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enrichment and spectrochemical analysis for the determmatlon of trace
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Abstract—A reconnaissance investigation has been made of the possible combined usz 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
masterials. Observations which have been carried out on granite G-1, a specimen of Cape granite, and
diabase W-1, indicate that many of thése 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 elerents 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 (TavyrLor 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 (MrTCHELL, 1957: several elements in plants and soils), LIEBENBERG
(1956: Cs in rocks), and BerMax (1957: La, Ce, Nd, Yb and Y in 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 of 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 AARENS and FLEISCHER, in press), a
sample of Cape granite kindly provided by Prof. E. 8. W. Smupson (Department
of Geology, University of Cape Town) and a specimen of Limerick chondrite.

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. are) of some rare elements

Elements Abundance Detection limit Remarks
(p.p-m.) (p.p-m.)
Ag 01 0-5 Virtually never
Be 2 . 10 Very uncomrnon
Bi 0-2 20 Never
Cd 0-15 10 " Never
Cs 6 2 Sometimes 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 (AgrENS, 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 TI,

v
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In, Zn and Pb, and has been used for their determination (SHAW et al., 1950;
SEAW 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 KircHENER, 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. SnCl42-) is adsorbed
on a cation resin and eluted with HCl, 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 Lit, Na*, K+, Rb* and Cst. 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., PINsow, 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, and
taken to dryness; the residue is taken up in a minimum volume of HCl and poured
on to Dowex 50 resins (8, 200-400 mesh) in the hydrogen form. Elutions with
1, 2, 2-5, 3-and 6 N HCl 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 (Epee 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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HCI and when a solution of chlorides is passed through an anion exchange column,
"the anionic chloro-complexes are held on the column whereas the cations appear
in the eluate. Several of the 18-electron elements such as Ag, Cu, Au, Cd, Zn, TI,
Bi and Pb, together with a few others including Fe'™, form stable chloro-com-
plexes. These elements may be removed from the column by destroying the
complex: either by eluting with dilute HCl, .dilute HNO, or dilute H,S0,, 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 RE,

Ti Fe Na K ‘ Ca

A 10 g sample of Cape granite was decomposed with HF and dried. The residue was
taken up in HCI and passed through a column packed with Amberlite TR 400
(Cl form); this was eluted with HNO, and Fig. 2 shows the spectrum of the resi-
due of the 50-500 ml eluate fraction. Many lines of the heavy metals Pb, Bi, T1,
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
Pb 4057 and no sign of the other elements. A similar experiment on diabase
W-1 revealed detectable Bi, T1, Ag, Pb and Zn.

' The concentration of an element in a fraction is determined spectrochemlcally
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 procédures should be invaluable for obtaining general
basic geochemical data; 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 fact that none ef the majér constituents of the
rgcks and‘sea water is strongly absorbed ﬁnder'the cbhditions
used.’ | | |

| Using this combined procedure, Zn, Bi, Sn, Tl and Cd
: have been determined quantitatively in a suite of twenty-nine
_ roeks. QualitatiVe observations on other trace elements were
made 31mu1taneously.

A modification of ﬁhis procedure has been employed
for an investigation into the platinum metals and. Au in -
silicat e rocks, | o |

A Inlthe studies'on.rOCks, énrichment factors of up to
| 10 000 Were achieved, limitaticns being imposed partly by
: vreagents blanks when very larpge quantities of sample were
':employea ‘and partly by practical handling considerations.
- In investigations on Bea water, much higher enrichment
"factors cf up to 20, 000 GGO were achieved because it was
_unnecessary to employ large quantities of reagents for
dissoluticn of the “sample" _ In adﬂition, the high chloride
' content-of sea;water 50 aidea’the1férmati0n-of'chloro-complexes,
'that an apﬁfeeiablé eéonomy.Was'pOSsible in the amount of’ﬁcl
that had to be added to the water to allow the ccmplexes
- to be- formed. _ o

- In these létter stuaies,‘certain trace elements were

ébsofbed from % ton of sea water and quantitative data were

" obtained for the concentrations of Au, Bi aﬁQUCd'in this

. mediums



, _ ‘The iﬁfésﬁigatiuns dambﬁstraté the versatility
. ar.eﬁiun oxchénge enrichment praee&nres in the deternination

réf'trace elamenﬁa'in e wide range of ééoiogical materials, .



Eény'methods have been uséd £c eatimate the so-ecalled
‘trace elements in.geélogical.materials and include caiortmetric.'
'spectrocﬁémiéal end neutron activation‘fechniqﬁes as well as
many éthers._ of %héée procedures, the spectfééhemiea1~
methods are pprhaps the most important since not only are
they extremely senaitive for certain elements but they also
permit the aimultaneoue estimation of a large number of
different ions. (For a review oOf the relative accuracy of
caﬁventianal aﬁalyfiéallmé%hods ag applied to=minor cone%ituenté
of silicate rocks , see Ahrens, 1957).

‘Some traee elﬁmenta are present in sudn law'

ﬂeéncentratians that even very sensitive analytical methods are
. not able to permit e direét aetermination to be carried out and
in a case of this nature it is necessery to combine ‘the

' gelected analyticel technique with an enrichment pracedure.
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| | Enrichmene nechaiques my be eonvaniently )
51 313531fied into five main groups := | |
(1) Chemicel preecipitation methods :~ These nsaany

) vinvclve precipita tion of the trace elaments topeth@ wit.h ‘
a carrier' for exampie. ss-precipitetian of In with '

’ ferric hydroxide.
(2) gL

dicsoive the sample. adjust. the pH to a certam value and

n - The eneral procedure is to

extract the eiemnt with 5 suitable salvent or camplexing' o
agent- mr am:nple, the extraatwn of Gd with éitnizone

~ in carbon t.etrachlaride. '
(3)

'specifie ror a rew elemants, namely, the noble metals.

These are usuelly only a

{4) %&etho@s based essantially on

B For exemple, t;he dmuble are technique of E!amxkopt (1949)
aeveleped from the eriginal work ef Hase anﬁ Bose (1935)
(s) 1 - o

) . These ler.ter prccedures have been 1it tle explered
| up t;o the present; tima, althcmgh Granston and ‘I‘hcmpscn

| (1946) have used cation exchangers ra' tme mrichment and
'isolation of traces of Cu in mnk ond Nydahl (1.951) has :
used tha same type of resin for the «enriehment anﬁ deter— .
| _Ymination of aoma of t.he allcali metals and alialine eerths
?i.n ].ake wei:er. ' (For ) review of enrichment teehniques o

vas applie& to z'ocks and soils, soe Ahrens & Taylor: }.960).



Ih the wofk described in this thesis, anibnié'exchange.f'
- enr:ichmerit ,proeédux*es were ci’eveloped which y in cbmbination
- with sﬁectrochemical'techniques, appearéd‘to ha§e ceitain
advantagee over other enrichment me thode, |
; In the first place, the methoﬁs are simple and 1nvolve
the addition of only relatively small amounts of reagents '
whieh themselves are easily purifiable by distillaﬁiono
Secondly, the techniques are very versatile and many
‘elements ean be determined simultaneously. |
B Thirdly, enriéhment factors higher than those possible
'by most other metheds were adhieved. For example, an
-:enrichment faétor of 2@,000,000 has been obtained for sea water.
. Finally, it was possible to use a constant matrix for
'sthe subsequent spectrodhemical operations since the final
eluate residue, whieh is usually very small is calleeted 1n
& much gr-eater mass of a NaCl matrix, This 18 ad.mittedly a
feature of some, though not all, ether enrichment procedures.
The need for enrichment tedhniques is furﬁher emphasised

'by”censideration‘of two main limitations of _the BpectPOgraph
"which ctherwise is well sulted to the determination of trace
Ny elements. . | 'f |
” In the first place, some elements such as Ta, have such

"a low spectral sensitivity that they must be



-? o
precent in fairly high concentrations before they ¢an
be detected. A second limitstion is the fect thet only
ebout 100 mg of semple at the most can be arced st any
one time and even if' recourse is mde % the superimposition
of several srelngs on the same plate, background effects
tend to nullify eny sdvendbges that might ctherwise acorue.

The suthor has confined himself to the study of
those clements that can be truly clessified ss “irace
elanents” (veually less then 100 ppm end in mony cases
less then C.1 pom), and vhich et the sume time ave of |
psrticular interest geochemicelly, either becsuse of
extreme rarity or elee becsuse of the lack of relisble
and consistent sbundance dota . CGood oxsmples of such
elements ore Bi amd@ €4. It hac been discovered, (Rage,
Brooks, Ahrens end Amdurer : 1959) thet ion-exchange
tectniques con be employed in the enrichment of severel
trece constituents in silicate vocks to the threshold
of spectral sensitivity ; these atithors have discussed
the scope of the combined procedure and both enionic
~ and ecationie exchenge cheomstography could evidently be
aphy has been applied
gsuccessfully to the determinetion of certaln trace
elements (Bdge : 1958).

This thesis is concernsd solely with miaai@

used. Cationic exchangs chromatog

exchange enrvichment snd all the work has been ¢ - °
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carried out on a strongly basic anion exchange resin. A wide
' study has been made of the’ application of this tedhnique to
~ the speetrochemical determination of trace elements in
silicate rocks and sea water, |
In order to sbsorb trace elements onto an anion

exchanger, many 1f;ganas*mn-*ag ‘éysnide, thiosulphate, ¢itrate,
‘tartrate ete were considered but the final choice was rade of
the chloro-compleXes since, as will be Seen 1ater, these
: posseas certaln aistinct a&vantages over -the ‘others, |
: | To givo some ides of the basis of the anion—exchangp
| enrichment technique, reference must be made to the work

1 of Kraus and Moore and other workers - Blasius and Wachtel

-(¢954), Gampbell and Nelson (1953) Jentszch an& Fratscher
..{1955), Kraus and Moare (1953),_ Eraus and Nelson (nnpub )y

| .. Kraus and Nplson (1954), Kraus, Nelson, 01ough and Carlston

- (19886), . Kraus, Nelson ana Smith (1964), MeNevin and Crummet
_'(1953), Miller and Hunter (1954), Machod (1945), Nelson and
‘,Kraus (1954). . - The’ &b ove wurkers have ade extensive
g.investigations into the abBOrptlon of tne anionic chloro~ P
'complexes of certain elements onto a strengly basic anion-,_
_exchanger. Thelr wurk is based on the fact that many :
.elements are able to fbrm anionic chlaro-complexes at certain
'well defined HC1 concentnations. . |

For example, Bi forma (BiCl (BiC%g and (Biclﬁ)
"in the range from 0.1 to 10 N. HGl.



Ersus end his ea-werkers heva man sareﬂ the valuma
N _distrlbut ion eoﬁi‘ricisnts of nearly ell ths dlements of
" the perioﬁic ‘teble men ﬁzeir solutions in varying
".h,trengths of hy&mchloric aci& are nbsorbed onto tbﬁ
j‘stmi’xgly basic anibn exchangar Dowex.l. o

'rhe volume disttibntion casfi’icient of en element
or complﬁx 15 a measure of the degree nt absorpb ion of tl‘at
'substnnca cn w e particular ion exehenge resin. ﬁhen 8
‘ sclutlcm oi‘ the alement is in aquilibrim with ehe axchanger,
'the valume &istrlbm ion ea&fﬁcient -

Do = .'mount or element absmbea Ler ml oi‘ rogin bed.
 Amount of elsmam: renaining per mz af solution.‘

Those alement.s ‘thet will conplex in byﬁrocnlerie
aoi& can be div"iaea into tbme grcups. : Firgisly, ttmse
| , whaﬁe distribution ceai‘ficiﬁp ts- steeﬂily éaeragse with
vincraaaing acié wnaentratim :- emmples of tiz sa are
Au, T1, Eg, ﬁg, Bi anﬁ ejl t:he pla’cmnm mﬁtals. 'f.i?hew
coefficients of the seeoaﬂ group stesdily increase with
"mcreaslng ecid cmeen%mtiony _ ﬁs for éxamplé, Fe, Ga and
de - Ohher el.mants 1ike oﬂ, ‘Zn, €d end I.n., ettein a '
" '“nmzimm or minimum at c;ertain soid eancenf‘rationa end 1:1
| i;tus respect contrast sherply with the other two gmups. |
ﬁ 'I_n Table I ere racardca& i;ha digtribution ec-efrieients |
of those elsmem:ﬁ thst.«eunplex in BN HCL -
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TABLE. 1.

The volume distribution coefficlents of certain elements.

(from 2N. HCl solutions).

Element. Oxidation state, dog D
Au 111 6.0
71 IIT 5.0
Hg II 4.5
Os 111 3.8
Ir Iv : 3.8
Bi III | 3.5
Pt 1% | 3.4
Sn Iv. 3.2
Sb ‘ I11 3.2
cda II 3.1
Zn II 3.0
Re VII | 2.8
sn II 2.7
Ru : Iv 2,6
Pa 1I 2.5
Ag _ ' I 20
Cu I 2.0
Pb 11 1.5

Nb v 13
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IABLR X {Gpmtinued}r;‘

‘Blement . 0Ox.State lgsﬁ

W . Vi'fl1.. Sy
e o1 1o

If it is passible to seleetively abssrb @ertain
k_-trace eleﬁantq from o hyﬁrachlorie aeiﬁ soluﬁ;oa of o
canparatively ierga quantity of roek (say 29 £.) subseguent
elutian may yield E: product in'which the ecncentrntiona of
, these-elameats are sheve thair‘spsctroebsmical deteotion |
limits and tbey ney thar@f@re be determinaé quanﬁitatively
- by spaetrachemical preceanras., This fomms the basis of |
lthe ms thod. the t wes éevelnped. '__' : |

- In eanaidering the possibility of separating the -
 trace csn*titue&bs from the major conqﬁituents of silieate -
- recks, uh& authar has noted 8 most signiricant fentura of |

the morﬁ of Rraus ané Moore, _thig was ths,fact tet of
the_elementsvmhich are sq_abun&éng,ﬁhét they together

if@ﬂﬁ'ﬂ?ﬁf 99% of thé‘eﬁrth's crusﬁ‘{ 6, si, Fe, A1, Ha, i

Ce, ﬁg; Tii anly ore, namely Fe, is abls to form & |
-ehl&%aeééﬁglax st any hydraehlerie acid coneentratian{"

Fe belonzs to ﬁhe‘secﬁnﬁ group cf egmﬁl@xeforming clements



and ghows o law absarpﬁicn et the lswer soid cnncentratiana
in marked Oﬂﬂu?ﬂﬁt to tha fi.st graug of elemaents,

iZn, Cd and In have absorpsion maxiﬂa in 2% hydrocniaric |
-acid at whien oancentrqti@a Ehe ironaabsarpﬁiga is
reletieely iow. ) -

. Nesrly all the clements nsz;ea m Teble I are rare
and same, such a2 Re and Pt, are extremely rare. A1l |
of thesa rare - alemsnts, with the ezeeption of Sb, Ea, Ta
and G have been detected by tha auther in & Wiée range of
8ilicate rocks end cergaig=at them have been estimsted
quantitetively. 0f theso four eléments that have not
been detected, Sb wae not ﬁiscéveéﬁd because Dr'ﬁheﬂfeet
that mnos b e&ements Tform sheir 5ﬁroagest chlernaaamﬂlexas A
in their h;g&est valenay states snd thsrefere wcrk hﬁs
 been earrieﬂ out. ih axidisaﬁ aoluﬁions rauher(ﬁhan in
‘rednesd media thus p*ecluding the ﬁetectinn of bell |
The diffieulby with P& and H has baan %heir axeee&ingly
low speetrsl sensitivity couplad Wibh relative rerity.

 The technigue of uaing anion exclispgers for the
ﬁetarminatlon of trace elements was. influenced by two aain
faetors..; Firstly, it was essent isl to be ablg to enrich

the aluments to ebove their S§eetroéhémiﬁal detection

'-__limits znd indeed it was fsuad subsequently ‘that earichnsnt

?f@ctars er ever 10,000 ocould be achieved in silicete

vracks and over 20,000, 000 in 3Ses wnter,



The second factor of importance was that partisl separation,

at least, of Fe was essential since this element has a
complex spectrum likely to causec widespread interfrence
(particularly with Bi 3067.7 A) and moreover, by its high
abundance would add an undesirable bulk to eluate residues
enriched in trace elements.

This thesis includes -work in which eighteen different
trace elements have been studied, of which five, namely
in, Bi, Cd, 8n 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 column conditions and acidic
conecentrations, it is possible to make the technique specifie
for any one element or group of elements. In 2N HC1l it
appears to be possible to simultaneously determine the
greateat number of trace elements ; on the other hand, by
using a decinormal solution of the scid, more efficient
absorptions of Tl, Bi, Au, Hg, Pt and Ag can be achieved.
There is also the added advantage that Fe is virtually
unabgorbed at this lower acid concentration.

In general, lower acid concentrations are preferable

because of ¥e interference but this is no
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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-exchange column, the
fraction collector and the spectrograph. Each of these
will be considered in turn.

(a) The column.

The colunm itself (1llustrated in Fig.l.), consisted
of a borosilicate glass tube approximstely 60 cm long,
one end of which had a diameter of 20 mm extehding to about
half the length of the column ; the other half of the tube
was much narrower and had a diameter of 12 mm hence giving
a cross-gectional area of 1 sqcm.

In the initial experiments, an attempt was made to
adjust flow rates by means of a glass tap attached.to the
bottom of the wolumn. It was however discovered that glass

taps were unsatisfactory gsince the flow rates



A ="Chicken feedm &' -

i B = lon exchange columns
| C = Double dispenser

J D= Rotating support

E=250 ml beakers

F= 50 ml beakers

o .
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F1G.l, The column and fraction collector.




tanded no slow down an@ fina]lf cende alﬁagebher.  on
_raplecing the glass tﬂps with polytheﬂa scraw vnlves, 11&%16
vim,rove&ant Was noted but the problem>w1s finally salved

. by regulating rlaw rates by the aﬁjustment of the hydra-
ﬁtatic pregsure. In order to ganie;a ﬁhia, 5/163 tyg&n'
tube, appraxi&asélyvﬁﬂ'em. iong, ﬁés éﬁeéched 0 the bottom

_ @ﬁ%he ian exahange colunn and o ahar& extruded glass tip

o :attaﬁhaé 2o ghe atber enﬁ. : The level in the eolunn was

fkept eunsbanb an& the flow rptas edjnat@ﬁ msrely by reising
or . 1owaring tha glass tip and it wa s faunﬂ tn:s very eonstant
flow rates aauld ve schieved by this simple hyarostatic
_metba& of contral. A rurthar edvantgge waes thpt bhe re wo g
no. ﬁangﬁr @f the enlamn ”running éry becatice it wes &
'simgle &att&r t@ ensare thet tha nutietraf the tygan tube
’.'was elwvys higﬁer ;han ahe tag level of the resin bed. .

:‘,T 8 RJsi" . v o
'  The some type of ion exebange resin was uaea
vthroughout all the investhgationa, and thﬁs was 2 saacial
hrnmatagraphia graae of tha strongly besic anion axchanger_‘
Amharlite IRA 406 (1@0-3&@ mesh} manufacbured by Rahm and |
- Hews. The basic stmcture of this itesin is shown below
7>ané it cun be seen that it eansisteé of polystgrene Cross-
' linkaa with 8% divinyl benzene. The Pctive group was a
quarternary anine and sush 8 strunﬁure 13 capabdle of 8 | |
v'high dagree of ioniaatlen coupleﬂ with g mzrked dagreq of
1hsolubillty'in aqueaus na&ie. 
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—G‘a—CH —-_C..B_CH._CH— S ——ee

| - CHNNR, CH,-— CH ~——CH2 CH,NR,
I -—CH’—C : CH—CH;' ..

The resin is said to be fully stable. over the pH range
0-12 and this has been fully confirmed in practice, the only
difficulty being experienced with strong oxidising agents
such as nitric acid wheré very slight decomposition of the
resin seemed to occur.

This exchanger vwas similar to, but not identical with,
the Dowex.l. anion exchanger used‘by‘Kraué 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 # and Part IV section 7) it was concluded
that any differences in b haviour between the two resins
were very slight and unless particularly asccurate data were
required, the results of Kraus et al could be épplied with
confidence to the Amberlite resin,

The reasons for using IR 400 in place qf Dowex.1l.

were twofold :~ Pirstly, 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
appreciably freer from éontamination than Dowex.l.
particularly in relation to Zn and Sn.
Zn contamination is not parficularly 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 Fo collect fractions at predeterminec
time intervals (5 min to 2 hrs.). Part of the‘apéaratus is
shown in Pig.1. |

In order to conserve space which was at a premium
ard in order to reduce costs, a double fraction collector
was constructed in whichithe beakers were érranged in two
concentric circles. The ocuter circle comprised 24, 250 ml -
squat 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 ealmns simultaneenely. mith the cansequsnt savinr

i of time and cost. The %immg aeviee was a &anmo

[

electric time clack mlch 8c tivated B solenoid eent.mll ing
th3 rotating am. | .

| A speetrograph waa “used a.lmnst mluaivel.y for
both qualitative end quentitative determinations except
“for a few of the nolm studies end ﬁistribnti.cu coefﬂcienti
| im:resti@ tions where eolorimetrio techniquas were
sometimes used. | _

_ ‘Z'Ine spectrcgmph was faxr superior to the Iatbar |
gminly beeause of i.t.s speed ancl the feet thet an overall
_ picture is given where Tery meny ,al,ements. can ba s!mdied
simultaneously. | A e o

- A large Hnger quart,: glass 1n8tramant ms e ileble

in 'ﬁmich the discharge was focussed on the slit by mesns
’,er’__a Hilger E.958 'gue,rtfz' l'ené. A rotating step aéctar-r
with 8 %rén:szsis;sien »mtio of two se;fv'ad %o pmﬁﬁe a
graded ssries of exposures, |
- - The a:eetra were recorﬁeﬁ on Koﬁek 163-@ blue - '
' l; sensitive gla tes cver TANGES marying from 2400 A to
4400 A, Ii’urther details ere given iater in t;his ﬁheslso

t oy
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R serias of gene ral eﬂlm experiments were uarz»ied
, vm% iu order to inventignte the ‘behavicur of IR 4@9 xvesm
"'tawaz-aa certnin ehmm»zzmmema. E}ne of the wrgoaes :

i of mese investig ticna wes to e@tahliaﬁ the met thm
x X

tha heﬁmio&r of this resin was similar % theat - af' Dowe
: wmcli_md been used by Erouys and his co-workers. mmng
thia confirmation 1t would have been impracticeble to use )
t.ne dsta uf Kraus snd ¥oore o8 s basia for the suthor's work.
- In eanfsi&ering the mauﬁ%ﬂa&im' aspects of
' gﬁr&rﬁammz&m@- .abssr@tmm and elutions, tw; impartant -
é@ﬁamtﬁ sre uged .  The volume ﬂiﬁ.tﬁmiﬁm coefficient Dy
' Bas olveady been dePined end muet not be confused with the
distribution wefficlent Xg. %hen z solution containing e
' 'given fon is in equilibriur with a resin and if B, end ¥;
are the fractions of the fon M in the resin & 1iguid phases
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respectivély‘thenzé

. B Y
d  Mma.

. AT .
I R R T I I IR RS IS S A (2)

'IWbare v is the volume of sulutlon and m the mass of the
Aresin.' | | ' ,

ﬁimilarly the velune distribution ceeffiaient
| 'fcan he representeﬂ ag 1= |

| B B - # M ‘ eo e i * h‘-p.-é - ':..‘i M e s o -c .o .‘ ‘(3) .
v Elf.-'Vb> ‘ ‘ : ' o

Where Vb iakhe velume or the resin bed. '

Therefere.- : o -
K/ D = Vb/ ﬁ c'f'.‘.:li'_l-»imov-?_-éo..Di‘-‘-.i‘i...‘l‘t—ﬂ‘. (é)

} In order to establish this relationship
expermmentally, -3 quantity of. ﬁaa resin wes eenverteﬁ to _'
' the chlqride form, and then drisd for 24 hours over ﬁ
anhy&f@ne'in 8 vacﬁum g§ Bd@c‘f7zaneéjga.pf.ﬁﬁelresia -
wers than-weighea-oaz, placed iﬁ”eboutﬁsgfmis.-of 2N HCl
';and allowed to vsanﬁ nvernight._ “@n’bhe'follawing morning
‘the resin was trensferreﬁ to & 10 mi. measnring cylindar ‘
- and ‘the volume of the resin ved reeorded. Thiéw%a

~ found tc he 7 2 mls.

Suhstituting in equation (4\ above, we cbsPin
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“the relationship te

‘. Kd v = . 2 4b Dv ’.otuoouat's.-nanu.tic‘DG&’ho- 15) .

ﬂTﬁié'expfession hblds’bnly ef‘conrsevror~£hﬁs:
'"'particular siza of resin. o o , ,
This relationship is 1mportanb since there 1s littla- -
'unifomicy 1n the way in wnich workers in the 1on—exchange
field exprass eheir resulbs, some give K, and others Dy so
thet it is inportent +0 be eble to rezdily eonverh one to the
@ther. ' Fortunﬂtsly, thn work of xraus and his co-workers:
was carried out with é rasia or ideniical nesh aize to that

used in thesa 1nvest1grtions.

{b) Th} Sggecb;Qs 0 ,au
| The eluticn charactaristics of en ion exchange column

cen be repres&nted by the follawxng exgressiaﬂ l-

.‘ V ) - o"o-':i-umpo‘-s‘p‘oot;;;(ﬁ) »
(i*Dv)A | |

' ﬂhere 4 is the distanca txavelled by an absorbed ion

d ‘

'dewn an ion exchenge column of crcss-ssctlonal atea A, ‘when
- V‘mls of aluent nave»bean pessed through the column and
i 1 s the frectionsl interstitial space. - '

o Experinenta were carried out to estahliah the value of
Li for this psr%icular rasin. The hed was first or all f
‘pratreated witn 2N HCl end e ‘solution of 81013 in the ssme
strength of acid passed thruugh the column. ~ The Ni solution
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has the double advantage of being bb%h coloured and

, mn—-s‘ﬁsér&a& on tﬁhe 'msin. . ’ﬁw valum of eluate caliectad

up to the time t.hat: the coloured stalu!sizm fi?st aﬁpeamﬁ :

. at the’ btat.nom of t.he colum waS m&asumd and etmmred with

the tocal’ vclume of the resm bed which was faunﬁ to be -
| exact'.ly 20 mls. *i’he eolourea sulutian first a ppearaéj. .
" when 9 mla bad heen passed bhmngh zha eoltm and |
- tharefore the wlue af.’ i was 9/2@ or 0. e‘w. .
xr wa tnerefore ch&ase 2 ealum with 8 emsa—-seetieml
area of 1 scg cm (éiem. 1.2 em) snd if D,E 15 @reatar then 10,

then wa ¢an .igmre 1 and tm equntim reduces to te

a = \_D# = e (7)
This equetiam ms use«d t@ a great extent im. cslculatiens
| af coltmm dimmelans. : It was- »sabaeqmntly mund the t
-azapraxima tely %00 mls 91’ 2?%’ HC1 were raquirad to kaap into
| salui;ion npproximtely 2@ o o:r silicsta r@ck and murewer,
a!l the elamants mz; wers to be investigated ma v’alues :
-«_ef D grester then 2@. » Eﬁubstituting the se values m ,
-}eqmum (7), it wes deduced thet s columa 20 om in length
"-»*‘waum be required to quamitatively reta,m the almnma
“Shet were Yo be imeswga:;ad. |
(G) - Lon v']

: Haviag selected the dimmsmna of i;he eelm, ; threa =
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important problems remained to be solved befure emm cing
studies on sllicste rocks. In the first place, 1t was
essential to ensure thet the data of Kraus et al. would
epply equally well to IR 400 resine
| Safcfbnﬁ]y; if we are attempting to use iénﬁexghan@
resins for the seiaetivje sbsorption and elution of ‘tfz‘!'aée-
-elemntﬁ; not only must the resin be capsble of sbsorbing
the elements r@iély and quentitatively but it must eleo
be possidle to elute thede trace elements In a guantitative
memer., : | | |
Finany, the eluting agent ghould be shile % elute
the elemem:s 1n a not inordinate nunber of columm mlumea,
etherwise buiks become umnegeab:le and there is incéreased
_aangez' of econtamim tion fmm impurities in the eluent itself,
In or@er to solve the first of these problens. :
bresk-through curves for an, o and B were plotted in which
the following procedure was adopted. Solutions containing
Ja:gpréxima%e’l? 800 m.eq. of %n, Bi mnd capev ‘1itre were
:;;iaeparéeﬁ and the scidity of esch sdjusted to 2N with respect
 to HCGl. Each o lution was passed Qe;iam tely through 20 cm
eolumns at a constant flow rate of 34 mls/hir and meéiessive’
17 ml fractions were collected by the fraction wlilecter. :
The cations in each fraction were determined by titration
with EDTA using erimhrﬁméé { | '
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ﬁ’blnck~T es lnﬁieatur far the Zn &nd cd au& Pyrncateahia

?ialat for the Bi. Fram theae Eatp, the breskthrough

vwcurves for aqch slement were plotteﬁ and are shown in

':'Fig. 2o and in Teble 2 bel@w. j '

'JaBiE 2

Break—tnrough cnrvas rsr En, Bi, ané 06.

0

'*'C”"'¢ vor1gina1ﬂcone«of'salutioﬁ. Cvfé,eona.infeluats.l

'»QCD in 8ll cases 300 m.e.q. per litre.)

mea q. p&sseﬂ C/co . - ﬁ..e.q. _@QSSBG C/Co moe q. pﬂsgaﬁ C/G&
| tnrough column ' thrnugh column thraugh,ccl. A
66 | o | e '[ o | a4 0
77 . |owos | 46 - jomn | 48  |c.268
se o lese | s1 . Jo.s | sa  |o.B1
106 |o.es | s6 - lo.es | 60  |0.95
15 |ees | eo. 100 | .66 - |o.99
125 100 | 6 ji00 | 72 |1.00

Thesa curves gnve Vﬁluaa or SO n.e. Qe f@r ZP smﬁ

- ¢ eﬁd Qa PG for'Bi s9 the bramsbﬁhraugh values..

2 These figureé are in prapart¢on $o their



c/c,

o] ' ) 100 -
Meq of ion passed through column 1

F1G.2, Exchenge isoplanes (break-through curves) for
Zn, Bi and Cd from 2N HC1 solution,
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»diqtribution cocfficlients whiah shauld thereﬁore te in
'.7ahe ra&io of 1:1 } 2 (vsry npprax) - - These figures are
-in agreemeng witn the Pindiqgs at Kreus et el whc nbtainea'
'figures of 2 OOQ 2 5@0 &,590@ whicn are elsa very
_appraximata in tha ratio 1:1: 2..->. L

It would appnar from these asuﬁies thpt IR 400
ebsarbs chloracomplaxes of certnin metnls in en analagous

'manner to Dowex 1 amﬁ there seams little repson-ta dcubt '

- that if it doas so for th@se three'elaments it is most

likely ta da 50 for tha other metals nlso. Accordingly
the égug;of~ﬁraus and Hoore were used with_yerfaqt
eénfidence in subeeQuanﬁ-prééedures and in no'ease Wﬁs
;any di*ficulty encountered lﬂ using their rigures. |
_?he sLailﬂrity in behnvinur of IRéGG and Dowex 1. was
furthar confirmed in,leter work on tha distribution |
coeffieients ar certnxn alﬂnenns 1n Hﬁl an& qee water

“lSee Part IV Saction 7@}

 (d) E;gg;gggggg?es;‘ The nexb sbage of the investigntions :
wnd %0 select & suitpbl@ eluting agent end %o evelunte |
the optimun elution conditions. f From e Qtudy of the
' literature end in particuh=r the work of Kreus end Moore
(1955)3end Miller end Bunber_(lgséj,'twa poss;hle eluting
-.ﬁgants &e:é_coasiaeréﬁf  neme1y saiphuric eci&-anﬁ’niﬂﬁe
ecté. | S
| prariments'wera 6grrieﬂ'ou$ in which 5&9 F.g7
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.amount's of Bi, Cd and Zn were absorbed the aniozi
exchonges ‘resin vhich hed previously been gé:ivezﬂtséﬁ,“m*thé.
chioride” form by repehted washing with 2K HOLi ~After sbsorptios
the colum was eltted with 2§ H S0, snd o déplicate rin was
carried out in which elution with N/2 HNO, was attempted.

Succesaive Tiactions viere analysed ¢olorimetrically using
an Evelyn Photoelectric Colorimeter. The Zn wes detérnined
by the ﬂithizene mtmd (Sandell 1950), ¢4 by precipi‘aaticm
as the cclloidal sulphiae and Bi by ‘the mdide mei:hod
(sandeil 1b1d)." " The elution curves Were DPlotted end are "
;siréﬁi”ihf Fig.B. where 1t ééﬁ"’reéﬂi‘ly' be seen that := The 2, 50 2
removed all ’ﬁze ions sharply and witlzin apprnximatelzv 25 |
cohmm volumes althoug: even then ‘there was ‘some tailing of Bi,
‘ 1% was possible m ﬁerive much 1nf@rmation fmm these
eurvea. _: In the f‘irst piace, the eolorimetric détermina tions
of the separa te f‘mctions ena‘bled a quant:.tative evalua tion

_'of the peroentage removal ef the ions from the coltmm to be

establishea. ‘I'he resalts are shwn m Tab le 3.
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Fi1G.3, Elution curves for the elution of Zn, Bi and T1
with nitric acid amd with sulphuric secid.



A.'-Lhe following farmula.

The wglues of over 10@ a:are due o exgerimental

| error but she averanl picture is one of nlmost aomplete
v:irremnval of all ions except Bi where only 87 was removed.
'.";._th wes loter ﬂiscoveraﬁ that this alemnt could be completel
.remnved by us 1ng 8 greeter volume af eluting agent._

’ :’ Altnaugh ﬁhe primsry objeet of the r@search,wns
enrichment of trace elements, separntion wns. alao an
,important frctar, pﬂrtieulﬁrly rith rﬁqpﬁﬁt ta Fe. since
' intérfarence frcm the eemplax speetrum. of this al&mﬁnﬁ'
was ta be anticipated nt a lpter ﬁqge. o

'_Eva uaflo  af Elut on "gfie encies._

e

In order’ ta eveluate the effiaieney of o
jp@rticulsr alubing ?gent with regrrd ta its 1ikelihoad
of producing goeﬁ sepﬂrntiens, nge wna maae of tne |
ifindings af‘&ertin and Synge (1@41) rn& Mﬂyer rnﬁ Tomkins
‘  (1947) who have shawu bast an ian exchenge u@lumn con be
~re19te& to o fraetinnating amlumn end its affieleney
Gatermmnaﬁ by maasuring the number of themreticnl blates.
The theary hes besn furtner extended by Gllckeuf (1955)
who hrs'shoﬁn ﬁhét the number of'thﬁuﬁétiéglrgiﬂtes'éan

'ha daaerminud *ram an elution eurve by ayplimatian of

.f

-

-
B R EEE R T A L 2 {8)

-
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Where N = No of theoretical plates. v = column volume,

¥ = Vol required to elute the w = width of the elution
-~ peak of an elution curve, curve at 1/e from its
S : ' : : . . : baBeo

l!

"The";zée-su‘lts; are shown below in Pab ie 45 .

Eamber ef‘ theoretical nlates fer the elutmn of Zn, Qd and Bs..

. Eluen_t; o % L2R %ulglmrie aciﬁ.
Elements’ - |zn | s1 | ca zn | Bt | ca.
[Fo o platee.- - l1so0 ;gszé' ae | 17236 484 '-gza.

The figures f.br the elution of Bi with ENO are gnlv
appreximate since the formuza @nly app lies to true Gaussiw e
The HNG elu’ciens invarzab].y showed & higher number of
. wthearetmal plates and a bettex- ﬁepara tion of‘ Fe from the. trace
elanents was more like]:v to mstzlt wmth this eluent.
A fux-ther factor favauring the use of HI»IGS was the fact
'that 1n erder 1:0 elute a givm ion, less Welght of thié acid was
requirea than af H2304 althaugh the number of eolmm valumes was
greatere' 'I‘he use af the formor was ﬂaerefore lilely |
to re&uce t‘ne magnitude of veagent hlanks.
ﬁaving @onducted these preliminary investi@tions, it
, 'was deciﬁed w nse N/4 HN@s as an eluting agent at least |
in the 1nitia1 atages af the work that was t@ follow. 3
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SECTION V.

AND TIN IN SILICATE ROCRS,
a) Development of a technique for qualitative studies

on silicate rocks.

Ae studies on the elution chamacteristics of
Zn, Bl and C4 had been carried out in solutions free from
other ione, a series of additional experiments were carried
out on solutions of & silicate rock. These experiments were
carried out on samples of a granite from the Cape peninsulsa,
S.Africa, hereinafter referred to as "Cape granite®, The
purpose of the studies was to obtain fur ther data before the
development of a quantitstive spectrochemical procedure,
1) Dissolution of the rock sample,

A plece of granite weighing sbout 1,000 g



s

ﬁas serubbeﬂ‘with ) nylun hrush, hsateﬁ "t about 66@96

-
rd

in & mnffle furnace end the& plungad into dei@nisea water.

. g\>: ,».‘.‘: This trestment rendered the roek so frieble thot

C -

- o

iﬁ eculd easily be crushed to ake taxtare nf ccarse send
mﬁrely by ruhhimg hetween ringer and - thumb. The reck waé
fm'ther gmund in en agata mwtnr end sieved @hrbugh a 160
mesh nylan sieve. _In this way, the ris& of coaﬁamineaion
waﬁ reduesd to g minimum.Al ‘this thenmal tre?tmant wnrkeﬁ
satisfactorily wibn certqin Tocks,. but ethera, such es
meteorites, were nat renderaﬁ very fris ble by this yro@edur@.
1t iq true that there Wes & szighﬁ aanaer of losiag velatﬂs
elements’ such ps mercurym bnt thls was o £set by the
advantage af“belng able to aispansa withv“ Jow. erusher end

"pafgﬁésionimorta? inlﬁﬁé'pféiimmhnry stagés bf breﬁk‘éawae“

| B  , The uext ataga wWOS the aisselutian of the roeck

. using 2 mixture af ., MN0Y end ®oS04. ‘I’bis
agaratian wns initially eqrriad out in e plﬂtirum hosin

= gsing,l@ Be saugles_of rngk.- .uftEf'digesclen, tbe~a@ids _
‘Qére eveﬁergtéd énaﬁfumea'éway an&fthg;seluble part of the
-residue ﬁimﬁolveﬂ in 2& HC1. In the eﬁriier exyerﬂmea%g -
the inselubla residue wWHg separateé by cenﬁrifﬁ&ing and
wes redissclved in the aeids. Latez it was d&aeevareﬁ

} thet sedimentatiea f@llawed by decsntation was g’ mnre
sntisfﬂctory solu%ian to tha'prohlem. The procedure wos

repeated until all the rock wes in salukion.: A totel of
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four aperations wna u&ua&ly neeessary for o 2@ ga sample
of granite. - AT .

- These sparatians usuelky invelvad tne use- or
the fallowing nmounts of resgent i

126 mls or ur,

80 als of WO
80 mls of 52804
80 mls of ﬁCl.

e

o | These tabplﬁ ere nob 1neonsidarwble but lﬁter '
K mneu morse efficiant mﬂthaﬂ ﬁPS di«coveraﬁ invalving the
'usa of Teflon be#kars in ploce of glntinum (éescribeﬁ lo ter)
'ﬂné resulting not only iﬁ considarsble time saving, but
also in » reductleﬁ‘nf the quantities of resgents used.
| , | ﬁﬁ.éll stsgéa'ea:aful pianks mera carried éuﬁ\_,
on the sesngents ﬂnﬁ 8% no time wes eny difiosulsy expericneed
frémiﬁessible eﬂnﬁaminﬂtiné sinne, exseyt for Pb and minute
: ﬁrsces of Zn ﬁn@ 35, nnne of the asti@ns subseqﬁently |
- inves»igntad was Gi&cevereﬂ in $he blanks. A
( ﬁhen tna rock wes 1n salntxnn, s smell quantity of
f-Br was added ang@ . then removed by bciling to enswrs thet
the aaiution wes fully nxldiseq.‘ This was necessary |
beceuse most elemsnts thet form chloro eonplexas do no only
V;in thﬂir higheot valency atatea. This is gqrtieulﬁrly |
jtmpertant in the cnse of tnallium qiaca Ti+ whi ieh dees not
‘L{Trarm‘a complax, is mueh rore s%abla than T13 which forms

a strong complex. (ﬁaa later in hnis seetion?.



| _ A semtion of 8 a0 g. eample of ro&. wan absarbed

: “mto an enion exchangn cﬁlumn which had meviously been

, ‘treated with HC1 af tha same mmliw. After absarptwn,
© the colurm wae washed i ta 100 ml. of 2K HCl end eluted

. wita /4 WOz
| A &imuar experimnt was carrie& eat m mm: on
32934 wae useﬁ, ﬁax* elﬂi‘.i@n. In bath eases, fm ctiens were
taken by the mnecmr end evaparatea to dryness. Tae
amaunta of residue wm exceedingly srell in moat of the
. fm etions and amounted to mraly more ﬁ;m & sﬁain in
the beaker. A eolution of 29 mg. of aemiﬁea NaCl
" vas thamfore edded to each. f‘meticn to s@rw &8 a carrier
and &:m 10 qaeneh cx emiseion &wtng m*cing 80 that

 the eemsitive limes of T1 3775 A and Ho 3903 A could be
, -"usea. {Bee am'ena and Liebenberg - 1946). The inﬁivmual

| rmcﬁams were em:mea apeetmgraphwany in the wavelength
¥engs 2800 A o 2400 A using Kodak 105 - O blue-sensitive
. »platea. . Bi, Sn, Zn axﬂ Tl were . &etectable in the mma
fra ethné. A vary faint :Line that coulﬁ have been G4 32€1A
was also noticed but was =0 fhmt that there was some Goubt
. sbout its identity. In the H,80, fractions however, no T1
' was detected but the other elements mc:mmg possivly €4,
vwem o’bserved. In a&aition, traces m‘ In, Pb end &g wETe
‘detected.
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Whan the ealumn thqt had been aluteﬁ with _' n
33804 wag rurtner eluted with Eﬂaa, Tl ‘then eppeared in ;
- the alugte indicating theﬁ this element is much more
‘reaﬁily elute& with ENG bhpn wiuh steé.

'; (ma A th larger gwg ke
| ‘ ?or.the‘gu?pose-ofjascertaininnghathér'tha ﬁsa\bf
gréetar am@unhs-of‘rﬁck'wbuld enablekfarar-ﬁrgcé.aiamgﬁts_

.»té_hé;ﬁeﬁécﬁeﬂ,}ﬂa g. aad 5ﬁ é.‘samyles of the speaiign |
were used end traatea'exaotly*as'bétore exeept th§ﬁ' |
"elution was earrie& out with.ﬂ/4 HHOg only. ~In bbth |
caBes tWo frectians only“were taken, nanely 0 te 50 mla.-.
of eluate end 50 to 5@0 mls. In this wvy it was pussible
to geparate Fe‘fram,most of the»other elamgntsfsince the -
}former wgs’fnhné'elmcst-eﬁclusiyely_in tha'first rxaaéiag,
 wheress the qt@&f metals except in and Pb uecurreé'in the
| secanﬁ‘fraetian;3 Interrerence of intense Fe 5@67 3 A with
131 3067 7 2 Wes thus reduced to a minimum. ‘
| In these 20 g, and 50 8- ssmples, ne eiemen&s |
othar thsn those nlrepﬁy detecte& ‘were found bus sha n
-prasence ot cd was fully eontiﬁnaé by the gresanee af
_,fairly strang lines at sz261 A.
‘ The spaetrum of the secanﬁ trnctian ar thb 50 &
";:gampléuis_snown 1n_§ig..:. 'fhe eleotra&es‘haﬁ_a suall 4"
Ag"blank buefthié~ugs agpreciéhly*less%ﬁhénfﬁﬁe'in%eﬁéity
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. of the Ag lines in e Cape granite.
- In order to determine whether &b aa@tifms of tizeae
vtmee: elavents were @antitetivé, & solution of the m&
which hed beeh passed through the column once before, was
resbsorbed, re-eluted end exonined spectrograghicel ly.
- Po anf Ag miﬁa‘:.t@el present in the blank occurred agam -
" '8¢ might have been expected tut w T1, Cd, Zn, Snoor Bt
. were detected. A emell guentity of In was elsc detscted
‘but e was due to the fact that the distrimtion
coefficient of this element is low and a longer @tﬂm o
' wema have besn mgnireﬂ for @mtﬁ.t&tiﬁe mt«mt fon.

.. The mpm*tameﬁ of axiﬁismg the vodk molution cannot
- owmmsisai gince many elementis, in gpartimla:-
T1, are _-:mly shaorbed in their highest valency states.
76 does not foim = chloro-complex at low HC1 '
~ ¢oneentrations end this factor might conceivebly sllow of
: :-‘,:.aggg?aﬁiﬁn eﬁ‘ misa‘iemﬁn t from the trace .m%ﬁa_%y using
‘& pefiuced rather than oxidised solution. |

‘& further experiment was therefore carried out in which
g the mmﬁm of B¢ g. of Cape granite was r‘e&ﬁﬁeé mth 'ﬁﬁlﬁ
befam dbsorption on the colum. After ebsorpt :!‘.-m; and
washing with scid, the zleaments '
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were eluted wlﬁh N/4 Hﬂou.
The 1ntensiny of tha Fa 1ines wae in@ead

v::_very muah reduced by thia praeedurﬂ but eg was ta be

e

ezpecteﬁ, no trpee of @1 was found in the éluate..v
| _ | CIeﬂrly i » reéueed solution wara to be used -
”vit would hgve to ba with the ﬁispﬁvnntpge tnat Tl and

- other elamanus would nab be deheeteﬁ. |

.(v) Further Elution Sﬁudias ggmh'wiawig neid. o

o in order to scuéy more fully the elutiaa of '
i'.caps granite with HNES, ‘two series of invaatigatians were
cnrriea out in which 20 g ssmples of the rock wers aluted
. with N/4 and N Hﬁﬂs respecaivaiy, ‘the frac;ionvgpllactar

| :i providing suitablé valume intervale.v_ The elﬁtian euéves

are featureé in Figures 5 end 6, Bi, ﬁn and Tl tailed.
: eppraciebly when eluteﬁ-with this scid; this tailing 15
probebly ﬂue to twn¢main ransons.- the formati@n of
'nitraso complexes in niti&c acid (Nalsun and Eraus 1954}
snd the difficulty af ramoving thae last traaes of chlori&e
ion frnm.the eolunn thus invalviag siighS»raﬁentisn of
chage\elements with high distribution coefficients (e.g. T1.
it w95'fauhd Ghnt Sh, Zn an& Gﬁ wers eiutéd:rﬁsﬁer with
_ _,2 5 Hﬁﬁg thet with r/4 acid and tim ¢t B una eluted nnre
: f-slawly wibh % E aeiﬂ wherens Tl*remainad virnnally

-
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F1G,6. Elution of sbsorbate from Cape granite solution

with 2 N, nitric amoid ss eluent.
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“nneﬁangea.  161enr1yf§hefe‘is\ne advahtgga—in using N
'Eﬂﬂg in piaee of ﬁ/4 gcid pwrtieularlﬁ és'ﬁha risk of
-centmmination wauld be greater 1? 1arger auﬂntiﬁies of |
R emgent hed ﬁo be used, ’
‘ ﬁt leasb GGG mls of K/4 Hﬁ65 were 1eeuireﬁ o
ensure. thst ell hhe.maaals wers eluted from the column to
a csncentrasion below thair spectrnchemieal‘&eﬁeetian
limits. - This ameunt of @1uﬁte wes A little bulky buﬁ
antallaé no manipnlctnry prahlams, ' |
As o mmbser of interest tqée Pb*% I11) PE .
: cani;pmim tion from the Pta bvasins useﬁ in Qigestmg mae
. rocks appeared almost invariabiv in the fI@Lﬁicﬂs.v It
wns elubted only very sl@wly'enn teilad ﬁpnreeiably. |
This ele@ent eppeaﬁed 1gter in ths ﬁluste of 8% Hﬁﬁs
i ’than in th@ h/é aci{—i end this faet mdic-'tes t;hﬁt.
"f Bitrato comglaz of Pt is prohably roxmea. E |

. dm ismine.

{ ‘:fi) “gﬁi_pﬁhﬁwg.pxﬁamf

.. It had elrveady been noted that with the

exceptian of ?1 911 the elemenﬁs could be elutad in.

fewex‘e@lumn vnlumes by the use of ﬁaﬁaélinsteaﬂ of agﬁs,
) ﬁIn order. to achieve the eluﬁién’of Tl-alsb un&er thess

o conéitisns, sn exmeriment wag cnrried out in which use

B wng made af the fret thab 11 does not form & ehloro

A T
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gomplex in itg lowar vnleney atate.- Elutian wpa

kaarrieﬂ oub with V. H SO - o which 19 gpl af

'1 yﬁroxylamine sulphrte hed been ﬂdded.- ?he experimant

}‘-was snccessful tnsofsr o8 the T1 wes raedily reﬁucaﬁ '

| and eluteé in & smnll number ar column valumes {see Flg.?)

| fﬁnfartunatelv hawever, it wes pot posaible to obtain :’
'the rewgent in s sufriclenely hign degree of purity free

' fram Zn anﬁ Sﬂ contamination.-

‘(vii) “ggails og the I Figal Sta;drra ] ocedure.

’ : as a result of che verious 1nvestkgations

ﬂeseribeﬁ abave, the proeeﬁura wh ch WPs‘rinalls'adopteE

'aas standard was a8 follows:- '_' o o o
| :- After solution of the rook and ‘absorption

on the column, bne rasin w2s eluted wibh N/4 HNOm and

twa fractions taknm ER

0 - 100 mis.
100-2000 mls.
Tha first froction cnntained virkually 911
- the Fe, In snd ﬁo and is hereiaafter referred to ms the
'."iren frection”. |
.  The seeané frmﬂtion cantpineﬂ sll &he Bi Tl,
| Sn, Zn aa@ Gd an& will be referred to es the “me in |

,fractinn.w



Cenc. in eluate (arbitrary units)

Mis. eluate

FI1G.7. The elution of Tl (from absorb=te of Cape granite

solution) with = combined hydroxylemine sulphate -

sulphuric acid eluent,
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In erﬁar to engire that the calnmn was
entirely frae af eamtamination far the mext eycls of
- operation, it wos slways fu:' ther eluted ’ﬂitn 1000 mls
Z._.ofaﬁ'ﬁgse L | o
R The rssin wes éisawrﬁgi arzar every thrae ar
"fsur snceasaiva ahsorptions and elutiana since uhera f

| appaareﬁ 1.3 ba slighﬁ ﬁecamyosztion in ﬂhe @reseane of

: -Eﬁﬁg, ﬁhis_prasaﬁure wn g not particylarly wasteful

~ because only ebout 7 g. of reésin wes iavolved esch time.

i"fh) m'viuunmu%omgzﬂi%s ;@.@,_.@qtzsﬂi 8111@-5‘-“
, ks and other megerisls,

| Hﬁ#ing d‘é#éidmﬁ ﬁ ﬁtﬂr\ﬁaﬁ} ﬁraseﬁuré for the “

dasentian of truae alenmnts in s,ligﬁue rasks, & semi-
qunutitntive axﬁminnti@n of six mﬁtarials was carried out,

Theae spssimens iaalu&&ﬂ four 56liﬁqt$5 snd
in 6ﬁdiﬁion s osrbonetite leg repraaentpsive‘uf'non~silicﬁte
-rccksi 2nd e semple of hydrsngons lepf a3 {es repr&seaﬁntxva
mf bio;ogieal mpﬁariali The two la%ter sgaeiaenu |
'wara *naluded ﬁa teat the versatility of the method. |
B nors ﬁataileé deaeripti&n Gf thesﬁ mgterials"

"‘13 oY) f@liowa.

Grng;ﬁe Gel.”v mhis is the‘wwll-knawn “s%gﬂdard" ﬂmariaaﬁ

'@rﬂnita which hns heﬁn exsminaﬂ guite exteﬁai?ely {zee



_Ahrems and Fleisener 1959) (Fairbeirn et 2l 1951) end 9

,.eonsi@erable amaunb af tinee glement daS9 are noOw

’p{‘svailpble.

 Dfmb“fe‘W—L Tbis 13 the "stﬁndprﬂ éiabaae which has also

5been extensi?alg Qnslysed. (aea rofersnce for G-1 abave)@
N Thie s@ecimen wmﬁ alsa useful as bsin? represenbative of
| sther basic r@eka such 69 baselt an& esbbro. '

3 from Lefeyette conn&y. Texna chondrites bhe

ce@menest af the ma%a&riﬁes, s&rve =8 the grineipﬁl suurce

'ﬁ'.far es&x&atimg the sa~calleﬂ casmjc pbﬁndaﬁees of mnbals.

fﬁgh;g £rom »ﬁe lowar shele bed, Table as. serie Shale

) wa's salscted a8 8 reprasantaﬁiva of tbe most abuaﬂent of

the se&imsntary roe#g wﬁich togeth&r with bqsalt end granihe,
13 1mparnnn$ for, eatlmﬁﬁiag the crystnl nbun&annes of

elementg.

This rmcx wms @btsined fram,ﬁtjiwnranga in

’:;% J.A. anﬁ was camplstaly nap-sxlicete in nature.v
f_gxgragggg Leag*-§. K sample nf‘wbau? }5 G- @f ash
"obtainea frmm the Bept. af Bot@ny, J G,?., wmﬁ used for

"‘the experimeahs. . L ) 1'

e A1l thasa snmgl&q were trenheﬁ in the Stendard

"mpﬂner Pﬁﬁ emamin&d sgec%rcchemicaily. The results, |

ﬂ tcgeth@r thh bhaae ahtslnad on Gppe grmnita for eampar$sen

,_are shcwn beluw in Table 8“> ,In order to sompare the
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Vreletive inﬁensities of the spoetral,lines, a sesls of
vn lues frum.@ to 4 hsve been mseribed. o |

. O = Bbsent. 1= Just Vidble. 2= week.'i*
3 é‘3a1r1y1sz?ong. 4= vary Strong. - o |

””1§héugh e m :1ezophotnmeter was availabla tor |
.maasuring the 1ntenaities of the lines, only visual
._eumrnrisons were made es these rerved gatistaaborily at
~ this stege of ths investigﬁtinns. 'Tﬁe'évelvatiﬁns'werq
 maéa by cam@aring @11 1nhensities with the intensities
.!cf e refarenea lire ot_sueh intanaity bhnz the 3tep ,
.~seetarvgred§aﬁiGQSQSnowea the seveuth'QSep,ﬁs Jusat -
visible.  The results were then}initielly.rec@rdéd'as-
| -96@97Vﬁ1ues"harebntep.? was sakaﬁ'as “jnﬁt vis&ble“
o sbeps LR and 6 83 "wank", staps 3 end 4 as "rairiy strang“'

"and stepq 1 nnﬂ 2 ae "weﬂy @ﬁrong o

TABI@ 5.
- Speetranhemical examinqtion of resiﬁuas from nitric ecid
e i , Bluntes, . R
S Line end ralative, int ensit
| zn| B ca | on| In| %o | g | Pb | TL
‘ 5545 3067|3261 |3262| 3256] 5139|5281 | 3683|3775
Cape eranite| 3| 3|2 | 5] 2| o] al| &] &
|Granite G-1 | & | 2| ¢ 3 2| 81 4 4 4
Disbage W-l | 4 | 2 |1 31 1] 11 3] B 2
Shele 4 2|10 | 4 1 Q 21 4] 4
Chopirite [ 2| olo | &} o ©| 2| 8} ©
Carbonatite | 210 3 4 81 21 & 2
Hydrange Ash| ¢ | © | 2 2 G| 214 | 4 2

-—
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o 6:15 of the most intereeting resul%s of the
. _experinants was the detestion 91’ Bi in fiva 01’ the six
‘rocks: it wes :nnt detected in ehe. cmmribe’. The BL
».ecan:'téﬁt_faf_ '% ge g.’r'fahit‘:is .'wa_'é such ‘grester then thet of the
| As far ns is. knovm, this wo s only the saoond
time ﬁhﬂb Bl hed been Gehermineﬂ (albeit semi-quantlﬁetively
_, in a sincate rock (See Bmoka, ﬁhrens and ‘I’eylor* 1960).
o Tha first valuaa for Bi were obtamed ‘by
Preuss (1941) nsi,ng e dnuble are spect:mgraphic enﬁ chment
procwure. ) » ‘ ,
The rasulbs ror Tl were slsa ~of especiel
,mtaress since aste on the a‘bundence of this alemmt in
sili sete raeks ( particularly basm ty;ns such a8 dolerite
and basalt) are Wsry Low in numher and it is believad
| ‘, that the only oather apectrographic det& are those or ‘
Shaw (1952) and Preuss (1941} both ar whom used . .t
.'- :mndifioations of tm doudble are :eehniqne. :
. | . . _’mm possihlit.iaa of detarminiﬁg snme of
B these trece elements qusnt itatively 1n a suite of
severel racks were now aansiderea. . A
o rg ond Pb were not given aeriaus study ‘becnuse
of @& high Pb blenk in the rengants and an Ag blank in
" the electrodos, Of the remaiaing alemants, tmly Zn, Bi,



[

71, Cd -;nd $n wers absorbad 'quani;ita‘tivéiy under the -
_f'cond itians used m the "s{:ﬂndprd procadura“ _?he
."__oﬁhe"l‘ elemenf;s In and Mo fom only werk chloro—compl exes-
rné their quanti t;a_t ive determim tion_wauld heve involved
_ é'mﬁ.ch'-lprg'ar column with the ndded disedvaentngs éh'at
seyamtmn from Fe would hava bheen s major pmbl an.

In view of these prelimincry investigatims,

- it wes ﬂeeiéeﬁ to qmntitptively est:mnte Zn, Ei Gd, T1

. and Sn in o :sui_ise of nineteen _rogl:sm since not only wers
thess elements oll of intersst geochemically but f;‘hey, '
were ‘r=j i1 virtu#iiy*é bsent- ‘.-in"'rersgent' blﬁnks érid c'oﬁ.ld hoth
ba gsorbv:d on and . e}.u?.ed from t!m culumn ln e

quen’sit tive mazmer.,

The firsi‘;'- pr"'eraquisi te of o quavntitp tive

, _pmcedura wns the selec%ion of a. suitable m‘aernal
‘ }”standard (sea Ahrens and Taylor 1950) .'
e . gaod intemel stpnﬁar@ should fulfill the
following cond 181 ons .-‘_'

8 It shoulé volatilise in 8- similar menner to the
- elements under investigetion - | |
- xb. : It. should heve = relativaly simple spectm with

>15.nes ns near ss possible in wavelength to the lines that
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,Fwe m be mepaarad. - -
¢, It should be entirely absent in ena mtarial tint
18 to be enslysed. o o |
Y PR It. ...hould be n'éanqble ine high aegree or purit;y. .
é, ~ The line aelaated as tzha stmﬁnm shauld be free
from selr-nhsorptiea._ | | | |

_ Of  these ariuerh i;ha £ir as is vary
muartant an& it is im&eeﬁ fortnnﬂ te thet the rive .

: elamants tnat were to be imea!;igmted wers mll

o :relatively mlnt:il.e since 1t seemed likelz;\hhmt 8 aingla |

incamal atﬁn&am of simunr volatility might serve for

the siz;mltnneﬂua guqntitntive estimtian of all five
matﬂla. o v .
C , Mte:r acnsidarntim of tha above feof:ara,
a _the rolluwirg elemsm;s wers inveatigpteu &8 gasstble
r’inﬁeml stanﬁﬂrﬁs" ' - |

S In, Bb, i.ne, K Ga #né fa.

'fm lnttar wﬂs ﬁo serve alsﬁ as P *tnt,rix aa haa a]ready
‘_baen mentiana&. | N
' 'ﬂ:e reapaatiwe volatilisot Son 'rﬁsté’s of the
o sﬁanﬁarﬂs a-nd elemwsa uﬁder mvasi:iga tion wers studied
,vhy nming s mixture of eenpmmﬁs of these metgls in e
' 'Naﬂl mrtrix et 7 Emns and raeking the sgectrogrppn

- pla te»holdar M. 5 sa@and intervmls. Tygicg.l '



o through it.
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volatilisation curves are chowr in Fig.8, It ean be éeen
thet with the exe&p%ai‘aﬁ of Ge, 81l the elements complete
| their volatilisation in amproximately the sane time. By
terminating the burn at the point where nearly all the FaCl
 had vaporised, it was possible to avoid an spprecisbile
amount of Pe interference since this element is
g:xmiﬁe&ntw less wlatile then the others studied. This
. Gesireble "end point” was achieved by terminating the bura
&t thepint vhere the " %ﬁéim. D eslour started W wane
- to an extent vhere the biue Fe colour %eeme visible

os was suhsequen tly r=e§&cte&:.'; 28 o possidble stando
!"hegaﬁﬁe‘ 1t vas found that troces of thic element cccurred |
' in the silicste rock eluste residies. In view of this
)  sn@ slso the lower wolatility of Ge, it was decided to
. am iﬁfestij@ e Sb, In and Fa ss posgsible interhsl
, staﬁﬂaziﬁs. Before doing m, & suitable srcing mmperage
nad to be selected. ' o
| This peiﬁk is raf’ éanaid erable 41@@91@%53&&3 since

4t wa aix%e;aéy‘ been noted thet Zn snd €4 were marticslarly

. gaﬁs’i‘tiw to arcing gmpei-agea #nd line intensities for

‘@ given amount of cither of thege elements appesred to
diminish with ;ﬂecim&éi:ngf ,wperages‘. A series of pixtures
eontaining compounds of ell those mtm used for the
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FiG;10, ‘ Reproducibility tests on replicate srcings for the
evaluation of » suitable internal standard for the

spectrochemicel anslysis of Zn, Bi, Sn, T1 and Cd,



Cd becsuse later maﬁitﬁaﬂ diéd not confirm this. It wae alsc
éis;eavér@& ﬂsaﬁ tracos of "f‘g contgmine tion ﬁrerﬁ often ‘present
in the aamplea mlyaea ma this preelndeé the use of this
element ae on intemsl standerd. In any caee 1t vas desirsbl
Af pasiaible to have ane ﬁmwml atandami sewing for an |
five metals., It was noted tlmt a:itm’eglg &b was tha bﬁﬁﬁ
internal stmﬁer& tbr :sn end Zn it was also ressonsbly
sawsfafctarf for the ath&r *!;nréo m&talé and this fact is
&ammatrate& in ‘E‘a‘ble.‘?. which shows the mmmey ratioe

© of the Tive line poirs.

L .Ffwl?o '

&b a8 D \tcma?xsfa;;ﬁaﬁa;ronﬂn; 21, €4, Sn.and T1.

Lit;;;air } ﬁa. mf arcings ami intezzsiﬁy mti@s.
1 e B B B B 10 (11 a2

ca/sb| ©.90|0.88 a.‘aj‘ Msal 0.8 0,88 0,71 95| 0. 64 2.10] 2.21
8n/ab| 2.06| 2.29 2.10] 1.93| 1.88 1.95 1,88 2.40 2.151.60|2.20| 2.54
B1/sb| 2,642, ﬁj 2.45 2.85) 2,17 £.68) 2,58 2.52 1.82|2.04|2.19|2.56
2n/3b|0.77 | 0. 89 0.65| 0.6%] 0.53| 0.54] 0,71 0.79] 0.75| 0. 54|0.72{0.90
/50| 1,05 ;;.35"9.?3)@.% ﬁ.gal 0.88| 0. 98 1.00 1.12|0.80|1.05]2.10

| ) § n &e vosls of these ﬁetemimtims, the
ralat:ive éemﬁm vere calculsted fmm the formule &~




, _rr:m-p of the disadvantages of apectroche
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Values of 2@..4% 9.62%, 9.%, 17.9% ané 3.?;5 %

"wem chialined fﬁr the iine pairs ﬁﬁ/ﬂb, Sn/sh, m/sb,

#n/Sb, end T1/8b respectively.’ |
_Although sows of the intensity ratfos were not highly

- reproducible, it was considered that the precision would
neveriheless be sotisfactory for the purpose of the

investimtion. L
. - - The festure of & single TaCl mairix ﬁsr a1l amyxes __
¢oupled vith a single internel standsrd was of great importanc

. ‘sinee this very much simplified the technique and eliminated

micel procedares

, f.ﬁﬁere synthetic eﬁaz&&arﬁs afzen have 0 be prepared to

énmme & wammmﬂ qunm;ﬂaeive ?elatmnship between the

-stanfarde ard unknowne.

Rereramﬁ 'fms a).reaﬁy been mde to me ao-raueé

"stasaGar& procedure” mieh 8 fapr ima h&efn aaz;eme&
- only with eolumn pmaﬁwes m& mﬁsaiutim of the mck
. Bmcmmﬁ. . Be%aﬂa aﬂ‘ the apectroeh@mﬁcal 'paﬂ: of me

- pt andard pmeeﬁurr" are as fﬂzm Lo ”

. The sterderds ami unkn-ene were prepored i‘n,ﬁ m trix

- of 20.mg of NeCl end arced st 6 smps in graphite electrodes

- 3/16" { externol diameter] X 3.2 mm {internsl dlameter) X

Sm {depth). Exposure was continved entil the intense No
D ecolour had slmost dispppesred which was ususlly after

_about 1% min. The grall emount of Pe in the sample



aid . nm: nsually cause uridue interference under these

canﬁi tiona.

The *’atanﬁam pﬁeeeﬂm“ was now apmieé to the

ore per

c&ermimtiea @f zn, ¢4, Bi, 71 and 8n. -

atim; af mrking mma for the guontitative

A geries of

m;: atsnﬂaras eaeh in tripncate wB8 now grepama in

wh‘ieh the cnmentm%ian of ench element renged from x to

1@0 x m@re x representefi a certain weight in mz. of

fshe mﬁtel cancemed.

"fach atanderd ‘contsined in
aﬁﬁitim 2(3 mg af NeCi snd 0.8 mg of Sbe

" the *mrious elmnte in these standards &re shown below

- m Table.a. |

© |r1ément

- ?101'"

ler -

Clen
o Jea

Jm

0.001
| 0.0008
0,005
T8
0.002 |

' 0,002 |

.01
0.08
0,004

0.010

Qf._"s«

0.’3@2@
0.0250
lo.g0
@f.i‘é»- ’

o.010

q.sa

| o350

‘i'heae gﬁmﬁarﬂ@ v?az-e men arceﬁ at B mm with the :

ateg sectar providing a gm&eﬁ series of exgmmrea. “
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The line intensities were measured and the results
plotted on logarithmic graph paper. These mrking
. :..euwe's‘ are -s’hom in Pig.11 and ss ¢an be 'sem. relstively

good stral ght linea were ocbtained although with some

self ahsarption in the higher concentm tions of '1‘1
Cd and Bi, ’

h

_, and tin in seleﬁted silic.ate rm"ks. . |
’ A qmntitative deteminati@n of the al:ove elements
o in a suite of nine teen rocka was now earried out using
'V,the standard pracedure. The eluate resiénes were
| _areed cencurrently with'the working eurve standaras in order
to minimise erwm me to changes in the optical system of
, .the spec‘trogmph whieh nght have atherwise aceurred awr

8 1eng perieé.

. *.{'he recks seleeted cemprised a eomprehmslve range
ef many diffverent s*nteate: (am! in additien one carbanatite)l
_ mth a wide geographic scatter extenﬁing from s,pitzbergen
f_:m the aorth to Antarctiea m the south..

L .ﬁs nsual, the fractians were divided mm tm;
;'_aamely, /0 = 100 mls the anﬂ fraction ad 100 - 2000 ml:
.v the "main" rractian.
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Intensity ratios -

|
3 X ) : - , ) |
O1x 1x 10x 100x |
Conc. in pg. ‘

FIG.1l1 Working curves for spectrochemical snalysis of ‘
Zn, Bi, Cd, T1 and Sn using Sb as internal standard,
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In most cases, e 15 g. sample of rock was token in
- duplicete am the %m mein fraectione opoed ampam tely
an @pumﬁaa' the iron fmcﬁ.m wem hﬁmr gonibined

. %@g@&hw end srced on a sspurate plate for subsmgmm

sexi-quantitative observetione, Theee latter fractions
__ ok The main frections
, wm arced using the slep ﬁea‘tw to aftord mdmﬁma
8 31 1t seltlng of ﬁ.ﬂ@& = being employed. .
| The line intensitlies were then mamﬁeﬁ sm! rmm‘
ance of ell five
 _‘ sglmemss in neerly 211 the m i @w;a ab%aimﬁ. The o4
: fﬁeﬁﬂtg are -;zshﬁm iﬂ, "%‘n‘ble 9 snd & fuiler deseription |
of the rocks is given in Teble 30.  In addition, &
Blenk detemmination wes carried out on sl the reagents

' @" @1’2‘1‘5& o ;;;z‘eggngm 50 g GI' —

| t&m mr&img mrw, values for the ab nland

usel in _-ﬁm‘stan@m. procedurs. T1, Bi and ¢4 cowlA
| 5ot be detected in the blank but there were traces of

n smd Bn.  The Sn vepresenied & figure of 0.5 puw
on e 15 g. vock sample sheveas the Zn represented 8 pPhw
- on the smse weight of sumple. These Tigres wuld
 certainly have been serfous if the consentrations of 2n
‘evd Gn in the rocks hed been very low but it wos found
au‘?&smﬁﬁ: tly thet the samples umiaily contsined st Jeast
ten times o8 wuch 2n or 80 as the blsnk 3 therefore 1ittle
or 1o Qifficuity was expsrienced. a |
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The ‘sane vateh Ho, of aeaen acid was used mmngmﬂt
:the determina t.im to ensure that the resgent blank

w86 not. varisbie. - |

| . On measurement @f Iim mtemmias, it seemed as ir
th& mwrnal standerd Sb had a lww mﬁanaity iu the rock
smplea than in the etazzﬁard:a uspa iﬁr the Wmﬁm :

of the mrking carve.  To dﬁtaemm whe,mg:g in fact this
was 8¢, further Samples were pmpaéeei_-‘ n wzgiafa_ the sane
emount of Sb wee nized with a maeifariﬁy atmﬁ'icés»

end arced under the ssme conditions se the vorking curve

: sﬁﬁn&aﬁs and ninsteen rock mphaa These intensities
: tagéther wi 'Eh those for -%‘he rock mﬁl& and @%ﬁ@@&a
are showns m Fig.l% in w!zmh they are’ deaigm ted as 1
ngynthetic standsrda® "eluate zaes&ﬁaea“ snd "pure standaris”
zwe:ép?eetive&,y. It can be seen ziha% there 48 & slight
apperent diminution of intensities in those srcings other
then %fha “-és'%a‘zﬁar@;sf 3 on the other hand, -_;i».z&. wee engy |
explain this anomaly becsuse vhereas it was not &fﬁwm
10 ftzrazsﬁer a1l the erount ar stondards i’ram the porcelain
basing to the electrodes, the cluate recidues being
somevhat glutinous (due to traces of Fe end almaﬁm) tended
to étiek o the %aazm and were not camplétglyz tmstemd. :
t%rfééiéii amounts could have been transfemﬁ by seﬁgﬁm
the pordelein but this might hewe introduced impurities.
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Intensities of internc! standard

Individual arcings

FIG.12, The varisntion in intensities of the Sb internal

standard under different conditions.
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TABLE.9., (Cont'd)

-~

- - Sk W Sl

No Type of rock Sn Zn
11, Norite 1,1 150
1,4 70
22
Av 1.3 %@
12.Eclogite, 0.7| 64
13.Peridotite, 1.0 37
0.8/ 21
Av 0.9 29
14,.Lherzolite. 0.3 220
15, Hortonolite 1.7 180
dwiteﬂ 9\0 ) 279
Av 1.3 226
16.01ivine bomb.| - 77
17 . Sha].e. 17 240
21 270
AV 19 260
18,0cean Mud, 4,3 110
B3| 100
Av 3.8 106
19.Carhonatite, i2 24

b””ﬂ------r

-—‘ Lo i |

Cd Tl Bl
- - Os 06
- - Oo 07
- - 1.20
- - 1. 20
1. 20
- 012 0.038
- 0.30 2,0
- 0.70 22
0. 50 2.1
0.12 0. 06 0. 03
- Oo 21 001
0.13 De

.90

-
&
5

4 Precise values unobtainable becsuse of high

backgrounds,
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|13 .peridotite.

Lherzols te.

;la.h,ﬁarmn@lite dunited

@ﬁvine bmﬁb in
lava.
Slmle.

Oeenn Mud.

Carbona t.‘i#sé._» | ‘

Rgn&" Tysfjord, Forway.

- 18. end Lac Lherz, Pyrenees, France.

' The volme fsverreafiell”, Bodk Bay,
Spitzbergen.

" |Rhodes Honument, Cape Town, S.A.
|tutzholm Bay, Near Cook penin, 68°8, -

NoJHame of vock.
11 {Cope granite. Cepe peninsula eresa. |
2, |Granite G=l. Westerley. Rhode.Z. USA. (ﬁ‘ai rbairn |
_ . et g1 1981) |
3. [Brey Gneiss. W.ﬁngul I. Lﬁtzow—ﬁam Bay ,Anterct ica.)
4, |Rhyolite, . Hensonz peninsuls, L?ﬁtelt—an;. . 2.
Be Trachyt.e. Devils Gap, Akaros ,: Banks Penin. T, Z.
16, [Tj01ite. South of Helteig, Fen aren, Norway.
|7, [pasal t. |t Herbert Pflow, 018 ballast guarry,
- Dismond harbour, Lytteiton. N, Z.
8. [Delerite.  |Elbiof Nek, Cemps Bay Rd, Cape Tomn.
9. [p1ivine Basalt.  |Devils Gep, 2400 f%, Akarcs, N.Z.
mswi}iabasie. ﬁ-:!.. ﬂaﬂtemrﬂle, Va. USA. (F‘airbai mlggl?l
: lkﬁarite. - |HMerenskd reef, Lydenburg, 'I'?l, 8. A
1"2’."&?91@51% | Almaklevsaeter, Almeklav&alen,

fmnmare, Hﬁmy.

Lsraanbwg, Tvl, South Afriea.

Lowver shale bed, Table Nt series,

32‘%. . Mud a8t 500.m.

Ondurakorume carbormtite agmylex,

_ Qtjiwarong@ Dist, S. w.a.




e) The determination of Bi, Tl and Cd in s 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 and Tl in a suite of ten
dolerites, These rocks were all taken from the upper
dolerite sill, main shaft, Jagersfontein diamond mine,
Jagersfontein, Orange ®ree State, South Africa, The total
thickness of the sill was 425 feet, the upper contact
being 160 ft below the surface. (For further details of
rocks see 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 enion-exchange enrichment,

The procedure that was adopted was as follows :~
A substantially smaller column was used (dimensions 3 om X
0.5 sqcm cross-section) and the rock solution was absorbed
onto the resin in the normal manner, The washing with
2N HC1 resulted in an almost complete rem.val of the
Fe since the column was so much smaller than hitherto and
it was not necessary to take two fractions as before.

The single fraction comprisged 1000 mls of N/4 HNO3 eluate
instead of the 2,000 mls of the ™main" fraction as previously.

The spectrographic operations were exactly as before
and Bi, Tl end Cd were determined quantitatively in all ten

samples, The results are shown in Table 10a below,
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TABLE 10a

The determination of Bi, T]1 snd Cd in dolerites

from upper dolerite 8111, Jagerafontein Diamond Mine,

T T T [ Conc. in p.pem,
__Sample No Location T1 Bi cd
1l 260 ft below surface | 0,08 0.15 0.10
2 280 " " " 0.10 0. 80 -
3. 300 * " " 0.06 0.96 | 0,26
4, 360 " v " 0.15 Q.28 0.25
5. 420 " " " 0.10 0.47 0.07
6. 460 " M " 0, 07 0.17 -
7. 480 " " - 0.16 [¥c.0.01
8. 560 " " 0.03 0.76 0.26
9. b2o " " " 0.03 0.13 0.08
10. Chilled upper margin 1.10 - 0e23 0.24
| I {Sf.f.j..}.]:. ............. | I R S

f) Notes on other elements.

1) 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 10a above,

11) The determination of niobium end molybdenum.

In the initial treatment of the firat 14 samples
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TABLE.11.
Semi-quantitative observations on In, Mo, N

Rock No “In Ho m |12z
1. 3 2 - 3
2e £ 2 - 2
Se 3 - - 2
4, - - 3 1
S, - - -] 3
Ge 1 1 - 1
7. - 2 3 1
8. 2 2 - 2
9. | 1 2 - 1
10, 2 2 - i
1l. 1 - - 2
12, - - - 1
13. ) | 1 3 3
i4. - - - 2
15. - - - 1
16 - 1 1 1
17 5 2 - 1
18. 2 3 - 3
19, 2 5 - 3
- Siénit‘ie:é not detectéd. _

1. " faint lines detecteds

2. " medium strength lines detected,
3. " _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.

Y/ihen Teflon beakers were used for dissolution of the
semples, a slightly different procedure was adopted and
this consisted of using a mixture of aqua regia and HF
instead of sto4 as before. The sample s were taken to
dryness on a water bath and redlssolved in 2N HEI,

After sbsorption and elution, it was noticed that the eluate
residues were far bulkier than usual due no doubt to the
‘formation of snionic fluoro-complexes from residual fluoride
ions which had hitherto been destroyed by fuming with Hp804.
This greater bulk increased background emission and
precluded the estimation of rarer elements such as Cd.

The most interesting observa tion 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 élso 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 Wright,
1954 ; Huffman, Lilly and Iddings, 1951 H 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 ahd aqua regla, the rock sample was
redissolved in a mixture of N.HC1l and N. HF and the solution
abgorbed on & column of dimensions 20 em X 1 sqem cross-
section. The resin was contained in a polythene container
instead of glass. After washing the column, the metals
were eluted with 0.256 N. HNOSQ

Initial experiments had been carried out in which
ﬁhe degree of absorption of Mo and Nb was studied by
absorbing these elements on the colunn and eluting with
the same HCl/HF solution., These elution curves are shown
in Fig.1l3 and show appreciable absorption of these elements
from the mixed medium, This degree of absorption was not
however great enough to allow a greater volume of rock
solution then 150 mls without using & larger column.

Attempts to determine Nb and Mo in three silicate
rocks using Pt as internal standard were not very

‘reproducible and the studies were not continued further,

£) Discussion.

Bismuth, Very few abundance data are avéilable for

this element although a number of estimates based apparently
Bn indirect evidence have been made. Clarke and V/ashington
(1924) have given values of 0.01 to O.1 ppm , Berg (1925)
has estimated 0.034 ppm and the Noddacks (1934) have given

& figure of 0.07 ppm also apparently based on indirect

evidence,
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Elution curves for Mo and Nb using » mixed HC1/HF

eluant.
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Goldschmidt (1938) has estimated the abundance as at least

0.2 ppm, based on the proportion of As : Sb : Bi in

ferruginous bauxites and sedimentary iron ores.

As far 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 determination of certain volatil
elenents in silicate rocks, This method, developed by Rose
and BOse (1936) involved the heating of the rock sample
to a very high temperature (over 2,000°¢) 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
firgt time by direct means, Preuss has published Bi figures
averaging 2 ppm fér granites and 1 ppm for sedimentary rocks,

Ehmann and Huizinga (1959) have just published
| figures.for Bi in stone metéorites. | The rgsults were
obtained by neutron aciivation.v They have reported an average
of 0.0022 ppm for six meteorites.

On.the basis of twenty-one deteminations on various

silicate rocks including grsnite, basalt, dolerites
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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 emphasi sed however that this
estimate of 0.3 ppm is only a very_rough approximation becaﬁse
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 gilicates and are not therefore
necegsarlly in conflict if we consider the wide apparent
variation referred to above. The lowest values obtained
ﬁy the suthor were 0.03 ppm in Lherzolite and the highest,
2.1 ppm 1in shale.

The number Oof analyses 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 (0.96 A and 1.0L
Pespeétively) could conceivably lead to substitution in Ca
minerals (See goldschmidt 1954) in which case enrichment in
basalt, diasbase and norite relative tov granite might

be expected. ~This is not apparent in the



availabk date aml m a:“sditimz it bas been mteﬂ that
apnrsciably hig}a Be fig&res are obtaine& in maks in
vmidx we might czyect a iower E’a cmtem'. relative w
gramte (e. g. Periaati%e and mle} A

'I‘he ap@sw et em»idment in a’hale relai:ive to
gmni'be can be explameﬁ ir we w:aaider the mamefi ehaim-
' g:hinu mﬁum ai‘ 35. since the sulphar mntent of shale
33 a’bmat 5 times that of most @t’he? igmcma mcks _
{Eankéma and Sahm 1953) ani on this basia enrwment
. mjght oecur. . | | '
o Mthon@ it mulﬁ seem that mri&mﬁ baseﬁ on

L cnaxmphum @onsi&erations 18 1ike]y to g-eaemmm

; _ _-aver mfbatimtiﬁn m ﬁa mimm:a, %me pz'esenee of Bi

."s.n the earbanatite may weu be dque m meﬁ mbammtmn.
_ . The wﬁwr 8 ﬂgures m m m a-1 are the first
. avaimme f’or this mek. | ‘ |

.' e "mimQ
, As with Bi, abnn&ame data m €d in enica%e rodks
'are a@me'ﬁzat few in number this is pre’be‘bly dae i.n

, '@art to the iow mncmtmu@n of this element in silicatea
~ and slso to the aifficulty in finding mit&bk specii‘ie

' metiaods for 1%5 detet-mim tioa. :
. Omeeof the e&rliest eetimatﬁs of the abm‘ﬁame of
_ thie element was given hy Glarka anﬁ ?fashingt@n {19%)



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 sn estimate, The earliest
reliable direct determinations were those of Preuss (1941)
using the distillastion technique and Sandell and Goldich (1942
using colorimetric methods. i

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 hasis of determinations on eight samples,
three of them being éomposites.

As 8 result of determinations on sixteen silicates,
the author has reported én average of 0.10 ppm for granites
and 0,14 ppm for basic rocks which is vefy close indeed to
~the figures reported by Sandell and Goldich. These figureé
are aléo'a little lower than those of Preuss.

- In some of the samples, difficulty was experienced
in measuring the intensities of the spectral lines of Cd due
to a combination of high backgrounds and low line intensities.
In such cases, the datg for this element are subject to a
somewhat higher degree of uncertainty than the previously
determined standard deviation would appear toc indicate. Such
samples have been marked with an asterisk in Tables 9 and 1l0a.

There 1s nevertheless a fairly uniform pattern of enrichment
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of C4d in the more basic rocks as for example in dolerite
(K1bof Nek) where a figure of 0.30 ppm has been reported.

- Values of 0,05 ppm and 0.08 ppm have been reported
for G-1 snd W-1 respectively and are far lower than the 5 ppm
obtained polarographically by Smythe and Gatehouse (1953). There
seems little doubt that these latter figures are far too high
even if the author's figures were ignored since Renkema has
suggested that the Zn/Cd ratio in silicate rocks should be of
the order of 900/1 and this figure can be compared with an
estimate of 500/1 by Sandell. The polarographic estimations
give a ratio of 12/1 which seems far from likely.  The
author's figures average about 800/1 (i.e. intermediate between
Rankama end Sandell). A second factor that would seem to cast
doubt on the results of Smythe and Gatehouse is the recent work
of Vincent (1959) who has employed a neutron activation method
for the determination of C4 in G-1 and W-1l. His results
agree well with the author's figures for G-1 but are somewhat
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 higher than the background value which
i1s quite high for this rock.

In the carbonatite there is a distinet enrichment of
Cd relative to zZn (27/1)and this may be due to the greater ease
with which CA is accepted by carbonatite since the ionic radius
of Ca T (0.97 A) 1s close to that of Ca  (1.01 A). zn° 1s mach
gmaller (0.59 A) and could hardly be expected to substitute.
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The geochemistry of Sn is bether knom then that of the
two preceeding elements and atmﬁ&anm data of many workers
are mﬂablg + These date chow two main irends in the
A&ia&rim%ian of the element, In the f‘firait plaee, . it ma
Beeﬁ gﬁmm thet the dhupiences of 8o are mbject to wide
regienal and ge@gmpﬁin varietions {&@3 éiashmmt 1954) ané
secondly, there is o morked enrichment in the more acidie
ree‘?m o
- 1t 18 ai frieuMt 4o explain this enrichment because

& {ra&ms 2.71 4} sight presumebly substitute for ?e&
{rﬁﬁiusJ @.51 A} and Qng {0.93 &) for aaz (1.02 4).
_ﬁ*e migm ﬁxeref@m. expect enrvichment in basic rocks (high
Fe 'anﬁ h&g‘a_,ﬂa}. o mnmghﬂw fonic mﬂiﬁﬁ“ﬁf &;g (G.?é A}
is 'ei.e‘s_&r o ﬁmi of. sanen\%‘eS: supetitution of fﬁm |
8n for vtﬁe ferrous iron ﬁ;é less 1ikely becmuse of the
aifference in charge. fccording to Renkeme, the explanation
of the snomaly of @mviﬁh&amt in besic rocks 1s thet Sn is
e’lﬁaéﬁzﬁ m\mci a*téﬁ mth ft‘he b4 mﬁieﬁﬁ of the rock and this
ma.v well be the explena tion for enrichmmt in the 1eaa
tmaie o ke, | o |

- Goldschnidt ami Peters (1933} Emve m;ﬂrteﬁ the -

following figures for Sn in eilfestes 1=

- Dunite ' | aone
‘Basalt & mm

Av of 11 Germon gabbros 8 ppm
v of ¢ * granites 80 pm
Av of 36 Huvopean sheles 40 ppm



?ﬁttém {1941) bas reported 56 ppm for granites. It
would appesr from these Tiguree that Sp sversges sbout
4 - 10 ppm in Yasic rocks end 40 - 80 pm in acidic rocks.
Recent work by Onishi ond Sandell {1957) does not
confirm these figures ond their eversge of 3 pom, 1.5 ppm
and 0.5 ppm for mﬁites, mafic mc&cs‘ and uitmmafm‘a
regpect Weiv are far Z@er then those of earlier workers,
 The suthor has found that 1t wes possible to estimate
Sa:w a1l the nineteen m,’sﬂes studied and the M%;es were
in general, somevhat hig}mr\ then those of Onishi end 3andell
but lower than those of Goldschmidt and Peters. This is
borne out by direct comparison of G-1 and W-3 {21l determin’s
in duplicate). - | ' |
Q-1 granite. 2, 2.5 8.0, 9.6
. w-1 gishase. 2.5, 5.0 | 8.7, B.7.

The a:rrféremm tnvolve factors of 3-4 ond the cause
is not known. The rvelative sgreanent is gmd end -1 snd
=1 evidently contain sbout the same auount of Sn.

| The two gﬁﬁr&eﬁem tic trends of the geochemistry of
&n {see sbove) sre fully spparent in the mﬁ:@r”’a msuita.
Bot only are there wide regionsl variations in similar rock
types (€. B.8 ond 29 ppm for G-1 =mé Cepe granite), but
there 18 2lss & distinet mz;i;ehmmt it the more acidic rocks.



This is very evident if ﬁe compare fortonclite dunite
{1.8 ppm) with Cape granite (22 ppm).

o The fact that the suthor's values tend to lie
between those of Goldschmidt and Peters on the one hand and
Onishi and Sandell on the other, may not be significant
~ if we consider the wide regionsl differences in tin which
are soid to exiat. |

~ The geochemistry of T1 1s quite well known (see

Shaw 1967) and & not wunsignificont emount of sbundance

deta are svailsble for scidic rocks though somewhat few

for basic types. Some of the earliest estirmtes of

the abundance of this clement were made by Clasrke and
‘wachington (1924) but their figure of 8.5 X lﬁégppm |

is far too low, The Noddaocks {1930) published & ﬂgure

of 1 ppm vhich they subsequently amended to C.1 ppm {1984).
Ahrene (1947) hes estimsted an obundance of S ppm based

on the apperent constency of the T1/Rb ratlo in silicate rocks
Goldaschmids re'viewaé the Foddack figures on the basis of o few
- new enslyses snd published a figure of C.3 ppm. Renkems
(1949) nes mggested that o figure of 0.5 ppm is closer =
to re&tlity @a his @anéinsims were bosed mainly on the .

work of Preuss (1941) who obtained figures of 0.3 pnm in
Gerpan gatbros and on average of 3 ppm in grenites. The



werk of Qi‘;emaa {1941) who found 1.5 ppm in Gérﬁzah gi'anites
wasf also taken i@to_épnsi&emtiongm makmg t‘hie estimate,
Both Preuss anﬂ Otteman ﬁse& the distiuaﬂm'-teﬂiai@;e to |
‘estimate the Tl. Goldschmidt ond HSmmann have also .

. published an estimata af‘ @.5 - 1 mm for T1 in. granitea. ,

The neutron activation technique of Ehmenn am Huizinga {1959)

aaa yieldea sbundance data for T1 ir stone meteoz*ites and

t‘hese wormers have reported 0.0004 ppm as- Vthe svez*age of

_ﬁ mples. | |

) _ A compt-ehenaive review of the geaehmie try of T1 has

‘beén mde by Shaw. {1952) end he has auggem;ea tha t Rankana 8

est ima te of 0.6 opm is too law and that the correct figure

is nearar 1.3 ppm for the sversge distribution of this

_element in eilicate rocks. . The chove data all refer |
ta ignecms mcks and the ﬁaﬁa on sedimentary tygea are fewer
'3.11 zmmher. Preuss has rep@rted 2 ppm in shales and
aandstones. |

| & must gty ikmg featore of the geochemistry of T1 is

-1ts enrichnent m acidl ¢ rocks relative t basic types znd
this is said to be due m the similarity nf the tonie rmadii

of T1 am K {1.47 A end 1.33 A respectively) and
~consequent replacement of Kby T1. "1‘:13 seldom exista

in né%ure in igneous rocks {though perhaps in eaﬂiments}

i:e@maé the ozidﬂa;tﬁ on potential needed fo‘r its f‘@ﬂfna{tien ,

iz o high. |
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The suthor's results are in general in very good
agreement with those of other workers and fully show the trend
of increasing enrichment of T1 in the more acidic rocks.

‘The relatively high number of determinations 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 rpm in
diabase to 2,2 ppm in grey gnelss,

The author's estimate of the crustal abundance ofvthe
element on the basis of 20 determinations 1s of the order of
0.9 ppm for a 1 : 1 basic/acidic rock ratio and this 18 very
close to Rankama's estimate of 0.6 ppm. A2:1 ratio

‘would give 1.1l ppm and 1 : 2 would result in a figure of
0.7 prma

‘For the first time, values have been obtained for G-1
and W-1. The sbundances given are 1.3 ppm and 0.05 ppm
respectively. Recent work at the Brunel 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,

zine. |

The geochemistry of zinc has been extensively investigatet
by many workers and Goldschmidt has given an estimate of 100 ppm
as the sbundance of this element in igneous rocks. This is

somewhat higher than the value of 80 ppm obtained by Ssandell



and Goldich (1943) but appreciably higher than the earlier
figure of Clarke snd Washington (1924) who have estimated
the abundahce.as 40 ppm.' Rankama has given a figure of 132
lppm but this value seems rather high and hés been contradicte
by recent work of Wedepohl (1953) who, usiné a novel double-
aré ﬁechnique, obtained the values of 118 ppm and 45 ppm =~
réspectively for basic and acidic rocks, This double=arc
technique similar to that of Shaw, Joenswa and Ahrens (1950),
‘was developed from the method of Mennkopf (1947) which in
turn had been based on Preuss' techhiqpe.

This enrichment in basic rocks is, according.to
the deta of Sandell énd Goldich, due to the fact that the
‘zinec content of silicate rocks is proportionsl to the
combined Mg and Fe2+concentrations. Such enrichment can
take place because of the similarity in the ionic radii of
Zn?+ Mg?+and Fe2+.(o.69 A, 0.64 A and 0.74 A respectively),

The authbr's results show this latter trend quite
clearly and are in fair agreement with other workers although
tending on,average,.to be somewhat higher. |

It was possible to estima te Zn in all nineteen
of the suite of rocks listed in Teble 9 including G-1 snd W-1.
The value for W-1 (68 ppm) is in good agreement with other
workers but the figure for G-l is somewhat higher; The
figure of 234 ppm for shale is in conformity with the work

of Palmgvist (1935) and Lundegardh (1948).



oy



It has been shown in previocus pages that it was
poasible to enrich gt least miné {race e:tgaems t0 the
threshold of ;speeﬁai &etﬁewhien ylimtta by the use of the |
Tetandard ;}rme&we}” and involving relstively small smounts,
of rock semple. ﬂsing 8 20 g. smple, it was poggible
0 sttain s enrichnent facﬁm* of sbout 2,000 which compares
very fmmmblé with other methods of concentration saech
a3 the dooble are methods of Mamkopf (1049}, Wedeponl {1953)
' am Shm!, Jeensuu: and Ahrens {1950} vhere Tactors of wp to
£00 were obinined.
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| ~ High enrichment factors.can be achieved through the use
of fire assay procedures but such methods have the double
d1spdvantage of limited applicability snd a serious risk of
contamination from reagents that sre not easily purifiable,

Neutron activation methods have & special place in the
analysis of trace elements_énd‘nave the declded advantages of
very high‘senstiviﬁy.and a relative freedom from contamination
risks, They Ao not however have the same simplicity and
speed of the procedurés described in this thesis and requlire
special equipment. |

A specisl mention must bé made of the work of P,Hahne
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-quinolineselenol which can be
extracted with CHCls. 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 Cs, .0.0s ppm for Ir, Ru and Rh,
and 0.01 ppm for Pt end Pa. |

ofr the‘twenty-one elements that form chloro-complexes
in 2N oxidised HC1 solutions (See Table 1.) sll except iron are
usually only present in smsll amounts in silicate rocks and séme
are so very rare -that they often cannot usually be determined
even with & moderate degree of brior enrichment. Exémples

of such elements are Au, Re and sll the platinum metals.



= P4 gn

~ In erder to fully stidy the appliea tion of anion

exchenge enrichment techniqluag, an investigation was »ga:rgi-éﬂ-
out on this third group of trace elements. It was clear
at this stage that mush higher enrichment factors than those
alresdy reached would bave to be attained snd this would
involve not only employing larger quantities of rock but
possibly even selecting rocks kmown %o be richer in some
of these elements. i )

The scope of the eembined proueﬁure as applied to rocks
is not inﬂnite and there are in practice three limiting ’
factors to the amount of enrichment that can be achleved :-

In the firat place, if the rock sample is very large,
appreeiahle quantities er Treagents have to be used 1n order
to dissnlve the speoimen -aad t‘hem is a consequent danger of
- contaminetion from the Treagentss '

~ Seeondly, the distribution c@effieien.t of the element

with respect %o the resin must be falrly high,etherwise -3
large amount urg exchanger would be required to quantits tively
rstain ‘$he absorba te, this would in ‘furn also involve,
inter al.ia alutien ﬂifriculties. » A
The finnl factor to be cansidered is the praetical one

of handli.ng lerge quantities of rock. ]
_ In m. Hcl salutmn, Re, Au and all the platimzm meahals

have relatively high distribution coefficlents (all grester

than 400 - See Table 1)»_3_:*16‘ in fact fAu has the highest of

all the olements st this acid concentration. (10"5}
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(For further details see :~ Blasius and Wachtel (1954),
Kraus and Nelson (1954), Kraus, Neléon, Clough and Carlston
(1955), Kraus, Nelson and Smith (1954), McNevin and Crummet
(1953), Meloche and Preuss {1954), Nachod (1945), and
Sussman, Nachod and Wood (1945) ).

This factor, coupled with the general rarity'and
interest of these elements, rendered a~study wellvworthwhile
and investigations were undertaken with a view to at lesast
detecting some or a11 of these elements in silicate rocks.

Despite the low abundance of these elements, an
appreclable amount of data is available on some of them, in
particular on Au, Pt and Pd. Many workeré have,however,
concentrated on two'aspects ; namely, separations by ion-
exchange and the use of these resins to recover the metals
from waste products (See Sussman, Nachod and Wood (1945%)): the
use of ion-exchange resins for the enrichment and subsequent
analysis of the elements has been largely ignored.

Most methods of determination of the noble metals
involve fire assay procedures but the purpose of the
investigation described here was to determine whe ther the
"standard prccédure" or a modification of it, might be

employed fbr the estimation and detection of these elements.

b) Preliminary enalytical work.

A preliminary study of the columm behaviour of the
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| ,eiame‘nts? wes mdé by sbsorblug o m;iﬁtﬁ*a of 2u, 'R"e',ﬂm, n, 08,
| vIr, Bh end Ru onto a column of length za ol and eraas-semmml
 eres 1 sgem.  The mmm-e wes éissamad in 28 HOL anf. the
o ‘ebsorbed benid wns manea with en equal volume of scid of the
 seme mormslity. | |
ﬁeﬁev:.n anﬁ erumst (1953) tmve mée 2 atu@y ar the
'ehlara-eemglexes of the Pt mete is anﬁ hmre ﬁisccvered shea 13
is pessibla to elute seze of them with somonium hydroxide.
. This is mede yassibla by ma formetion of p@sitively-ahargad
'mmme complexes such a8 :-
| P {!ﬂﬁs3 | - }
- tﬁesé w@rkere fmmﬁ thﬁﬁ Pt and Pd cot:lﬂ egsily be elnteﬂ, ,
zm nnﬁ Irmss,mény anﬁ @s nﬁ Ru zwi; pt 911. , m aata
are evsiprla abouk she elutmn er Au am: Re uﬂm emaninm
- hy&mxiﬁe.
| R In view M‘ ﬁhase ﬁnaings gm in view of the suthor's
m 9bsamtims thnt m ma ;ﬁ:&s&bm to elute Pﬁ wlth Eﬁ’ﬁi
the cbsorbed mixture of metels wes sluted firstly with Hﬂl
-mos and aubaaqaently mm N . m@nim hyﬁrm:ida. Suitable
'ﬂamm intervala of eluate were zakan by means of the motion
- eane%qr anﬁ tha méiviéml masions wers mm to drynasﬁ.
eelleo%aé in %he HaCL netrix snd examin&ﬂ speotmgrn yhlcnny.

T : The rasia itself mﬁ igamaﬂ pna tﬁe ash troat«eﬁ P semm te

L

| Af‘mctim uhieh wes elso emmined. o o |
~ These dat:a ezmbled s pproxine to emtlon curves to be
pletteﬂ m’aﬁ t&esa sTe shm m Fig.l&. :



(arbitrary units)

Conc.

A

000 T 2000 .

Mis. 0.25N. nitric acid’ Mis.N.ammonium hydroxide l

L

FIG,14, Elution curves for the Pt metals, Re and Au usimg
N/4 nitric mcid followed by N. smmonium hydroxide.
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The observations can be summarised under the reepsctive
clemmis 1= | | |
Plotimm. This elemont vas eluted slowly with HNO_ end with
considerable $ailing. On further cluting with BH,.0H , &
mich foster rate of relesse fromw the column was achieved
and %Bri;é was ﬂzﬁﬁmﬁg complete after shout 2,000 mls of
anmonia had been employed. |
gold The behoviour of this element was métim iarly
_ mﬁezzwestihg, there oppeared W be tw elution padks 3 & gnall
one with HEC, ¢lution and a charper one with NHH,OH, This |
istter peck is probebly dus to the formastion of an auranmine

complex, | |

Elution of the Au from the column wee not complete
even with this double treatment end this 16 believed {0 de |
due o two main fectors :~ In the first place, the dlstribution
coefficient of Au is 50 hish in 2N BC1 (10°) thet elution
dirficulties can be sssocisted with the retention of snall
amounts of diloride ion by the colum.  The second factop
is that the resin appears:sto have 2 slight reducing sction
(See Rrms end Nelson 1954) snd hence emsily reduced metale sucl
o8 Av and Pt cen be retalned in the metallic state on the

- This element was eluted equally resdily with both
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Thia petal wos va readlly el,u%eﬁ. vith the
acid and 1t was not posaible to aseertam vhethey ammonia

would also serve for this purpose becmuse the colusm wag
completely clesr of the slement before elution vith the
srmonia wos initisted. -

henium: Ao with Re, this element was completely
elutef with the scid end its behevicur with aummd
not studied, |

Mﬁ% _ @s was eluted mly very nluﬂy tﬁth the acid

anﬂ not at au with the mmm‘ Evgn after the maosage
of 2,000 mls of UNO, through the columm, a considersble
emount of Os still mm This is also gmﬁab,&y doe in

. part ﬁa mﬂu&tﬁ:m of the m;ﬁex by the mam _

| Bhodiu ridiuy ~ The behaviour xssr these two elemonts
on ﬁm mlasm was very simi:%ar. The ehztim with 'ﬁﬁs‘ was
slow mﬁ involvwed %aﬁing. Ko im;wmem in the elution
mte wus noticed on %mtanent with menm ma at the end of

the operstion, a au‘bsbmtial amount of 1:» remained on the

eolumm although most cf the Rh had bm removed,

 7he conclusions that could be drawn from these

_. pmlimimr? inve@i@ﬁmé‘ﬂéﬁé fm followe =

~ Ru and Re may be msntitstively eluted with K/4 HNO,
Pd, PE end Bh may ‘be almost completely eluted vith

a e@ﬁbimtion of both «eitienta. - '

| ﬁa, Au and Ir are incmietels eluted even shen botd



- 79 -

eluting agents are employed.

The above column daté were -used in deciding what
modifications of the "standard procedure" would have to be
used in detecting or determining these rare elements in

gilicate rocks,

c) The detection of the Pt metals and gold in silicate rocks,

i) Experiments with a platinum-bearing rock,

A sample of Hortonolite dunite platinum-bear ing rock
from gwartklip mine, Rpstenburg,’Transvaal, was selected
for the initial experimentas. On the basis 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 pph.
pPa " " 0.g
Rh " " 0.06 "
Ir *® " 0,03 "
Os/Ir " " 0.02 "

In order to afford a reasonable opportunity of
detecting sll these elements in the specimen, 150 g. of

rock were employed and the noble metals concentrated
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t0 %Wt 10 wg b?? @ mﬂiﬂeation »ﬁf the “&aﬁarﬁ prsemﬁaw“
'v';‘mi&z ts nm; to be é&mib&ﬁ. I ﬁxis mmer o
tm*idzmnt fact@r ai‘ :appmxmately mg a@aimﬂ. |

N The mek waa ﬁiges%eé in & mixtm»a eai‘ awg&a regia

) " c;anﬁaimﬂ in Y 1&@ ml Teflon heaker. *X‘he mix&m*a
“:%B ‘fmkan L mems mw slwxv on & water baraz;, tmafem
ﬁa n zaareelam basin amﬂ, fmﬁea @Ith ﬁ %@ Tixe porpose of

":.; ﬂliﬁ iﬂ%ﬁ' ﬁmmtiﬁn ms to vemove all traaaa of fluoride

iﬁ!i..  This wss of gzarmmzar mmﬁame beceuse in

8 premmmm mmaisaame experimeni; camieﬁ m:t on m@ Be

) 'or @spa gmﬂ;e, ﬁms mamtmn was mg t:ake'n mﬁ t}m

R rasultam eluete mai&m was 8o laz'ge as to I:m vip%uany

ﬁnmanagea‘bie. : It hos also been ﬁiscmereé t‘&at an excess
'l-uf a’a}.pba%e ums 15 rmt aeg!.mme snd. aworﬁingly efter _‘

- _"mmg with Hy50,, the rock sovple was ignited at ebout

€§. N The rasi@ae vee then redicscived ins ‘R HCl.

. ‘I'hia latfer z:mceénre wae ren@m& very ﬁifmmlt and teai@us
»"heeause ar the mm tian af insombm rerrié aﬁ&@ éme to

" the ‘high tgnitton temermm employed. 1In @ later

: experimenﬁ, ﬁm fault ms reci:imed by 3@1%1&@ et a lower

N 'iemperawm ang no. diffim 1ty ma then me@ﬁnﬁm&.

| fhe rm smeimm o parti@zmﬂy hi@z in Fe m& this

':—ri‘amw, @mmﬁa with ﬂm large mmmt« of rock an@.mﬁ
ren&ereﬁ ﬁm @ffmﬁ:im aepamtiem of Fe« from the trace

. H
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elementes somewhat problematical, In order to s ive
thie 4iffimlty, & double abeorpiion and elution techﬁigm
{snalagovs to donble wecipitation in @avmme
analysis) vae used , in which the solution of the rock

in S HOL vas abeorbed on the resin, the sbsorbste

woshed with 100 ml of CF #0) and eluted in the normsl
wanner with /46 BiOg. In this case hovever, ouly ohe
froction was foken instesd of two.

After @mﬁim with peld, ﬁw column was furthep
eluted with 2,000 mls of ¥. BE,0H . This smonia traction
wan teken to deyness, collected in the usual ¥ell matrix
end held Yor subssquent spectrogrepblic exsmination.

The ANOy frection however, was teken to dryness,
redisedlved In o mn volume of 2¥ EGl, resbsorbed on
the column end vsslled with acid of the sams strength.
Phe colunn was then eluted again with 5/4 MNOg and 1nm

this case m@ usual "iron” and "main® feactione were taken,

The resin itsell was ignited, the ash eollected
i the ¥oCl waiprix ané trested as a mg@m% fraction.

The iatter, & Blank on the rengents, the smwonin fraction
ané the iwo pcid fractions were then exsmined on the
spectrograph in the ronge 2506 4 1o 3300 A using Kofak
ics-0 Pilue-sensitive plates, By using this range it
vas possible to oberve the scnsitive Auv line at R876 A,



Fot only 1s this line very sem 1tive but 1t is also
| 'mr’mbly free from interference, | |
 Au end 611 the platinum metels eme;m oo vere.
detectsble in one or more @t the fractions. No tm.ee*'
\-af Re was observed, | S
. The s;aectwgrém M the %ﬁﬁ@s ﬁmain” rractim is
“ehowr in Fig 1Sm. ' |
. A summary of 31‘1 %he m’fﬂz mtﬂs‘ detected m

- the Mﬁk mcm ia shown m "‘zibie i@ bemw S

|{shis teble shows under the relevent metal the Ilines used)

D - q -
: Fmati@n | a4 |pt [P Ir R Ry

ssos | o

Iron e |0 0 o -
| o . 5897

Fitric
loetd.

2676

865?
5064

&% oi.

34048

3421

ma&

3220

3328

597

0876

2650

| et a1,

3404
3421
3634

s8es

3498

Begides the above elements, the following were



Na 3305

Rh 3385w

Ir 3220 -
cu 3247 - B
Cn 3274

Fig. 15e (150 - 8 Pc-bearing roek
ex Lerensky Reef;e

Ru 3498--8



] '-,35_- 

also ﬁatecﬁed .-:Hﬁ Zn, ca, Bi, Sn, Ph anﬁ Ag. There
- was no’ trace of Tl or Eb. ' |

a The previous 1nvest1gntions hsd been earrieﬁ out
on 150 g. sr rock'and juﬁging frem the inaansities of thg
Pt llnes, & smaller quantity efAmﬁteripl {say 15 g.) would
have shown this element qulte engily on the spectrograph.
?nis does not of cuurse agply t6 the rarar eleaﬁnﬁa such
"es Ru‘where\ahe full quentity of apacimen wng requirad

%o éﬁsure’deﬁectinﬁ. Thet partieulsr rock md been
sslec%ed because its platinumﬁbearlng nsture rendered f
dotaoction of at leest some of the nobls.matqls.likely
but the guestion =ss to whotherfa common silicate such R
- es granita was £l80 likaly to show aay of these alemanta '
-nvs of more than aandaaie intarast. o ‘

' An investigetion wns therefare eubeequantly
earriediaut on large s&mple>gr Gapa»granite 'in order
%0 estsﬁlish‘which,7if any, of these very rgre‘élamaﬁts
could be detected. '

A' A. 200 g. samgle ef the rock weg used far the
qsudy and this is prabahly the upper ‘1imi$ of sample size
thet onn be taken withaut sPacial puririaeaion of the
reagcnts althaugh no treace of nny of the noble metwls
. wWeS detectea in the blsnk..
| . The techniqae usa&.fur the treatment of the
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. previous roek sample was furthermadified ta eliminata“"'
diffxculties that hnd been encountersd and a final.
enniehment factor of about 20,000 was nehieveﬁ. ::The'

| reviseﬂ proea&ure wps es follows.-

“The 200 8 ‘ssmple wes digastad with xhe ususl
mixt'.ure of HF snd mua regis in Taflan beskers and i‘umsd
as before but in this cazse ignition was ca:ried out 8t &
| mhch 1ower temperature (¢.500°C). Thev:aéultvof'this
procedure was thet no d ifﬁqiﬂty was :evxpar..;eno'ed in ':t,he |
'_'rédissbluﬁieg'in'zﬁ ECI,,{'Tnisiéalution was now sbsorbed
on thé standard 'si'ze celum'-(ze'ém.- length an&'i‘.- 8q.. -ém'.' ‘
-cross-sectional area) -and washed with HC1 of the eaﬁe |
normality.._ '

o Inataad of eluting as beﬂare, the entire resin Q\

‘was 1gnited, the ash Tedissolved in & smell volume of HCL

»‘gnd this_solution absorbed on # mneh smaller aolump.of only
e quarter of the'cgﬁabity of ﬁhe:ruhmat.', This smeller

3
' wiﬁhh ammbni‘a. , E’he resin itself wes also ignitsad and

eolump'Was'then*wasneﬁ'éna sluted rirst with ANO, end then

treat.eﬂ 93 9 separate fracl;ian as before.

The fmct;ions were taken to dryness, eallected
in the mual NeCl mtrix and srced in ﬁne renge 2600 s

 to 3360 A. o

‘I‘he spectrogram af the EN«O fr&csion is shown
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in Fig. 15b.

Pt 2659 and Au 2676 and 3145 were clearly
visible, but no lines of the other platinoids were
detectable, DBy this new procedure very effective
separation of the Fe had been aschieved.,

d) Discuss

The experiments have clegrly demonstrated thmt
even the ve;y rarest of elements can be detected by the
combined procedure provided that sufficiently high
enrichment factors csn be achleved.

It is clear that it should be possible to
determine many of these elements quantitatively the malin
limitation being the difficulty of removing certain
metals such ss Au from the column. This problem may,
howaver, probably be surmocunted merely by washing the
second column after reabsorption, then igniting wi thout
elution and determining the elements in the resin ash,
This procedure has indeed been employed in determinms tion
of trace elements in sea water. If it is also desired
to determine volatile elements such as Z2n, Cd, Bi, Sn
and T1 at the smme time, these must be eluted selectively

from the coiumn in a separate operation,



THE PLATINUM METAIS AND GOID IN SILICATE ROCKS

SPECTROGRAM OF ELUATE RESIDUE.
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F1IG.15b - 200 g. of Cape granite,

Au 2676
Na 2680






| The scoge af zhe anian exehanpa anxichmans

'teehniqus a8 apglie& to silicete rocks hﬁa alraady bacn
itully discussed. Xt hag bﬁen ah@wn that enrichment’
f.faetors of up tn 20 Oi@ cen be aehieveﬁ but beyonﬁ this
samewhﬂt arbitrary limit it is liksly that sgecielly
mriﬁeé reagants wwm heve %o be mpzayed fmr -the
'deﬁermination of some elemensa. '

_ O.f ‘the rvaagenbs thet ;are useﬁ m the "ssandara
vpznceﬁure" by far the grenter ameunns aTe useﬁ in the 3
aiSsnlutian of the reck.smnple 1tsalr. Ir = msterial cen

ba,tmmé‘ whi_eh is -‘alreadj_yv in sqlutmn, clearly,
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higher enrlchmant raetorﬁ could be achieved and _
moreover 1f the praperties of tnis salutian were such |
that 1ewer ECl eoneantrations could be useé then aven
higher anriehment factors should be attainable.

' These lstter considerations have led to this
1nvest1gation inta the pessibilities af detecting snd
1 estimating traee alements in sea weter since here is A
cese where no dissolution of sample is needed. In l
addition, s will be shmm }ater, the high chlorme
concentration of sea water ccnsiderably affects the
ﬁ distribution eoefficients of the chlero-complaxes of -
=e@rtain_elgmen$$,v' ?he extent of this ‘Ghenge is such : 
thatla‘ldw HElvconaentration in sea water will prcduce
the same degree of absorptian of a- givan element onto
the exchanger as k) muoh higher acid concentratxen in a ‘
pure aquecus medinm. I  “, o
‘ _  | Since appreclably smaller qunntities af reagents
are needed fer tne treatment of sea water, 1@ should be
possible to attalﬂ much highar enriehmant fectars without
undue rlsk of contamination fr@m the reagents. I will |
| be- shown that in fae% enrichmant factors af up to
20,000,000 have beén Teached at which level most of
' those trace elemsnts in saa water which form strong

chlorofeomplexes aheuld bg deteeteble. This‘of Qourse,



Anly apiﬂlies i-ﬁ this 'cév'Se to thes’év elements tnt fbrm.
strong complexes et relatively low HC1- eoncenbrauions.
o - The sultebility of ses wa%er for these enriehmeab
techniquas is raally quite remar@ble ond mdead no
) batter meéium could mearatically be contemplated since
- not only does it posmess the advanteges mentioned
-'above but is also significantly frae of Fe (Gonc C. 29 ppm),
n'tha element wnich hns eausea much inherferance in pass
investigations. | | T
o ot one of the magar Gonstitments of sea water ’
- is likely m eause interferanee. , cons:Ldering the
*’suitability of natural waters for ion-exchnage enricnmtmt
techniques, it 18 surprising tmt 80 1ittle work nas
' been dane in hnis field. Saeh MVestigai;ime that

s ‘have been carried ‘out have been confined mainly to

"-’Scand inavie end. iiussia . (&ee‘ Mcseaw Geoehemicgl
:‘,"Sympositm - 3,95‘7). | - IS

AR ‘Lure ‘and St;efanovitoh (1947) used a catifm

: exchsnger of sulphonie aeid type t;n ceneentrate Cea anc}

Mg fram namral wm;ers an& eluted these metals with
hydrachloric pcid. This mrlc was further develapea
by Nydahl (1951) who ‘extended the mthod f,o include

. Na, K, Ga Hg. 1?9, Hn, 01, sc&, and Pﬂ,&, the last three |
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- lons being retniaeﬁ by Y weakly basic anion exehanger.
j _ - The invesgigmtions which are\aescribed 1n this
*‘Thesis are confined mainly the rollowing eLsmants-

- Bi, Cd, Au end Zn. Sa whs not 1nves%1gated beceuse of
"j n ré1etivs1§ high reagent blenk even after puririoqtien.'
 With the exeeptian of 4n anﬂ Au, sbundsnce data on all
| these alements AaTe exoee&ingly spgrse. ' _

- Spectrographic procedures have been used by |
| mg@y warke;s for the detection of meny tracg el ements in

sen water after'ihitiql canéeﬁtr@tia& usumlily by'chemical'

",,matheds, but, 88 far as can be neeertaiaed, this 13 the

first time tip b purely ion axehange enrichment techniques
. have been useé far sueh sﬁudies.A
‘ Ia the preqent wnrk enly 8 siugle reagent is

used. for the enrichmant.methad (apnrt frem 2 vezy small

 j.quqntity of HN05 ng eluent) and this is # ﬁistinet

» ,pavantnga over many other methods or enrichmsnt partioulerly
'4; a8 the reagent in questlog is aesily purifiable by .
::distillation. _ o ”
| In view of the Pact Lhat qnnntibies of up to
'-g i ton of ses " wgter were,uaed};n‘cne;wurk,'the investigstions
| ﬁwere,earried”ous4atfprami593<aoida11y pn_t@é sen frﬁnﬁﬁin

_order to facilitate sampling end hendling of the material.
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o Ailjéémplas'(exbegtismail spounts of waté;'takgn
;,fram>cut ﬁ€éaa for reconnsisence. experiments}:wera teken -
“jtrom & sﬁr&ﬁch of - beaoh frae nr eng effluant ﬂiaaharga pipes
‘end wers taken’ only on still deya vhen the ses weg calm

and elear. It woum i.ndead heve been prererabla %0 have
.ﬁtaken samgies fram ﬁar out at ses- but ﬁhis wns impossible

ﬁvouing‘to the larga quantities of sea water invnlvea.

Tne apparn tus used f@r this invamigation wes bnsi.eally
Fimilnr %a that nsed in Qrevious shuﬁies exeept thet

._,Wmﬂéifiestlons had ta ba mgﬁe to suib the ve:y much 1nrger

- qusntitles of mnteriai hanﬁlad. In aaditian, e smaller eclumnp

&han hitharto was amglogaﬁ._v ?he smgller column could be used

» becausa although mnch.largar qunntities of sbsorbate were

o to be used, most of the elements undar investigation heé. auch

| 'high dlstributiun eoafficieats unﬁer the eanditians empluyed,
" that this siza of calumn was lnng éneugh to ensure |
quantita&i?a ratentien of them. {see equstian 6, Part 1),

~ In some esses such.aa aa anfl 2n the eolumn was too
small to ansure quantitative retentians but. this problem was to
v"ba solvad by forming an sstima te ar tha abunésnce of these
olements by the sa-galled “frantai.analysis" method. The
 principle of thisiﬁecnnique is, tngt,.proviaeﬁ the volume
&ﬁstriﬁuﬁimn caefficient”efwthe element is known, .
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acourately, 1t is possible to celculete the distance thet

~ en absorbed band would trevel down the column. This

R @_is%sgmb@ is a;iviéeé' by the na-cf;mi Iangth of the oolumn

" and » fector hence obteined. The smount of &lmm 5 aatuéily
“on the éa‘lnma' is deternined after absorpf:ioﬂ is eaﬁpiateﬁ
~ ené this figure is multiplied by the factor to give the fzetel
'cmten&r«atim in the ses wmter. 7his frontal ennlysis
| : methcd ia not 8 socurate a3 zme invm,ﬂng qmn&ibshiv&
-retanﬁisn of the elmam ccnocerned, buﬁ hes the dlstinct
_ qavsnim@e that ;;rim- mificaﬁm ef the wlum is nafs
necesgary sirme any aig,niﬁaant inpmitiea are eluted
from the colunm Ilang before tha sbsorption atep is wmplete&.
In thie mrk: howaver, it wos necessary o purify the resin
_becnnse eertam al@mnm sugh aa B, wara ao% deternined hy
frontal malysis. , R |
‘ The éimensima of the eolm ware o8 t@nwa P
In%arnel éiameter T ﬁ m. ' ’ﬁzsrefcra, erass—seetional
ares 0.5 sq. om. "?e‘ighﬁ of resin bed :- 13°2 om.
The column therefore oonteined ebout 5 mls of bed end
Vrepreaaﬂtaﬁ 2.0 g. of resin. ) '
 'The nbsargtian of tmce alsmants fram 25@ 1itres
or mr.era of gee woter ;:resentaa 8 gmblem of some neganituds
not tmly in terns or hendling lerge mmmas, put alsc in
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thﬁ necogsityfnf‘fiitering eny suspended so0lids in_ﬁhe
- materisl. Both prableQS‘uerelgaivea by the gaast#uctiaﬂ
| mf'an'axbremely lsrge "chicken feeder” ﬁsing 8 10 grllon ver:
”bay;' Reaavel of nny suapenﬁaﬁ EntLer wes erfeeteﬁ aainly
. by gaﬂimentaticn and pp"tly by filtrasian via & caﬁtan
fwﬁ&t‘glag ﬁn the ion exmhnnge column it self. |

_ ?ha apgarhtus is illuetrmtea in ?ig. 16. j'It

=will be seen tﬁat the eerbay wes suspended evar the firat
of two sefimentetion bottles.  The Iqﬁter'wns caanacteﬁ
o tha second bottla via & p@lytnene aiphon tube. '
: secnnd ayphan a@n&eataﬁ thﬁ secanﬂ bottle te uha fon
.exehwnge ¢column itsaif. - In order to cbviete grg
 bubbles "bresking" the eiphon, the siphon tubes
gﬂssea through smgll invertod botuies f£1lled un
the naek with the ses water. | \
_ _“his cnmbingtian,af sedinentation and -
tiltraticn;wns‘5o.qu¢eéssfu1,that.thrsughautga

100-day sbsorption period, no detactable slowing-

daﬂﬂ of #ha‘rloW'raté @aa«naticéé;i,’This{r§te_uas"
fiiea at‘1d6 ﬁislhnur,'ﬁnd‘ﬁns regumate& by?the:

v.usual hyﬁrbstatia pressura method. The resiﬁnal ,

' ,“rilﬁrate” wes. pllawed o run to Wasﬁ&.-



A =10 GALL. CARBOY

B = SEDIMENTATION BOTTLES
C =SIPHON BOTTLE
D = ION-EXCHANGE COLUMN

F1g.16. Apparatus used for sen water experiments.




Since the values fbr_Dv for these three elements were
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 C4d were expected to be only relatively strongl,
absorbed on the column, the distribution coefficients were
dete mined colorimetrically., (i.e. colorimetric methods are
not sufficiently sensitive to determine extremely high

coefficients).

i) The determination of the distribution coefficients of Zn &C

Similar techniques were used for the determination of
the ebove and the procedure was as follows :-

The "fines" 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
form end vacuum-dried over anhydrone at 6000. (This was the
same as the procedure used by Kraus et al, for Dowex,l.)

One g. sarples 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 éuplicatesiwas treated in exactly
the same mamer except that the 50 ml. of N/1000 acid was
prepared in sea water instead of distilled water. The

flasks were agitated in a mechanical
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shaker for 94: hours eni al iquots taken at the end of
$hiis period.
The aligquots were snaiysed colorimetrically
with dithizone (Sandell 1950). The acidities of the
flacks wers "i’h._aﬁ: incrensed to N/100. by the addition of
HC1 and sufficient distilled water or sea water to restore
the volume of s@iutxan to 50 mis.

The procedure wos repested several tims w.tth
graduall y inereaging HO1 normalities of /10, W, 2N and

3% and m this way ﬁ s msaib}.e to plot mms of
-”distributicn emfficienta a8 n fanction et‘ HC1 normslities.
. The curves for 2n an& ¢d are . shm m Pig 17 and

o t“ha ﬁata am x’eawﬁed below in Table.ﬂ.s. .

HCl mormality | K. | D

- Pn.in purs W1 |C.1 ) 2@ ] 8 o
: % 12,0 L 2409 . 960
sea wa*!:er £.002 - | 102 41
" " 10.01 : - 472 . 68
10,1 . 441 176
- 11,0 ‘. | 3876 | 550
: R S - el 688
pure HC1 |0.00Y 30 4
L2257 TR 71 28
* 8.1 - - 2320 | 848
® 1.6 o 8900 1560
8 water|C,001 . - 812 124
" 1g.01 . 812 824
* 10,1 | 8640 1456
® 11.6 , 4916 1966
n 12,0 ' 2482 993




, - ~
o
j 1000}
| ’—’/"
| 100}
j """
| D>
' | =Cd in sea water
10¢ B=Cd in HCl ((Brooks)
i C =Cd in HCI (K&M)
J/ D=Zn in sea water
. -JE %Zn in HC éBnookg)
[ F Zn in HCI (K&M)
0001 oo o1 ~%0
. HCl  normality
EIG.17. The volume distribution coefficlents of Zn and €4

in pure HC1l and in scidified sea water, (data

of Kraus and Moore are included),
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- In order %o afford a direct comperison wvith the work
of Kraus and Hoore, the velves of E, obtained from {he
avove experivents were converted to D by dividing by
2.4 {See aleo pege.22).  The Ersus gnéd Hoore curves
heve &lso been iIncluded in Fig.l7 end it will be noticed
that there is & varked difference in the shape of *thér
curves for pure HCL solotione end for acidified sen wuter.

. 1%t wi)l elso be noted thet there io gmﬂ correlation
between the cuthor's dota for pure HEL end those of
"Ereus end Hoore who used a different resin.

This Aifference in behaviour of the see woter and
pure #C1 solutions 18 particulerly well demonstrated
in the virtuol non-sbeorption of Zn in T/100 Bl
whereas in ses water seidified with the seme mantity
of seld, & distribution coefficient of 68 resulted.

The seme pottern of behaviour was spperent for C4
_where g value of 28 for ‘Bv in pure K/100 HQl -céﬁi}mﬁteé
with o Tigore of 324 in sea water conteining the some
acidic concantration. ,

. The concluslons that could be drawn from these
recults were thet the high chloride concentration
of sea water reesnlts in higher distribution ccefficients
at low HC1 e@ncmtmﬁam than wopld otherwise be cbtained.
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It is indeed poscible thet Zn end €4 might be sbsorbed
from ﬁmeiﬁﬁieﬂ sen water but simce the o of this
vmmvﬂ ia nanally mi@ttly over 7, 1t is adviaable
i'o ensure i:’bat the sea mter contains at :beam'; some
ﬁel te as’miﬁ the pﬁs&ibility of hy&rolysiae |

The signiticance of mm “”miaformem” of
emam«empluea by t‘he high ézmride mmemmtion or |

. m water ig gmat haeme &ighﬂh&tﬁm cﬁemeimta

ath&misa be wgaireé. The lmiﬁtwns

or a certsin ﬂesire& mgnita&e can now be aehievea ‘by ‘
_msing a aigmﬁcantxy amner quantity ot' #C1 ﬁzm ﬁwlﬁ

by reagm& hlmks were hent e emormously mﬁmeﬁ ané it
was possible to ﬁb%ain mri@mt fgctors of very m@v
 magnitodes. {c.»lﬁ Y. |

_ ; Reemaiaannp &p@ﬁmmts wers carried out on
_ 4«5 ntre guantities of ﬁe-a water aeiﬂiﬁe& with ﬂcl,
-The . ssrples were Leken from a point bout 2 miles from
aaﬁam in Pahle Bay, Cupe Tom and wore :@ﬁta ined in -
45 iitm wbﬂya' #ﬁaﬁted to feed the solution é&r&eﬁy ‘
m% an onion exchange oolivmn by Tt ﬁ‘f a “"chicken
!'e,eﬁerﬁ arrangement, - | _

_ The mmm@n was paased mﬁu@x the wmm at
g flow rate of a;épmﬁmic‘zy 100 ml/hr and sl ter ebout |
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three weeks mn the éoi-i:«st ion ’s’ﬁagﬁé‘ had "né'en compieted,
the colum was eluted uith B/4 ams ond examinagion © -
of the eluate residue was carried out on the sgpectr cgraph.
Traees af Zn an& Sn were found in the residue but no
 Au, T1, Bi, at‘ cde ‘ |

It was apxsamnﬁ that this auantity of see water
w. swae insufficient to provide detéctable emounts of
these verw ‘rare. :élfa‘zi'e’nts and further gtudle ay were ’h&s&ﬂ
‘on much larger quantities of ée‘ak&sﬁéﬁ. o

~ The quantitative speétr’aehemical procedure that

b

was adopted was similar to tha‘b used for the aetermmatian
of zn,m, sn, Cca ami 'El :ln sihcate rocks. smee |
..the Naf:l mfn’ix was iden‘ti@al in Tbeﬁh @seas, the ,
reproﬁﬁeibin &y 92' Sb -as iaterna:t sﬁméard was, aeaum%a to
| be the same but =6 Au hed not been determined before,

| reprcaucibinty tests were wrrﬁed out on tm suitability
of 3’5 as an internal standard f@r this element. -

A series ﬁf i2 arcings were mﬁe in whmh %he
individual eleetroﬁes wers Iinaded ﬂ‘ith ﬁ.@@% m. An,
0.8 mg. Sb and 1B mg. of Hacl matrix, Thev areings vere
@éz‘*ﬂe& gut at 7 aﬁyg in .ﬁié range 26004 fo '3_86% md
the gpectrs ware 'reicéf&ea | on Kodek 1@3«9 plates, The
electrbodes were aimﬁarv to thoscused in the quantitetive
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studles described in Part II,
The results of the reproducibility tests are showmm
in Table 14. and are also recorded in Pig.18,

TABLE.14

Antimony as internal standard for golgd,

Line pair Au 2676/ Sb 3267

Arecing No, Intensity ratio,
1. 0.64

2e | 0. 54

3. 0.64

5. . 0,59

6. ' : ’ Qe H6

Te Q.57

8. : O. 50 :

Do 0.850

10. : - 0.59

11, 0.54

i2, - o ] 067

The standard deviation for the variation
of intensity of the line pairs was found to be 0,066
"on an average intensity ratio of 9.57 and the coefficient
of variation (standard deviation expressed as a percentage)
was therefore 107, -

Sb was clearly a good internal standard
for Au under the conditions employed.

The spectrochemical procedure that was



|
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" INDIVIDUAL  ARCINGS

FIG,:LBe Reproducibility tests of replicate arcings for

the eveluation of the suitability of Sb a8 an

internal standerd for Au,.
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finnlly adapteﬁ we8 ag fﬁn@m :- _

" After shesrption of the trace elements i“rm the "
sen vgter, the mim ms washed wiﬁa 21 HOL end eluted with
1006 mls of /4 mﬁﬁ The resin itseif wag ignited
aﬁ'tar elotion and the sdh mixed with ﬁa@l matriz end
%mfate& as & sepsrate maﬂm. The froctions were me&
at 7 emps in the mge 2600 A to 33!33 A and the apemm
recorded on Kodak 103-0 mates uaiag f.he some electm&@s; a
.a& far t’he mgmﬁmmnity tests.

| ;ei)i ;Theﬂte ion o jum, bismuth 14 $n 77
R Of those elements that were to be investignted, £
wis probable that Au had the lowest concerntration in sen

water end if the date of Haber {19%7) were teken 8s en .
indication; 'ﬁp@mmmté‘ly 250 1itres of sen water would
" nrobebly have -‘Béen required to sfford s sufficient smount
of detectsble Au.  The investigation wos therefore
_.baswﬁ on the aae of & winimum quentity of appmximtzew
250 Mtres {é ton) of gea water, . i

. The aimaiws of the column were such that 1f ﬁ(’l

re added to the mes weler o the extent of forming

¢ decinormal a@mticm, the dfstribution coefficients

of '1*1 s Au and Bi -we?éf likely to be suffict e;itti*y high to
engure quantitative retention of these Metols on the colum.
©d and 2n were not 1ikely $0 be retwined giantitatively
but since the dlsiribution coefficients of these clements
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in sea woter had olready been determinesd, the abundance
of each coudd be determined by the Prontsl snalysis method.
Approximtely 8% litres of concentrated HGL wers

required for the acidification of the sea water mnd this
acld wes purified by Gistlllation of a sinchester of
the AnslaR grade mtwrial in an aitkmse apparams. -
A reagent ‘blonk éimweﬁ ﬂw mtim abaeme of Au, o8 ané
T3 but mn tsmaaes af Bi eana Zn mmaxnaa, - The amnt of
. Bi present waa Iaear foma m anouont t@ mﬂy mﬁa d_:‘ the
quaaﬂtw fmzm in ‘&hs m ta*ﬁar. | L '

| After aeiﬁifmatinn af the sen wa%xﬁg mfmeieat

’fthig elm&ﬁt uwp to 1 mm in tm aea wauz-. m purpose

- th&s pmee&m*e ms to enﬂara that my thallim vage in the

_ 'azmised atete, o Qrevent re&aatiﬂn of any of &m metals
_l‘e;y ﬂm w}m, an& to amaapt m lesaea the aaagur of
: a‘%sarpﬁan @f‘ g@lﬁ on ﬁ:e walls m“ the mn&: iaing veaael,.

~ The sen watﬁr wew now mesed through ﬁm solum vie
the ap;mm tus. aeacmma in Part IV See%ma be  The flow
rate uas a&;ustcﬁ ta ien, fnlg/hy end abm,i. m& dﬁ;ys were
m@aimﬁ for the sor;;tian sta Ete | ,

H - After abasrm;wn, the colutm weas mehed m& eluted
with 600 mle of B/4 HNOy. The resin was then ignited
end the ash trested o & separate fraction. This fraction
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togetier with the eluate reésidoe wos collected inm the -
‘usual NaCl meteix snd snelysed awcﬁmgrapmean v using
5& a8 the internal stenderd. '

“pistinet iines of Av 2676 , G4 8861, Bi 3067 and
‘2n 3345 were fletected snd the spectra are chomn in Fig.19.
‘Unfortunately no trece of 71 was detected due pussidly
%0 o rather ‘high cysnogen bsckground in the mgian af
the most sensitive T1 iine ot 376 A. ;

The ?}n line at B345 4 wse somewhad 4iffuse and this
g;meiuﬁaﬂ 1ts aeeumte maasﬁrmt.

,m m‘aez- t0 ﬁe%ermim The ahtmémces of ;&u, Bi
‘end ©a in sea water; mrking curves were now mmweﬁ
- for these elements using Sb 3267 as internal stendard.
"fh&se curves are chown in Pig.20. - - Varying eammtﬂatim
-af x, ﬁx, 4z, 6z and mx were used where X repwammﬁ s
T 0.0001 mg Au

0,002 mg cd

e.ml wgBi | | | |

To mch stan&ara were: aﬁﬁaﬂ 15 mg af Ham. and @«B
| _mg of 3b. - ‘From ahem CIEVES, sbundance saata for a4
‘and Bi ma nbtaima ﬁﬁ»aet}y.:_  From aq‘aatian 5 )
{Mt I section 4b) it ma salouiated thai the ¢a hanﬁ
-w@n&ﬁ have ‘Lmv&ned a ﬁiseance ar 82.8 cm during - _
-'u’amrptmnrmﬁ 250 litrga of acﬁ.ﬁirmﬁ 8en water ?m%_;: -



SPECTROGRAMS _OF BISMUTH, CADMIUM AND GOID IN SEA WATER,

(The first two step sector steps are showm)
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£1G.20. Working curves for the spectrochemicel analysis of

Au, Bi and Cd in sea water using Sb as internal

standard,.
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the ea:m iengﬁa was mly 18,2 @. The epparent
ca cancentmtion mmﬁm had to be mitiplieﬁ by a
faet.or @f 32.,5/13.3 s 2.6, '

” ‘rhe mthm-'a ﬁgures for fu, Bi amﬁ G& together
:wit& tlmse of othep vmrkam tor mmmmam,are ‘shown
in 'mme 15 beiew. o -

(emreased m mgf'tan}

Flement. “ } ﬁweka o er mﬂ:ers. : e
A O i o ".““ a4 = " - “’-LN
Goxa - | '@;97- R imaﬁaeks 1840)

1. . - o . , - 0,004 (Heber 19@?)

|stemtn | a7 | 0.2 (Nodascks 1940)
Cogmium | ©.086 | '@.@52«@.95? (ue11in 1934#

. L __ _ N _ N L L _ _ . i

m evunisnce of Au in ses water is quite well
. Xnown due mainly to the Tunfementsl work of Hober
‘, (19?? 1?28) em %attenberg (1938, 1948.) |
The pmce&m uged by fia‘@e? wag to wmgipit&m
8 the Aﬁ with Pb as Pbs@ followed hy reduction of the
sfm:;m&e to the mtfﬂ, aﬁ& mbse:;uam determine tion of
the Au in the Pb by fire sssey.  Hober has reported
fairly wide regional variations in the go0ld content
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0f ses water varying from gbout 0,001 to U.01 mg/ton.
| fThe Noddacks heve reported a Figure of 0,004 mg/ton
which is in close sgreement with Heber.
| ' mher wopkers have veported higher figures of which
me m’gﬁe-?s%* are those of Stark (1943) who has publiched
& vazue of £ mgi’wn for the &Hamie conat of Spein and
0.2 mg/ton for ssmples taken from the Adriatic sea., He
bas also reported 0.4 mg/ton for the Nediterranesn sea,
- - Putnem (1953) ‘has given a %mi-»guanmtatzw |
',eﬂtimzze of O - 46 mg/ton for the FPgeific const of UBA.
| Geldve1d (1938) has published s f1gure of @.1»0.2
*?r_ag/mn 6180 for the Pacific coast of USA.
’ Except for Putnem who detected the ga}a on on
_'amazgamatea Ag/!
* inveriobly used by other workers at some stage of the

Zn muple, fire vssay procedures were

._"’i’zifvﬁ‘éat\ig@ tions.  The suthor's method is therefore
aifferent from that of other workers insofar s &
v@pﬂw‘l‘,ﬂy: jon~exchange enrichment technigue has been uned.
The value of 0.00% mg/ton reported here is very
stmilar to those of Haber snd ihe Noddacks and lends weight
‘%o & pousible average au concentration of ebout 0,01 mg/ton
in sea water. It is not clear whether the wudh higher
pesults of other sorkers such as Stark are due to regionel

'mé-za:t.iﬂm~ ar to experimentsl error but the Lfigure of
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g/ton obtained off the Spenish const seens inordingtély
bigh. | | - -

' an unkoown fector in the suthor’s work is the
1s of the @n@inm
vessnis. Heber took the precaution of spplying o

magnitude of sbsorption of Au onto the wel

protective leed mirror to the walls of the vessels snd
repoviag this with the rest of the Tesd during the
precipitetion- ae sulphate.  The suthor hes ;a:té mg@ed

to mininies sny ‘a*!sgawﬁwﬁ of su by using e very large
container fer the ses vater with o kigh volume/surface aren
retio ol slso by mﬂ;iﬁg in an @xiﬁigmg: medivn., By this
 letter procedure the likelihcod of Av existing in the

| aasily &ﬁs@r‘bgﬁ ¢ol loidel state is reduced.

Only onc other figure is availsbis for the
concentration -a’f G4 in ses weler. Hullin snd Riley {31054)
have reporied G.0352-0.057 wfﬁw from the .aurﬁace’ oF the
Irish ses. They @K%Z“@@@Qﬁ the G4 with 4ithizone in 00X 4
folloved by specireophotometrie technigues. The resslits

- were cheoksd agwtmmapmwny.

The mz‘};&r £33 mﬂmlm sre in good agreement with
ﬂmae LOPRers ﬁm& the flgure of 0.066 mg/ton reported here
is only frectiomall y bhigher thon the highest Tigures
reported by the sbove workers.

The date sveilable are far too fow to o any
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@*éﬁmte picture of the pattern of the distridution of
- €4 4n sesn water Dut ot iesst & basls has been lsid fop
further investigations.

&9 with ﬂfi only one other Tigwe is mimble
for ﬁaa eoncentration of Bl in ses vater. The fa’@ﬁ&&;
{1545) @aam peported 0.2 mg/ton for this element in ses
water taken fyow Oullmerfjord in Rorwey.  Thelr methed

" $nvolved chemical separations followed by opticel emd Xeray
: aﬁmﬁ;mg;mgmm - The investigetions of thepe workers
ayg«sams to have been mainly concerned with ths dintribution
of Bi 1n mz- m&'@m&nimaﬁ and it 95 poesidle, though not
certaln, that thelr Bi Pigire is &n estimate tssed on
i@ﬂz.mﬁet evidence. I thig i1 o, the fuet that the
: -m}%&w‘ﬁ values are o Factor of ten Isss than those of the
ﬁaﬁﬁseﬁs sy not be a‘igzax,ﬂcam.
. ze =ith 04, too Tew data ere ot present avaﬁable

to sllow » dePinite conclusion to be formsd as to the sbunds
of Bl in sea wotor but on the available evidence, a figure
of 0.0L to 0.20 mg/ton would seem to be the most accepteble.
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