EDGE and AHRENS, in preparation), the sequence in which elements 
moved through the column accorded with that anticipated from various papers in 
the literature. This sequence is given as the first horizontal column in Table 2. 

For the purposes of analysis, rather than of monitoring, several of the compara­
tively small fractions may be consolidated into a large volume fraction, according 
to the principal constituent which happens to be present, as indicated by the 
second horizontal column in Table 2. Figure 1 shows spectra of the residues from 
some of these eluate fractions which have been obtained from a gram of granite 
G-1; the sharp change in composition is clear. 

Many elements form chloro-complexes in concentrated or fairly concentrated 
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HCl and when a solution of chlorides is passed through an anion exchange columri, 
the anionic chloro-complexes are held on the column whereas the cations appear 
in the eluate. Several of tlie IS-electron elements such as Ag, Cu, Au, Cd, Zn, Tl, 
Bi and Ph, together with a few others including Fem, form stable chloro-com­
plexes. These elements may be removed from the column by destroying the 
complex: either by eluting with dilute HCl, .dilute HN0 3 or dilute H 2SO4 , and in 
this way a fraction concentrated in the above elements may be obtained. Figure 2 
shows the results of an experiment which has been carried out on the anion resin. 

Table 2 

Pt Sn Ti Fe Na K Rb Cs Ca Sr Ba RES 

Ti Fe Na K Ca 

A 10 g sample of Cape granite was decomposed with HF and dried. The residue was 
taken up in HCl and passed through a column packed with Amberlite IR 400 
(Cl form); this was eluted with HN0 3 and Fig. 2 shows the spectrum of the resi­
due of the 50-500 ml eluate fraction. Many lines of the heavy metals Ph, Bi, Tl, 
Zn, Cd (barely detectable) and Ag appear. Several of the lines are very intense 
indeed. Direct excitation of the Cape granite powder showed only very weak 
Ph 4057 and no sign of the other elements. A similar experiment on diabase 
W -1 revealed detectable Bi, Tl, Ag, Ph and Zn. 

· The concentration of an element in a fraction is determined spectrochemically 
with the aid· of appropriate synthetic standards and on the assumption that 
recovery is complete, it is possible to obtain a quantitative estimate of the element 
in the original rock, soil or meteorite sample itself. 

Some conclusions on the apparent scope of the combined procedures 

It will not be possible to demonstrate fully the scope of the combined proce­
dures in geochemistry until they have been thoroughly tested on a wide variety 
of rocks, minerals, soils and meteorites. Nevertheless, the reconnaissance investi­
gations on G-1, W-1, the Cape granite and a meteorite lead to the conclusion that 
the scope should be wide and the application useful; they indicate clearly that 
provided 5-10 g of sample are taken, most of the rare elements listed in Table 1 
will be determinable in a large variety of igneous, metamorphic and sedimentary 
rocks and many meteorites and, of considerable significance, that several of the 
elements may be determined in a single analytical operation. For certain of these 
elements the combined procedures should be invaluable for obtaining general 
basic geochemical dat~; Bi is perhaps the best example, as virtually no data on its 
abundance in common rocks and soils are known. 
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fortunate tact that none ot the major constituents of' the 

r.oeks and sea water is strongly absorbed under the eondi tiona 

used.' 

Using this combined procedure, zn., :S1, sn, Tl and. Od 

have been determined quantitatively in a suite of twenty-nine 

rockS., Qttali tative ·observations on other trace elemelJ.t$ were 

made sirrml taneously. 

A mo~if.ieation of this procedure has been employed 

for an .investigation into the platinum metals and, .Au. in 

s111cat e rocks., 

In the studies on rocks, enrichm~t taotors ot up to 

iO;OOO were achieved, i1mitation~ being impo;sed partly by 

reagents blanks when very large quantities of sample were 

·employed ·and partly by pi' act ieal handling considera tiona. 

In tnv:estigations on sea water, much higher enrichmen.t 

factors of up to 20,000,000 were ach1e1fed becau.se it was 

unnecea.sery ·to employ large quantities or reagents tor 

d.iasolution of the "samplen. In addition, the high chloride 

content· ot sea water so aided the formation of chloro-complexes, 

that ·an appreciable eeonomy was possible in the amount of HCl 

that· had to· be add.ed to the water to allow the complexes 

to· be formed • 

. . In these latter studies, ce:rtain trace elements were 

absor'bed fr>om ! ton of sea wa.ter and quantitative data were 

obtainecl for the concentt>ations ot Au, Bi and Cd 111 this 

rneditJm. 
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The invest1gat1on,s demonstrate tbe versatility 

of e.nion exchange enrichment procedures ln. th.e d'6ter-m1ne'tion 

ot tro.ee elements in e wide range of geological m terials. -
',• -



U .. ~.R o: n 1l g :t l o p. 

Many methocls have been 'USed to eatima.te the ao•called 

·trace ele~rlts in. geological materials and 1nclutt.e co:LorUnetr1c, 

sp_ectr.oche-mical end neutraon activation techniques as well as 

manu othere. Of these proeedu:res; the spectr.oehemtcal 
. . . 

methods are pe:rh.aps the mo.st important since not onlr are 

they e~tremely sene1ti.ve toto cetttatn elements but they also 

permit tb,e s~ltane.oue eatiml t1on of' a large numbt!1r .. of 

different ions. (For a review of the rela.ti ve accuracy of 

conventional ena.lutical methods as applied to m1nor eonatittte:nte 

·of silicate rocks .• see .Ah:rens~ 1967). 

some trasee elements .are present in such low 

concentrations that even vecy sensitive enelytieal. m~thoda are 

not -able to permit a. dit-ect determ1na·t1on to be corried out end 

in a ca.se of this nature it is neeessa.ry to combine the 

selected analytical technique with an enrichment procedure. 
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En.r1ohau~nt teobiliques 11e:y be conven1entl)' 

elassitied. into f'ive main groups :-

(1) cnwics.t pre;tg:\tatiQn met;hgd~ :- These usuallJ 

involve precipitation ot _the traoe elements togethat"'. with · 
.. . 

a carrler; tor example, co-precipitation of lnwith 

terrlc hydroxide. 

(2) SQlVItl.t e~ttr&gJ!ion :- ·The general procedure 1s to 

dissolve the. sem.pie, adjust. the pR. to a certain value and 
I 

extract the.el4lt8nt 'with a· suitable·· solvent or compl-exing 

a.gent; tor. ~xa~~le·, the_ extra a t1Qn or Cd l.fith dithizone 

in carbon tetrachloride .• 

(3) l.treuassax_· protied~re§, :,• · T~ese are usue.ll.J only 

specific tor a t.ew ·eleme~ts; namely, .tbe noble metals • 

. (4) ,Ma~h~ds br;IS~d essential-ly _on ap;ctroehtJ~ic§l 'tecbniques :-
, . . ~ ~ . ·' . 

. For &XQJilple, tlie double :ere technique or lts_nnkopt _(1949) 
. . n 

developed troa the ·ori.glnsl wo:rk of Rose .end Bose ( 1935). 
' . ' ' 

· ( 5) l•n excf!e!u~e ·enrlcb&M te !ecbn.lgye§ : •. -

These latter procedures have been -little explored . . . . . '" -. . . ' . -

up to the preset_lt ti,me. although Cran"ston and Thompson 

. (194b) .have used_ cetion exchangers.t:fil! the enri.~hmen·t and 
.- -· ' :.. . . : . . . . ' . 

. t . . . . . ~ 

isolation ot traces of' ·On in ·•ilk_. and' Nydahl· (1951) be.s 

used the same· ;typ~ ot ~resin ·f'or the enrichment and deter-· 

m1nat1on or a·ome c;>t' the_ alkali metals. a.nd al.ka:line ee~.rths. 

-in lake water. · (For a review or enrichment techniques 

as applied to rocks and soils, .see Ahrens & Taylor: l96G). 
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In tb.e work described in this thesis; anionic exchange 

enricll.men t procedures were developed which,. in combination 

With spect!'ochemical techniques, appeared to have eel'tain 

advantage.s . over other enriChment methods. 

In the first place, the methoa.s are simple and involve 

the .addition .of. only relatively small amounts ot reagents· 

which themselves are eas1lu purifiable by distillation., 

secondl¥; the techniques are very versatile and mnr 

. elements can be determined simultaneously. 

·Thircil.y,, enrichment factors higller then those possible 

by .most other methGdS were achieved. For example, an 

enrichment ~ ctor of 20 ,ooo 1000 bas been obtained tor sea water • 

. Finally, it was possibl-e to use a constan.t ·matrix tor 

the .eubeequent spectrochemical opera tiona since the fina 1 
. . 

el-uate res~due, which is usuallU v.ery small, is collected 1n 
'· 

a· much greater ma..ss of a .NaCl matrix. This is admittedlu a 

teature of some, though not all, othe:r enrichment procedures. 
' ~, l f , I 

The need tor ·enrichment ~Chniques 1s further emphasd:sed 

by considerat1,on of' two main limitations of: the speeti>ograph 
-... 

./ 

which otherwise is well .suited to tl,le determ.1nat1ori of trace 

eleme·nts. 

In tne f'iret place, :some elements such as ·Ta, have .such 
' . 

a low spectral sens1t1v1ty that they must be 



prestm.t in talrlv· htgb. ·cotteen tratiou 'be toPe· tner 4m1 

b~ 4e·tected. A SecGil"d. l.imttatto-n 1:$ tbe i"eet ·that ftlJ' 

about ·too ag .of S81D})le at tbe moat ,van be arce4 et &DJ' 

oee tiD an4 evert 1t recOllrse 11! ~~B4e to the a~:pertmpoettton 

o·f' .eeYet-81 ar:e1"DgS oa fla .• s;;ce ·plate,, baekpotma. effect& 

tetui to nlli111fl •··r atvanttgea that m2gh\ ctherd ae e;eoru:e. 

·'file ntbOP bas co.nttned blselt to ae studf ot 

tbose e1eunte tha.t '081'1. be wulg oleu:..slfte& ea '"~ce 

elaette•· (uaua·nr :teee than 100 •• ana ta 1.r&lll' caaea 

leas ·aan 0.1 ·19m). and Yhlcl't et the $lm8 time are or 
partteular mtePest geocltfi..tnt:eal'lcf':J el:tll~ bee&U-ee ot 

.extr . ._. t'tlPitv ·OP dee tenuse of· tb.·e kdt lit rel.Jable 

an.d conattttent ebu&mo~ 4a1a • G.oou eumplee fit' euch 

el~ta ate Bt ani:. ca. lt bae b$en .41scovere4, (Ettge, 

Broob, Abensr end Amd.Urtr :c 1969) that le...,.ezeb&n:ge 

-tec1m1tuee caa. be emplOvett :ln the enrichment or aewrel 

trece const1 taente ttl sl.l;1cate POeka· tG ·the tbrea'b.o14 

or ~eetn1 smsttlvl.tr ; these l.ltltho'l's bave Aacuseed 

tbe sco,e or ·tb.e· C01'1Jbtne·t1 proc~e ~ma. 'both e tOl'ltc 

·an.a.. cationic exchange dlaoma\ograp'bJ' eou14 elr14entl7 be 

auc-cesa!'UU7 to tile .aetermtm,tt.on tit certain: tt'ace. 

eleaente (E«te : 198). 

'.rhte tbeele Ia caeerned aolel.V wltb atonic 

exebaa~ ecrtebmmt· ad ell tb.e work 'baa been :.:.·· · · 
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carried ou.t on a strongly basic e.n.ion exchange ~ea in. A wide 

stud.;v'' bas been made ·of the application of this technique to 

tlie ··spectrochemical determination of trace element's m 
silicate rocks and sea water • 

. , 

. In ~der · to absorb trace element·s · onto an an ton 

excbangeta, manu ltgands W·ch.'QB cyanide, thiosulpbate, citrate, 

ta~t:rate ete were considered but the final choice was ri'l.ade' of 

the chloro-eomp'lexes· since, as' will be seen later; these 

pose eas certain disttnct adva.ntages over ·the o~hers. 

TO give some· idea ·or the 'basis of the anion-exchange 

enrichment technique, reference. mu.st be made to the work 
' , t . ' r ~ : ' ' l ~ • ' ' ' i ) 

of Kraus and .Moore and oln~~ workers :• Blasius and Wachtel 
•I l• . . . 

(1954), Campbell and Nelson (1953), J"entszch an'd Frotacber 
' ' ' 

( i955), Kraus and Moore ( 1953), . Kraus ana. tiel son· (unpub.) , 
,. t •' 

.. 

Kraus and Nelson (1954)., ·.Krau.s, Nelson, ClQugb. (illd Oai>lston 
' . ' t' ' ' ., .. . 
{l9f?5},. It:ratis, Nelson and ·smith (1954), McNevin and Crurrmet 

(1958), Miller and ~unter (H~54), Naehod. ( 1945), Nelson :and 
,_ 

K~aU\l. (195_4) • -. The· above workers have ln:ide extensi.ve 

i~vestigations into. the absorption· o~ the a.nion.ic cliloro­

eomplexe,s of. eertai.n eleme.nts onto a strongly basic an2.on- . 
• ' • ' ' I : ' ~ 

exc.hangel'. Their woiok 1$ based on the fact that many 
; . . 

e);ementf:! are able to fornr 8!J-1onic chloro-complexes at certain 

we·.n defined HC,l concentrations. 
~ ' . 2- . 3-

,li'.or · ~:xample, Bi forms · ~ B1Cl~) , · (BiC\l and (:SiC16) 

in the range from o.l to 10 N. HCl. 



.... 

•" 

Kraus end hts co-workers be.ve mea su.red the . volwae 

distrlbut.ion ecet.t1c1ents ot nesriy all the alement.s ot 

· tbe per1od 1c table ·when tne.ir solutlonJ; .in var71ng 

strengtt.ls ot hydrochloric fJcld ·ere nbsorbGd onto.· tJ:e 

. atron3ly · basl.c anion excbenger Dowex.l • 

. 'The volU18 diatr!'bution. ·CO·ef:fiolent ,of tm element 

or complex is e measure Of the de~ee ot ebsor~ loa ot tlla t 

· substonee on to· e pa~iou]a r lon ex:clla nge resin. When a . 

solution ot the· ·.element ls itt ~qnll1br1ua with the. exchanger, 

·the voltime distribut io~ coettieient: .. 

A&oun.t ot elemen.~ __ abso,rbed J!8~ .. ml ,!# ~q~1n b!~ 
Aaount ot .. •laent re,as1n1ng .Per ml ot solution;. 

Those elenente the·t will c.omplcx in h.yaroc.bloric. 

aoi<S can be div!(t,ed into· three groups.· Firstly, those 
~ ~ . ~ 

Wb.OS·e distribution coett:1cient~ Steadily df6ereese with 
. . 

·1ncrees1ng eo1d oonoent~tion :- eD!mplcs of ti:a se are 
. . . 

. Au, -Tl, ·Hg, Ag .. J31 and all the plet.1num metals.. ~he. 

ooetfioients or .the second ·eroup staaail.y increase with 

ln.cressing eeid eoneentrations: as ror example,. Fe, Ga. end 

,f .. - · Ol1her ,e1$.ents like .sn. Zn, Cd 'E!~t! In, ettaln a 

'maximum or minimum at certain .eoid concentrations end in,. 

this respect contrast S!t.arplyl';ith. the other two groups.·· 

In Table I are recorded_tb:e,d!str.ibution co-ef'tlcients 
' .. •' 

' 
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TABLE.l. 

The volume distribution coefficients of certain elements. 

(from 2N. HCl solutions) • 

];lement. Oxidation state. .!21LDv 

Au III 6.0 

Tl III s.o 
Hg II 4.5 

Os III 3.8 

Ir IV 3.8 

Bi III 3.5 

Pt IJ1 3.4 

sn IV 3.2 

Sb III 3.2 

Od II 3.1 

zn II 3.0 

Re VII 2.8 
• 

sn II 2.7 

Ru IV 2. 6 

Pd II 2.5 

Ag I 2.0 

cu I 2.0 

Pb .II 1.5 

Nb v ·1.3 



flo 

Fe 

t.ra 

U' .·· 

In 

- ll -

f!'ABLB I .(Continued) -
ox. state·.· 

VI · · 

III 

v 

VI 

III 

. '1.2 

1.0 

1~0 

1.0 

1;.0: 

It it .is possible to selectively absorb certn1n 

trece elements troa a hydrochloric eeid solution ot s . . . ' ,· ... . 

coll.psrat1vely 1~rge quatitity fi>t rock, ( ~1 20 .g. l subsequent 

elution u:v yield e product in which· the ~oneentret1ono of 

these e,lezents are above their spe:etroeb$m,leel detection 

limits end t·hey may tha ret'ore b~J determ1n.ed quen.t1tat1'vel.y 

by speet:roehemieal proeedure.s• . Thi.s forms the bes1s of 

. the ma thod. th$ t .we a develop-ed. 

In eone1der1ng the poss1b:111ty ot. ·separating ·the · · 

trace constituents r~om tb.e major oons ti·tuents of s111ettte 

roC:ks, t,!le author br:1 s noted e most si:Ettit~eant f'eatura or 

the work of lfi"eus and .Moore; -th1s was ths .. tt:Hlt · tmt ot 

the elements which are .so abundant that th~ togetl'ler 

form over 99~ of the earth's cru.st ( 0~ Sl, Po, Al,,. :Ne .. , K, 

c~.~. Mg, Ti}; only.one, ·namely Fe, is ebl.J to torm s 
.....;.... ~ ... . 

chloro-complex st any hydrochlorfe aoid coneentration. 

Fe belon.gs to the second group .ef <loJtplex-torming elemn&s 
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and sb.ows a low -absorption at th$ lower ao1d concentra,i-ons 
~ ... 

in nmrk.ed co.ntrnst to the_ fiist --i..WPUP or ele•nts. 

Zn_,- Cd and In have absorption max,ille ln 2N hydrochloric --acid et Which concentration. -~e_ ir~n absorpttion is 

relatite_ly lo?l. 
- ' ' 

Nearly ell t.he ;alemen ts listed -in Teble I are rare 

'and soJne:_, suah as Re anti Pt,· are extremely- rar-e. .A-ll 

of t.hese rare element$,. with the except io.h of Sb, le, Te 

f!ttd U have been d etee·ted bJ t.he e ut.ber in e wide: range .or 

silicat-e rocks end certain of th.Gm have been eati.DJted 
--· 

quan t 1 tat 1 vely D or these tour -el eaen ts th1! ·t ha ve n.ot 

been detected • Sb ~as not discovered because ot the· teet 

that_ most .elements- form thei.r strongest -ehloro-a-ompl'exes 

1n, their highest· vnlexio:v ota·tes nnd tm retore work has 

been carried out. 1h oz:1d1sed solutions rather~ than in 

red.utH~4 media thus precluding the de-te-ction of Sbil!. 

"The difficulty with :L'& ana U has been-.their exoeedingly 

low spectral sensitivity coupled w1th relntive rer1ty. 

Th$ teehnique o~ us:_1ng anion ,excruul.gers f'or the 

6atem1natlon of' trace e1-e21ents wea influenced bir tim> :mtiin 

"factors. Firstly, it vms essentJJll to- be abl,e to enrich 

the el~ments to ebova tlleir spectrooheahJel d,etect1on 

!1m1.t$ _~n~ indeed •. it was tcund -subseq,uo.ntly that enr1chll.eat: 
' ' 

· fac:tors '-or .. over 10,000 could be achieved in silicate 

rooks end over 20,000,000 in sea WJ-'!ter. 
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The second fa ctoP of importance was that partial separation,. 

at least, of Fe was essential since this element has a 

complex spectrum likely to causeP widespread inte~rence 

(particularly with Bi 30&.7 A) and moreover, by its high 

abundance would add an undesirable bulk to eluate residues 

enriched in trace eleJTents. 

This thesis includes~work in which eighteen different 

trace elements have been studied, of which five, namely 

zn, Bi, Cd, Sn and Tl were given special attention and 

systematically determined in a suite of twenty-nine silicate 

rocks. Work on trace elements in sea water is also described. 

By adj sting the colurrm conditions and acidic 

concentrations, it is possible to nake the technique specific 

for any one element or group of elements. In 2N HCl it 

appears to be possible to simultaneously determine the 

greatest number of' trace elements ; on the other hand, by 

using a decinormal solution of the acid, more efficient 

absorptions of Tl, Bi, Au, Hg, Pt and Ag can be achieved. 

Th~re is also the added advantage that Fe is virtually 

unabsorbed at this lower acid concentration. 

In general, lower acid concentrations are preferable 

because of Fe interference but this is no 
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reesoa why higher concentrations cannot be e.plo7e6 to 

make th.o tAethod spflo1f'1c .for other -elements~·- partloulerlJ 

it e r~uoed solution is used where Fe2+ is no~ absorbed 

e_t ell in h,ydrocblo.i"ic .~cid concentrations beloti- e.N .. 

lt may be borne in J!ind th~t the sens1ti·vity or 

the COm.b1ned pro~edure CtUl. be in.oreaset1 b1 taJ.~ing into­

SO. tu tion lerger qtietn.tl ties ot l'!OOJ!: m.tt 11 a ·limit is· 

.-4- .~ <r 
'' .. ~ .. , 



/ 

.----.,· 
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PART I 

I 

l 
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SECTION III. 

THE APPARATUS. 

The apparatus used for the investigations described 

in this thesis was basically very simple and consisted of 

three main units : namely, the ion-exchan~ column, the 

fraction collector and the spectrograph. Each of these 

will be considered in turn. 

(a) The column. 

The column itself (illustrated in Fig.l.), consisted 

of a borosilicate glass tube approximately 60 em long, 

one end of which had a diameter of 20 rnm extending to about 

half the length of the column ; the other balf of the tube 

was much narrower and had a diameter of 12 mm hence giving 

a cross-sections 1 area of 1 aqcm. 

In the initial experiments, an attempt was made to 

adjust flow rates by means of a glass tap attached to the 

bot torn of the wolumn. It was however discovered that glass 

taps were unsatisfactory since the flow ra tea 



A ="Chicken feed~', .. · 

A = ion exchange column5 

C = Double dispen5er 

:) = Rotating support 

E = 250 mf beakers 

F = 50 ml beakers 

E 

9 

F 

FIG.l. The c.olumn And fraction collector. 



tended to slow 4own a.nd tlnaJly oease e.ltogetb.er. On 
r ' ,· ' 

replacing the glass t~ps with polythene screw v~lvea, little 
' ' ' 

:JJri,r;rovement wes note~ but the problem was f'inally solved 

by regulstin.g tlow rates by the edju.st.me.nt of .the hJdro-
' . 

statie pre~stire. ln order to achit:fta tb.is. a S/16~ t1goa 

. . 

:ofJ'the il>n. ezebangf;) OO~Uim end. e ShOrt· ·ext.ruCJed sltt.$S t1p 

The level· in the colwm was 
. ' 

·kept eons·tent. ·e.nd .the flow rates sd3usted mere17 by relslng 

or }.owel:lng the glass tlp ent it wtts tound that ver1 c.o.astent 

tlow ra.t~.s could. be achieved bY 'this simple hydr()stetic 

.method or control. 

tu' da.n.ger ot 'the· column "runn.ing dry" beca't:tse it wes a 

simRle metter to enaur& tba t the outle·t or the tygon tube 

wes Ell'Vf'eys higher tben. ·the top level of the resin. bed. 

liJ J TJle· n~;§.i.ns.. . 

.. ·. 
1fhe St:Une type of ion excbeng~ .resin wea used 

throughout ~11 the investiga·tions, and tills was n spsoial 

ehromatogr.aph1c grsd~ or the .~tronglY ba::ai.c ~nion exchanger 

Amb19rlj_te .IRA. 400 .{ 100-200 meah) me.nuf"tHl'l#ur.ad by Ro:bm end .· 

- HSI,tS. The bas.ic structure ot this ;:esin is shown :below 
' . . 

end it can be seen tile t. it :c~aisisted ot polystyrene cross-

link&ti, with a% d.i vinyl b.enzene • . 
que:rt:erne.~1 sa1ne and _such e strl.'.ll ture is oe.pable of a 

;high d.egt"ee or ionisation coup~ed with e ~rked degre-e. ot 
,• ~ -

insolubility in aqueous aedia. 
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The resin. is said to be fu.lly stable over the pH range 
\ 

o-12 and this has been fully confirmed in practice, the only 

difficulty being exJ)erienced w1 th strong oxidising agents 

such as nitric.acid where very slight decomposition of' the 

resin seemed to occur. 

This exchanger v;as similar to, but not identical with, 

the Dowex.l. anion exchanger used by Kraus and his co-workers. 

As a result of' the author's own investigations into the· 

distribution coefficients of certain elements on IR 400 resin, 

(See Part I section 1lt and Part IV section 7) it was concluded 

that any differences in b· haviour between the two resins 

were very slight and unless :r;srticularly accux>a te date were 

required, the results or Kraus et al could be applied with 

confidence to the Arnberlite resin. 

~h~ reasons for using IR 400 in place of' Dowex.l. 

were twofold :- Firstly, the former was more readily 
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available and secondly, spectrographic examination of the 

ash of ignited resin revealed that the Amberlite resin was 
I 

appreciably freer from contamination than Dowex.l. 

particularly in relation to Zn and sn. 

Zn contarnina tion is not particularly serious as 

this element is easily removed but Sn is troublesome to 

elute and requires a double cycle of sulphuric and nitric acids 

before a reasonable degree of purity is achieved. 

{c) The fraction collector. 

The above was used in conjunction with the ion-

exchange column and served to collect fractions at predetermine( 

time intervals (5 min to 2 hrs.). 

shown in Fig. 1. 

Part of the apparatus is 

In order to conserve space which was a~ a premium 

ani in order to reduce costs, a double fraction col1ector 

was constructed in which. the beakers were arranged in two 

concentric circles. The outer circle comp~ised 24, 250 ml · 

aqua t beakers and the inner circle 24, 50 ml units. 

The rotating arm of the collector consisted of two 

concentric tubes (as illustrated) leading to two separate 

smaller dispensing arms, one of which supplied the outer 

ring of beakers and the other the inner circle. 

With this apparatus it was possible to operate 
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. \ 

two coluum.s sktultan_eouslJ"1 with the consequent saving., 

ot time ettd cost.· The timing aev.iee wes a San0911o 
. . . -

'· 

tb -a rete ting era. 

d) fh!. spec~rqw llJ! •. 

A apectrogre.ph was ·used a.l.D.mst uclusive~ for 

both quel.ita tive ana quen.t1tetlve determinations except 

·tor a rew or tb.e ooltlllft studies end il1str1but1on coet:lltient 

investilll tiona Where colorimetric · techniques were 

. sometimes ·used. 

Tbe s·pectrogreph wes tar superior to fbe latter 

mlnly because or lts. speed end. the tact tbet an overall 
-:. ·. . . 

picture ls given wb.era very meny elements ·can lJe .. st·ud.ied · 

simultaneously. 

· A large Bilger qu•rts gless 1nstrtte4ent was e191lable 

ln wbich the disc~erge was toou<ssea on tbe slit by means 

ot a Hilger E.958 quartz lens. A rotating step .sector 
, .. 

with a trtulam1ss1on rm tio 'ot two served to _proviCie e . . 

graded series ot exposures • 

. ~ -. Tho Spectl'& were recorded on Ko4ek 103-0 blue-

- sens1tiv-e ;letes over ranges· varr1ns :rrom 2400 A. to 

4400 A. Further aetails ere given later ill. this thesis. 

. -. .. ~ ... " 
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· ... •. A aerie a cfi geae.rul c:olll'D)fl,.e'Jtpertmento 'ftl'e :C8Pr1e4· 

crnt 1rl o:ra4el'" to ·1n1'est1gste the bebsvtqus- of 1R 400 .reet;n, 

'toward& certetn dlloro-eampl.eltea. one of tile pu-rposes 

Of 'tueee 1nvest1B1Jlt·torm '1FQS to ea·tebltsh the feet t:bet 

the· 'b:eb_mtour .of thta: -remu was 91m1l£tl' ·to tlutft. · :Cft ll'nex i. 

· wh!cill. <bad been used b:r Kraus ena hta 0)-~:rkers. t11thou~ 

thla cont'!Fmatton tt wu14. ·tm:ve been tmpra¢ 1-ceb 1e -., :1!&e 

t~ data o~ &'au& and ltoor:e a:B· e baa is- .ftst- ·the $Uthopt e w:rlt. 

·ln cons14er1 ~ ·atc g.Jtn.1tJ.1t~ t t.w :aspe:cte « 
cb.ronxatognphtc ebsoJ!Pt:lona e4 el.uttom,. te · tmpogst .,. 

CG'tls~tmta ·ar-e· weed • fte <volnme atet:r1bt.tt1<m·· co·ef"ftcteat D9 

taala :olreaar· beet 4efJ.tm4 ad. muYJ;t :not be eoafb.sea .t·th t1ie 

ata·trtbittton <»-ff'lctent ~tel· am s eoluUcm contamms e 

· .· ·g.tven lott u,· in e-qU111brtan w1 th a re etn, en a. It' Sj. ea4 fit 
are the· tmct.tom ·Of tbe ton II fn. tbe resi"B 6 l-lqn14 .. Phases 
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respectively tben,:-. 

(2. } • . , ' I . . 

········~·············· 

rlb.ere v is the volume ·ot solution and m the mass ot tts 

Simile .. rly th.e vo.lume distribution coettlclant 

. can be represented es :-. 

Where Vb. i~he volume O.f the ·.resin bed~ 

Tharetore:-

v /li b. .. I. .. ... . . . .... : • . . . • . ··• . • . . . ·•- . ·• (4) 

· In order tQ est$blish this rels tionship 

e~perlmen.tally, a quentlt;v. of. th_e resin was convertea to 

the chlorid·e form, r-1nd th~Sn drit;d for 24 .hours ov·er 

anh~drone in e. vtteuum. ~t 60°0. Three .g. o1' th,e resin 
• I • 

were _then. weighed ·O·ut,. plaeed in about 50 mls. or 2N HCl 

ana. au·owed to stAnd. overnight. On the_ following morning 

the resin wes transferred· to a 10 .ml. measuring cylinder 

end 'the. volume of the resin_ bed .recorded~. 

tound to be 7.2 ml.s. 

Substituting in equation (4)' .above, we obtain 
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·the rela tioAship :-

lt . d .2 .. 4 •. Dv .• .... ~ .• ............ · ............... ~ ·t 5). 

f.1ls · expressioa. hold.s oaly of course tor thls 

particular size or res.i.rt. 

•. 

This reletionshlp ls illportent -since there is little 

un1torm.1t7 in the wey in which wo.rlters ia th• ion•excnange 

.tield express their results. some g1v•."tt end ethers Dv 50 

thet it is iaport~nt to be able to reed1ly convert. oae to the 

other~ FortUM tel', ·the work of' Kraus. end his co-workers· 

was carried ou,t. with ·e resin ot identical aesh size to thet 

used in these invest1getions. 

(b) !r.h._§electlon ot §.Y1taqle colJwn .. sl.tmusioD§.. 
The elut!on·cht'!recteristics of an ion exchenge column 

ee.n be repres•nted by the following ·expression· :-

·d 
v ··········~······(&) = 

( 1 + Dv) A. 

Onere d is the distance travelled by en ebsorbed ion 

down en ion exchange column o.f". cross-seot.lonel. eree A, \then 

V mls .:)f eluent have been pesaed throUgh the column and 

1 · 1 s the frectionel interstitial spa:~e. -

.Experiaents were carried out to estt'!blish the value ot 
. . 

i tor thi,s perticu~r resin. The bed wn s first or ell 

str~ngth of acid passed through the column. The N'1 solutio.n 
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~ h.q s the double etlva.ntnge of be1ng both coltlured and 

non~absorbed on ,the res.:tn .•... t.rhe vo~ume of e;tuate -colleQted 

up tct t.he time tba t the· coloured soluticn flr:st appeared 
.. ' . ' 

at the· bGttom of the column was 11ee$Urea end eompereti with 

the to t&.l' volum~ .of tf:Le :resin bed which ua s tound to be 

exactly .20 mls. ~he. coloured- aolut1on first appeared· 

when 9 mls .na d been pe ssed thm ugh ~be eo.lu.mn ~.tad 

tb.eref'ore: the VP.lue of !· was ·9/20 or 0.45. 
. . ·~· 

· If we ·therefore choose e eolwan with a cross-seet!onel 

aren. of 1.. sq oa (dlaca~ 1:.2 em) ead 1r Dv ls greater th~.tt 10, 

then we cen ignore ... tt!ld tl8 equetion .. reduces ·to :-

, .............. ,j, •••.• -· .•• ·.fl .. 0 ·• (7) 

·Tbis ,equation was used to e great extent s.n· celculstions 

of colwrm d1mm eions. .It was· subsequently '.tound the t · 

approlti.tt$ tely 400 mls or 2N Bel wer.e roqu.1red ·to keep into 

solution epproxlm.Ately 20._p o.t silioeto reck :end . .moreover, 

ell the :elern.ents that. were to be investigated b!Jd val.ues 

, . of Dv srCM)ter then 20._ Substituting these ·values in 

-·eq:ueti :6n (9), it we. a deduo&d. tMt._ fl oolUJIIll .20 om in leagth 

· would be ;r.eq.tti:red to qufU1tit8t'1vely re,~lti .the e1 ~eaents 

-·tn~t were to be· investi~t,ed .• 

(c) .. commu::aq.n · pt.Jfhe -~QQ@rt;l,eJi~J!f ·.m.wo yd ~!& ... !· · 
. -



.important. l)ttObltmts remame4 to be solved bef\)r-e com.nenctng 

~studies on .stlt·cate :ro<:k:a. In the fJ:rst plaoe·., tt was 

essential ·to eD:tml"e that· the ·uta <If ttra:us et el.· •nl4 

applJ ·equsll7 -.ell to .IR 400 PEurin. 

SeeondlJ' ~ if we· ,are ·sttem.Pt ing to use ton•exehange 
j 

resina fot- ·~be :select.ive absorption and ·elotton ot tl'aee 

e1enente:, .not on)t must the -ream be capable ot absorbing 

the elerrente rap1dlJ an4 qmmt1tattve1y but 11; ·must also 
., 

be possible ts ieJ.ute tb:eae trace elements 1n .a q&~anti\etive 

Pklall·y, 'tlle ~elt~t"lng agent aould be eb:le 1D elute 

the .el·emettt·a in· a not btordinate number or column vol.umea. 

otherwise bulks become unmanageable .ana· th·ette 1S increased 

aangep of' contamlm uo·n :tmm ~ittes m the eluet ttselt. 

·In o%'4• to solve the. rtr·st or these probl.fJDa. 

ttPeak•tbrougb curves ror zn, Cd anti :at were plott·ed 1n ·Which 

tb.e . :tollowtng pPoce4ure was .adopted.. · Solutt ons contaiuin,g 

epproxtmatel:J 300 m. eq. of' zn, .81 .and· 04 pe~ ·litre were 

ppeparet and the actdl tr of .each d ~uated ·to 2N ath respect 

to: !01. · EaCh e;)lut ion was :pe ssei. aepars teli' :tbroufj\ 20 em 

·columns at a constant flow rete of ·34 mls~ rmd suceees1ve 

1:7 ·m'l 'tracrt-tona wer>e. coUec:Ce·4 bf the f'ra.ct1on eclliuria:t~. 

tJhe (':atlons tn •ell fraet1on were deternd.ned bJ t1tration 

w1 th Im'fA using ertocbrome-
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black-T es iAdicAtor tor the zn ana cd And P)'rooeteo!tln 

Violet t'or the Bi.. From these ante, the braekthrough 

.. curves for ef!cb element we~e plot.ted and are shown in .. 

· Fig .• 2. ~ntf .til Teble 2 ·below • 

..... -.. _, ___ .... _ _....,.. ..... _,. ....... ~-- .:.: - _...,_,..._...,.._,~·~---....... --.-,.;_ 

c = . orlgin!!l C'one of' solution. b = con-e in. eluate • . . 0 

(00 in ell ·CRss"s 300 m.e.q. per litre.,) 

....- BiSJiqth, Pagm!nm Z1W1. 
' 

m. .. e.g. pass$() C/00 m.e.q. ~ssed C/C0 m.e .• q. -pessed C/Cc 
through column through column through col. .. 

.. ---..... -...... ;.../lll!ijjo .............. iM> ... ~ - . ......... , ... _ ..... ....... -------------~.-.. ...... ..,. ............. _ ................ ._. ......... ._. .... _ !"" .. ~-~----

60 0 40 0 42 0 
·-

'17 0.04 46 01071 48 0.268 
·-

89 0.50 51 0.43 54 0.81 

101 0 .• 83 5G 0 .. 95 60 0.95 

113 0 .. 99 60. 1.00 I 66 0.99 -. 

125 l.OO· 65 1.00 72 1.\FO 

~---
.... - -~-

• I ·-

""rhese _c~ves gave vnluas ot 50 m.e .. q. tor Zn sad 
,' ' -

ca ·ana 92 m.e~.q. for Bl ea the bre~k-tttrough values. 

These figures are in proportion to their 
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1·0 
Cd Zn Bi 

0·5 

c;c. 

oL-~--~~~~--~~--~~--~~--~~ 
0 50 100 

M.e.q of ion passed through column 

Exchange isoplanes (break-through curves) for 

Zn, Bi And Cd from 2N HCl solution. 
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distribution .coetf'le!en.t.s wb.loh should tl'lerettore be in 

-:tile retio ot 1 : l : 2- (very npprox). --These flgures are 

in sgreem:e!lt with the :findings of' Krens et :el who obta.ined 

figur~s cr·2,000* 2,.500, &t&aoo. which -~re also very _ 

_ Approxim.ete in the rat.1o l : 1 : 2. 

It would flppear rrom- these stud :ies tm t m 400 

A hsorbs enloroeomplexes- o:r cert~ in mat!! ls .in eri ane.le gous 

manrie.:r to Dowex.l end there seams little reason to d.oubt 

tlv:!t 1-r it does so for these three' elements it is most 

llkely. to do_ so for the other metals also. Accordingly 

the d~ te.- or- Kra-us ~nd Moore were us-ed- w1 th perfect 

confidence in subse9uent pr-oeedu~es end ln. noase was 
' ' 

'eny' difticul.ty encountered in usins their tigurca. 

'rbe siu.ilarity in beheviour ·nr IR400 fUtd Dowex .1. wt:~s 

further eontirlled iri 1!! ter work on the ·d istribtt tion ' - . . 

coet£1cien.ts ot certnin e.lenents in liCl and see wrJter 

(See Pert IV, Section ?c},. 

(d) 1UJAtion cu~ves. The ·next stege ot. th-e investigetions 

WAS to select P. · ~uiteble eluting ttgont. end to evaluate 
- . 

the ·optimum elution ·cond it.ions. .From e study ot the 

litel."Atur_e end in ·partieulR r -the work of K1¥tua ~nd lloore 

(1955} ~nd Miller ~n.d Hunter (1954), twQ pos.s·ible eluting 

ngents were -considered: neme.ly sulphuric acid ~na n11l'io 

f'!c!a. 



amounts ·of Bi. Cd and zn were absorbed. on the anion 

exclitafi~-·resin: whteb.. had ~evtously :been ~nvept.efi ·tO ·the 

~io~id.e·:;:fo~m' bj repe.a ted' washing with·. 2R .~1· : ,., Atte:r· :absorptto;. 

the CC>iumzi :\vas'· ~iuted wl th · 2N li2S6,4, ·and a:·dupltaate· ·rim was 

:car~ted ·out· in wb.i.ch ·elution wfi·a lf/4 DQ:3 was Qttfmpted. 

sucees·sive. i'raett:u·ns ·.-were. ~.l:Vaea eo :torim6t·rlca11t :ustng 

:aia~lve:iru· Photo$l.e:c'trto col{irtmeter. 1'he zn wa's determine« 

iJ,· ·tile· &.t:litaone:~ '~~etliod ·(sande:11 · i95o) ~ tid~ o1 :Prectpttat1on 

~a"· th:e···~itot481- ·autphi·de arra: .. s1 "h:V···the t~atd.e meiihcs«· ·· ·~. 

(saia.t1 'thid) ... • ·1'ite ~lutto:n:- ·-mu~ie·s were plott'ed: 8a"· are·_.. 
;sliQ.\Wf .. \n Fig.:3,. where lt· ·Calf r.eacUlf. b,e seen that :• '-'he li2S04 
removed aii ·''tbe'lofls shafaplJ': and.· 'within' approiimatelw '25 ' : 

bb.lumri ··volumes· slth.~u@l '·e<Qen; then 'tn.ere ·was>ao•me· tailing of :at. 
. . ' ·.. ·. . - .. 

· > ,' l:'t· was possible· ·1» ··aeri.ve m~ci tnfer.mat1oit frOm these 
.. 

. , :~ ·. t .-;,· 

or· the sepa~te f'J:$·ct1ort·e ~nable.•i' a· quantitative eVal~ti·On 

,of ·the'· p;·:teentage removal ot the· ·ions .troin · tte colimln· tO· be 
. . . - . . . . . . . 

esta;b l.!Shed• . The ·results we. Sh~ in Table ·&. · 

.. ~ 

- ~ .. ' ; ·, . 

.P:e:reeri:tage··removal· 0t ·w~:loua 8bsor'bed tons :.i,y -dltte:Pent :elu:ents 
-..-......... 1_. ........ ~-- ................. -.llliii __ • ......... .-..... ~ .. - ,..,... ....... -. .... ~~-----.. .---...... .....,.,.-........ .._......;;-,.,.._._ ......... ~ -
. . ' ~ . . . . . . ' . .' 

lution w1. th 2N sul, huri c acid ·E1ntlon· with .!t 4 .. Jl1tr1c .. acid 

,. :I!. Zn Od ~ .!!! ·- -· 
104% 103% 100% !8'7% 99% 
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The. Mslues o,r over 100 % ere due to exptlr1m&ntal 

er)!'or but tbe overal~ piotare is· one of almost complete 

removal ot all lqns ~xcept Bi where only 87~ VIes removed-. 
. '· ' 

It we s le ter a lscoverea. the t this -elemen :t could be c0i1pletel, 

removed by us1ng- a greeter volum.e· ot eluting t1gent. 

Although the pr.imgry object of the research "m!S_ 

enrichment ot tr~ce elements. sepamtion vms also en 

lmport1·nt tee tor, ~rt1oulArl1 with r.e.spe:ct to Fe. since 

in terterence frcm. the ~omplex S.Pao trua ~:.;)f this alemen t­

\Vas ·to be ant lei~ ted At e ;~~er stage. 

(6} IQe .EVflltu~ §~on. 9.t~.l.Y.ti.ott]&,f1c..im9 ie ~· · 

In order ·to eveluete the effi·eiene.v or A 
. , ' 

· p~rticular eluting ,gent with re~rd to 1.ta ·l.ikelihooa 

of producing good sep~t'Ati·ons. use ~a made of the 

findings of ·Martin ~na Synge { 1941 ~ ~jncl l~eyer and. Tomkins 

( 1947) who have shown th.St .M ion exchsnge colttrm csn be 

related to a free tiona t!ng oO,lumn end ita ·efficiency 

d.etermined by mea suring the number o·f tb.eoretica i »la tes. 

-The theory bas been turthar extended \)y· Gl\lekeuf (1955) 

finO nes shown th.~ t . the .numb or of· theontic~l pl~ tes can 

ba determined trDpl. an •lntiort eitrve by spplleA tlon -of 

the tollow.1n_g formula:-

' ' . -12 . ... _ ·B \ '!_ + !. ·, ...: 1\l -
-:." ~2' . -- ee•••••••••~••••••• 

.i 

.··1 

:(8} 
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Wh~e ii = &G of theofletical plates. 

·i ::= Vol reqnired to elute the 
· peak or an eluti.on curve. 

w = Width of the .elution 
curve .at 1/e f'rom its 

~as e. 

Th.e results are shown be:low _in Table 4. 

. TABLE it; 

Number Gt theor,eti,ea,l pla.tes fOr the -elution of zn., Qd and BJ.. _ ............................... _.._._.~ ................................ ~ ... --·------.. - .... ._.~..._ ............ -................. ..... 
Eltum.t. · ·4 nitric :ac'id . _· 2N .sul ·huri·e acid •. 

IU.,ement•· ~n . Ji1. . . Cd . .. n ... Bi . .. ca. 
:Jo .or plEi tea,·. · 1800· 1339 4161 _I. 1236 .494 ma . __ .,: ____ .;_·_____ _ ________ t_: _____ ..... ____ , _______ _ 

· ~The fi.~~s to.r tlie ·:elution ot Bt Wit.h tmo
3 

are .on1N 
:appr•onrttate · -st~6~ ·the· ·formula .onlv -app ltes to· true . Gaussian mzve 

- : Th.e· IN03 ·elution.~s ·invariably showed a htgber number ot ·" 
,. . - . 

'"'itheott.etical plates ·ana· a 'better sepera tion· .of Fe from th~e. trace 

· ~eieilen~·s. was more like]¥ to re.su1t. me:t·n this -eluent • 

. · A. ~ theP faot or favouring · the use :of" HliOa was the ill ct 

that. in -GPder ·to &lute a given ion, less weight of· tb.is acid was 

re.qutred than .or H2so4 althoue}l the number ot co·lumn wlmnes was 
. - . .· : ·-

greater. The us·e or· the . to rmer ·was tb.er e.tor e l.f: bl.V . 

tO redUce the .. magnitude at Jt>esgent blankS.· 

· · .. Savlng conducted these .prel1mina.ey· inveati!Jlti.ons ,, 1t 

was deetded to use N/4 HN03 as an .$luting agent at le.ast . 
. 

in the initial .stages ·of the work that was to ·:roUiow. 
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SECTION V. 

THE DE'mRMINA'riON OF ZINC, BJ:SMJJgH, CA1?FnTM. THALT.IQM 

Al'ID TIF IN SILICATE ROCKS, 

a) Development of: a technique far guali tative studies 

on silicate rocks. 

As studies on the elution characteristics of 

zn, B1 and Cd bad been carried out in solutions free f'rom 

other tone, a series of additional experiments were carried 

out on solutions of a silicate rock, «.l'hese experiments were 

carried out on samples of a granite from the Cape peninsula, 

S.Af"ltica, here inaf'ter ref'ez-red to as "Cape grant te". The 

purpose of' the at udies was to obtain far the r data bef'ar e tb e 

development of a quantitative spectrochemical procedure. 

i) Dissolution of the rock sample. 

A piece of granite weighing about 1,000 g. 
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.. -- ~ """'Jill' 

. . -
.,in e mutr,le turmoe and then ·plupged into de1on1se4 ~ter • 

.r,._,.' 
'-

~his. treeftment renderad the rock so frl~ble t~t 

merely b7 rubbing between finger and tbumb. . The rock we s 
. ~ . ' 

mesh.nylo.n sieve. In this ways the risk of contamlne tion 

was redueeGl to a mi.nlmum. . ·This themel treatment .workecl 

s~tisfactorily \vith certain rocks~ .but others, such. es 

m.et,oorites. were not renet.er~d. very triable by tti.i~ prri~edure. · 

It 'is true that there roves ·('l .slight dl?!ng.er o:r losing vo.lat;»a 
. 

elements· .sueh es. mercury,. but this was cr f.aet by the 

edve.ntage of being eble to d.ispen:sa with a j~w. crus~r and 

perenssion mortar in the p:relim!n~ry stt~ges of break aown .. 

fhe ttext stage wns the· diss.olu.t1on of ·the .rock 

. . 
oi)ertrtlon w!!.s initially ,efii.rri-ed out i:n. s patlnum b~~in 

Atter· digestion~ tbe eei.ds . . 

·residue dis solved lri · 2N HCl. 

•a redissolved in th& ecids. tater 1 t -.ms dlscovered 
> •• 

tbe t sealmente tion to,llowed by a eesa ta tion WP.. s e · more · · . . 

satistectory so~ution ·to the, problem. · The proced1uie w~s 

repeated ·Wltil all the rock wee in solution. A totsl of' 
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-- tour o,per~ tions -~ s usuall; neoeasnrJ for .~ ao g., sample 

or granite .. 

· Tb.ese operet1ons usually 1.nvol·v~ tbe _use ot 

the'. :tollowing emounts or :reA gen~ :...: 
l20mls or HP • 

so als of UN03 

50 mls. ot H2S04 

so mls or nc:1. 
,. 

· ..... ·-- -~ .... - ..... - __ .-i'· 

Theee teta·ls pr.e not incon'aia er8ble but JP.ter 
. . 

·~ muoh more efftcient method w~s diaeoverea involving the 

use ot Teflon be~kors .in pl.Pee of pmtinum (described later} 

· ~nd resulting not only itt ·considerable tl~e sevln8 .• but 

also in. -A :roouetfon. of the qnf-lnt1ties ot reagents used. 

/ 
!!: t a.ll stAges anreful blanks were ctJtrried out 

on the . .ee!Jgents ·~nd st no time m~s eny di;'tlcultr experleneed· 

·rrom possible oontaainflt1on_ sinoe. except f'or Pb A!ld minute 

traces o.r· Zn ~na. Sn:, nrin.e of- the c:e tions subsequen,tly 

invcati~ta~ was otscovered in the blenks. 

· When the rock wAs ln solution, ·f!l smll quantity ot 

Br WAS edcled ~na then. rem:oveil by boilh'.lg to ensure tmt 

the sclution .wee fully oxidisetL. 
. . 

beceuse most elements t'~t; form chloro .coJlplex~s ·do so only 

in their highest Vltlency. st!ltea:. This is p~rt1aul~rly 

. 1.mporten.t in tha cAse of thnl.lium since Tl+ which. ·do~s not 
.-.. . 

'l:, t'"orm ~ complex.. is much m.ora stable than Tl3"' which :forms-

a strong oompl.ex. (Baa leter 1-n tn1s section;)'. 
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(11) Absgattott, anti el;uttan ot the rogl( §!:I!!:Rlc·. 

A solutton or a :,to· g. eamp.le· ot rock ••• ab:&orbed 

onto .an enion -~uccbsnge column whiCh bad prev1ouel:v been 

treatea with a:c1 ot the eame -nol11!8lttr. ·Arter absorption, 

the ool\lm was 1ftulbfi4 w1 th 100 -Ill]... of' :2E" HCl end eluted 

with N/4 JB03. 

A. similar expentne.·Dt was earned- out 1n Ylh 1Ch- 2B 

11sso4 was used :fbP elution. - -In bo·t'b oases, :f:r!ftct1ons were 

taken br- tlte eoll ector and ev .. apot-atea tQ dryness. 'The 

smounte -'of residue were exceedf.Dgl7 ana·n .in- most of the 

. -f'reetiona am amounted .to bardl,.- .more ib.an a &t81n 1D -

_ A solu tlon- or 20 •I· or actdtf1ed. lf-atll 
. ' . . 

- -W.e tbfiletox-e e44ed to eaeh t'.ract1on. • -s&P\18 as e ea:r.rter 

ana &:lao to qaench c• em!aaion during &Pctng eo th.at 
' - -

tbe aenattive -.lines or n 3775 A and flO 3903 A coula be 

- use~. {See Ahrens and L1ebenbePg - 1946). ·'Tfte 1ruttv14uel 

:factions were exantnecl apeetrogn.phicallV tn ·f:be wavelength 
- -

~tutge 1800 .A · t1) 4400 A u,stng ·Kodak_ 103 .,;. 0 bl ue-eens1 ttve 

platea. · Bt, Stt, -zn aril Tl were . dete~table 1n the tuf03 

tractions. A ver}t ratnt li'De that could have been Cd 3261A 

was a'1ao not1ce4 but wa.s a::»· t& blt that tbezte was mme doubt 

atH\JU t 1 ts :14entitV ~ ·In ·the ~2so4 tractions however, . no 1}tl 

was detected but the other eleme.nts 1n·clu41ng posalbl.J' ca.. 
--

WePe Obser-vea. In addition, tmces ot :In, :Pb and Ag were 

detectea..· 
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When. the column tb~t had been eluted with 

H2so4 w~s turther ·eluted with mro
3

, Tl_ ·~hen flP,Pesrea in 

· the &lua te .ina lea tins ·the t this element ls much mo.re 

.readily eluted with BNO!% tbe.n with H2so4 • 
. u 

( 111) ;~nor,J,gm~§ wtlh l,1ttge:t gmat!t!ea ·Qt ... RQc,.t •. · 

.. ~ - . 

For the purpose of ascerte1ning -v1bether the use ot 

gree.ter amounts ot .rock would Elleble rerar trace elemeats 

t·o be detectea, · 20 g .• ~nd 50 g. semples Qt tbe .speolaen 

were u.sed ena treated ex.sotly a.s before except tm t 
elution wes cerried out witb N/4 ~Oz only. ·In bOth 

cAses t1f0 trectlons onl7 ~ere tAken, neeelJ ·0 to 50 ms. 
of eluqte 6n.d 50 to 500 mls. In this w.y it wes pOEU~ible 

to se~nte ll'e from .most of the other elemuts. slnce the .· 

former WP.ts totina elaost exclusively in the :first traction, 
" 

whereas the other met~ls except In end l?b oceurref!J in the 

second ::frAction. Interference of' 1n.tense .F .. e 30l\7 .2 A w1t.h 

Bl 506? .• '? ·A was· thus reduced. to a minimum. 

In these 20 g. end ·50 g. samples, no elements 

other then those tllreedy d.etected ,· were round but the 

presenoe'ot Ca was_ fully contlrmed by.tbe presence of 

.· f'eirly strong lines at 52&1 A. 

The spectrwn or the secon4 f'ra~t1on or tte 50· g. 

semple is shown:, ill fig. 4. ·The e1ectro4es bAd a smell 

Ag blank but this wes appreoit:tblJlese tmn 'the 1ntenslt7 
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.. qt the AS linea ta fll·e C.pe gna1te. 

··.-· ~11. ~order ·to detemtne Wile ihel' abaorpt101JS or tbeee 

·trace elauent's hPe qllant!tat11Tb, e solu.tton o't ttte reek 

•bich. b~- ~e'h. ;ass.t thpon:lll tbe· eolwm. •ce betb!'e,, was 

rceabsoPbe«t re-elute~ .a eXSJ1Ded. speetttosrapbicellJ". '. 
PO ·ani AS: tb tdb . Wfre· presett .in. the l}'JJ:mk oeell~ed ega:f.a 

. ae mtglit b81e.bee·n expecte~tl.bU~- ID'ttt. 04, ZD~- SD· ·~· bt. " 
.:..· . ' 

•a-e 4ete-ete4. . A enan · quanti. tN .of lD waa also clefe~ 
'• . 

but this. wa·a due to the ~ct tbat ttua· dtotr-tl.altlon 
' 

coerttetat· of' tAla eleme•t !slow ami a lO»ger colGitlh. 

would· btt'V-e been required fbp· (J'lftnt'!tati.w retEDt ion. 

(tv) J~x~an.t ·!4th .:$ .. £!!4!c!J lP;C,g o~•luKo,n1 , 

. : . ~he lin.JOrtauae -o.r oxtdtetng tile -ro& mlutt<m Gtmot 

h 4Wretpbastee4 :eil'lee flB,ftV elements, in p& .. ti~lar 

"1111 ere only absol'be4 in tb.dr;. atQb.es't val elK~' ata tee. 

re~ 4oea IJOt. ibm e. ohlon-coqlez a:t. 1ow IlCl . 

e:onc~utra.tf.fme ana; 'thls tactor mtflh'' ,eoncetvablr :allow ot 
' . . 

a z;edJilcea ·.rather than oxtdl-sed aolutton. 

•A.t'GPtJle.r expe~it!tent· ~taa fiter&:fO!-.e cen1e4 .out ':11'1 Which 

. · til~ aoluU f.m fit· eo s• of' ,cape gantte •e reduoetl wlth: -.r.to12 
'beftJ:re absorption Ol'i the column. Arter absorpt 1GD 8'114 

weahtbl' 1flth &el4, tbe 'elanent:a 
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were ·eluted with N/4 HNOz. 

The .1nt~nslt1 ot' _the ·p~ ilnes was ind:ead 

very much redueed by thls Pt:OoOdure· but es wss to be 

. . . ' . 
Cleqrly it "' roouoed ·solution were to be ·Used .. 

it would have to be with· the· 41aadventege th1llt Tl and 

other elements would not be de·tectea • 

. ( v} FQEther ~lut!QA_§tua,.es.~l!!\h N1tt1_q__.~M,. 

In.order to stuay more tully ~he elution ot 

Cepe granite with -rmo3 • two .series of 1nveat1get.lons wer,e 

c~rr!ed out in which 20 ge semples ot the rock were eluted 

with N/4 end i N BN05 respectively. the trect1o.n collector 

providing suitebl4 volume lnterv~ls.. 'rhe elution curv.•a 

1tre featured in Figures 5 end 6. · Bi. Sn end Tl telled. 

tippre.ciebly ~hen eluted wlth this -acid; this ·tai.ling is 

probably due to two main r.e,sons: the tori!!! t1on ot 

nitreto complexes 1n nit.toic ~cid {Nelson and Kreus 1954:) 

and tite,diftlculti7 of removing tb~',l~st traces of chloride 

ion tr~ the C01U:DU1 thUS involving slight .retention Of 

those elements with high d1str1ltut1on .coefflolents Ce.g. cr1: 
It_ w~s tound th~t.Bn, Zn and Od were elutetl t~ster with 

i .B .mro5 th"'t with N/4 ,acid an4 tm t Bi WAS eluted acre _ 
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unchanged.. · CleRrq· there is no adven.tggs1n ·nsing !N 

~m·o3 1n place ot R/4 ecia ~rticul~rl7 ~s tb& rlsk ot. 
. . 

contftmingt!on would be gr~ter i.f' l~~;rger q'IP-.ntlt!es of 

raFgent hAd ~o be used .. 

. At least z.ooo mls o-r Ni4 tmo3 were required to 

·ensure tn,t ·ell the .metAls· we.re eluted from th-e .,column to 

a concentrat1.on below their spectroehemic!'l detection 

limits. This omount .or Glu~te w~s· A little bulky but 

ent~ il.eti. no Wln1puk tory problGJn.s. 

Aa a JWI!tter of' interest (.see PArt. III) Pt 

contt:$minmt1on :rrom ·the Pt.'b1!lsins used in d.igesti.ng the 

wns eluted onl.y vary slowly end tf.liled eppr:eclehly. 

~bia element eppeered l~ter in tb :J elur.to of iN HR03. 

then in the· N/4 acid end this 1'!1! et ind ic" tes ·tlla t fl; 

n.itra te ~()tp.,P:lmc. or· Pt. is prlJbsblJr . :tomea .. 

( tri) n.D'1JAD_._1!Lhl!t~....P~!I&ce •P.'t· ~CI .. rouhmnf! .• 

It 

It had al~a.v been noted that w!f;b. tbe. 

except.i·on or 'fl, ·ell the eleme.fi;ts coula be eluted in 

tewer column volumes-by th~ use or H2S04·!nstead of BN05• 

In order to eehie.ve the elution ot ~1 also under these 
-~, 

· eona1-t;1orts,. te.!n experiment was oerrlnd out in. which use 

0· WR s mtJae of the t~.et thet T~ does not f'or.m s ehlo.ro . 
·-
' ' 
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complex .ln. its lo11er vnleney .state.· Elution wea 
. . 

carried .. out w1 th N •. B2so 4 .. to •hich 10 · g.p.l. of · 

nydroxyhm.ino sulpMte ·-h~d been Added. · Tbe experiment 

wns snccesstul 1nsotP.r ss the fl wes readily re<lucea 

ana eluted 1ft e smell ntmber ot column. volumes (see F1g.7·). 

·Unfortunately however.:;, it was not posslbl~ to obtain : 

the reogent in a suf"f1c1ently high degree or purity tree 

from Zn sntt. Sn conte:mlnet1on~ · 

· (vii) ~~.il~_o.t .. t~J;!JJel...§~~ .. d~rd J.7qc.e,O.~r,.!. 

As a .t•:esUlt ot the verious lnvestigstions 
. ' .. . . 

described ~bove, the proeed~e wh'tah WPS ti.nelly adopted 

fll s st~ndard wa-s es follows:- . 

fl.:tter solution ot . the rock canct absorption 

on the column, th~ rusln •~s eluted wit~ N/4:· HN03 ena 

two trscti.one teken :-

0 - 100 mls. 

100-2000.mls. 

The first f'reotlon contained virtu~lly f!ll. · 

· the Fe, :In end lto ~nd is hereinAfter rot·&rre<l to es. the 
' tt!. 41> . . . t• 1. tf . ron .... ree. on • 

'i'he second· f~otlon ccntl!lned ell· the 81. Tl. 

Sn, Zn and Ca ana will. be referred to S:S the "me in 

trection.n 
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solution) with ~ combined hydroxylP,mine sulph~te -

sulphuric ~cid eluent. 
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. In orier to en(llre t~t the c&lumn wes . 

GDtirGlJ ·rree <it COn.taJD:tne:tlon, tot: the .-ext '0JC1G or 
. ~ . . - . . .·. . - -' ..... •. . ~ 

op~tion, 1t ViBa alWmY$ :ttrtb~ elutea ~ith 1000 mle 

ot 2N H.:.SO . .. . -~ . 4. 

· ' The _resin qs d.1so~rie4 etter every three o:.r 
' ' 

four snccHissi:v• tflhsor·ptlons and elution~ .since .t,her• . 

e,Ppeer-et to be sllgb.t deca:m_position 1n the prasenne of 

BN03 • 'filis proe~ure rms no't .;artiru ll.lrly wast~tul 

bec-euse on.l:;r about ·f g. or r$sJ.n. was in.volverll .e~ob t!me .• 

(b) f"~l-g;q('lnWatL~q\H~!~~tgn!l.-Wl--q@'..:.~...A!.l:.lu!fl · 

l'D.Qiti ~"..Jl!f, .~ltil~l'JNilm-~~lL. 

&v1ng d'6irelopeu 1! atttn.daril proot*Jure t~or ·the 

doteetion o't tl"A.ce ,$·leaents in sl.li<:Ate rooks~· a.· semt­

qttfit.nt1.t~t1ve. ox~tnine;~ion of" six mr~ttr1als wt:ts c'-'rri:etl. out. 

These speolmerul inoluaed four s!licqt&s snd 

in ~dtlit:ton e oal!bolle'titat {~~ :represen.tf3tive o:t non-s111cate 

rocks) ~n4 f!t s~m.ple ct !hydrenget!. l,emf as {.es repre~e£tt."1t1ve 

o~ b1.olog1eal JP. ter.iel). 

w~e ln<lludea to toa1S th$ versttt1ll·ty or the method. 

A more det~iled desc~lption ot these .~t-eri.Als 

· is .as .tollor~a:.-

:Grtt.qlJte .0.-=.i· .. This ls the. well-known ~'st~nd~rd" · t.merioen 

gr~·n1te t:h1eh hfli s besn -examined qulte extena1ve1y (see 
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Ahrens and Fleischer 1959) {Fair~irn tU; sl 1'951) end. e 

consia.era.ble amount ot" t~ce elemen.t aste ere now 

evs1lebl~ .• 

Q:leb.!fl"t· ti-:1· ·. This is t·he ''standard <11eb~a~ tlhlch h~s also 
. . ' . . 

beeri ·extens'!vely ~naly:sed ·~ (See reference ror .C..·l ·~bove) '• · 

i'hta· specimen •s ~!lao usetul as. beins representative ot 
' . ~ ' ~~ 

other baslo :rooks suc;h n.s basel t and ~bbro .. 

Cl'.lorulr:Uet trrim 1.8f'eyette count.v .• ·Texas.: ohondr.itea ·the 

commonest of. the meteorites, serve ~a tbe _principal source 

.. · ' 

. Q.h ..... ··"'· . .II!> ..• 
-~~-· from ~lie lo. war sb.el& bed,. ..rabl& P.ttil. series~ Shal.e . . 

was .selected tts .a :f'epr.esent~t!ve of tbe most ebtmdaat ot 

the sediinentmry rocke Whlob together with b~S!f.lt end granite, 

ls lm,port!lnt fbr aat~ting the cr,s~l abundances ot 
. -~-· 

elements. 

CrlthRMttu •. · Th1a rock l"ffi,G' o:btsined from Otjl\Ysrongo .in 

. s .• w.A. ·~nd w~s eam.Piet6i1Y .non..:sil1c~te 1ri nt~ttu.re • 

. JI.vJreng§a I~~t:. . .!l!h·~ ft sample ot t!bout 1.5 g. of F~sb: 

· ohteinea from ·the Dept~ ·of Bo·tf!tny,,· tJ.C .. T .. " •s used ror 

the experimeri'ta. .· 

All these :s~mples were treated i~ the stand.era 

ma.nner ~nd ezemined spec trochem!ce lly. Th.e .r:esul.t s. 
. ' . 

togeth,er wlth those ·obtained on ~O~pe· sr~nite ~or comparison 

are ehown below. in Table 6". In ord·er to corapeFe the 
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relative 1ntens1 ties ot ttu.) spectre:l lines., e settle o:t 

m lues tl.•om 0 to 4 ·be ve been a scr 1b ed • 

o = Absent." · 

5 "* Fairly Str.ong. 

1 ~ Just Vlslbie. 

. 4 = Veey Strong. 

Although~ mlcrophotometer was a_yailebla tcr 

zneasurln~ the 1n.tens1t1es of the .lines. only vlsuel 

eomp~rlson.s were .made Ps. these seJJVed sP.tistect·orllJ at 

thts stege ot the inves.t18fttions. The eveltU!tiona were. 

made by compsring ell 1nt~s1t1es with the~ lntensl:t1es 

of ~ reference line ot such intensity thnt the step 

sector. ~dm tlons showed the sev·enth step. ~s lust 

visible. · The results wer~ then 1n.1tially recoraea ~s 

.step V!'!lues ·where· otep "1 wes taken AS ••just v!slble", 

steps 5 ~nd. 6 es "w@.k" ... steps 3 end 4 as "rBirly strong" 

end s~e]~·S 1 ~ntl 2 "s "ve~y : st.rongu • 

·TftBLE _E:,_ 

Speotrochemieel '6%Smim:~t1on of resid~1as f'.rom .n.ltrio eeld 
.· . elUAtGS' . · . .._.___ 

"" .. -... ---· .... ~·-·~"""'1 ·- . ' ----·· . -- .. , __ _.... illii iii .... 
'Descrintion. Line And ral~ tl ve 1 liiensi tl'. 

Zn Bi C(t Sn; In ~tO Mt Pb Tl. 
3~45 306'1 3261 3262 5256 3139 5281 3683 5775 

'JOI'MiJ-- -.. 
' . 

C.ape granite s 3' 1 3 2 0 4 4 4 
Granite• G-.1 3 2 0 ~ 2 5 4 4 4 
Diabase W-1 4 2 1 3. 1 1 5 3 2 
Sba.lo _ 4 2 0 4 1 Q 5 4 4 
Chon1.rite - .2 0 fr 2 0 0 1 5 0 
Oerllllne ti te 3 2 0 5 0 5 2 s 2 
tiy<l.rt~nge Ash 4 0 2 3 0 2 4 4 2 

. 
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One of the most 1n terest1ng results or tbe 
> • .. 

exper!aents wes the detection ot 81. in f'i ve or tba six 

.. ro-cks: 1t wes not detectea in the chontrite. ''fh.e Bi 

· . content ot Cepit. granite wes much sre~ter thqn thlC'It Of' the · 

·a-1. 
.As tar ns la knorm., this Wt!S only the second 

time t~ B1 had been det~rm.in.Gd (albeit· sem1-qu"ntltet1velr 

ln a sillcete rock.~ (See Brooks, !threns And Teylor: 1960) .. 
. . . 

. . . ·. 

The first velues tor Bl were obtained by 

.Preuss (1941) using ;e .double ere spectrogre;phlc ·enrichment 
.. 

procedure~ 

fb~ results :tor Tl were slso -ot.especia.l . 

. lnter.est since date· on ·the abundance .of this element in . 

s1l1i·Ja te rocks ( part1cul.ariy basic typ'1s euch 1:u1 dolerite . 

end ·.basalt} er~ very tew in .number and it is believed 

that t·he only other spectrographic det8 ere thot:~e ot 

Shaw (1952) end Preuss (1941) 'both ot whom used .:.~; .. ;;.: . 

motli.tlcatlons or tm double arc technique. 

: .· ~ _T1le_.pos$lbllit1es of aeter&inins some ot 

'these 'trece elements quant.1tetively 1n e suite ot. 

severe 1 rocks were now 'considered. : 

t,g and Pb wet-e net .given serious st.uay because 

o.t e high Pb blftnk 1n the reagents end an Ag blank in 

tbe electrodes.. Of the remaining element,s. only Zn. ~B1. 
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__ -._._. ~-

Tl. Cd and :Sn were absorbed quantitAtively t.md9rthe 

oo.nd it ions used in tbe ttstanderd. prooed uren. ~he 
. . 

._other --eleraents In and Mo form only wet!!k chloro-com.plexes 

end . their QUfinti tet 1ve determim tion would hAVe involved 

g .much larger column with the Added d1sedv~:mtttge thet 
. . 

sepAration- rro1lt Fe would have been a JMjor problem~ 

In view o:r these preli.minr>.ry ·investigetio.ns, 

.it wes decided to QUn.antitPt!v.ely estlm~te Zn, Bi, Cd ,· Tl 

and Sn .in. ·tt · suite -of nineteen rocks, sinoe not only were 

these elements all of interest geoahemieally but they. · 

were all virtu;. llyn bsant in rel!gent blAnks ~.nd. oottl.Q bo-th 

be absorbed on and ~nut.ed ~rom. th~ column in a 

quenti't;~ tive manner ... 

( o) Dev§lOQm@.P.t _ot n· g_U9.nti,t.,F~t1t:o. @pee tr.ocbetnijU(! proceniure. 

The first· prarequisi te or ~ quantitative 

procedure WAS tbe selectiQn ot e . suitable internal 

· stand·ard {see Ahrens aad Tsyl:or :19!60} 

A ·good · 1nt erne 1 standard ·should .tultill tb.e 

tollowin.g eond ltlons :~ 

a. .It should volt:ttilise in a · similer .:menner to the 

. elem'n ts under i.nvestlget ion 

b. It ,should· have e relA t i vely simple · s pee tru.m with 

lines 1.1'S ne~r FS .possible lri wtfVelength to the lines that 
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e. . -It sboula be entl:rely e:tu~ent '.i_n tbe .mster1:81 tmt 

1s to be ene.lyoed • 

·d.- It· should 'be e~U~ble .in e h1gb aegree ot puritg. · 

e. The line oelaoted es the stP.n6~:rd should be free 

trom·self-(!tbaorption. 

· or these orlterts. 'th:e .f'J.r st. is very 
~portent end it ls indeed tortum to t:Mt the ·five 

··elements thAt were to bt · trnreatig!tte<i wera e.U .. 

. · reletlvely vol~_t1le si~e·e· it s-ee~~ 'likel~hat a $1ngle 

internel atAniiard Ot Similar 'fOl~ t11l·ty might S~rve fOr . 
. . . . - '· . 

the .s.llp.ttlt~neous qu~n.t1tJ~tt1ve est~tioa of ell. flve 

mattiils-. .. 

At tel". oonslderte t;i.Qn ot fihe above :factors. 
,-. 

·.the· t'ollowin.g 8lements war~ :1nvestlget.ed es possible 

internal stenaf\l"da:-

. In, Bb; Ge., XJ Os.. rtnd Na. 

·•Jhe l~tter w~s to serve f!lsO· ,aa s :tAtrix as has al:re~dl' 

been mentioned. 

The rlllapectlve vol~tll1sat1oa retes ot the 

stends:rds ·~nd elements uncler 1nvest.l.ge tion were studied 

by ttroing 9 mixture o1* ooml)Otm.ds of these .setsls in. et 

NaCl m.~tri:& et 7 t!!mpe ~nd racking the speotrogrAph 

plr.t te-hold .er "'t 5 seo ond inte!'V~S~ls. T.vpictJ~.l 
. - ---- -r~ ~ ~ 
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volattlieatio.n curves ere enown 11'1 Fts.a. ·rt csn be seen 

that tilth the, exception of oe., all the e1enents complete 

the:t:P •oletll:is"8ttcm ta eP)roxtmatel:r the· asne time. BJ 

termtm t:ing ttte bum at the point Where nea~lf all the BaCl 

h.B4 \1apOrtae4, :lt: •s possible to eif014 an appreciable 

atl!01lnt e-t ·pe tnterfereace aiACe tilts ·elmeut. is 

ef.snttloantlV leas '\fola.ttle the the others stua.ted.~ ftla 

; desirable ·"ena potatn was· o:cl'l.twe4 b7 tenntnattng· the bum 

·at tbe~!bt Where. tAe ·eodtun » colour a-tarte·4 to traDe 

·to en uten~ where 'tb.e blue Fe colour became Vielble 

,tbrouEJt · tt. 

Oa was sub-sequen tl.J' re~ected:. as e pcas1ble ,s'tenim 

, · beeeu se · 1t was .ftJutl4 tba t traces ot fh is element ·becuwed 
. ·.· 

· in the silicate met ·eluat-e res1.4tles. · ·tn view or &a 
. ' 

u4 also the lowe!' volattlltv .Of «e. 1t wae dediJe4 to 

·o~ invest~te Sb,, In .and Haas ·pQs61ble interl:ml 

ha4 to be ael.e ete4. 

'Ch18 poi:nt is ot' coD:sld eraole impozotancs alnce 

·tt bad elrea4J been noted that ZD an4 01 were Jl&~'t1C\tla1"1F 

· senatt1we to ercblg en2perage.s ana· line 1ntens1ttee fttr 

a g1YeD· emot.mt of' e1tber of these el.emen·~ aweered to 

dimlaS.sb 1riitll_ tieer•s1.ng .ampepagea. A !SePiee of mi%tvee 

containing campou.n4s .of' .e.ll tbcs e a tela use4 fbr the 
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FIG.9. The effect of "'rcing Rmper~ge on the intensities 

of certain elements. 
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NO. OF ARCINGS 

Reproducibility tests on replicate arcings for the 

eVAlURtion of A suitable internAl stF~ndArd for the 

spectrochemicAl Ane lysis of Zn, Bi, Sn, Tl and Cd. 



04 becatate later :results ,aa IUit ~cont1ri1J thl.a. lt w:aa also 

~ats cov~~d. ttn1\ tnc.,·s of' K contemt• ttoa wetoe ott en · pvesen t 
. . 

in the· _asmplee enalvsett end tb.i$ PJi<echl&rtt the ae of' this 

.tt posetble to .have one tuteraal stan~aera sentng t'bl' ell 

flve •tete. It was no~tea th:et altb:ovSh Sb was the beet 

interool etaMerd fbr .sa ad: .zn .tt waa auo .t"e·eaonably 

:aattafact017 f~ ·the 'other tli'P,ee metals ad tb:ls fae&. ta 

4emona:tra t$1 in IJ7e~ le. 7. aleh Sholf'a the 1nteftG1t1 ra tloa~ 

or t.be rl-e 11tie pairs. 

Cd/Sb o.'9c o.e 
:Sn/S'b :2.06 2.2 

B!./Sb. e.64. a.s, a. 
Zn/:Sb 0./17. ~0 .. 8 :Q,.65 0.69lO.liS O.S . 

. ~· 1.~· ::~ ~:~ ::: ::~~L~ G. 9 

&.§ o.M 1.10 1.a1 

2.4 , s.l's 1.eo e.20 e.u 
2.3· -1.82 2.04 2.19 ~2.16 

o ... vs o.a:& e.v2 o.ta 
1.1'2 0.80 1.03 ,1.10 

_.,... __ . 
. 0a ~ basi 4 Gr fb:ese tletermiM tton:e. the 

relettw d.eY:fatl.otJa wette c-elculsted fl'O!rf tbe tor.mnila :-
~. . . . ~ -

a·=Jlf.2 . a:•l 



~ .. ~ ~. ·, ··. 

va·auec.or 20 .. -. ·9·~~- ·tJ.·•• l'f.V%' ana 1'1~8 ~­

wel"e obtained for the.llne: patra 00/Sb• S!V:Sb,. Bl/Sb1 
. ., - . u. 

... A.l tboolb ·&~ or. _..._e .tnt.etm1.tlr rs_tloa w~e not. tdslllr 
• • • • . • ' - • • .. ~ t . 

·· :rePJ"tJ4tteibl:fl; it wtu~ oonettt_.ere4 that the pP ~simt :woul4 

.. nevett.tbelees .. be saUefttetoP¥ fOr th,e pt.U"pGGe or fl1e 

lnveef;lSl t.tort • 

. !'be tf.etUH :of .e f.ll.ftgl~ ft.aQl. ;matrb _tb:. al'l samples. 

couplet 111tb a stngt~ tntet-nel stentt~ we or gat m~ 

· :etnee t'b'ta 'ft!t7 mueh a!aplttied tl\e tecbtt1que mt(l. e-ltm!Aated 

one of: the dtsa!'ftlntaaes or e~atl'ocbemteal p.poeed\tr-:ea 

Jh,r_, arntttetic &tan4ard:$ often lmve to be tr't9aN4 to· 
. .•·. . ..... 

• flUill':l'e a ~seonab'ls ,quanti t:;~ti~ -rela tlonsb.lp betw~a tbe 

. t;tanc!arde. and !J!ilmo-wnu. 

. R:ef'erence tiQ a 1ilr·f!1iit1J bees auie to tbe so-•aUe4 . . .. . 

onl.F wttb: eolumn p~edwes tmd ftcscltltton oJ:· the JOck 

.... · 'SPf:i'dmena.. .. _ nets i.te ot' 'the spectticche~iet4 l)a~t -~ file 

get$:ft.datt6. ~eed.ve" ere ,..., f&ll.O\f& :•· 

· The atattdere!.a and »l'lkn;:wn& Wl"'..re pt-epsrea; itt a rra't!'-lX 

.of 20-mg_ of lfS01 end AI'eetl at 6 am.~~a tn gmpb1te--electro4ea 

8/166 (external atam,eter) X 3,,.2, mrn (1n.teras1 d1a'leter') X 

5l!ID (depth).. EJtpoftr~ •as con·t~:nued until tbe f.nttmee Ba 

J? oolour bad ·almost d.i:ee:ppeal'ed Wlti,cb was 11S'utitll7 erteJ' 

. -about li ·Jntn. ~he em~n ;mYJount ot Pe in the sat~]Jle 



-.so-

,(iitl not um18llf cause 'Utidue' inter-fet"liDCe -UDder ttu~se 

condi tt:ons. 

'!he -n.etenda~- proeetJm'1. was ·nCM: applied to tbe 

pP~ation ot 'T«U4t1ng CUPYeS -to~ the :(pantitatlve . 

-itte:r:m1mfl10ll trit Zn.-. ·04,. Bi, 'fl. and Sn~ . A eel'iee ot 
' '~-- . 

s~a et:an:aa~as ea·Ch 'tn t:rlplleati!f was. now 'prepared :tn 
. . ~ . 

wnieb the coneentratiOA Of ea~eh element ran~il "frOm lt to 

100 x mette x repf:.esented a eertoitl weight l11i mg. of 

the· metal eoncemea. · .. Eaoh .. standard ;eonta.1ne4 tn 
.. ' . . 

.addition :20 mg of BeCl and c.:a .:rna .of Sb· ~he welShta• or 
tile vaeiou:s el~nts :ln. :tbes~· s~ardards .at:te ehown.below 

-~ Tsble.a. 

~ . ' . . . 

W*!l~te. :tn ~ of. atana.eds useti.;flMti ~r.kl!it:._OJr:ws. ~-0:: _ _ =:;sa_ t _ -._ ••jg • - _ .dGk a: ;::D1 -- · 

·B1. 

. ~1 

Sn . 

. ·zu · 
o<t·. 

. . o.oo.1. o.oos o.·oo& o;.o1o o.oso o.100 
o.oml'4 o. ooos o.ooao 9.•0040 o.ouo o.Mo& 
o.oofi o .• oto o.ofiD o .• -oso · o.t50 o.soo 
0.04: :o.os •82Q ~.40 ' ,. _,1.~ 4. 00 

·o.eos · o.oe4· e.oto- o .• o20 o.oso· o.lto.o · 
' ,·; 

: •- · · ~b.es• standaz-de ·were then tJ1Yced nt 6 amps with the .. ' 
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curves.·, are :dlom 1n l.Pig•ll and .as can be .seen• reJ.atlvelr 
• <" ~ • ~ I 

good strat ght · ltnes were ·obtatnea al tbou~gh with some 

sel'f ·aba.orption 1~·-··tb.~.:htgner concentrations ot ttl ,. d 

··. · .. · ' ~ 

_d) .Th! .d:etem1t~at1o:n:~:.~~,1ne,_ ·eadmtm,-.btsmuth, .th8ll:J.un 
. ·('·.· 

•anct tin in seleeted ·:s111ca:te rodts .•. 

A. quantttat)lve dete-rtnbtati·Gl'! of ·the sbove elements 
.'· . - ', . ~ ~ ~ ,· • ' . . • l ,. 

,,· ... ! .. 

arced_ ccncu~ent!u. · wl'th the workfng ettl'Ve studards 1tt order 

·to .mintmlse er~rs .. d\i:fl to· changes i·n the optical srstem at 
t . • -. . 

.. t 

. 'Tile r:octts s-e1eetedjJ c·omprtsed ~ :comprehensive rang\! 
. . . . -~' .· ' . .. ~' ·. 

~f": .~any ~dtff'~~nt~ s~.l'lcate·s (and ta •ad,d~tto~ .one carbonattte) 

tlt~h ·&. vd-de geogttaphie scatte-r ,exfrending from Spitzbergen 

. . ~ :. . ,· ~. 

·As usual,. -'tb.e f'ractlons w:ere d1 vf.ded. into tv.o, 

aame~v., 0 - 100. mla . the ·n·tPon". hact1o.n an-d 100 - 2000 ml::: 
) 

tbe "tna1n"' fraeti,ofte . . . . ~ . . ~ ' . - _:' 

·'; ,·· 
, ,' 
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Working curves for f:Jpectroch~mic~l AnAlysis of 

Zn, Bi, Cd, Tl P.nd Sn using Sb ~s intern~l standard. 
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In moat caeea. a 1& «• sfilt.IJle' ·<>:f I'Odt h$ tae~ tn 

· tbtplicate: ad the t• main n..·c:ttor.ts .ePoe4 -~ra:~$1J' 

ea dttplteatee:;. ae iroa tra.c:Uona were Ito~•· ctmib:tud. 

tosetner ami ane4 on a .ppa:t'ate plate fin'· attbee.-e:t 

eemt-.quaatl.tst.tve o'b-euwt.ton&. 
~ . . ' ' .. '. 

-· cou:rse repr.eeentd ao s or .roa. ·Ttae :maln f'Nott~ 
" -
·~· ~d u.tq; tbe. &tie p sectOP to :e:ttol'd gm4•:·tt~ ; . 

. e~ sl:tt aetttttg or o.oos • beicg «aPlorett. 

~b~ '!he tn:tena1ttea Wf!P·e· tbett mea.euYe4 tmd. hom 

th-e -~kll!.l ·eurw. valuee· tor the :abwa&mt:e. ·Of! ell ftft 

. ~lemats t.tl flearlp 411 the :ro·cb .. .,. rQb-tatne4. '!be.se 

·· . fteru).ta f!re· .ehOWl'l· in 'fab1e 9 m4 a :faller Ae·serl pttoa 

or ·ttu~ .t'Oek& · ta .gt.ven. :&If !'able 10. Xa. addition. a 

·t>lmtt delef!l1llbaUon was' G~Jtrie.a calc on all tile r<ea~nte 

. used t.n the· etant!ar4 trocedur-e. Tl. at -ad._ 'C·~ coul4 

not be aetecwa l.u. the bbmk burt· lhe·re ~e tmees· of 

c~!ttet~ bave beett n~toua u the co~entmt1ons: Gt Zn 

. am. St!. ln tb~ ~dta ftaa, beea. ¥el\' l.Oir bttt it \\I'G& totltd 

sub.se§Uettll' ttmt the ~lea uauan;'V eo·atu1aed at. teatlt 

:k-n ttme:a ea much zn •~ an as illfl 'bbi:ttk 1 t'ftepef'OJte lttt1e 

~··no tllffle«lt.,- us •ltperteu~ea. 



'The same batcb ·uo..·Ot ·eee,b, ac14, w8e used throul)lout 

the · detePM1ntrtf.ons. to · ,ensnp,e that tbe, reage11t b1ettk . . 
t~Se not . 'ftr1eb1e .. 

· o.n •asurement or lble l'ntensttiea, lt ,seene4 as tt 

th~. itit:ern&l stand~ 'Sb 'bad ra l.cwer 1Dtensttq lU ihe Stock 

G&mplee than trt the e~t&ntlarda used ~· tbe ~era tlou 

was so, fUrther semple.e. were Pt>e~ed ttt wbt<b fbe ace 

amount. ot Sb wee mixed wttb. a Wide W'.lrietJ ot matrices 

end eree4 'imdet" tbe· same con4it101'Ul ,ae tbe YtOrk1tJg: GJPft 

. et:andart.t s an.a. nineteen to·ck .ss:Dl)les. Tbe• iatenstt.tes 

to.sether Jr1 th those- tor the rock. sample& ad eta~itJPcta 
. ' 

at"~ shoe 1n Pt;g:.l2 1n .Jth.lcb tb.eg 8ft'· deatgna ·~4 es 

1flaptllet.tc ~~tand&ra:s1t .ttel.uate restuueau and: *'pute ataldtU'iia" 

&PJ')arent a,s.minutfon of inten.sttlea in tboae, arctnp ofhel" 

then tbe sttlnda~ds• ; en the other baudo .1t Wf.UJ. e&BJ to 

expla.ln this: .anom&lJ because 'Whereas it .was, mt ~ffleu'lt 

·to tranter all t..tte amou,nt or etnna.ar:de t"Pom the 'PCJrcelala 

be.stna- to the el~t:r,odces. tne Qus:te reci4\:les be.Ul,g 

somewhat stutlnotte (due to traces ot .Fe ~d el~) te\te4 

to ~tick to the baatrm .ond wee n~t eompletel:J'. tl'#mete~4 .•. · 
. . 

Or¥eatel" emcunte could 'have been tr.anefetrreci bf' aeraptng 

tbe p:ordelein -t this mtg'h't he.'ft ltitro41Jeed tmpurt.tttre. 
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...... _...__.. 

Jfo TJ'Pe crt ttack Zn Cd '1'1 ... ___ ..,..._....._. .. ,....,_._ ____ -- -----------
ll.Bar1te 1.1 150 - - 0,05 

1.4 m - -AT 1.3 

12.Eclog1te, 0,7 64 - o.o7 
13,Per1dot1te. 1.0 37 - - 1.20 o.s, 21 - - 1. 20 

AV 0.9 29 ~20 

14,Lherso11te, 0.3 220 .. 0.12 0.03 

15,Hortonol1te 1.7 180 - - -dunite, .Q:J! _gZQ - - -Av 1.3 225 

16.011vtne bomb, 77 - -
17 .shale. 17 240 0.30 2.0 

21 270 - 0.70 2.2 
l9 - -Av 260 0.60 2.1 

18,0ceftn Mud, 4.5 110 0.12 0.06 0.03 
3.3 100 0.21 ~ - - -Av 3.8 105 0.1:5 o. 

19,Carhonat1.t e. 12 24 0.90 - o.oe 
______ ,_,_ ..... ...._. .... _....., .. ._.. ........ _,... ______ ..._ ___ ..... 

-~~~~-~~--~--~~--~ \ 

~ Preci ae values unobtainable because at high 

backgrounds, 



!ABLJ•ll• 
:t.caltti lhrta1,ls .Of se).e:tetl .. rocks: used. f'o:r the 1nYe&t1p'JQ 

· 1. Gape gran:tte. 

2. Gl"ant te G--l. 

3. Grq Gneiss. 

4. Bhyoli.te. 

5. Trach,-te. 

6. l.3oli te~ 

7. 2asal t. 

s .• Dolerite. 

9. Pl-1Vine Basalt. 

l.LN'or1te. 

el•:~gite 

e~1-dotite. 

_14• · hePZOl!.te. 

Cape peninsula ar.ea. 

Weaterle7. Rhode.z. USA. (Fatrbalr:n _ 
et el 1951) , 

w.ongu-1 I. LGtaow-Bolm .887.-Ante.ret lea. I 

Umsons P$1nsula-, Iqt tel ton-(lt Jr •. z. 
Devils Gap,. .Ake:roa • .Banks Pen in. !f. t. 

-soutb. Of llelteis, Fen ar.ea, Norwq .• 

Mt Ilerbe-.rt ftcw,. Old ba·nast qua PrY-,. 
Diamontt harbour. 1,7ttelton. N-. z. 
.Klh.f Ne-k. Oemps .Bai' lld, Cape Tom. 

Devils Gap, ·2400 tt, Akaroa; w .. z. 
Cers. tet>ville·,. va. USA. (Fa:irbst m et el 

. . 1951) 
Mere nakt reef • 1.-J'denbvg. Tvl. s~ A. 

Almaltlovsa,eter:t A lmeklov4al-en, 
sunrnno~ta·· N'orway. 

Rgna., '!wsfjoro, Norway. 

s. end· Lac Ltler£, Pyrenees, Frmu':e. 

1~. ·ortonol.tte dnnite tr;denburg,. Tvl. south Afl't-e!t • 

in ·· The· volvano '*Sve::t••:t•esfj.ell"'·; Bock Bel' .• 
Spl t:ab ergen·. 

J:;owe·r shale· bed, Teble. Mt eerie$; 
Rhodes Monument, Cape Tom, s .. A •. · 

liutaholm Bay~· N.ear Cook. penin. "68°S, 
:&~B.,. .U:ud st. 500,m. 

Oniurak<'>rumt ,earlJonattte complez. 
Otjiwar·OD.f.P Dist, S~ W •. ;A. 
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e) The determination of Bi, Tl and Cd in a suite of basic rocks 

In addition to the work carried out on the above 

suite of nineteen rocks, a fUrther investigation was carried 

out into the abundances of Bi, Cd end Tl in a suite of ten 

dolerites. These rocks were all taken from the upper 

dolerite sill, main shaft, Jagersfontein diamond mine, 

Jagersfontein, Orange Bree State, South Africa. The total 

thickness of the sill was 425 ff'et, the upper contact 

being 150 ft below the surface. (For further details of 

rocks aee Truswell, 1955 and for further details of method 

see Brooks and Ahrens 1960b). 

Since the elements that were to be investigated all 

had very high distribution coefficients, it was possible 

to devise a simpler method of anion-exchange enrichment. 

The procedure that was adopted was as follows :-

A substantially smaller column was used (dimensions 3 em X 

0.5 sqcm cross-section) and the rock solution was absorbed 

onto the resin in the normal manner. The washing with 

2N HCl resulted in an almost complete rem.,val of the 

Fe since the col•.:mn was so much smaller than hitherto and 

it was not necessary to take two fractions as before. 

The single fraction comprised 1000 mls of N/4 HN03 eluate 

instead of the 2,000 mls af' the "main" fraction as previously. 

The spectrographic operations were exactly as before 

and Bi, Tl and Cd were determined ~antitatively in all ten 

samplP-s. The re au 1 ts are ah own in Table lOa be low • 
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TABLE lOa 

The determination of Bi, Tl and Cd in dolerites 

from upper dolerite sill, Jagersfontein Diamond Mine. 

- - ------.-- ~------·-------------- -----------------------~-~ Cone. in p • • m._ 
SamPle No Location Tl Bi Cd 

1 260 ft below surface o.oa 0.15 0.10 

2 280 " tf " 0.10 o.ao -
3. 300 " " " o.o6 0.96 0.26 

4. 360 " " n 0.15 0.28 0.25 

5. 420 " " tt 0.10 0.47 0.07 

6. 460 11 If tt 0.07 0.17 -
7. 480 " tt ft - 0.16 Jj..c.O.Ol 

a. 500 It " " 0.03 0.76 0.26 

9. 520 " " " 0.03 0.13 o.oa 

10. Chilled upper margin 1.10 0.23 0.24 
of sill. 

---------------------------------~-.... ------- --------~-------· 

f) Notes on other elements. 

i) General During the determination of the five elements 

in the first suite of nineteen rocks it was also possible 

to make semi-quantitative observations on Ag, In, Mo and Nb: 

In Table 11, rough estimates have been given for these 

elements but no observations could be made on the suite of 

dolerites referred to in Table lOa above. 

ii) The determination of niobium and molybdenum. 

In the initial treatment of the first 14 samples 
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TABLE.ll • 

1. 3 . 2 - 3 

a. 2 2 - :2 

a. 3 - .. 2 

4. - 11!11 3 1 

5. ... 3 3 

6. 1 1 - 1 

"· - 2 -3 1 

.a. 2 2 - 2 

9. 1 ·a 1 

10. 2 2 .. 1 

11. 1 - - 2 

12. - ·- - 1 

13. .1 l <3 3 

14. - - 2 

16. - - 1 

16 - 1 1 ]. 

17 3 2 1 

ts. 2 3 3 

19e 2 3 ... .a ............. _....__ ... .,...., ____ ..._ ______ ...,.,.._ --- _ .............. _ ....... ..-.-~ 
Signif1e.s not detected. 

1. " faint lines detected. 
2. " medium st!'ength lines detected. 
a. tt strong lines detected. 
: 

~ 
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Pt basins had been used but soon showed signs of breakdown. 

This difficulty was solved by the use of Teflon beakers 

which are completely inert to all chemicals except molten 

alkali metals and which can be used at temperatures up to 

300°C without any sign of breakdown or softening. 

Tihen Teflon beakers were used for dissolution of the 

samples, a slightly different procedure was adopted and 

this consisted of' using a mixture of aqua regia and HF 

The sample a were taken to 

dryness on a water bath and redissolved in 2N HEl., 

After absorption and elution, it wa a noticed that the eluate 

residues were far bulkier than usus 1 due no doubt to the 

formation of anionic fluoro-complexes from residual fluoride 

ions which had hitherto been destroyed by fuming w1 th H2so4 • 

This greater bulk increased background emission and 

precluded the estimation of rarer elements such as Cd. 

Th~ most interesting observation was the appearance 

of strong lines Of Nb in some of the roCk samples (Nos 4, 

5,7,13 and 16 of the nineteen-rock suite) due no doubt 

to the formation of fluoro-complexes of this element. Mo 

was also detected and this was not surprising as other 

workers have studied the fluoro-complexes of Nb and Mo. 

(see :- Freund and Miner, 1953 ; Hague, Brown and Wrignt, 

1954 ; Huffman, Lilly and Iddings, 1951 ; Kraus and Moore, 

1949 and 1951). 

Since the quantitative determination of Nb and Mo 

was of some interest, studies were made on the possibilities 

/ 
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of determining these elements. 

The procedure adopted was as follows :- After 

digestion in HF and aqua regia, the rock sample was 

redissolved in a mixture of N.HCl and N. HF and the solution 

absorbed on a column of dimensions 20 em X 1 sqcm cross­

section. The resin was contained in a polythene container 

instead of glass. After washing the column, the metals 

were eluted with 0.25 N. HN03• 

Initial experiments had been carried out in which 

the degree of absorption of Mo and Nb was studied by 

absorbing these elements on the column and eluting with 

the same HCl/HF solution. These elution curves are shown 

in Fig.l3 and show apprecia.ble absorption of these elements 

from the mixed medium. This degree of absorption was not 

however great enough to allow a greater volume of rook 

solution than 150 mls wi thoug using a larger colunm. 

Attempts to deter.mine Nb and Mo in three silicate 

rocks using Pt as internal standard were not very 

reproducible and the stu.die s were not continued f'urthe r. 

g) Discussion. 

Bismuth. Very few abundance data are available f'or 

this element although a number of estimates based apparently 

6n indirect evidence have been made. Clarke and nashington 

(1924) have given values of 0.01 to 0.1 ppm , Br.-rg (1925) 

has estimated 0.034 ppm and the Noddacks (1934) have given 

a figure o'f 0.07 ppm also apparently based on indirect 

evidence. 
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Goldschmidt (1938) has estimatFd the abundance as at least 

0.2 ppm 1 based on the proportion of As : Sb : Bi in 

ferruginous bauxites and sedimentary iron ores. 

As f'ar as can be ascertained, there are at present 

only two sets of data on the direct determination of Bi in 

silicates. 

Preuss (1941) employed a novel spectrographic 

distillation technique for the dete~ination of certain volatil 

elements in silicate rocks. This method, developed by Rose 

and Bgse {1936) involved the heat in·g of the rock sample 

to a very high temperature (over 2,000°0) in a carbon arc 

furnace. ·The vaporised volatile elements were then introduced 

into a spectrographic arc by means of a stream of inert gas 

such as argon. Although· the method suffered from the 

disadvantage of low reproducibility (±.'30 %) and limitations 

to the amount of sample that could be employed, it was 

nevertheless possible to obtain many abundance data for the 

first time by direct means. Preuss has published Bi figures 

averaging 2 ppm for granites and l ppm for sedimentary rocks. 

Ehmann and Huizinga (1959) have just published. 

figures for Bi in atone meteorites. The results were 

obtained by neutron activation. They have reported an average 

of 0.0022 ppm for six me~eorites. 

On the basis of twenty-one determinations on various 

silicate rocks including granite, basalt, doleri tes 
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and norite, the author has obtained values of 0.3 ppm for 

igneous rocks and a figure of 2.1 ppm for a shale. These 

values are in good agreement with Goldschmidt but lower than 

those of Preuss. It must be enphasi sed however that this 

estimate of 0.3 ppm is only a very rough approximation because 

Bi can apparently vary very appreciably even in identical 

rock types. (Cf Cape granite and G-1 where figures of 

0.9 and 0.1 ppm respectively were obtained). Both the 

author's and Preuss' values have been obtained from a 

relatively small number of silicates and are not therefore 

necessarily in conflict if we consider the wide apparent 

variation referred to above. The lowest values obtained 

by the author were 0.03 ppm in r .. herzolite and the highest, 

2.1 ppm in shale. 

The number of ana lyses available are really too few 

to obtain a comprehensive picture of the distribution of Bi 

but it is nevertheless possible to make certain general 

observations. Bi shows both lithophilic and chalcophilic 

·properties with the latter predominating to a marked degree. 

The similarity of the ionic radii of Bi and Ca ( o. 96 A ard 1. OL 

Fespectively) could conceivably lead to substitution in Ga 

minerals (see goldschmidt 1954) in which case enrichment in 

basalt, diabase and norite relative to granite might 

be expected. This is not apparent in the 
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who published a value of 0.1 to 1 ppm on the basis of 

indirect evidence. Goldschmidt (1937) has given a 'figure 

of 0. 5 ppm but this was also an estimate. The earliest 

reliable direct determine tiona were those of Preuss {-1941) 

using the distillation technique and Sandell and Goldich ( 1942' 

using colorimetric methods. 

Preuss has reported an average of 0.2 ppm 'for granites 

and 0.3 ppm for sedimentary rocks, whereas Sandell has 

reported 0.19 ppm 'for basic silicates and 0.12 ppm for 

granites on the basis of determinations on eip)lt samples, 

three of them being composites. 

As a result of determinations on'sixteen silicates, 

the author has reported an average of 0.10 :ppm for grani tea 

and 0.14 ppm for basic rocks Which is very close indeed to 

the figures reported by Sandell and Gold! ch. These figures 

are also a little lower than those of Preuss. 

In sorre of the samples, difficulty was experienced 

in measuring the intensities of the spectral lines of Od due 

to a combination of high backgrounds and low line intensities. 

In such ca sea, the data f'or this element are subject to a 

somewhat higher degree of uncertainty than the previously 

determined standard deviation would appear to indicate. Such 

samples have been marked with· an asterisk in Tables 9 and lOa. 

There is nevertheless a fairly uni.form pattern of enrichment 
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of Cd in the more basic rocks as for example in dolerite 

(Klbof Nek) where a :figure of 0.30 ppm has been reported. 

Values of 0,05 ppm and o.oa ppm have been reported 

for G-1 and W-1 respectively and are far lower than the 5 ppm 

obtained polarographically by Smythe and Gatehouse (1953). Ther~ 

seems little doubt that these latter figures are far too high 

even if the author's figures were ignored since Rankama has 

suggested that the Zn/Cd ratio in silicate rocks should be of 

the order of 900/l and this figure can be compared with an 

estimate of 500/1 by Sandell. The polarographic estimations 

give a ratio of 12/1 Wl.ich seems far from likely. The 

author' a figl.lres average about 800/l ( 1. e, inte.l'rrediat e between 

Rankama and Sandell). A second fact or that would seem to ca at 

doubt on the results of Stpythe and Gatehouse is the recent work 

of Vincent (1959) who has employed a neutron activation method 

for the determine tion Of Cd in G-1 and W-1. His results 

agree well with the au thor's figures for G-1 but are somev.ha t 

higher for W-1 although at the same time much lower than the 

polarographic values. The lower value reported by the author 

for W-1 may be due to the error involved in reading Cd line 

intensities only slightly h1S1er than the background value Which 

is quite high f'or this rock. 

ln the carbonatite there is a distinct enrichment of 

Cd relative to Zn (27/1)and this may be due to the greater ease 

with which Cd is accepted by carbonatite since the ionic radius 
2+ 2+ 2+ 

of Cd (0.97 A) is close to that o'f Ca (l.Ol A). Zn is much 

smaller (0.69 A) and could hardly be expected to substitute. 
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•Ottemsn (1941) me reported 56. ppm f«' gran1tes. It 

W4nld appeal' from tbese :figu~"&e ·that Sn averagee &boti·t 

4·- 10 ppm in baeic rodta end. 40·- 80 J>Pm 1n. ac:tdle· rocks. 

Rcecen.t work b,- ontahl mi:a Sandel.! ( 1957) a.oes .Dot 

eonflm .. these flgur,ea ond their aw rap or S ppm, 1. 6 ppm 

and o.& ppm. f'o~ gramitea, matte· l'tJelts end ultramaf'les 

.. reapect1vel.J' ere far lower then tbos~ of earlier f'IOPkers. 

The euthoP bas fotUld ·that tt was posetble to e·sttmster 

<Sn·'til aU tbe nineteen eemplea stu.Ole4 on4 the values ~e 

:l!Ji· general, somevhat higher thsn those of On1sb1 .Sl34 S&ndell 
' 

JJ·ot lowe!' than th.oae of Ooldr.n:bmtdt Gnd Peters.. 1'hts 1& 

·boi'lle out bf 41rect eom-x-taon of G-1 and W-1 (aU d.etermtn"·s 

1n .du.pllcate) • 

. l,oek <m.tsh 1. ed .. fi!Bdel~. .B~o$. 

G-1 granite. 

VJ ... l ·dlaba.se. 

S; 8.5 

2:.5. 3.0 

\1-1 ertamt]l contain about tJl.e ~ mount ot sa. 

a.o, 9.6 

8.? • Sa?. 

!be wo chet"aotePln't1c trend$ ·fft tbc .seocbemis.'trJ' or 

Sn ( eee SboTe) sH f\JU,:y apparent t:a the autbo~• e results. 

Bot onl; ~· there V114e regiollal va~tatlons 111 etliJtlar· t"OOk 

t,-pes (e. g. B. 8 end 22 ppm for Gel. and Cape ~anite}, ·but 

there ta el:sO a dJ.e.tiba:t mr1cbment .10 tb:e, ·mope aci41<= rocks. 



!'hie 1s 'V'el'f evident 1t we comp&!"e :r.tot>tonolite donite 

( 1.3 ppm) 'f4 'ttl Gape sr&ni te . ( 22 ppm). 

!"b~ f'&.ct fliet fhe au fho.r•a values tend to lie 

between 'those of Goldeehmiclt end Peters on the one hand and 

Ontebl and s~naen en. the other. maJ not be e1pift..cant 

tt we consid~r tbe wide r,eg1onel. 4lffet'$nces ln. t1n Dhli.cb 

a:re said t·o ui at • 

.mi\Pt.t •• 
The geoebem1sttw or fl '16 qutte well 'Jmown (see 

Shaw 1'957) end a not 1)na1gnltlcant amc\lmt ·rl abundance 

®:ttt are available :fbr acidic rocks tbougb somftbat f'ew 

the abundance ot tn.ta etem(llt. were made b:r Clarke ana 
-4 

fla,eb.ington (.192&} but tbeil" figu~e ot ·8.6 X 10 ppm 

is fe,r too low. file Bodtlacka· ( 1939) :pub11sb.ed a. ;tlgure 

:of 1 ppm wb:leh the!f subsequ.-mtJ.V .amended to o.:l ppm (1:934). 

Abren.s (1947) baa .est.tmate4 en e,\Ju:ndonce of 8 ppm based 

en the GP»ar~.n.t oon.stener of th~ Tl/Rb rattc ln ·s111<l9~· ross 
' .. . ... 

oo:ldscltmldt r~tewed: the.· Bodda.clt tigu~ on, the ba.sts or a ·rew 

new analtses ani pnhl1e11e4 a t'l~e or 0.3 ppm. lakama 

(1149) bas mgge-ste.4 that .a ttgure or 0.6 ppm 1B closer ·· 

to rea.llty &nd hl,s conclustona 1¥el"e base\i matnl.? on tbe . 

work o't Pl'etlea (1941) Wbo obtaiaed figures or 0.3 ppm 1n 

German ptb Poe <am an ave:ra.ge of 3 ppm. tn granites. The 
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wo.rk of Otteman (1941) who found 1.5 ppm 1n German grenites 

flt.UJ also taken into eonsideret1on~1n making th:1e estimate. 

Both Preu.ss and Otteman used. the d1st1D.a.t1on teehnicpe to 

· .,.t~ltl ....... •""- --r·1 ~ldsehm14t ........ ·4 uarma"'~ b-6 e.J.so . eu ',t 8 _ue 'W~ e >;JW . ...,... UU &U":&. CliYv ca . 

. p~blished an e~timate. ,or 0.5 - 1 ppm. for '1'1 1ri. p.an.1te.s. 

Be neutron act1vatlon teeb.nique or Ebrnann and Huizinga (1959) 
. - r . 

bas Y.ielded abu.n:ianee data .~ 'fl .ln .stone meteor1 tes and 

these workers bave reported 0.0004 ppm as the avet"age -ot 

·' 
A comprehensive rev1$W of the geoailem1s txsu -of' 1'1 us 

been trade b7 Shaw. (195~) end be bas eumeated tba t Rankana •a 

estimate o't 0.6 ppm 1s wo low and ftlat. tile correct figure 
" 

1'he above data -·.an reter 

sandstones. 

A most str.iktng. fee.ture o:r the geochEmistry .. of· Tl is 
. 

its eartdbment tn ae1cli c .rocks relative to basic t,-pes and 

thls 1s said to be ttae to the 1Sim1lar1ty' of' ·ttt e tonic mdii 
~.. ·~ + ... 

'Of Tl anti K (1.47 A. and ·1.33 A respectively} sn·a 
''3+. 

consequent r~placemen.-t Of r~)r or Tl.. lfl seldom ext st·s 

ltJ nature 1-n igneous rocks (tbooSI pe.rhapa ln se4:tments} 

bemmse the oxidation potentia,l needed tor its ft)rmat1on 

is so· h1gk. 
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The author's results are in general in very good 

agreement w1 th those of other workers and ful:ly show the trend 

of increasing enrichment of Tl in the more acidic rocks. 

The relatively high number of determina tiona on basic rocks 

(fifteen) is of particular interest since abundance data on 

these types are very sparse. The average figure reported. 

here for basic rocks is about 0.18 ppm and approximately 

1.5 ppm for granites ; the range was from 0.04 ppm in 

diabase to 2.2 ppm in grey gneiss. 

The author's estimate of the crustal abundance of the 

element Ibn the ba. sis of 20 de te nnina ti ons is of the order of 

o. 9 ppm for a 1 : 1 ba sic/a.cidi c rock ratio and this is very 

close to Ranka.~a 's estimate of o. 6 ppm. A 2 : 1 ratio 

·would give 1.1 ppm and 1 : 2 would result in a f1 gure of 

o. 7 ppn. 

For the first time, values have been obtained f'or G-1 

and w-1. The abundances given are 1.3 ppin and 0.05 ppm 

respectively. Recent work at the Brunei College of 

Technology (See Morris.1960) based on neutron activation 

has indicated 1.0- 1.5 ppm for G-1 and 0.13-0.20 ppm for w-1 
and these figures are reasonably close to those of the author. 

Zinc. 

The geochemistry of zinc has been extensively investigatec­

by many workers and Goldschmidt has given an estimate of 100 ppm 

as the abundance of this element in !,gneous rocks. This is 

somewhat higher than the value of 80 ppm obtained by Sandell 
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and Goldich (1943) but appreciably higher than the earlier 

figure of Clarke and Washington ( 1924) who have estimated 

the abundance as 40 ppm. Ran kame ha a given a fi gur e of 132 

ppm but this value seems rather high and has been contradicte 

by recent work of Wedepohl (1953) who, using a novel double­

arc technique, obtained the values of 118 ppm and 45 ppm !'(' 

respectively for basic and aci die rocks. This double -arc 

technique similar to that of Shaw, Joensuu _and Ahrens (1950), 

was de vel oped from the method of Man nkopf ( 19 47 ) m i ch in 

turn had been based on Preuss' technique. 

This enrichment in basic rocks is, according, to 

the data of Sandell and Goldich, due to the fact that the 

· zi.nc content of silicate ro eke is proportional to the 
2+ 

combined Mg and Fe cone entra tiona. Such enrichment can 

take place because of the similarity in the ionic radii of 
2+ 2+ 2+ 

zn, Mg and Fe • ( o. 69 A, 0. 64 A and 0. 74 A respectively). 

The author's results show this latter trend quite 

clearly and are in fair agreement with other workers althouS:l 

tending on average, to be somewhat higjle r. 

It was posai ble to estirm te Zn in all nineteen 

of the suite of rocks listed in Table 9 including G-1 and W-1. 

The value for W-1 (68 ppm) is in good agreement with other 

workers but the figure for G-1 is somewhat higher. The 

figure of 234 ppm for aha le is in conformity w1 th the work 

of Palmqvist (1935) and Lundeg~rdh (1948). 
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§EO~lJl:fi,,YI. 

QtfAX~I~f.tYJS ,§!\lvifi§. Ql!. :Jlm, ;pm!Fmi'JWO.lf. PP 1!J."B .. fLttTtlm! 

IUAL~ At1D cgr,D .m. m:LigA~~ .. eootts. 

a) lntx--o\!ue't&on, 

It bas been abown tn p~evtone p&ff!'S that lt waa 

poa&1b1e 'to enrich at least nlne tRice eleneDte- to the 

tbreshold of spectral aetection ltmtts by ~tl\e use ot tbe 

'"atauda%!4 proc.edJlP'e" end 1nvoll"lng relsttvelF small .EDounts, 

or rock sem.ple. Us1ns· e 20 g. sample,. it was posstbl:e 

to atteln an enr1dunent fbcto:r or about 2~000 'trb.'tdh compa.ree 

very t&voursblp wl tb:. othe:r me thetis of' coM entrat.ion sueb 

.ea -the double er-e J!!e'thOdti of' Mamkopf (1949),. Wedepobl (1953} 

&tltl .lbe, JoenEH~u". anti Ahrens (1:9-50) -.Mere factors o~ up to 

200 were obte 1ne4. 
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. High enrichment factors can be achieved through the use 

ot· tire assay procedures but such methods have the double 

disadvanta·ge or limited applicability and a serious risk or 

contamination from reagents that are not easily purifiable. 

Neutron activation methods have a special place in the 

analysis of trace elements and· have the decided advantages ot 

very high senstivity and a relative freedom from contamination 

They do not however have the same simplicity and 

speed of the procedures described in this thesls and .require 

special equipment. 

A special mention must be made or the work or P.Hahn­

Weinheimer (1956 and 1958) who has been able to enrich the 

noble metals (except Au) from a solution of a silicate rock by 

means of the complex with 2-quino13.neselenol which can be 

extracted with CHC13 • This author has reported 0.01-0.05 ppm 

for the platinum metals in eclogites. The elements were 

finally determined spectrochemically and the detection limits 

reported were 2.0 ppm for Os, 0.05 ppm for Ir, Ru and Rh, 

and 0.01 ppm for Pt and Pd. 

Of the twenty-one elements that form chloro-complexes 

in 2N oxidised HCl solutions (See Table 1.) ell except iron are 

usually only present in small amounts in silicate rocks and some 

are so very rare -tliat they often cannot usually be determined 

even with a moderate degree of prior enrichment. Examples 

of such elements are Au, Re and all the platinum metals. 



.In '0"l"d 81' to tally .StUdy ·the app11ea tlon Gf anion 

E~XChange '8l'lr1chment technique~. an lnvest1p,ion: ~s ·CS1"!1et1 

o.u t. on this th1r.d group or trace elements .• It was ~clear 
- -·· ~ 

a .t ·this stag& tht!'t muvh higher enrichment fe etor-s. :tha.n those -.,_ - .. ' ---. ~-- .. .,,_ --

and this would 
... . . . .,. ' .. 

inv.olve not only emplo.r1ng large~ quantities or rook hut. 
. . . ~ ... ~ . "' ' .. . .' . - - . . . . " 

pctsslbly even sel~oting .rocks la:u:nm to be rieher 1n s:ome 

or these element·s .• 

De scope of the eomld.ned prooed~ ·a.s applied to rocks 

1s ao·t .h.fin1te :a.ad ~ere ere 1n practie·e tmree limiting 
...... ' - -- . , . .. ~ '. ,. . _ ... ~ .. ·- . 

ta,otors to the amt>llD:~ of ear1ehment that can be a'ohleved :·-. . . . ~ . 

-~ the :f~st plac~, t:r_ the roe~_sam~le ls ~-r, _la.-_ge. 

&.J?preclable q~n~itl.e~ ~--·_r;eagents hav~ ~- ·be .~Et~ ~ order,. 

tt? d1sso~ve _ the specimen and ... ·~~re J.s e eonsequeat 4eu.ger '.or 

oontamlns.tl,on f'rcm: ·the reagents. 
. . . 

Seeondly,, the d1str1butf,on ·coef'£1c.1ent of the element 
. ' -~ . •.. . ' 

with respee~t ~te the resin must be telrlr hlgh.otherwl.se e 
-- - ~ < ... - ' ••••• • • •• ~ -.. - -

large amQunt ·Ofc ~~xc~aAge~ ~~ b$ r~qut~~. to _qua~·t~tati'f'ely 

~eta in ___ th~ _absorb~ te:, . th11!J _ woul~ _in turn also involve, 

inter :alia • elution oit"tieultles. -· -- ., . - .. - . 

The fine.l fa.ctor to be oonslder:ed ts the practical one 

.of handling large quantities ot rock. . . 

.ln __ m. Hal solution~ Re. A'u and all the pl!'!tlnum. -~e\tals 

have relatively .b.igb. alstrlbutlon coet'.f'ielents {all greater 
,, . -~ .-~ - -- -

.~ban 4:00 ·- $ee fa~le I) a~d 1n fa· ot Au_ has ~he highest of 

el.l the elemen·ts et th'iS a·c1d eoncentratlen. ( 108 } 
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(For fu.rther details see :-Blasius and Wachtel (1954), 

Kraus and Nelson (1954), Kraus, Nelson, Clou@l and Carlston , 

(1955), Kraus, Nelson and Smith (1954), McNevin and Crummet 

(1953), r,,eloche and Preuss (1954), Nachod (1945), and 

Sussman, Nachod and Wood (1945) ). 

This filet or, coupled with the general rarity and 

interest of these elements, rendered a study well worthwhile 

and investigations were undertaken with a view to at least 

detecting sorre or all of these elernents in silicate rocks. 

Despite the low abundance of these elements, an 

appreciable amount of data is available on some of them, in 

particular on Au, Pt and Pd. Many workers have,however, 

concentrated on two aspects ; namely, separations by ion­

exchan~ and the use of these resins to recover the metals 

from waste products (see Sussman, Nachod and Wood (1945)): the 

use of ion-exchang19 resins for the enrichment and subsequent 

analysis of the elements has been largely ignored. 

Most methods of determina. ti on of the noble metals 

involve fire assay procedures but the purpose of the 

investigation described here was to deterrnlne whether the 

"standard procedure" or a modification of it, might be 

employed for the estimtion and detection of these elements. 

b) Preliminary analytical work. 

A preliminary study of the column behaviour of the 
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el~n•~ 1ms ms.t4e b; absorl)hig .~ m.U'ure of Au:J Re,. Pt,. N, · os, · 
Ir •. ih en<l ·:an· oato a oolwm ot length ao om and ol."oas-sec t1oru!Jl - . . 
~ee l sq~. The mixture wes d1ssolvecl 1n 2R .HCJ,l el'BI the 

~'ftuaorbe4 band vms Rshi.ta wi tb. t:~n equal volW18 of ttoJA of &he 

sam& nor.:rmli ''. 
·lhlNe'V111 ~d c:rwnmet (1955) hev., maae e st.uay ot the 

ehlOro-eomplexes o.t· the· Pt m.e'fi),ls end ~ve discovered the·t 1t - . 

1s possible to elu.·te sOJB ot them td.tb e:mmcmium hJciroxt4e. 
~ -~-

.· 'l!d:s ls mJde possible by· the tormtttion ot posltd:vel7-ohsrge4 

·&mmtne co~ple%e:s such as :-
. .2-t 

P4 (Nita)4 

th.eee workers fo'f.Ktd th1l~ Pt end Rl ooula eestl.r b& elut.ed, 

. . 

ere Ave 1~ ble ebout tale elution -ot Au ·en a Re w1 th emmonimrt 

bydroxtae. 
' . · .. 

In new ot tb!tse flndillss end 111. v1ew ot the eu.tho:r•e 

_ :OWIJ. obaarvaC1oas thst is wrts. pos~1bl-e to elu'e Pt ~1tb mt'Oz• . 
. the ~~sorbed. mliture -~- met~la_ as el~tec· tlrs,ly •ttb lf/4 

BN05 ana subsaqu•ntlJ ~a 'B. :f!AU11oo1um .b,dronae. SUtkble 

·vol:ume intervals-or elwatAJ ,.were te:ken· ·by aet!as or the treot1on 

.ooU:eetor en4 ae 1n4.1v14uiil n-eotto.11a were te.tea.·· to dry.n'Gsa, .. . ~ .. ; 

colleoted 1a the 11'!!0·1 matrlx a~d ~xemtnea .. spectro~phlc~llJ'~ 
~ . . - -

Tbe :resta itself' wes t.gri1te4 ~na the .·$.fa trett,t.ea es a sep,r11ste 
~·· . 

·f'raotion whlcb wa ~lso eP..mlne4 • · .. 
. ~ 

These ·data .ema'bled epprox:b'.llate elution. curves w be . ... . . 

g1otte~. ena the~Je ere shown 1n J'1g.l4. 



....... ., .. 
"§ 

~ 
~ ... :a 
'-s 
u 
r: 
0 
0 

Pt 

I I 

' 

--- -.---- -lr 
Au 

-- ---
!(XX) 2000 

Mls. 0.2SN. nitric: acid . Mls. N.ammonium hydroxide 

Elution curves for the Pt met~ls, Re ~nd Au us~g 

N/4 nitric ~cid followed by N. Ammonium hydroxide. 



!~be· ,ob.~tt®a: can be aumnsrteed UMeP the reepe·cttve· 

ea-.·ta , .... 
R)!t:tmg. Tbt.EJ elemea"t .me .fi1fte4 sloY]If wtth mm. and 111tb ' ' s 
ec:nsid.·ereble taf'l!Dg.. On fbrther elut,t.ns wttb. ~Oft , a. 

much ftistev Nte o~ li'.eleese rmm tbe column 'Wtla :ach tewea 

fl1lti ill!e was ri:r"tuallr eomplete af1ler dlout a.ooo 1'4a ot 

ammonia llatl 'been enplorea~ 

,Ool4 fte behaviOur ·ott thfe ~lemen • was· sartteu ltu,.l.F 

lntef:"ieettns::~ there' ~peared w be te eluttcm pedte ,; a enall 

OJte: ctll. Jllf08 elution .aa4 a sbePper one wtth n4~ 7bf;s 

1et.tep pesk is proh81v ttue to the fbl'm!ltl,cm .or m eur.ammitle 

S~ntlon o.t the Au. tzom tb.e column was tt0t comp1ete 

ftell att;h thla 4ouhle t:reat.meat end. eta 18 bellevefl tD be 

due to ·be mata. atctors :- In tire· rtPat place •. tbe 41atrtbut10ll 

·COeftlcleat fit All; :le so htfll t:n GB .&01 (106) tba't elution 

4lf't1ettlt1.:ea Call be CUJ&Ociated Wil"th the Pe tentton of' small 

t.s. that ·the l"ealll e.g,e~sstD. have e slight N4uctnQ .ectloa 

(See. Itrms ad lfelaoft lON) ald. hence ea.a1lr ·retflt.eea met.ale sua 

es Alt ad .Pt cen. 'be :retaille4 tn til~ a·tall1c :Sfiate on the· 
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acta, ani t:t waa, not posall)le fiG ascertatn wbetheP ammorda 

euld aleo aene- a-r tb.ts purpose- beca:ee the column- wee 

,complete·lJ" ·clear of the elf'SD!ent be-rue elotioa wtth the 

~is ua lntt:lat-et •. 

I»Shenimre: As wtth Re-, tids elen-ent was co:mpletelp - ~ .. ~ 

eluted utth the aci4 M4 t'ta b-ebavto"OP Wltb .1JtBil6D!a was 

not. etu41ed. 

Opium. Oe -was eluted ontr· 9el'f -alo..-~ ldth the aetd 

ana. not et a11 •ltll the mrmoata. Even at-r the lllGS-&ge 
1,-:-

of S,.OOO -mls ot mtC8 it:utouab t'he col\ltl'Jtl, .:S·- OOl'Ul·'UieNbte 

_ amount or Oe •in remailted. ·fats 1e oleo pJteba'b~ ane 1a 

pat"'t to re4u:cttcm or tbe complex b7 the :ream. 

BJt9i,l!ll! ad ktd1tlllD. ftle bebavlour ot these- two- el:emetJ.te 

w ·ae column waa ·\tttrJ etmtlaP. '!be elutton -,.. mro
8 

ae 

-a·J.Gr 8114 l:avolwa tatllng. Do tmproanent 1n: the elutton 

Pete •-a :nottef!d ca, teeatment. &ntll ~onta ·aa at the end ot 

the o_pe·rG'tlon,. ,a eubetaD't1e1 amo1mt Of l:P rematne4 on ..,. 

column although moat or tb.e ah .had 'been »emo--ve-4. 

'!be co:mcltud.ou tbat <Dula. h drawt'l fl!tom. these 
' . .,. . 

PP8lltnlml'7 blYestigattona 11er-e sa toll.ows :-

au Qtt Re 11:187 be Qa&n'tttat:tvelr etutett cUt R/4~ mo3 

~~. Pt :8D4. B'b. mq 'be etmoet CO·mpletelJ' elute4 wl.tb 

e ccmb1D&tton -or both eluent~~. 

os. AD ad Ir &re· ltu:omptete:l'V eluted trVea een bG'tb 
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eluting agents are employed. 

'rhe above column data were. used in deciding what 

modif'ications of the "standard proceduren would have to be 

used in detecting or determining these ~re elements in 

silicate rocks. 

c) The detection of the Pt metals and gold in silicate rocks. 

1) Eeperiments with a platinum-bearing rock. 

A sample of Hortonolite dunite platinum-bearing rock 

from 3wartklip mine • Rl.;stenburg, Transvaal, was selected 

for the initial experizrents. On the ba sis of the known 

average composition of the reef (See Wagner (1929)), the 

rock was estimated to contain about 3 ppm of noble metals 

of Which :-
Pt formed approx. 2.2 ppm. 

Pd tt tt 0.4 ft 

Rh .. " o.o6 It 

Ir rt II 0.,03 II 

Os/Ir II tt 0.02 " 
AU fl " o. 8 tt 

In orde..r to a:f'ford a reasonable opportunity of 

detecting all these elements in the specimen, 150 g. of 

r<;>ck were employed and the noble metals concentrated 



··to·· about 10 liS b¥. a trJGt1it1catlon of' the ·•~ prcoeetlan"' 
• • 'c .. . -, . ' . 

e·t• ts.llOIJ to be 4e&ePtbea. Ia. tllls 1»8.11\tl'J' • 

eaP1ehment~ f'ectoP ·Gt &PJI'fMimatel; u.ooo •s e.ch1~4• 
. ~ ' . . .. ' ' . . . . . . 

.. ·was Idea. to *7ftelJS ve~y ;SlOW~F ~ e wai"r -·~ tr:artsterre 
-~-- •.. ·• "· t ~- ... _ , " . ' ' 

to 6 :poreelal.n baeta and .Nme4 wltb BSO .-, .-.Pfle ·purpose of 
·::·.' .,· .. ; -. . : ·. .·" - 2 4 .· . 

tll:ls· lett..- epers,tton ns to nm<J"W .a·u. troae:s .of. f'luorltle 
." .,- ' ' •, >' • • • • '• r 

.... 

loii~ Tl'lte ·ct.ts cf patttletlar lmp:.tt'tfltt-0$ because tn. 
.. ' . _-_ .. - - -. ~ ~ .. 

. . . . ' . . 

a prelimb'l_, reeotmalasaace upertmen..t m.rrie'i out on 100 .fP 
; . . . ' . . ·- . . . ~ . -

of mlpbte too ·ss net tteat·rat;le· ea. aceor"iltnsli' erte:P 

· .. · tumtng wtth ~so4 •. tll~ :rock settJpl.e. waa !Silt tea at ab·ont· 
0 . . . 

. aoo o. fte res:ta:t~e lltte t1U!!Il recltssotvef Sa 'lf Bel. 
' 1!l'le letter Pt"ocetture. wtt P~tttlere4 ?el"f 41rt1.mlt am1 tdiou.e 

. . . . . . . 

b~efttte O't th• f'ol'tflllti·OJt ot 1DGO lUb1fJ terrte ex1de· &lf: to .. ,· .-

the b'le~ ·tan! tta temper.tuPe .employed. In e later 

expel"tment. tlloe fault_was roectl.fied by 1p1,t:t~ :a:t a 1.-eP 
. . .. : -~ .. 

· temp-attU-e. tmfi .no' 4i:ttkolt»' was then· encobtwea. 
-- , . ' . . .. . .· .... 

fte . .-oet: · apecetmen was papt.teslat-17 ht!Ol 1D Pe and thte 
.··. 

rector. .tn:mpl~a. "'"th the 1~11'- a:ownt. of roe'lt auplC'IJd 
. -

'!"endere4 the et'r&ot ive e.epn.ra tlon .. Qf Pe f'ttom the tt..aee~ 



elenenta someWhat PIPObleraattcal. ln. ol'ter to •tve 

tbte a.trneultJ. :a. <i01tble ebaol'J)iion and ett\ti.cn teebn1qtte 

(,~lagot:n~ to &lnblf! fl'ectp-lt.et,bm u, _pavture:tnc 

,ehelvt4sl was, esed • in 11R16 ·the eolatton (or tba- m-ck 

in mf tfai ·aa' a:bU!ibe4 ft tb" Mi811t,. the ebsarba·te 

nake·4 'ltltb 100 ml ot 8R i!Cl ,m:u.\ elu,te4. 111 tbe:-- no:r.ma,l 

Dal'lt/ie wtth B/4 mro8• In tb.t:a ease bowe:ver• oltll' one 

tm4'tlon waa touu trlstea4 ot two.-

A:tte• el.ottoa nth e~cta. the Cl)l'Uf.Ml: waca tb!"tbeJ' 

· elute& wtta 2-_,.ooo mls ot If. Ba4oa .• Th1a er:monJ.o t'N-cUoa 

wall tekea to 41'7b$a, eonected. !.a tae uauallfac:l atrta 

ad lt"14 tor· fit1haeqUtm t -~ ctttogmphle -exernttta: ti •• 

~b:e mze3. ftte.ctl-on llonYer • was tattQ to d!yllesa, 

J~~edlae6lv.a 1D s amaU volume ot- U Bel. r-eabsorbe4 on: 

ttte eci.lw!m 8D4 ••4 wi.th add or the •~ a'lP&DPb.-

trhe colum was then eluted ega-1n 'IJ1 tb !V/4 BJo8 tma 111 

tbts -eau the •usual ~irontf enll ~maJ.nlff ftoa.otion.a ·.-ere taken. 

i'h ~es1n ttaelt waa tgn.tte4.. tbe eBb eolleete4 

·tn ~- lieCl atr!% and t!YJeted :aa a sepate.te tnu::t,f.Ota:. 

'ib~ latter .• e ~Jlonk G. the: :rengeats, tb,e ammn.la rn.ction 

etiti t-be two aef.4- fract.iona. ~e then ~:&tm!S.nea = . ._ 
fJl)ectpogm:ph. 11!, the r•nse 2600 A to saoo A ·ustag Xotlak 
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.Not ·=lr· .is title lble IV'eri' ee:nett!ve. but tt hl &lao 

remat-~lll7 ff'e& f.Pom 1nter:r~n~ca. 

AG artl. all the pla:t1num meta.ls. f!Zeept Oe were 

:tletec'table. to Onf!t oP more o-t the fracttone. 

et Re · wo obaePvefl. 

The .s~etro~ of' ·fftlJ go3 
8 mata1'• f'raetton 1a 

· · ehom.~ ·ta Pig 16a. 

A ~arr ot all tne ~Gble metal81 4e:tected 1n 

the MC ep$Cdln. le el\Oft; in 1.'sble :12 b~lO\f : .... 
' ' 

-Xh•. gua_!lytiYft S!§QtrG1£ephip ie,\mmtna tiqA or· .tl\e_ .. gdb'J.t• 

mr:l,el§,. 5ip s<_alatinu.m.J?.!art,pg rock .tx JT~entt!!lrtet 

('rille tabl-e abowa under the relevant :metal tile Itnes oe•4l 
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Blso detected·:..; Ho·,·Zn, oa, Bl, Sn, Pb· end Ag. There 

1ms no trace ot Tl or Bb. 

· 11) I;xostt~&U1us onJ1.a~t~M1b:· 

l'he previous 1n.vest1gst1ons ~:d been oarrle4 out 

on 1.50 g .• of rock: 8ttd .l:Utlg!ng trom the int•ns1t1es or the 

Pt lines. a .s~Mller quantity ~f .m1'fter1~1 ( ~1 15 g.) woula. 

bave 'sbown this element qulte easilY on :the spectrograph. 

"lhls 4.oes not .of course npply to the r~·rer elements such 

e s Ru wb.ere the fuil quantity ·Ot specimen we a .requ1red 

to ensure detection.. That p~rticular rock md been 

selected because its plet1num-betu•lng nature rendeted 

dot9etlon of At lee.st some ot t;he noble metAls llkel7 

but the question as to whether a commun silicate such 

es granite we.s el.so likelJ ·to .show tU.lJ ot these elements 

· ns of more tbl!n ece.demic lnt&rest • 

.An investig&tion ms therefore~ subsequently 

oarrled _out on -~ l.erse srunple o.f' Cepe grenit;e 1n oraer 

·to estebllsll whloh. it eny, or these ver7 rere elements 

could be detected. -

A. 200 g. Bf!!mple e't the rock wes us.e<J tor the 

study end this .is-probably the upper limit of sample size 

tbst can. be t~ken without speciftl pur1t1ce:t1on. at the 

reagents ~lthougb. no tril.oe ~ot Rny ot the noble metals-

. WP.s detected in the blen.k. 

The technique 1;1sed tar tbe tr.eatment at the 
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previous rock sample ·was "further.·m.odltieti to 'fJl~miliate 
. -

ditticulties tmt h~d been ·encountered and _a tinal. 

enri-ehm.ent ·iactor' of' about .20,000 wes ttChteved. The 

revised proeec1ure '~tte:s es tollows:-

. ;The 200 g. s~mple .wes digested with the ususl.: 

mixture ot D end fl!UB regia in Tetlo~ beakers e.nd taea 
as before but in this oese ignition was carried out at a 

mueJ.1 lower tempera·ture. (c.500°C). The result ot this 

prpcea.ure. WEtS thet no d1t.f"1oult.J was experlenoetl in the 

·red.issolution 1n '2N BCl. ·This solution W8s now. &bsor-bea 

on t.he standara size column: -{ 20 -em. length And .1 sq.. om. 

oross-.sectionel t~trea) -and washe(J with BCl of tb.e same 

not"lD.ality. 

Instead ot ~eluting es before_, tihe entire resin. ~ 

.·was ignited, the esh redissol"V"ed in a small volume of R0-1 .. ~ ~ . 

- and this solut;ion. absorbed on a much smaller column or onl7 
- . 

a quarter ot the· Cfpscity ot the t"armer. This smeller 

col~ we.s .then wa·sbect ana eluted first with BN03 end ·then 

· with ammon18. the resin itself wee -~lso ignited ·and 
' .. 

treated as 8 separate fraction as betore .• 

-__ The tractions. were. taken to dr;.ness; collected 

in the nsuel NeCl matriz:.end .arced in the range 2600 A 

~o $300: A. 
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in Fig. 15b. 

Pt 2659 and Au 26?6 end 3145 were clearly 

visible, but no lines of the other plstinoids were 

detectable. Dy this new pro~edure very effective 

sepAration of the Fe had been achieved. 

d ) D iscy,se~ion., 

The experiments hAve clearly demonstrated tm t 
• 

even the very rarest of elements can be detected by the 

combined procedure provided thAt sufficiently high 

enrichment factors can be achieved. 

It is clear that it should be possible to 

determine many of these elements quantitatively the .main 

limitation being the difficulty of removing certain 

metAls such as Au from the column. This problem me y, 

how.Jver, probably be surmounted merel~ by washing the 

second column after reabsorption, then igniting without 

elution and determining the elements in the resin e sh, 

This procedure hAs indeed been employed in determinetion 

of trace elements in sea WAter. If it is also desired 

to determine volatile elements such as Zn, Cd, Bi, Sn 

and Tl at the SAme time, these must be eluted selectively 

:from the column in a separate operAtion. 



THE PLATINUM METAIB AND GOLD IN SILICATE ROCKS 

SPECTROGRAM OF ELUATE RESIDUE. 

F.IG.15b - 200 g. of Cape granite. 





BE(i2!IOJ{ !fl._· 

. w··•miTXm3J;JlATION ·qz_fR~CJ· __ m:;emTS· Ilf_SEUJA-'l!Im,. 

ffi. lntttod:m;t;Lo.a .• · 

The .scope of the ~~tnlon oxchenge enriebment 

teohnigu.e es applied to ·s,111c~te rocks bt-ts already been 

tUlly dis cussed. It htUJ: been sb.owti tlm t enr:lchment · . . 

t~eto:rs o,t ·up to .20.000 cen. ·be eCttieve<l.bu.t: be7on.a thl.s 

so•u•h#!t ·t!lrbitrer7 limit it is likely tbet s;ec1ellr · 
r ' • ' ,. 

pur1t1et .r.eagents would .ttsve to be employed tor the 

· determin~ tion et some elcents. 

Ot the re~geats -~t .ere.usea 1D tne "sten4er4 

proceau.r-e", by ff!tr the gref!ter l'dl,ounts ere usetl 1n the - . 

dissolution or the rock smnple itself. .It' e material eea 

be .toun<l Which is all:'eedy in sQ1nt.1tm. cleerly, 
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_ higher enrictun:en t rectors could be :r:H~hievecl e.nd 

mor·eov.er if the proper,ties of thiS SQlution :were such 

that lower. HGl concentrations "could be used th-en, :$Ven 

higher ·enrichment_ rsctol"s shoul~ be -att!!'!nable. 

These la t·ter consid-ers tion;s have le4 to this 

investigstion into th·e possibilitles of detecting e.nd . .,. ' ~ 

- --

estimating trace elements 1n sea ~ter sino$ here is a 
. ' ..... 

- ·Case where no c'Ussolution o'f _sample is n-eeded. · In 

addition(··es will be ShG\Yn ltit.er-) _the higb, ohloridt) 

concentration of see ~tar considerably affects the 

dlst_J:-lbution coetficlents or the. chloro-c~mple:xes of --

r- <ier ta in elements. 'l'he· ext·ent of_ this -change is such 

thet a_ ~ow Hc:l cone~ntratlon .in s~a llfater will_ prociu~e 

the same degree ot ,absorption ot a given. element onto 
' . . - . ' - - -

·the exchanger ·es ·a much higher acid ·concentration in a 

pure aqueous medium. 

Since eppr.eoiably smaller q~mnt~'ties of re-agents 

are needed i'·or the tr,eatment of .sea. wst·er,. ~t- ~hould, be 

possible to attain much higher :enrichment factors .without 

undue risk of eonta~ination from the reagents. . lt will . . " " . ~ " . . -

be .shown that in fact, enrichment factors- ot l:IP tf? 

· 20,ooo,ooo have -been reached 'at wh.lc.J:t levei most. of · 

those trace elements in see wet·er which . .form strong 

chloro-co.m,plexes should be detectable.· This of course, 
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only flppl:i.es 111 this c~·se to those elements tba t form 

sl;rong· complexes e,t .relatively low HCl ooncentn:.tions. 

The suitability ot see wate.r tor these enrichmGl!·t .. ~ .. . 

techniques is rcmll.y qt1ite r•~rlolble em illdeaa, .no · 

·better medium .could Sleoretlcelly 1be oontempll'!ltetl :since,. · 

~ot only does_ 1t po.asess t~e advantages mentioned 

above but is also s1gn.1Clcantly tree of Fe (Cone e.20 ppm), 
. .... .. ~ 

the element wblcb has caused ·.much lnterterene·e irl past 

investi~t.ions. -· 

Not one .of t~e ma.jor aonstittttents or see. water 

is likely to ·cause inter.rerenee~ · _ Considering tbe 

··-suitability or :natural wa1i.rs for ion-exchange enri·chq1ent 

techniques. it is surprising t.Mt so lit·tle ork he:s . 

bee~ done in 'this field. 

h~ve been· c,rried :out· have beun conf'ined ma inlr to 

· se~nd ine vin ena · Huooia. (See Moscow · Geoohem.1·c@!Jl 

· Sy!llposium · - 1957) • 

· Lure ·end Stef'enovitch (1947} used ·e catloa 

exc~nger. of sulphonie ecid type to ooncentre.te Ca· end 

Mg f.rom M turai WA.ters en~ e~ut$d 'these metals with 

hydrt?chloric ~~H~id~ · · ·This work was further developed · 

·byNydel'.tl. (1951) who extended the ~thod to .include 
.. . ' . . ... ~ ' . 
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ions 'belng reteined by .a weekly basic ft.nlon exc.hAnger. 

The in vestige tions wbloh ere described in. thi's 

Thesis ttre continea mn1nly to the fQllowing elements:-

Bi,, Cd:t Au end Zn. Sn WPS not 1nves-u1geted because of 

e relat1v.ely high retJgent .. blen_k even etter j)urirlott_tlon. 

With the exception or Zt1 ~nd Au, ebund!qnce date ~on all 

these elements ere -exoeacU.ngiy s.peree. 

Sp~ctr.ogrep~io Pl'OCedures heve been usetl by 

ma~y workers f-er tbe ~etection ot ~ny · t~ce elements in 

see! We ter stter init.i~l concentrAtion usu~ll1 bJ cheDd.oal · . . ' 

methods. but, e s f'~r A.s · een be ~~tscert~1ned, this is the 

first time .tm t purely ion exomnge enrichment techniques 

hnve been used ror suoh. studies •. 

. In· the present work,· only f! slngle reagent is 

. used Tor .the f)nricnmen t . .method · ( epf:l.rt :rrom a very •11 

. quantity ot HNO:.l ~s elu·ent) ~nd this is ~ distinct 

/ ,• .. adventege over in~ny other. methods ot ·enrichment partl·cul~rly 

es the reagent in question is easily purit'1Able by . 

. ·. aistillt~t tfon. · 

In v1ew or the f~ct thst qu."\ntit! as ot up to 

4 ton or sea ·water were used in. t~e war.t, the 1nvestiget1ons 

··w$re _e,:,rried _out _et premises :~ctUAlly :On the .see ·front in 
. . 

ord.er to fa~eilitete SAmpling a.na h~~tndling of ·t;Jt.e msteJ;"1al. 
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A-ll samples (ex:ee;Pt- smell emounts of" WJ:lter taken 

trcm out et sea for reoonnelsence experiment.sJ were teken · · · 

·.·. trom e stretch of beech ·rree ot nn,r effluent diseh~rge p1pes . ' 

and W&l"e taken" ODlJ 01'1 Still 08J'-S When the S8B 1fe.S CAlm 
' . 

·· I.t would· 1ndee4 heve been pre'tereble to b!lve .. ~· 

~tak~n smaples ~rom f'tir out at ~ee · b~t th.ts _was· impossible 

. OWing c.tO ~- lerrge qUAD.t1.t1es Of S8e 1m t&r involved • 

.l! J . De ! IU!fl."P, ttiS • 

·T.he egp~~ tus used f.or this investigation was ~s1celly 

@~il.Ar t~ tbet ~~ed in p~ev!ous studies exc~pt tbet 

~nod it loA t!ons bad -to be Irilde to suit the very muc.h b!r,ger 

quentities ot ~te~iel :mu:ulled. In a·aatt1on. e smeller oo-luum. 
' . . ~ 

than hitherto was Gin»l.:oyed. ':he amsll.er column ·could be used 

because although mu:ch larger :qug:ntlties ot absorbate ,were 
•i'. . . ' ...... 

. to be used , most. of ~he eletn.ents . l1IXl er iJlvesti~ tlon bad .·such 

·high dlstr1bU:Cion coef:tioie"..tts tmder the eonditl.o.ns emplojed, ·. '.,.' . . 

the l tb.1s size of co.lumn We s .lOJ:tg euough to ensure 

quentita,iv-e retention of them.· (See ·equation 6, Pert I)..·· 

In some Ct'SG.s such es Cd end Zn, the column was too 
t- .- \. 

SllleU to ensure qututt~tetlve re·ten.tioJUJ but ·this problem •s to 

be solved by torming !in est~ te ot the- l!bUD;lte,noe ot these 

~laments 'bJ the so ... aelled "tront1J.l analysis"' methoa. The 

principle of tbls technique is, tllet, provided the volume 

distribution coettlcf,ent or the element 1s tno•• .. 
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Accur~tely• 1t is possible :;o calculate th.e c11sta:nce ·that 

en e))sorbed bend woul4 t~vel 4own the C·olumn. -r'hl$ 

t11S~J1C& ls d.1vlct.ed ·by tbe ectnnl lengtb. ot tb.e oolumn · 

and e f'ftctor hence obtalaed. The amount ot &lanelt t11etu!!llr 

·On the co1umn 1.s 4eteratnea at&er t'fbso~ptioa !s oompieted 

ena this :tlgur.Q 1a aul.tlpliea ts.y; the ff!!otor to give the total 

con>lentretlon: in. tbe sGJ.:! mter. Tbis t'rontal. eMlJ'sis 

·method is not fis eccu~te ~s one ia.v&J:vlng qual.ltitsttve 

retention or the _el Emeat concerned,. but •~a tbe 41st1act 

~dventege thet IP-1• Pu;rlflcetloo ot the oolumn 1s .. not 

"necesser.v · .s1aoe ttna sign1t1eftnt illlpuri \lea ere eluteil 

from tbe column. long butcre the absorption at.ep .1s completed. 

In this v.tJrk however • 11L \'#IS aoeeea~r.v to pu.rit:Y. the resin 

. beo!llu.se certAin, .el$lents snoh as B1~ ware not d~termlned bJ' 

frontal analysis. 

Tbe dimensions ot tbe column lYer~ .~a tollowa :-

Internal 4!flmet&r :- 8 mm;., Tbere:foi"e,. OlN)Stt-seot!onal 
" 

· eres o •. 5 sq. om. ffeigb.t ot resin. be() :- 13•2. om.· 

The oolumn t}leretOl'e oonte1ned shout 5 mla or boa enCI 

represented 2.0 g. ot rasln .• 
. . . 

The :ebsor:~>t1~on of treoe elements :trom 250 11tres 

or more of' s~ 1mter presentetl e problem. of some oagnitude 

.not Pnlr i~l taros or ~ndl!Ag k . .rge volum~s. but elso ln 
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the necessity o.r filtering Bny suspended sol!cls in the 

materiel. Both problems were· solvea by the c~nstruet1on 
~- - \ . 

ot ~n .ex.tr.emelJ. .m rge "·Chicken reeder" using e 10 ~llon. cal!"~ 

boy.. Remo·vel of ~n;y suspended =ttet.- wea .etteetetl a!nl7 

by sedimentation rurd pmrtly ·br· fil.tret:ton vie e cotton 

U'Ont plug in the ~on e:rcMnge colutm i'selt ... 

The Pp}l!retus is !Uttetrgt~~ in Flg .. l&.. I't 

·will be seen t.hft.t. tho oerboy wms suspeJldei! over tho& rust 
or two .aet'ilmentJ!!tlon bottles.. Tbe- .lr-1tte.r lWl!S cozmeote4 

to the second bottle vl~ n _polfthene a1p.hon tube. ~ 

.second syphon connected tho secona; bot tlo to tho ion .. · 

exch~nge colUim Its.e.lf'. 

bubblss "bn!tk!ngff the alphon., · the elpll.on tubes 
~. . 

P"' ssed throuGh sJUll !nvartod bot.tles fllled to 

the n:e-ck w1 th the se~ \!$ ter. 

This com~taetton. of' seaimeat~'tion. a·ntl 

tllt-ratlon ·WAS so succeas:t.ul th!P!t. throughout fl 

.100-ti:eJ' 5bsor;tion peri.od •. nc, dateeteb'le slowiJ'ls- . 

down ot ths .tlow rP.te wes n.O·t1ced. . This -li"Rte wns 

tuea. e t .100 ms/hour.· ~nd ~a regula ted by ~he 

.usm.l. byBrostt:~:tlc pressure methOd. Tne res16u~l 

""l'lltrete" ues .P.llowed ·to ru.n to tvsste .• -
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A = 10 GALL. CARBOY 

8 = SED!MENTAT ION BOTTLES 
C =SIPHON BOTTLE 

0 =ION-EXCHANGE COLUfvltJ 

r 
\!:;/ : 

Ap~rR tus used for seP. ~ter experiments. 
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Since the values for D for these three elern·en ts were . v 

extremely high in 0.1 N. HCl, the assumption was made that 

they would still be very high in the acidified sea water and 

certainly high enough to ensure quantitative retention of 

the ions. 

As Zn and Cd were expected to be only relatively strongl~ 

absorbed on the column, the distribution coefficients were 

determined colorimetrically. (i.e. colorimetric methods are 

not suff'ici en tly sensitive to determine extremely high 

coefficients). 

i) The determination of the distribution coefficients of zn &Q 

Similar techniques were used for the determination of 

the above and the procedure was as follows :-

The Ufinestt from a quantity of IR 400 anion-exchange 

resin were removed by decantation after agitation with water. 

The resin was purified by elution, converted to the chloride 
0 

form and vacuum-dried over anhydrone at 60 c. (This was the 

same as the procedure used by Kraus et al. for Dowex.l.) 

One g. sar,·.ples of resin were then transferred to 100 ml. 

Erlenmeyer flasks. 50 ml. of N/1000 HCl were ·then added to 

one pair of duplicates together with about 500 pg. of Cd or 

Zn. The other pair of dupltcates was treated in exactly 

the same manner except that the 50 ml. of N/1000 acid was 

prepared in sea water instead of distilJ.ed water. The 

flasks were agitated in a mechanical 
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ebake~· #t:ll! .24: · beul'8 a:rd alf.quots taken, at the en4 of 

thta perto4. 

The e:ltquota ·bl"e 6R8lvsed eolor1metrtcallr 

With dithisone (&m4e11 1'950). fte· ecidtt.tes of the 

flttoks wee then ia'ttl*eaeed to &/lOOt by the eaa.1 tt,ori or 
a:o1 and. auf'tt.c1ent. ,dts:tllled water Ol' sea wa:te~ to restOPe 

the volume .of ,solution to 60 mls. 

fte procetture was repeated. several. ttmee dth 

gra&l.all7 tnoreaains .801 nonaalittea or !l/10. •a•, ·2.1· ,&JUl 

& aJd tn this fi8:i' :tt wae posatble to plot wnea of 
.·. 

· ~d!.tribut·icm. coef'l'1eient.s as 'a h.nctton _ot .HOl it:Om&llttea. 

. · · - The cltl''t"eJJ ft>r. zn and M · ere ·. dtown .tli ftg 1? aid 
.. 

. · · the · aata · C.e re ccraea · belort .it~c: i'able. iS. 

%AN1i !8• 
Th-e:.@atribut·ton .coerttctents or in ana: Cl' tn R!tJI!l. . 

~ - - .. 

,. ···Sa'mple 

·!ll·-.tn ·pure BCl O.l 
" u " "' 1.0 

« 2.0 
ZD 1n sea ?rater 0.001 

. ft tf & 0.01 
tt w :" "' 0.1 

• , n u 1.0. 
ff " 2.0 

. a ta pur·e HOi 0.001 
" • e - G.Ol 
u • • " 0.1 
H ft ft ~ }.Q 
Od -In sea water o.ool 
« D ft ft 0.01 
H U e 0 0.1 

'It ft u 1.0 
• • fl 2.0 

·R . 
........ 4---
20 
910 
2400 

. '102 
172 
441 
1S75. 
1?'21 
10 
'11 
2120 
3900 
812 
812 

. 3640 
49f6' 
:9482 

e 
564 

.960 
41 
68 

.1'16 
·650 
688 
4 
28 
M8 
1ti60 
124 
824 
1456 
19'66 
99:3"" 
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001 0·1 1·0 
HCI. normality 

The volume distribution coefficients ot Zn And Cd 

in pure HCl ~nd in acidified see w~ ter. (date 

of Kmus ~nd Moore are included). 
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Zt~ o~er to afto~t4 a dl'P'ettt eamper:leon w1 tll ·the work 

ot K·J"aus tfll6 ·~tooN, tbe 9e,1ues ·or Ka, obtalfteid ·rtoo'!ll the 

above expe'M.ttente weft oonve~te« to Dv blf dlvldtng b,-

S.4 (See also page. 22:). , ·'ft.le· Erat~a en4 .l'~e curveu!-

beve else been .tncl.ttdetl -tn Mg".:1? end 1't w!.U be· nottoea, . 

tbet the;re te .a a:rlted ,«ltt'evem:e m the dlape of the 

eunes :tor p&:M FICl eoluttotl$ ana. at:r ·acttilfled s.e. •-•· 
:J;t. :will al·ec _be riOted Uu:;,:t. there 19 &QO_i! ~rrelettoa 

betwe:en tile euihot-·'s ,aab rar ~ HCl ana t.tteee ot 

· Kt-eue ~eutt J!&o.re ltbo ueea a dttr~nt re·sln. 

'fh1e: :c!ttt•enc-e 1ft. bebavtour -Of the sea 11[et-er end 

pul'ftc !!Cl. eolot·t.ons is partb~l.11ertv ~n d$!10natmtert; 

111 the 'f'tptue,l fton-fib:eot'P-tion. ot Zn in W/100 BCl 

Whtn•eas tn see 1rater .aeidit-1e4 'Wlth the •• Qllln·tttr 

o-f eoi.-4.,. a dtetributton eoett-t~cltent. or 68 reeulte4. 

'Tile same ·patt.ern ot ·beharlour as appM'ent for ca 
\there 8 value Of ,28 fOP .J)V in pv·e ti/100 1101 eont:raste-4 

with e;'f'!~~ of e24 ·tn sea '·~tater coatalat:ng ··the sa.rie 

aet4tc eone~ratlon. 

·fte: eo.aeluS:tona that eould be'. dram -t;rom tb.ese 

result& ·•el'e 'tbet' the htgb chlort.aie cOJl-eentra t1cm 

or see water rew:.Us U1 bl(Jler· tistr1wtt;Oll ccefric1ettte 

'flt law ml eonc~tratfl)u then muld ·othtttrrdae be· obtam.ea. 



- w ... 

:l:t t.s. imittea ·pose1ble tbat In ena Cd might be abaorbet 

r•om umu!tdlfted eea- water but_ stnee _the Pft· ot tbfe­

aatenel la •umall_v ~sl1Qbt)1' over '~• ·tt ·tt;. a4viS8ble·. 

to eDBDPe tbat the aea ttate~t ~ontf1lDa e:t least .some 

JIC1 to avo~ the po&&tbllt~ ot h•ol.ysla. 
~ ~ ~ ' 

Be slp'iflcance or till• "relntorcem•nt" or: 

,ehloro-eomplexea_b7 the- htgb. eblor.tde oorieentra·tton :or 

aea,_wat;e~ 18 peat beeaus~ atstr:lbnlta_ .C'oefti.ctate 
.... - ; 

of e ce.'MtelD &eslr-ed. m&'gn:ltotle etm. now be nc'bleve4 bJ'. 
- . . 

b7 :s;seasen·t blenlm wePe henoe aomwsl.}' -~a;oea .ena 1t 

·liaS po&:tdble- ·to Obtain f!lrldtment racto:ra ot ft%7 b:I8Jl 
. . . ' . 

mqnttn4e:s. (c. 10 ). 

t&l .. B!emttsmH~ e;tpet-i!!ftnt~a. 
neecmrua1aanoe apenments ~ aul'r{1ed out on 

-i*he·. eat1lPlee were teken fltom- a .point. -t!i'bout -2 miles- trcm 

abo~ tn 'lab le. Bay. Cape !fotm an!l 'ft'fi1'~ co:nta 1ne4 tn 

-45 lttre carbo-p: adapted to f'eea the aolu:tion tltre{:tl.J' 
,-r' 

into an_ant-on. e~ge eoltmm b:J' means .or s n.eh1dt~n 

fee4eptt &PPGngetnent-• . ' ,._ 

'rlie :solu tton: 118& ·p.uuud ~-outh the· ·«''lumn at 

a. now ra ·te (8· apprcttfl:ratelJ' 100 ml/tr and at'teP about 



- 98 -

three weeks , den the s·orpt-ion stage had been completed, 

the co.lumn Yiaa· elttted ·with J'/4 trN'03 arid. ezamUlatiou ' .,. 
. . . . 

ot the eluate residue Wa$ caw1ed oat .on the speetrogpa:pb. 

?races 'oe Zn ·aild. Sn were found in· the ~asidue. but ao 

Au, 'rl• Bi, .c)r. Gd •. 

. it was &ppe .. ettt tba t this qll8'11 t1 tJ' of' eea water , 

'''· .~me 1flwfticien't to proV'lde ·.detectab'le ernonnt.e ot· ; 

these YeJ!Ifl ·are. ~elanen.ts ,antt furtlier st'o4l.e s were ba.sed 

on mucb la_ri;er·· quantities <~f sea wa.fe.r• 

4) .Dtv@lpsment c:t a guen tl\_at~ve _ fUJ!Hrtr:ocljlemigal erocedtttte. 

Tli~- guatttitattve· $Pe~trochemleal· pr.oeec:itwe that 
. . . . . 

waa ad,opted. was stmtl&r to that ue-ea for fhe deterambaaticm 

rof zn.Bt t an. O:d. and . 'fl in -licate rooks. Since 
. . . - . . 

.tb.e Neal m~tx was 14ent-1cal. tn :&otb ,oases; the 

reprOdu-ctlJiltt~ of. A as .~111tert.tt4 ata!lasr4 wao aea~ to 

be De· same but ee .Au bad not been . 4tt·term1Ded before • 

:reprOdtiei'h1l1tJ' tests wee carried o-ut on the Bl11tabf.11ty 
' ' 

o:f. Sb .. as an 1nt•:rnal :etalldartl foP th·le element. 

A &er1ea of' ts aPo.tngs w~ made :~ whteh. the 

1ttd1vt.4ual •lectrtoit,Je_ WePe losaea wit-h o •. OoaG JX~J:. Ao. 

The arcings Tlet"t: 
' ' . 

ea-~rt~d ou~ a.t '1 empn ift the ra:age :esooA to SS:OOA .anti 

the spee·trs were recorded ·on Xotlek 1oo.-o pleteti• 'The 

electrC.les were atm1lar to ib:~ ·used tn the qu.antttative 

,, 
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atud1ea described in Part n • 

The results of the reproducibilitJ' testa are shom 

1n 'l'ab le 14. and are a lao recorded 1n Fig.l8. 

Ant1monz as internal standard for gol• 

Arcing Bo. Intena1 tv ra t1o. 
____ .................... __. ........ __ .... 
1. 
2. 
3. 
4. 
s. 
6. 

'· s. 
9. 
10. 
11. 
12. 

0.64. 
0.54 
o.M 

.0.53 
0.59 ••56 
0.5'1 
o.so 
0.50 
0.59 
o.u 
0.67 

, ... ~ .. ~.__ .. ....,_,._ ____________ ~-- ... _.... ... __ ... _____ ....................... ~.....--

The standard devta tion f'or the variation 

of 1ntensi ty of the line pairs was tound to be o.o56 

·on an averatfl 1ntena1t7 ratio of O.ffl and the coef"ftcient 

or va:rtatton · (standard deviation expressed as a percentage) 

was the ret"o:re 10%. 

Sb was clea:rl.y a good internal standard 

fbr Au under- the conditions employed. 

'!'be spectrochemical procedure that was 



II) 
w 
. ._ 

I ~ w 
, ... 
z 

Au2G75 

· INDIVIDUAL ARCINGS 

Reproducibility tests o'f replic~ te Arcings for 

the ev"' lu::t tion of' the suit~ hili ty of Sb P.S An 

1nterna 1 st~nd~rd f,or Jl,u •. 
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fl.:aanv· adoptel aa ea. tfiJUowa :-

.Arter alHGOPJtttton ot tbe trace e:lemenu ~·- the 

a.e& ¥JateP, the <:Olumn. was 190tl&he4 :wlih SJm Bel end ~e1ote4 with 

1000 m18 ot JJ/4' Boa.• ~e reelll . iteel.t ·wac tgnt ted 

af't•r elation and tbe· em m1xe4 14th Reel· matl-u ana, 

tH&te<t as ·e ,IJ.epar-ate :tmettoa. ·~- f'netlons- were areell 

et ? etQpa· tn tile ran. 2600 A to. 8809 A Gn4 Ute spectra 

t'eeor-4«1 on ~- 101•0 ~tlatea us18S the ·eame- electr-odes 

_ .. · Go$ t!or the :ve~oiuoillllit:r· testa • .... -

·_ or those elemettts that .... i,-- to be tn-veatiga t.e61 tt 

d$ cpl'Obable tlie.t Au hd the lG'ffest · ·cOXteent!'attcm tu e-ea 

wateP .Emd: it the aata ·Of Haber- (l9S7) \¥f!l':e- teketl 88 tm.-

1ndteatiorij :a:ppPoltlmetelJ 250 llt-ree ot' sea-~ 1J)1.tlt\ 

pMbeb'lJ have ·be'!'n Pe:quire<l. to et:f"oP4 e sutt>lctent, emoomt 

lias-eO: on the use or • mtnirtntm qae»itt:v or approx:tma\elv 
• • '• ' • ~ • - • • "'. ~ • w • 

250' .ttt:r.es (i ton) ·_o~ ee:a: -~ •. 

!rhe ·flmene·to:ns .i:£ tb.e eotuem we:re •·•- that tt' :IQl 

~- e4de4. to tle 'fSet ·weteP to the- extf.!!Jt ~ foPmiag 

& deei,liOrmttl ·&Ol'ltil,oft$; the ditttP1b1l#;;iOil eoe;ffiCiEDtS-

O'r fl; .lU ettd .Bi ftl'e: likely ·to lle _,ttt,el~btlV htith to 

ensure quanttttd~ tve ie'tentttnt of thttee, ;p~ele on the column • 

.. _, ~cl ~- _Zb were· n~ like~p _to be re~tne4. qpattta~1velv · 

bu:'G stno:e 'tlle 41atrilmt1on <»e:ff'J.ct,enttt or the-se element• 
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lft- :sea ft;te~ ·ba4 t.:tlrea-<t.r bee'n .determined, the abUlt4ame. 

ot- ee.ch e:OUJK be, teterm!Ded .br~ tb.e ·frontal. analysis ·method • 

.Apprcxima. te'lr Bt lit·z-e,e or eoneeut-rate4 ar;l tler-'e· 

ttequitt.ea: tor· tbe ac1tittca:tton of tbe eea water·· at1ti . tkis 

ec14 ·cae purUieC b:r diettllattO:s· ot a W1ncbl!ete:J'i .of 
c ' • 

·tba AttalaR -p•e material in f¥,i at·l·Slase ·lilPJera.tus .• 

A· reagent 'bltmk .. fl:towed the entire· ab~enc-8 or Au., :sd :att4: 

st. }11"esent •• l&t,e r · fOunlil ~- moat to onl;v lO;i ot' the 

qU&ntttr · rouna _1n. ·the 8ea. ute"·· 
.Af'te:r &cidlt'ication Of _the ·sea· .wate•~ G'ft'lelettt 

bl'-omlftt!l watet- .as adtleil- to 'bring tbe. ·C.O-neentrat.lon o:f 
. . ' ' 

-.th:ta elemeat up to 10 PJ)nt ia. tbe_ -eea. watex..· ·'!'be· puppoee 

, C!f thle p~e-Mu.e was tc a·-ellPe the-t sng tzl.t41lum waa tn the 

,o:Udla~d. stet:e. to ~event re®ct1on et ~ tJf. the metals 

•v the eolumn •. entl 'to attempt to lessen the 4&npr- or 
~SCJ>Pt.lon ot go.l« on the walls of the ,CX);ata faq. vessel. 

~be _:eee. water was abt: pumed tb'l'·ougb the co l\'lm!l vte 

the appaM_tus f.eae~i~tl in, ?art· IV see\iota b. T,l\e f'lOJt 

rate ll&.a t4juste·d to 120/mls/hP sr.t1 about 100 aqa were, 
It . . 

ttefjU:tr-ed fo .. the 8Q~pt1tJ:n; sta.ge. 

Artev abaop_p,tlem. the columr.t was \\'S&hed ena elutea 
. ., 

'tr1th 600 m:te_ ot· Jl/4. m~·o,._. ~e i't!IJ1D 'WQS the_ lcfi:fted 

end ·the ash tr-eated. as a $el)tn'llte tractcion. ftis tr,actton 
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•opiher ·wtth Ute ·elate i'eatdo.e·na coliecteci in the· 

:.oeul' !Mel. matrix and' aoa'lfsea spectroa;Papbt.callt. ustq· 

@. •• · th~ la~nal .• ,~. - · 

· »ls·ttrif.t"t 1ta'e=8 ot Au 207.6 • ca. :Ja&l• at· so• ana. 
sA ',3346: wee: ·(htectetl .ell4 b spectra ere GbOl!n. In P1&•19• 

VnfoPtuna·telr ito: ··tr~ c'r -~1 was· 4eteft:teti. &te »>SB·Ul]¥ · 

tO $. xoathei- tti8h qanagel! ba~tgountl' .ttl: .... re.ton or' 
·tfie •at ·eensttive 9!lltne et. awu A • 

. : < i',ehe ·:In ·it~te· at 'ISCJ A ·wa:&. :aomewt:et- dtt'tuee ·mti. th:l"ll 

p~eoltla~ -t.te. :G.aeurat¢·>m•u•ur .. t. 
. . ' . 

· ~ · •'!'lep ·to 4etinnt.re the ebllaoncea or Au.;; et 
e:.nd·oa tifsea water, worlttng ·cvvea •~ aow prepepd 

· ·fmit thi!ee · "l~nta us1fta S'b ~!S'l ae. tnterM1 et&naart. 

of' s• k, 4%, · e.-· end ·tox •ere· sed .. llhePe z re,reeemted . ~­
·o.OOOl-mg AU 

. o.oo-a ms· ,()fl 
o.O€r1· .g at -· 
~o ~each atendad . .-ere· ad4ed 16 ms:. o.f· .fl.aC:l. end o. 8 

mg Gr Sb. ·· ··PJ*om thee .. CJrvea. ebc~ee eta fbt' Aa, 

. an4· 81 ·me obt:a184 41r•ctl}t-. · Prom eque.tlon. 6 

(-i. z · section ·el .t.t· wac oal0\1tate4 that . the <:tt. bena 

1rou14 baYe· itraftlld a ·dtetattce ·of' 32.6 em ·at~Jil'lq .. 

ab aotipttoa tram ··150.· l1t'Nta · or· acid:if1eli" ,sea ftte:r bUt · · 



SPECTROGRAMS OF BISMUTH, CADMIUM AND GOLD IN SEA WATER, 

(TAe first two step sector steps ere saowa) 
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FIG.20. 
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Bi 

\.."<>11'Q· 
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"'•1-<>1'9· 

~~~~~--~~~o~x--~~~~~~ 

Concentrations 

Working curves for the spectrochemicP.l anAlysis of 

Au. Bl ~nd Cd in seA w~ ter using Sb es internAl 

st111ndard. 
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. . ' ' - - . 

C'd coucentratton therefOtte .ba<i to be multiplt.ea by ,a 

facto-r or 82.6/:ts.a • a~&. " ·· 

The author' e t'SSOres ~· Au, Bi ·ad C4 'togetll.el' 

Wt tb th&ae ;of other _,rJtep,e. to~ compar1un.~• eh01m · 

1n ftble 15 l)elow. 

· ......... ·; .. .. · :fABYiS , 16. 
.• - - '_j - JA! zcL J .• '· 

· !ftte ,abul'la&ncq..,9f.,c&G:t~JtJ1f:la .b.,~f!Jmtl\·~~ ana. S9~<l, itt .sea wafc:r: •. 

· · · (exp-reea•4 .tn mg/toa} . . . . 

-------~ ............ --.w~ ........ ~ ... ~.. .. _ • .....,. ...... ~ .............. ~ .. ~-- -~-;-.-··-

o .• ooa. · · (u. :o&tecb. 1940) 
0~004 (Haber 1927') 

. nt.mnntll. .Q:,Ol? o.a (lfo44adts 1940) 
I 

Cdmlum o.066· · o.oss-o .. oif (hll.!ft 1954 1 

~---~·~--...-.----------------- ... -.... ............... _. ______ - ... -- j_ I 
t.)· .Di:SGllSSl.oD • . · - . 'll. . . . 

· t) goM •. 

· . 'rhe· eburmnee ot .Au ta sea tre'ter 1s quite well 

· . ben~ 4tte ma1n]7 to ·Ute· f'umlemental wrk of Baber 

. (1:927, 192:6) elld WattenbePg (1938, 1946.) 

· Th-e PPOCedUJie' ued: bF fiabe-. ·qa to «J-P"C1p1 tate 

. the AU' fttb .. J'b irS AJSfJ:
4 

fOlliOft4 b·~ redoctlon of the 

nlpbste to the metal atta subaequ.eBt dete~lld.natlon o~ 
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ot sea Yiate!l' ·vaflr!n, .trom &l>~t o._oot to 0.01 mg,lton ... 

-~he· ttoidaclte have-.· rte ported a figure r.tt· o. '004 n:tS/toa 

·w~i.eb: 18 in close a·peement ·wlth H&b~. 
• ': . 't .• 

~Other workers ila?e r.epo!'te-G. _blgher ti~es or- 'llhtcb 

· tbe highest ,are tboa& ,of Swk (1943) who bas, publ1e\e,a. 

a- value ot 2 mg/,_on · tor the J.it;lsn:tie:. coast ot- .Spef:n atd: 

o. 'e · ms/ton for samples tak~ frcm ·the Atb~·1a:tle sea. Be· 

b&.e also repopte-4 o. 4 ·-~g/ton tot' ·}the Jied:iteft'alleaD sea. . 

· · h,tnf.tm ·(196-3) b&s given a ·aem1•Q'It!!Bn't-1tat1:ve· ·· 

.~-.;t1tns1~ ,ot 0 - . 4$ Jnti/ton tot- the .Paett'lc coaet o~ 0'$4 • 

.. . . , .. ·aa~dwen :(t"&l baa publtsbett e flgo~ of ,0.1-Q.a 

· ·mB/to• -siao f'or 'f'.he . , Paclt'lo c<$ et · ot . USA .• 

· Jix-ce"Pt ft:~~ PUtnam wl\o <letec•d tbf>, gol.d :on an . 

... dalg'&1n8te& Ag/Zn couplet tire Q.S:s&J' proeedttf'eG 'Wel"e 

t:nve:labl¥ · used ·b:r othet' work-er-s at· :$G!!Je stage -ot: :the· 

d.tf'ferent from that or e·theP werkeM tneGftu• ee a 

pnrelr ioli,;,.e.:~umge eartctuueDt tedlnique bna been us:ed:..-

·fte value of o.oog mg/ton. rep.tlrted here ia Yer-1' 

G:tmi!ar. to tbf>se, of Halle~ &nd the &Otldacks e:n4 lena. wetgbt 

to a poa'BU,le average· ,Au conceatra't1on.· of about 0.01 q/ton 

1n1 ee·a Wctet'. It ls l'!Ot ~cleal' whether tlle trJUdl h1jll-eP 

· 'l'ewlte or ()th::i" 1;0rars such as Ste.rk are <iu« ·to :r;eg:tt:mE~1 

ftl"iationa or to eqerimentel fJ'll'Jror btl t the .figure o't 
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2 · mg/'tOtl Obte.!ne:d. of'r the 3psnt.:eh . iCOtl&t Be~ 1:nor\\.1DI;"tel)f 

'hip .. 

A.n ;un~nom taoter .tn: tll:e euthor·r.s WOPk Ia th.e. 

maSDlto4eo. ot al;ao:rpt.i.oa!. ot Au onto ee •alle ·or· the •ntalnh:at 

;t:rrntee-1t1ve '16:e:ti mreror· ·to Ute w-a.7~l$ ot' the ve'ssela. an4 

~emovtas tbla wl·tJl. the: nst ot ttte· lt!ad 4Ut"i»,g· ·tmt · 

pr.ec~pt..tntlotl:·· eo ·Rlpba:t.e. 'Tb:e • thor baa e,·tt er~Jted · 

to a'ht!m1.;ee. MJ" e;h:eOPPttOft: Of A'G br 'Uc$lng e Ve'l!f' large 

ecmtelner tt:h! ·'the aes· wate'f!' st th a high. voltm'le/SUJI'ftme area 

:n.tto 8!it'f elao ·br w~rJt:ttrB tn d oxtdleing me!Sis-. ;&J thte 

latter' proc~u~e the .l!kellb"004 .Of A\lt, existtns. 111 tl::u~ 

east:.l¥ abeo~lle& colloidal state 1s reiced. 

lit Qa¢im1mu. 

Ottli one other ti.gure is ava 1lable .1b~· ·the 

ccnc$nt~Qtion o'f ca.. 1.n sea r;e te:r. hUin ami Rilf:l (1954) 

have :-eporte4 o.;osa-o.OS7 as/ton 1'10m tbe SlJitft~Jce or the 

Jrteh aea. T'.hq extt'faeted -the· 64 w1 th -41 thi~e. ln 001
4 

foUowetl b~ -spect~opb:otomebte 'teccbntques.. ~ re au ::t• 

'Wet"& chec•4 $lleGtrogsph1cell¥• 

!'he Glathcr' s NGl.lflte llre 111 good agreement with 

these 'tton.era ana the ftgu~e or o .. oea q/ton xe-po~ei 'here 

la on1r :rraotl~mn ¥ h1f!Jt.er· t:tt~ tbe hiftle$,t fl&UJ:"SS 

•e~d bJ tile d:Jo~, YZOI"k!e..-s. 

fte· data av-slhlble are t'a:r t«~ rew to. tbm aQ' 
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.Set'trtlte pt.cttttte ot tb.e· pattern or tbe dtstrti'#uticn. c·f 

. tJt.l. ta ees wateP but .at lceaet .a baet.e bas ber•n ld4 eor 

fa:Pthe:r tmvfl:st:tgetl.orAl'• 

i"i~ t:lf.~!t"MQf;h,. u•r~ _, ~t ... -z.er~m _ -~-- .. 

Ae· 'Wi~tb C4, cmtr one otb(Jl" tt~e u sweilable: 

f'oJ~· tlle e·cmoellt?'atton flit·· Sf.· ·ifl ees water.. if::be: tJoc!tdacke 

.(t9;ao) ~tLVt: l'ep&rte6 O.J!. .,;ton torr ttats ~l.sent iu ea. 

·watat tet:en ~om· OtJlllill.:tsfi,~l-4 t:n N&rfti'•· Tbet!t method 

f,n\fol.vs eb:~mt.oal eepar.at1-ena tolloW'ed bf 4Pt1eel aa X•ra1 

appear to· ba-ve· been: ftll lttlF eono&mea. wit:t.t tbe ilt:6wlb:Utlon 

ot B.l b tmrme o~gsnteme, t~ndl tt 1& posfltb1~1 tltlftf#t not 

certain, tba.t ihe'IP 81 fl1gn.re le .en. ~et-·f:t'la_-, baat\4 oft, 

author• a va:luee ·al'e a :teeto:r at ten tees than tbcae of 141e 

BoddaeJts. ma:; no-t be efgnt:tloent .. 

J.a 'fdth 04. teo tew aata en at presen.t a•tl.Gble 

·t:o an.ov a ®~tnt~ e$nc1uslo.n tc be to~mo4 aa to ··tt.te ~ere 

or Bl ta :aea water but on the eva tlable evitlence. e flp_:re 

o'f 0.01 to Q:.:IQ ug/tou· ·would eeem to be t.be :most acceptebl.,_ 
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