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ABSTRACT

- Polarographic technique ls propcsed as a very séﬁsitive

and feasonably accurate method for the determination of trace
concentrafioes of Pb and Zn in the carbonate pOrtloﬁ of
limestones and dolostones. The studied_samplee; mostly froq
Australia, cover the time span of 110 to 2700 Ma.

In order to avoid 1arge contaminations from the non-"

carbonate portion of the rock, the samples were 1eached in

_weak (8% v/v) HC1l and agitated continuously for 4 hours.

The polarographic analysis ‘was performed uslng "differentlal'
pulse"'polafography in .éM ammonium citrate at pH 3 # 0.1.

. The geometric mean value of lead for both limestone and
dolostone was found to be 3.1 ppm, and for zinc it was 4.2 ppm
and 6.1 ppm respectively. These values are similar to published

?résulfs-'The main factor controlliﬁg“in distribution in |
carbonates is mineralogy; dolostoneés have,higher'éinc con-
centratione than limestones. In limestones, the main control-
ling factor of Pb and Zn distributioﬁ i1s not undefétoed but
somersecondary conﬁrol is’exercised by a weak secelar trend
for Zn and by'insoluble residue for poth Pb aﬁd Zn. In
eontrast, in in‘dolostones‘appeafs to be-correlated with the-

presence of 111lite/muscovite and/or K-feldspar and Pb may be

concentrated In reef-bank rather than lagoonal environmenté»b,

-~



y

11

RESUME o

La polarographie est une ﬁethode d'analyse tres sensible et
ralsonnablement- précise pour determiner des concentrations en
trace de Pb and Zn Qans la partile carbonate des calcaires et’
dolomieSu Les écﬁantilions proyiennent surtout de 1'Australie

e/)couvrent la- periode de 110 & 2700 ﬁ% ﬁ_

Pe T

Pour éviter d'importantes contamination par lg partle non

~:carbonate des roches, les echantillons furent dissous dans une

solution diluee (8% v/v) de HCL et continuellement agites pendant

4 heures. Lapolarographiea pulsation‘differentielle dans une

solution de citrate d'ammonium .2M et un pH de 3+ 0.1 fit- -
employer -pour les analyses.
La concentration géométrique moyenne de plomb dans le

calcalre et 1a dolomie est de 3.1 ppm, et la concentration

moyenne de zine est de 4.2 ppm et 6.1 ppm respectivement.

Ces valeurs sont en accord avec les résultats publiés. La miné-
ralogie est le facteur principal cdntrollant la distribution

de Zn dans les carbonates; les dolomies ont une concentration de

zlnc supérleure aux calcaires. Le facteur controllant la distri-

butior” de plomb et.de zinc dans les calcalres n'est pas blen
compris mails un.control secpndaire est'exeercé paf une tendence
séculaire dy zincret par-le résidu insoluble pour ;e plomb et
le zinc. En eontraste, le zine présent dans le dolemies semble
étre en correlation avec la présehce d'ii;ite/muscovite et/ou

de felspath ﬁotéssique et le plomb pourralt &tre concentrer

dans les environments de cécifs plutdt que dans les lagons.
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INTRODUCTION

- Alms of the Study

. Typlcally composed'of skeletal remains-of marine organisms,
most carbonate rocks are 1ithified by exposure to fresh water.
The transition from carbonate sedliment. to carbonate rock 1s acc-
omplished by changes ‘in texture and mineralogy of the sedimentary
particles. This mineralogic and textural stabilization 1s accom-
panied.by. changes in minor and trace element distributions.

THe study of ‘trace amounts of Pb and Zn in the soluble por-
tion of carbonate rocks was undertaken because-.both Pb and Zn are
divalent'cations with flonic radil such thHat they can substitute for
Ca and for Mg in'lattice positions of calelte and dolomite. Spe- -
cificallﬁ, 1t was hoped that the resulﬁs.may help to shed light
on the-following‘problems: ' . '

- the levels of Pb and Zn concentrations in average unmin-

eralized 1imestones and dolostones In order to evaluate their suit-

r

ability as possible source rock for carponate hosted Pb/Zn deposits,

- to investigate whether any secular trends £S¥Pb and Zn
in éarbonate rocks is displayed; .

- to‘investigate'whether factors such as the environment
of depositlon, textures and mineralogy control the distribu-
tion of Pb and Zn.

The samples utilized in this study cover a time span of3110
Mz (le. 106 years) to 2700 Ma and their petroloéical description,

geological setting and 1ocation, as well as chemical and isotopic

composition have been previously reported (Veizer and Compston,

-
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1974,,1976; Velzer and Hoefs, 19763 Velzer, 1977; Veizer and
Garrett, 1978; Veizer, 1978).

Previous Work

The average publisﬁ;d Zn concentrations‘fqr carbonate rocks
vary with the method used for extraction of Zn f;tm the rock and
to some. extent wlth location. of samples. Wedepohi (1972), using 3
arialysis of total carbonate rock by XRF,calculated that.thé mean ‘
of Zn in marine limestones shoul& be ~ 20 ppm, with approximately
~ 10-15 ppm assoclated with their silicéte poftion. Graf (1960) ééa.
timated an average of 26 ppm Zn in total carbonate from evaluation -
of published déta, Warren and Delavault (1961) found 18 ppm Zﬁ
using an 'aqua regia" extract of 104 carbonates of Devonian, Si-
lurian and Ordovician age from southefn Ontarlo, Canada. These
autﬂors do not 1llst the sillicate comgoﬁent of their samples but,
when obvious "shaly" ;arbonates are exclqded, theilr mean (70 sam-.;
ples) is lowered to 12 ppm. This is still‘higher than results
found by others, possibly due to the aqua regla attack which may ’
be leaching zinc from the insoluble portion of the rock. Renagd )
- (1975) in his study of Eocene hypersaline carbonates of ‘the Paris
Basin utilized 1N acetic acld on 10 g of sample at 55 °¢ for 2
hours (a2 dilute attack similar 1n‘strength to the one described in
this worg) and determlned Zn by A.A;S. "His mean value for zinc,
equudiﬁé samples which contain > 50% insoluble residue, is 4.7
ppm, which is comparable wilth present findings. Honjo and
Tabuchil (1970}‘i§ thei?'study of mostly Permian aged carbonate

F
samples from Japan utilized ‘6 ml of 5.7N HC1 on 1 gm of sample
3

-~
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acting’overnight and determined Zn by A.A.S. ‘?heir mgan valge'
for Zn on 201 samples 1s 5.7 ppm. They alsoianaleéd carbonate
samples of fermian age from Japan and of Pleistocene to Holocene
age from Indonesla, south Taiwén and Japan. Thelr meén values
for Zn are 8.2 (N = 10), 6.5 ppm gN =.H) and 2.5 ppm (N = 41) AN
respectively. Pingltore (1978) extracted Zn from Pleist eéﬂg//:_
calcite corals of Barbados with 35 ml of 5% (v/v) HCll-n 1 g
of sample. His mean'Z? value on 43 A.A.S. determinations is ‘
19.6 ppm.

‘ The average concéntrations of Pb'ip‘carbonate rocks is
5 ppm (deepohl,‘197M) ané of this, 2 to 3 ppm would be con-
tributed by the insoluble portion. Warren & Delavault (1961)
fﬁund 3.8 ppm Pb using the above mentioned aqua regia attack.
Th;s-lower sensitivity of Pb than Zn to non-carbonate con-
tamination 1is due to the f¥ct that an average shale or sand-
stone contains about A times less Pb than Zn (-25-vs - 100
ppm respectively; Weéepohl, 1972, 1974). . -~ z

A polarographic technique was utllized in the present

- study because it was suspected that lead and perhaps zinc will
be present in concentratiéns too low for reliable determination bj _
f;ame A.A.S. Polarography was first deVeloped,by He&rovsky
. (1926). Since then 1t has been deéveidped into a ﬁowerful

I

electro-chemical(gechniqpe, which can routinely measure concen-

¢ L]
12y pegion for a number of ions in solu-

trations in the .10
tion. Geological applicatiions of polarographic Technique

include determinatioq of uranlum in varioﬁs ores, (Bond et al;

\
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19714-'Mar¥t and Burastero, 1971; Batly, 1970); simultaneous )
de ermination of ferroqﬁ/’ferric and total 1ron in silicate rock
s{j:;a;és (Beyer et al 197%}{/;id determination of cq/%er,
nickel and cobalt 1n cobalt mineral concentrates and mine
tailings (Hitchen, 195&) | -

| The technique discussed in the present work was develbped‘.

) by the author for the simultaneous determination of Pb and Zn

in the carbonate portion of carboqate rocksn
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ANALYTICAL PROCEDURES AND TECHNIQUES

s . ' -

-

* Sample Preparation

The studied sampleﬁ are outorop specimens, cleé%ed of all
weathered surfaces, and poﬁjkred to <200 mesh in a’tungsten
carbide dish (Veizer, personal communlcation, 1977).

The powdered samples were dried for 1 hour at 110°C and
‘cooled in a desiocator for ~30 minutes. Approximately 2 g
of sample was accurately weighed then placed in a 125 ml
Erlenmeyer flask (all glassware was cleaned overnight in 6M
HNO3 to remove adhering metals; PAR Technical note TN 109A),

to which 50 'mls of 8% HCl was -added. The sample was slowly

-

pgitated on-a sample shaker for ‘4 hours (see the fallowing

sections). . Then the samples were filtered through Whatman 40" -

. Paper and rinsed with 50 mls of deionized—distilled water
~/;//;if; 250 ml beakers. :

A4
Y

f
The insoluble residue (I R.) was ashed at ~ 950 C fer

3 hours in a muffle furnace and determined gravimetrically.

?

Selection of Leaching Conditions

A diagenetically stabiiized‘carbonate rock is composed
from £ 50% pf carbonate minerals (Folk 197H p. 1687); with
calecite and/or dolomite as the dominant and ankerite
(Ca(MgFe)(Cb ) and siderite (FeCO3) as the most frequent :
subordinate phases (Pettijohn,l197§, p. 323-32&). Strontianitei

(SrCOB), cerussite (PbCO,), witherite (BaCO,), rhodochrosite



+ . - i T
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(MnCOé), smithsonitel(ZnCOB), and others can be present_in
pracg\gmpunts (Ellidgboe*and Wilson, 1964). The non-cérbongg?
fraétion, comprising up to 50% of the total rock, 1s composeq
of clay minerals (~10% in an average limestone; wédepdhl, i9f1,'
p. 152), si;ica, aluminosilicates, gyﬁsum, anthydrite, some '
sulfides (genefally pyrite), glauconite and coliophane (Petti-~
- john, 1975, p. 325—326). In order to study trace elements in
the carbonate minerals, it ls necessary to separate the carbon—-
a%e from the non-carbonaterporgion. The "sepharation procedure
utilized In this study is a Weak acid leacH of the carbonate
miﬁerals because mechanical separation, due to the extremely
fine-grained nature of the sﬁmples, would Be very difficuft
if not 1mpossible.

In a previous study of d¥ésolution of possible mineral
constituents of carbonate_focks, Ellingboe and Wilson (1964},
using a 1009 excess of 10% v/v Hdi, démonstrated the followlng.
relationships: a) calcité, strontlianite, cerrusite and wither-
ite are‘coﬁpletelg dissolved in 2 hours; b) 72% of siderite is
in solution after H‘hours'and 98%.aftér 24 hours; c) 98% of 3
dolomite, rhodoéhrosite and ankerite is also dissolved in 24
hours; d) 50% of mentmorillonite i? in solution after 24 hours; \,
e) pyrite, 1llite and kaolinite are insoluble at this HC1 -
concentration. 'Dreimanig {(1962) hés shown, using 20% HC1 wilth
continuous agitation, that 95% of dolomite 1s dissolved within

15 to.45 minuteé.



Chemical separation of the carbonate minerals wlll cause
some leaching .0of elements from the non-carbonate fraction but

the selection of a dilute acid leach should minlmize thls

effect. Furthermore, considerat of the covariance of Pb
’and-Zn with Al, the latter derived clearly by leaching from
the insolubie residue, enables us to estimate the relative

amount of aluminosilicate leaching that has_  taken place.

Since the aim of the present study 1s to measure Pb and

Zn distribution in Ca-Mg carbonate phases, a u%(éﬁEgggugg‘B%

. e

v/v HC1l (calculated for total sampie_as CaCO3) was utilized
for leaching purposes. Figure 1 shows that, under constant
agitation, botﬂ limestone and dolostone reacﬂ a plateau for In
as well as Pb within 1 hour. &he absence of }urther Increase |
in‘Pb or n ébncentratiohs with i1necreasing leaching ﬁeriod is
due to a) weak acld, which 1s apparently not dissdlving Fe car-
bonate aﬁd aluminosilicate constituents; b) utilization.of most
of the acid for dissolutlon of Ca-Mg car@onateé (and sulfates
if presentz with only small excess left for reaction with Fe
carbonate and aluminosilicates; ¢) general absence of reactive
montmorillonite, wqich is not known to be a common constitueﬁt
in carbonate rocks (Robbilins and Keller, 1952; Petti]John, 1975,
py 325); d) combination of the aboye.

+ On the baéis of these experimentsiand f;om consideration
of the results of Ellingboe and Wilson-(196hj and'Dreimanis
(1962) a Y4 hour leaching time was chosen. This appears suffi-

clent for dissolution of 7%£ag carbonates whille leaving the

>
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aluminosilicate fraction and siderite relatively intact, ie.

without undue I%aching.

, Poiaroéraphy

¢
A PAR model 174 polarograph in differential -pulse mode

and an H-type Sargent- Welch polarographic cell were employed
One arm of the cell contained a saturated calomel reference
electrode (SCE) prepared after Meltes (1955, p. 21-22) and the
whole cell was submerged in a constant temperature bath set at

25% =

1°¢

The supporting electrolyte was a 0. 2M ammoniuh ciltrate
sol&tion adjusted with ammonium hydroxide to pH 3.0 % .1 (PAR
application brief W-1). The peak potential (E1) of lead (II)
is -0. M3V and of zine(II), -1.03V vs SCE.

A cursory investigation of possible interfering elements
reveQ&ed that Fe(III), Fe(II), Co(II), Mn{II) were not reduced
between ~0.1 and -1.15V. V(V), V(IV), Mo(II), U(IV), Cr(V),
Ti(II), although‘reduced between theése potentials, will not

interfere with the lead peak unless present in much greater

amounts than normally found in calcite or dolomite. Similarly,

_Ni(II) and Cr(III) will not interfere with the zinc peak unless

present in amounts 2 or'3 times that of zinc. This rarely
occurs in carbonate minerals. Co(II), the element which inter-
feres most with Zn(II), is not reduced 1n this supporting

electrolyte.
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Concentratlons (in ppm) of lead and zinc in the sample

~ solutions were calculated from peak heights at E% using
standard curves prepared by spiking a 'typiecal' rock solution
with known amounts of lead and zlnc. To convert ppm in solu-
pion to ppm in the rock the following formula was used:

ppm in solution x 25 (dilution in mls) = ppm in rock
welght of sample (g) '

Transfer of Sample to Supporting Electrolyte

The filtrate was transferred to a warm (~75°C) hot plate
and evaporated to near dryness. Thie drying procedure was
crucial. If the sample was ailowed to dry too much 1t became
brown colored, almost burnt looking, and would not dissolve
properly in the supporting electrolyﬁe. The proper looking
product, requiring generally 14-16 hours evaporation, was a
vellow gelatinous residue with a thin white crust which, in
most cases, had an almost "pearly" luster. The yellow gela-
tinous residue, after cooling to room temperature, was dissol-
ved In 10-mls of supporting electrolyte (.2M ammonlum cltrate
pH = 3.0ﬁ1 .1) forming a clear (sometimes slightly cloudy) (
vellow liquid which was transferred Into a 25 ml volumetric
flask. The beaker was rinsed thoroughly with small (2 to 5 ml)
portions of ammonium citrate and thls was added to the volu-
metric flask The pH of this solution was adjusted back to
3.0 £ .1 with concentrated ammonium hydroxide and the flask

~

fi1lled to the mark with supporting electrolyte.
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" Sincs the‘sample-ammonium'citrate mixture degrades with

'time forming, in some cases, a white precipate after approxi-

mately an hour, ammonium*citrate was added to the sample just
prior torpolarographic measurement. After pPlpeting 10 mis of
sample ammonium citrate solution and 10 minutes of deoxyge-
nated N2 aeration, the sample was polarographed.
Becadse of the relative 1nstab111ty of-the sample-supporting

electrolyte mixture the samples were analysed in batches -of

12 (e.g. 10 specimens, 1 duplicate and .1 blank).

Recovetry and Precision

¢
Due to té;‘ﬁﬁsence of data for the soluble carbonate

portion of geological reference rocks, an estimate of accuracy

‘of the analytical technique was derived by spilking six sample :
powders, two dqolostones and four limestones, with known amounts
of Pb and 2Zn.. Thevunspiked and splked samples were digested -
and analysed as described 1in 'Sample Preparation' and "Transfer
of Sample to Supporting Electrolyte' sections. The measured
conceﬁtrations of the spike s calculated as a difference between
the spiked and unspiked allquots and marked "recovery" are
given 1in Table 1. The recovery for lead was 100£10%; for zine
100£5% of the amount used to Splke the sample powders. The preci-
slon of the technique, based on 58 replicate results is: &+ .2
ppm in the C-6 ppm ramge and * .7 ppm in the 6-30 ppm range for
Zn; and * .2 ppm in the 0-§ ppm range and * .4°ppm in the 6-12
ppm range for Pb (for calculatiop of precision see Crow et al.,

1960).
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- SAMPLE DESCRIPTION AND PREVIOUS ANALYTICAL DATA

The present study conéentrates oﬁ lead and zinc dilstribu-
tion in the soluble bortioq'of carbonate rocks. The samples
cover the time range from 110 Ma to ~ 2800 Ma and are predomi-
nantly‘from Australia. Petrological descriptions (following
Folk, 1959, 1962), geological information and location for all.
samples, taken from Velzer and Compsto;.(197ﬂ, 1976) and Veizer
and Hecefs (19763, are listed in Appendix‘l. These publicatlons

87 .., 86 180/16

- also describe the secular trends of the Sr/ " "Sr, 0 and

13,,12 v : -

C/7°C. Sr elemental data are discussed in Velzer (1977).
Major element composition of the samples studied 1s on file
at the Depository of Unpublished Data, CISTi, National Research
Council of Canada, Ottawa, Canada K1lA 0S2 «Veizer and Garret,
1978). 'These data are discussed in Veizer and Garrett (1978)
(alkali metals) and Velzer (19?8) (Ca, Mg, Fe, Mn, Si, P and
T1)., 1In éddition, Cambrian and Precambrian samples were
analysed for C (organié) and S (Gustafson, L. B. and Velger, J.,
unpublished). These measﬁrements were available to the present
author for evaluaticn of the possible role of CO and S on the

rg
distribu@ion of Pb and Zn in carbonate rocks.
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DISTRIBUTION OF LEAD AND "ZINC
. IN CARBONATE ROCKS

Average Concentrations

ration of Pb and Zn in the soluble portion of

" carbonate rgcks (recalculated to 100% carbonate) as well as

"the insoluble residue cbntent'are'summarized in Appendix 2.
Evaluation of the gggalculated results suggests that their
concentrations ére lognormally distributed. In order Fo test
this assertion a X° (goodness of fit) test (Crow et al, 1960,
p. 87) was applied to the log tgansformed data. It was found,
;t the 95% level of significahce, that for b%th Pb and Zn in
limestone and dolostone the log transformed data satisfy the
Gaussian distribution (ef. Figure 2a and b). The lognormal
distribution of trace elements in geclogical specimens 1is
apparently a rule rather than an exceptlon and the matter was
diﬁcussed in Ahrens (1954).' These histograms include all
analysed limestones and do%ostones. However, two-samples with
very high Zn‘concentrations (No 161 with 113 ppm and.No,D107
with > 400 ppm Zn respectively) and two samples with éxceptionally
}ow lead values (No D139 and No D181 with <0.1 ppm Pb) were
eliminated from further consideration by Chouvenet's criterion
that theif'probability of occurence was less than_} N, where N
is the number of observations in the populétion (Worthing and
Geffnéf, 1943, p. 170). The geométric means of Zn concentra-

tlon for these corrected.limestone and dolostone populations
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are 4.2 ppm and 6.1 ppm reepectively;'and for Pb, they are 3.1
ppm and 3.1 ppm respecéively (cf Figures 2Za and 2b). Subsequent
statistical evaluation was based on the corrected populations
utilizing the SPSS {(Nie.et al, 1975) version H, release 84,

August 1978, for an IBM 360/65 computer.
The Role of Mineralogy

%R and Zn°* can substitute for either Mg2* or Ca® in
the lattice of calcite orldolomite (Graf, 1960; Deer, ngie
and Zussman, 1967*rp.l978, p. 489; Berry and Mason, 1959,

p. 405, p. 411). Consideration of the rules of ionic substi-
tution (Krauskopf, 1967,-p. 463) suggests that, due to their

.divalent positive charge and ionilc radii (Pb2* = 1.20 x 10_8cm,

2n®* = 78 x 1075, ca 2 - g9 « 1078m, Mg2* = .66 x 1078emy,
1t would be expected that limestone should conbain higher Pbe*
and lower Zn2+ concentration than dolostone and vice versa;
other things, such as availabillity of these ions, being equal.
The above inference appears to be in aceord with the
observed Zn data {(cf. Figure aa, Table é). The ;%test and
t-test (cf. Nie et al, 1975, chapter 17) show that both mineral-
-ogical groups have similar vBriance, but their geomegric means
are different at the 95% confidence level (Table 2).° This
statiéticél difference notwi hstanding, the observed differeqce
1n mean concentrations 1s-iess an expected. Coetrary to féj

expectatlons, Pb distribution in limestones and dolostones has

© similar varlance as well as mean concentrations. Due to the



,

discussed difference in Zn concentrations of limestones and
dolostones, .the log of Pb/Zn ratio shows a distribution
pattern similar to that of Zn (Table 2).

' The relative mineralogical insensitivity of Pb and Zn
-concentrations is difficult to reconcile aith crystalloche- ’
' migal considerations. lIf correct, it may suggest that a
considerab&e’ﬁroportion of the meaaured Pb and Zn are assocl-
ated with the non-carbonate portions of tne roeks and incor-
porated into the soluble fraction either dhring acid digestion
of the samples or by their releaee durlng diagenetic breakdown
of detrital minerals. Alternatively, it may be that lime-
stones and dolostdnes are, by themselves, very heterogeneous
groups, each containing many facles as well AS samples of
vastly different ages. To avold possible undereétimation of
the role of mineralogy 1t is necessary to evaluate the influence‘
of- a) insoluble residue, (I.R. ),\b) facies, and c¢) petro-
graphic types on Pb and' Zn distributions. Furthermore, d) the

role- of secular variatlons and e) the effect of organic C and

of S will be discussed.
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/ CONTROL OF LEAD AND ZINC DISTRIBUTION -

A IN CARBONATE ROCKS o ‘ .
Introduction

In“order to evaluafe the role of the insoluble residue,
facles and secular variation on the distribution of Pb and Zn,
toe.measured conceﬁtretions were comQ}ned with reported petro-
gréphic (Velzer, 19fl), chemical“(Veizer, 1977, 1978' Veizer and

Garrett, 1978) and isotopic (Veizer and Compston, 1974, 1976

) Veizer and Hoefs, 1976) data on the same saﬁples and subjected

to R—mode factor analysis wlth PA2 procedure (ie. principle “
factoring with iteration) and Varimax rotation (Nie, et al,

1975; chapter 24). The effect of petrography and facies were
further evaluated using Student t-ﬁests‘and the effect of

seouiar varlatlon as well as S and organic C were evaluated )/?\L/
using interelement correlafion coefficienfs (r). h ‘ {//

The purpose of factor analysis 1s to interpret the

structure wlthin the variance-covariance matrix of a multi-

variate data set. First developed in the 1930's and 1940's

by experimentel;psychologists, factor analysis is now used
commonly in geologicel and blological applications (Davis,
1973, p. Mfs). Cameron;(1§68, 1969}-used factor analysis to
interpret the genesis of the Swan Hili Reef and Slave Point
carbonates in west central Alberta. He found that the-use
of factors with low eigenvalues, which:are genera;ly unioue,
(ie. heevily welghted on a'specific variable}, alded greatly
in the intefpre%atioo of the’dapa. Miesch et al (1966) used
' 4 e It

o

o



factor amalysis to interpret the génesis of tektites from
east central Texas. In order to ai eviate the restraints
imposed on the data- hat constituents within each
= speclmen sum to 100% (Chayes, 60), Miesch et al used corre-
| lations among the ratios of constituent/SiO2 for extration of
factors. |

Pingitore (1978) used factor analysis in- his study of the

béhavior of” Zn2+ and Mn2* during carbonate diagenesis.

\
4

The problem o{¥ciosedx‘rrays of data with each row rep(e—
-senting a specimen and having a constant sum of 100% (Chayes,
1960) is not considered to be dominant in the present study
because .of the following considerations: .
1) the sum is not 100%, because of the addition of iso-
topic ratios and because of inaccuracies inherent in any
analytical data set; { i : ¢
2) Pb and Zn are normalized to 100% carbonate basis, thus
) ' removing them from a closed array for the major and minor
elements,
3) the aim of this study is to_investigate which phase ‘I
(in carbonaté\or non-carbonate portion) controls the distribution
of Pb and Zn and not'jggijganebic;implications in the formation
A of various‘phases. ’
The results will be discusseg separately for 1imest0nes
and.doloStones and proceed through the following seouence of

variables:’ (i) inscluble residue, (ii) facles, (1ii) petro-

\ graphy, (iv) secular varLations, and (v) effect of C and S.
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Limestones

The totai'combined variatlon in limestones can be explained
by 5 fagtors, with the first one explaininé‘ES.l% of the vari-
ation (Table 3). The faftors can bé ildentified as:.

Factor 1: pon~carb6nate fraction of the rocks (quartz and un-
y _ d;fferentiated aluminosiiicates);

2+ and Zn2+;

Factor'z: Pb

Faq{or 3: secular variations in chemical composition of carbo- *

nates exemplified by3180 (cf. Velzer amd Hoefs, 1976);

Factor U4: carbonate facies (hypersaline versus normal marine);
and“
Factor 5: dolomitization. EE : "

o

The factor analysis presen%ed here 1s-a very goodiin&icator of
the distribution of Zn in limestones begause'98% of the varilance
n.zn is explaiﬁed by the varimax rotated factor matrix (cfl
communality, Table 3)}. On the‘other hand only 37% of the vari-
ancé in Pb 1s explained by'these faqtorsg this means that »63%
of the variance ié explained bf.sémething else, perhaps a
unique‘facpof. By lowering the‘eigenvalue (Cameron, -1967) to
.2, thirteen factoés were extracteg; none of ﬁhich Waé a unigue
Pb factof; rﬂELEmQE? to extract more facto?§, by the PA2 pro-
cedure, ﬁere unsuccessful becaﬁse after the first 1terétion

the communality of one or more of the variables exceeded 1.0

and PA?2 factoring can not be done under this clrcumstance.

il



} . 22
The imﬁbrtance of this factor identificaéion for the-

distribution of Pb and Zn (in viewlof the variables (i) to (v)

above) will be discussed in the subsequent sections.

(1) 1Insoluble Residue *

The prime factor,controlling:§5.1% of the total chemical
and isotopic variation iﬁ 11mestonés (Table 3) 1is the non:
carbonate fractlon of the rocks._ The loading on factor 1
Suggésts that detrital quartz (cf. Veizer, 1975) and clay
minerals explaih a larger part of this factor. The loading
of Pb and Zn on this factor is small. This is borne out by
examination of tﬂ: correlation matrix KTablé ﬁ), which shows
that although Z correlates positively and significantly, at. -~
the 99% confidehce level, with -Ti02 (r = .405), PO (r = .303),
1,0, (r = .370), Naj0 (r = .378), and Rb (r = .293), the -
observed correlations are weak. Similarly Pb correlates weakf&
with;l‘io2 (r = :330) and Na,0 {(r = .389) only. This suggests
that soﬁe components in the insoldble resldue ﬁay exert a
secondary control on Zn and Pb distribution in limestones, but
the. primary control must be exerted by othé§ phenqmena. This
observations is corisistent wAth the somewhat hlgﬁer corretation
of Pb with Zn (r = .M?;; able 4) and with the fact tpat thg
maJor loadings on factor 2,‘which controls 13.1% of the total
variation, afe'by Zn and Pb with lesser contributiiﬂ by P,0;
and Nazo (cf. Table 3). It cannot be excludedlthat factor 2
could be-related to the analytical technique used.-to separate

Pb and Zn from the insoluble reslidue, although the author is

not able to find A reason why this should be the case.
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Zn

Pb
"Fe0
Fe203
MnO
TiO2

K2O

F205

SiO2

A1203

Mg0Q

Cal

Nazo
: CO2

Rb

o

Table 3-

f

s ¥

"\. Varimax rotated factor matrix for limestones.
Variables (except 878r/868r, 4180 and 413¢)
are in log units.

Sr
87 5p/865p

J180
413¢
IR

N
% of variation-

Factor 1 Factor 2 Factor 3 Factor i

O. O;

O O O O 0O 0 o0 0 oo

1 1
o O O

167
153
.682
. 587
.329
.843
.866
-193
.870
.895
.094
675
576
770

0.942
0.177
0.240

0.

0.168

. 057
903
65.1

*

O O 0O 0O o 0O O o0 o

934
.524
Lih7
.29
.140
.286
.023"
.317
149
. 267
.025
.200
.310
.281
.110
.037

0.177

.151

.076
.100
13.1

~0.244
246
.369
415
U466
.153
145
.030
.251
.109
.171
Loly
222 -

0O 0 0O 0 o0 o0 o o

I 1
o O o

-0.073
0.060
-0.037
0.232
RIT
~0.1498
0.273
10.1

0.028
-0.076
0.187
-0.045
0.010
0.169
-0.052
-0.124
-0.173
0.156
0.081
0.223
0.320
0.147
0.134
0.847
~0.458
0.028

0.159
-0.171

6.6

-

\\
Fadtor 5

0.158
0.040
0.400
~0.128
~0.023
0.201
0.070
-0.026
0.015°
0.059
0.604
-0.609
0. 404

-0.255
0.088
0.151
0.094
0.042
0.202"
0.033

5.1 .

23

ommunality
.98
.37
.81 .
.62
.34
.88
.78
.17
.87
.91
.41
.92
T4

.76
.93
.76
/36
.61
.32
.93



£
Table H-
Correlation_coefficients (r) for Pb and Zn with -
major, minof and trace gﬁéﬁents in-limestones;

variables (except 875r/86sr, 4180 and 413C) are in

log units.

Zn Pb

Zn ©1.000 0.475
Pb 0.475 1.000
FeO 0.234 - 0.237
Fep03 0.261 0.235
MnO 0.112 3 0.239
T105 0.405 _ 0.330
K0 0.140 0.259
P20g 0.303 0.190
S105 ©+0.223 0.269
AlpO3 0.370 0.260
Mg0 0.144 -0.102
cao ~0.374 T -0.232
Na,0 0.378 0.389
CO5 -0.384 -0.341

" Rb - 0.292 , 0.239

" Sr ©0.065 -0.081

87sr/865p 0.185 . 0.261
d180 0.287 -0.179
d13¢ o ..0.127. -0.150

IR ' 0.170 - 0.235

24
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(11) Facies e
High Na and Sr concentrations are generally typical of
hypersaline facies (Velzer et al, 1977, 1978; Velzer and
Garrett, 1978). This suggests that the weak factor U4 (Table 3,
explaining 6.6% of the total varilation in limestones, is re- \\\\\\\
lated to facies. Néither Pb nor Zn are highly welghted on this )
factor suggesting that distributlon of these elements 1is not
facles controlied.
To verify this assertion ;}mestoneé from the two main
environmental groups studied, lagoonal and reef-bank were
tested for differenc;s in mean concentration of Pb and Zn.

Table 5 shows that the means of Pb and Zn are not significantly

different at the 95% confidence level.

—

(111) Petrography .
Samples of micriksg and sparite (cf. Appendix 1) from com-

éarable depositional and diagenetic environments were tested

for differencés in their meaﬁ concentrations of Pb and Zn.

Tables 6 and 7 show that in bﬁth lagoonal and reef-bank facieg\

the means for micritic and sparitic types are ;;t statistically’

different at the 95% confidence level.

{1iv) Secular variation in Zn and Pb concentrations
in limestones . ) :

Factor 3 is/interpreted as secular variétion in the chemi-
cél composition of limestones, particularly’because of the high
l'80 loading (Velzer, 1978; Velzer and Hoefs, 1976). The loading

of Zn on this factor is’small, however zinc in limestone does e

— . ’ . N
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show a weak, but significant at the 99.9% confidence level,
negétive correlation with age (r = -0.342, Figure 3). The
weaé secular trend for Zn is eyident whether the normal or log~
normal time scale is utilized. In contrast Pb does not show
any secular var}gtions with age (f = .004). This evaluation
éuggests that age related phenomena may exercise weak ;ghondary
control on Zn concentrations and no control at all on Pb con-
centrations in limestones,
(v) S and organic Carbon

The Cambrian and Precambrian limestone samples (N = 36),
for which S and organic C data were avallable, were evaluated
for the ﬁossible control of these variables Bn Pb and Zn
distributicn. The correlations of Pb and Zn with sulfur are
nof significant at thé 95% confidence level, suggesting that
sulfur content 1s probably not exercising any control on Pb
and Zn distribution in limestones older than 600 Ma.

Organic carbon, on the other hand, does show negative
correlation, at the'QS% confidence level, with Pb (r = -.322).
The meaning of this weak negdtive correlation is not understood.’

Zinc and organilc carbon do not correlate slgnificantly.

\lﬂDolostones
The- total comblnedr variation in delostones can be explained'

by six factors (Table 8). These factors are interpreted as:

e
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B

Factor 1: aluminosilicate constituents;

Factor 2: quartz and chert; -

Factor .3: secular variations in-isctopic ( JlBO)‘and particu-
1arly chemical (Fe2+, Mn2+) composition of dolo-
stones;

Factor 4: facies;

Factor 5: 'Pb2+ and 2n2+;

Factor 6: _stolchlometry of dolomite.

More than-SO% of the variance in Pb and Zn is explained by thet

6 factors in the varimax rotated factor matrix and this is

generally considered satisfactory (cf. communality, Table 8).

In an effort to extract information on the res?ﬁhal 45% of 'Pb

varlance and 36% of Zn variance, factors with lower eigenvalues

were attempted However, after the f;}st lteration the commu
nality of one or more variables exceeded 1.0 and PA2 fac orl
can not be done under such circumstance {

In'contrast to limestones, where the fipst radtor is
"i1nsoluble residue", in dolostones this factor is split into
two factors (1 and 2), accounting together for 67.5% of the
total chemical and isotopic variation. The third factor,

{

- explaining 12.9% of the variation is interpreted as substitu-
tion of Pe®* 4nd Mn?* in 1lattice positions of dolomite. This
effect is age related, due to the presence of Mn°* and/or

Fe2+ enriched dclostones in progressively older seqdences
(VeiZer,.1978), causing Sr exclusion from the dolomite lattice

(Veizer, 1977) and thus easy contamination of the residual
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L

. carbonate bound Sr by radiogenic Sr from silicates (Velzer and

Compston, 1974, 1976). 'Similarly 6180 shows clear secular
variation (Veizer and Hoef, 1976). The importance of theséc
atents 1n eééluating the,controlling-factors for Pb and Zn
distribution in dolo;tones will be discussed wit@ respect fo

variables (1) to (v) above.

”~

(1) Insoluble Residue '

Factors 1 and 2 (TaGEe 8), explaining 47-.8% and 19.5%
respectively of the total chemical and isotopic variation I
dolostenes, are reiéted té‘the insoluble portion of ﬁhe rock.
Factor 1 is heavily influenced by K,0 (.913), Rb(.899) and
A1,0, (.809) and moderately by 710, (.641) and Na,0 (.UE4).
Fpdbm this factor it may be .inferred that illlite/muscovite
and/or K-feldspar as well as ilmeniﬁe, which 1s usually en-
riched 1n the coarser fraction of the_insolubleiresidue, are
pontributing greatly to the total chefical vargation. The -
relatively high loading df zinc 6n this factor indicates that
possibly zlnc has been released from these constituents of the
insoluble residue either during acid digestion of the samples
or, more 1ikély,‘during dlagenetic recogg%itution of these
minerals. The released zine could havé been sequesfered into
carbonate du%}ng dolomitization of the original carbonatg phase.
Factor 2, heavil& influenced by 8102 (.977) and I.R. {(.948)

ey

loading, is chert (Velzer, 1978). .

\
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. Table 9-
Correlation coefficiénts (r) for-Pb and Zn with
major, minor and trace elements in dolostoﬁes.
Variables (except 87sr/86sr, 180 ang d13c) are

in log units

Zn  Por - |

Zn ., 1.000 0.444 ~
Pb © o 0.4hy ‘1.000
FeO 0.307 -0.191
Fep03 0.447 0.341
MnO 0.242 -0.025
T10, 0.648 0.187
K20 0.582 0.090
P05 0.083 0.011

* S10, 0.454 0.358

© o ALp0g ©0.364 10.106
MgO ' -0.075 ~0.236

- Ca0l =0.179 -0.179 . ot

Nao0 0.403 0.082
O -0.323 -0.396
Rb 0.613 0.154
sr 0.146 ~0.013
87sp/863r ~ 0.1k -0.144
d18¢ 0.146 -0.133
d13¢ ~0.148 ~0.392
IR 0.401 " 0.225
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Pb, on the other hgnd, is not highly loaded on any of thel,
Insoluble residue factors but it does cgrreiate positively with
Zn (r =".44), SiO2 (r =..358)and Fe203 (r = 341) suggesting
some weak second order association with these elements (ef..

Table 9) : . o -

Zine (.620) and lead (.618)'are loaded on factor 5, whilch

explains 5.5% of the total variatiOn This is the most important

factor for Pb a Zn
‘ Ay

ut its geologic meaning 1s not under-

stood. As alreadly mep

’

oned, ‘the possibllity that it s a

discounted.

(11) Facies .
Statistidal eva‘ ation ft~test) of‘lagoonal versus reef
and bankldolostones howed no ‘difference in the mean concentra—f
tions of Zn (Table 10) -In contrast the mean of Pb in reef-
'bank facies (5.5 ppm) may be hiéhér than that of the 1agoona1
facies (2.7 ppm). Due to the small sample size of the reef-
bank group (N = 9) the means -areé statistically dEFFE}ent at
the 95% confidence level only in a one-tailed test (Nie et al,

1975? p. 271; cf. Table 10).

(111). Petrograﬁhy

In order to determine whether the grain size of the
studled dolostone samples rather than facles is the control-
ling variable of Pb distributién, the samples were divided
Into fine and coarse grained. Since the reef-bank group was

too small for furthgr subdivigion only the lagoonal gfoup was
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tested for differences {2 their mean Pb and Zn concentrations.
Neither Pb nor Zn showed any statistically silgnificant diﬁfiy—

ence (Tablelll). This shows that it may be environment (faciles)
rather than petrography, which is important for Pb diétribution.

</ P

L]
(iv) Secular varlations of Pb and Zn in dolostones !

Secular varlations due to substitution of Fe’2+ and Mn>*

for Mg2+ in lattice positions in dolomite have been discussed
in the introductory part of this section. Neither Pb nor Zn

. I3
in dolostones vary with age.

(b) Sulphur and organic carbon

~-Cambrian and Preqambrian dolostone samples, for which
S and organic C data were avallable (N = 35 for Zn; and 32 fdr
Pb), were correlated wlth Pb and Zn and do not show'ény slgni-

~

ficant relationship to these variables.
Summary

The above review of controlling factors of Pb and Zn
distribﬁtion.in dolostones and ;;mestones enables the following
conclusions to be drawn: |

Zine in dolostones is inferred to correlate with the 1llite/
muscovite and/pr K-feldspar component of fhe rocks. This
suggests that it was either leached from these minerals durilng
acid digestion of the carbonate portion, or released during
-diagenetic reconstitution of these minerals (Pingitore, 19?8)

and sequesﬁbred into the diagenetically formed dolomite.

(
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In limestones Zn 1s loaded on a separéte factor (factor 2,
wlth a very weak affinity to Fe3+, Ti2* and P)}. The-meaning
of thils factor i1s not understood. . Weak second order controls
.are exercised by: (a) insoluble residue (either through labo-
ratory leaching or diagenetic release into cérbonaté), and (b)*
secular varlations i1n 1imestgne cemposition, causing Zn decrease
with increasing age. - .

Lead in dolostones may be assoclated more with the "iate"
| dilagenetic h&posaline reef-bank dolostopes than with the pene-
coﬁfemporaneous and early diagenetlc, frequently hypersaline,
lagoonal varieties. '"Additional data are required to verify
this assertion. The weak correlation of Pb with SiO and Fe203
-1ndicates a second order control by insoluble resldue (perhaps
in iron oxide coatings). It may alsc be released from alumi-
nosllicates auring experimental treatment of the samples or
be releésedABy aluminosiiicates into the carbonate phases during
dlagenesis. -Inllimestonés, Pb - togetheq with Zn - 1s loaded
on factor 2. The mganing of this factor s not understood.
A very weak second order contrcl by aluminosilicate phases 1is

also possible.

~



CONCLUSIONS

A polarographic technique was developed for-the analysis
of trace amounts of Pb and Zn in carbonate rocks. These ele—

ments, extracted from the soluble portion with weak’HC1l, .were

[

analysed . in a .2M ammonium citrate (pH 3.0 * 0.1) supporting

electrolyte utilizing a dropping mercury electrode and diffe-

-rential pulse polarography. -

5 The recovery of the analytical technique was 100 ¥ 10¢%
(of the amount added) for Pb and 100 * 5% for Zn. The pre-
cision for zinc bafed on58 replicate analysis, ie§0.2 ppm and
t 0.7 ppm at‘the 0-6 and the 6-30 ppm Zn level respectively;
For Pb i1t is £ 0.2 ppm and % 0.4 ppm at .the 0-6 and the 6-12
ppm levels. The mean (geometric) concentration of Pb in
both limestones and dolostones was 3.1 ppm, and for zinc it
was 4.2 aed'6.1 respectively.

The dominant coﬁtrol for zine distribution in carbonate
rocks is exerclsed by mineralogy since zinc concéntration in
dolostones are higher than in liméstonee.' This-étatistical
difference notwithstanding, the observed difference in the

mean concentrations is less than expected. The primary control

of zine distribution within the dolostone group 1s exercilsed

by constituents of the insoluble residue such as 11lite/

muscovite and/or K-feldspar. Control of zinc distribution
within the limestone group is not understocd, but a weak

negative corrélation wlth age is observed. Another secondary



influence may be exeffed-by tﬂe insoluble residue.

The primary control for Pb in dolostohe méy be facies,
with the "late" dlagenetic hypbsaline reef-bank dolostones
having higher lead concentrations than the penecontemporaneous
to early diagenetic, frequently hypersaline and lagoonal,
dolostones. However additional sampling of the reef-bank group
is required to verify this assertion. A weak secondary CQntrol
is probably exerted by the insoluble residue. In iimestoﬁé

the primapy control of Pb distribution is not understood but

b1

a wedgk secondary control is probably exercised by the 1nsoluble

residue.

Due/€6 the low concentration of lead and zlnc in un-
mineraﬁzed limestone and dolostones, the a-uthor féels that
the present study does little to refute the bellef that
carbonate hosted Pb/ZIn ores are carried 1into the carbonate
rock and are deposited by hea%ed formation waters which '
leached elements from underlying shales észilicate materlal
(¢f. Jackson and Beales, 1967; Hitchon, 1975; Carpenter,
Trout, &nd Pickett, 1974; Roedder, 1967; Hall and Heyl, 1968;

Wedepohl, 1972).
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APPENDIX 2

) ) N '
Pb, Zn and Insoluble Residue in Limestones a'n\g Délostones.
‘ : .

Sample Pb * Zn Zn Insoluble

‘No, - (ppm), (ppm) (ppm) (ppm)  Residue (%)
5 . 1.3 1.3 47.9 49,1 2.4
6~ 1.9 1.9 ‘5.7 5.8 2.2
” 1.8 1.9 3.1 3.2 . 2.4

8 2,7 4.6 10.8 18.3 b1,0
9 3.5 4.6 9.7 - 12.6- 23.1
11 2.1 2.1 5.0 5.0 .6
12 2.8 2.8 6.2 . 6.3 1.3
14 3.8 ° 5.1 6.2 7.2 13,7
15 1.7 1.7 L 6.1 6.1 "
16 - 2.1 2.7 5.2 6.7 . 22,6
17 22,4 22,5 35.7 35.9 5
18 1.7 1.8 2,9 26,5 5.9
D 19 1.1 1.1 1.3 1.3 o Wb
D21 - 2,6 2,7 8.3 8.6 3.9
D 22 1.6 1.8 8.4 9.4 10.7
D 23 2.0 2.1 3.5 3.7 4,5
24 - 1.3 1.3 2.4 2.k 7
D 26 3.6 3.8 19.9 21,0 . 5.4
/28 19,5 19,6 13.0 13,0 3
31 7.3 7.3 10.5 - 10.5 .1
-32 14.3 14,3 13,0 " 13,0 2
33 2,2 2.2 5.0 » 5.0 .5
34 2.2 ‘2,2 3.8 3,9 C1,7
35 1,0 1.0 2.0 2.0 2,2
- 36 2.5 2.6' 3.7" 3.8 2.1
38 ' 1.4 1.4 k,1 4,1 3

* recalculated on 100% solyble (insoluble residue free bagis)

D =z Dolostones
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‘ YN
APPENDIK(con‘bd)
Samples - Pb Pb¥  %n zn* - Theoluble .
No. (ppm) (ppm) (ppm) ~ (ppm) . Residue (%) pY 3
D 41 - 6.7 7.3 10.9 11.8 " 8,0
53 . 1.1 1.1 3.8 3.9 3.9 -
54 1.2 1.2 1,2 . 1.2 1.7
55 2.1 2.2 1.6 1.6 2.5
56 1.0 1.0 2.2 2.2 1.1
57 1.5 1.6 2.4 2.5- 3.5
59 T 5.k 6.7 b6 5.7 19.9
60 2.9 L.,o 3.6 5.0 S 27.4
61 1.6 2.0 3.3 b2 ) 21.5
62 2,2 3.2 3.3 4,8 31,4
63 N.D N.D 10.3 14§ 30.2 :
64 .5 .5 ko7 b7 7 8
66 5 .. .5 2.1 2.2 5.3. \
68 1.6 1.7 1.1 1.1 P 3,3 - :
69 9.6 11,4 8.8 16.4 155
70 1.k 1.6 4.5 5.1 S 12,2
71 £1.o 1.0~ 3.1 3.2
72 1,6 1.7 2.2~ 2.4
73 1.3 1.4 2.0 2.2
74 o241 2.3 13.2 14,2
75 BN - 1.0 2.7 2.9
76 2.0 2.1 1.6 1.7
77 E T S e S P 1.6
78 1,1 . 1.1 - 1.8 1.9 ¢
79 - N 1.6 1.7
80 6.2 9.6 6.1 9.5
81 5.2 8.0 6.5 10,0
82 3.5 3.7 2 .2
83 3.3 3.8 o9 1.0
84 9.0 10.4 k.o b6
83 11.3 12.7 b1 b




APPENDIX 2 (contd)

Sample Pb ,Pb* Zn’ ~ Zn* Insoluble
. No. (ppm) (ppm) . (ppm) (ppm) Residue (%)
' 86 74 8.0 2,1 2.3 7.0
88 1.4 1,6 1.7 1.9 12.5
89 7 746 8.1 .8 .8 5.7
D 90 1.5 1.6 345 3.6 b1
91 5.6 5.8 2.8 2.8 1.7
92 1.3 1.4 2.0 2.2 9.8
93 1.7 1.9 5.6 6.1 9.8
D 94 2.2 2.2 " 3.1 3.1 7
D 95 3.8 5.1 3.5 b,7 "25.8
D 96 7.1 8.2 3.2 3.3 3.4
D 97 .6 4,7 1.6 1.6 1.k
98 5.7 5.8 2.8 2.8 1.7
99 Aol h,s 1.2 1.2 2.0
100 8.2 10,0 6.8 8.3 18.3
101 2.3 2.4 2.5 2.6 3.9
102. 1.1 1.2 1,8 1.9 4.6
103 3.5 3.8 2.4 6 6.8
104 - 3.5 4,0 12.4 14,1 12,3
105 . 10,1 14,1 ko,1 56.2 28.6
‘ ’106 2.7 3.5 5.7 7.5 23.9
D 107 27.7 k5.3 7 400 7655 38,9
D 108 - 21,8 22,1 14,4 14,5 1.1
109 5343 55.8 28.1 29.4 L.y
110 19,8 10,8 9.8 10.3 k.7
111 8.5 10,3 k2 5.1 17.1
D 112 +9 1.0 16,2 18,7 13,5
114 1,7 2,7 15.4 2k .1 36,2
116 10.9 13.4 2.8 3.4 18,7
. 117 745 8.2 4,7 5,2 9.1
118 8.4

9.5 25.6 29.0 11,6
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APPENDIX 2 (contd)

Sample Pb Po* Zn zn*  Insoluble
No. (ppm) (ppm) (ppm)\\ (ppm) Residue (%)
119 18.0 21,0 L,2 h,9 14.5
120 . 2.5 3.3 k.5 6,0 2k, 9
122 7.6 8.1 6.1 6.5 5

D 130 11.2 15.0 - 15,8 21.2 5.5

D 136 2.2 2.5 L,6 h,9 14,

D 137 1,3 1.4 2.4 2.6 7.0

D 139 .1 .1 3.2 3.4 5.2

D 140 2.2 2,7 4.3 5.3 19.1

D 141 1.9 2.3 7.9 9.4 15.8

D 142 1.6 2.4 3.4 5.0 36.3

D 143 2.3 2.6 5.1 5.9 13,2

D 144 N.D. N.D. 13.9 20.7 32.9

D 145 2.6 2.7 10.9 11.4 b,7

D 146 1.4 1.5 4,3 k,5 5.2

D 147 2,0 T 2,2 3.6 - 3.9 9.7

D 148 3.2 3.5 2.1 2.3 7.4

D 149 N.D. N.D. 13.1 16,0 18,1
150 3.0 3.3 1.6 . 7.3
151 1.1 1.1 1.5 1.5 1.3

D 152 1.4 1.7 2.5 - 3.0 17.2

D 153 .9 1.3 2.0 3.0 32.7
154 3.2 3.3 1.1 1.1 3.4
155 1.4 1.7 7 .8 16.1
156 3.h 3.9 2.5 2.9 13.6
157 N.D.’ N.D. 5.1 6.2 17.7
159 1.4 1.5 5 »5 5.7
160 1.2 1.2 1.0 1,0 3.9
161 5.7 549 113,0 1164 2.0

D 162 2.9 3.0 3.7 3.8 2.2

D 163 1.4 1.4 3.0 3.1 3.3
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APPENDIX 2 (contd)

Sample Pb Po* Zn Zn

Insoluble

No. (ppm) (ppm) (ppm) (ppm) Residue (%)
D 164 15.5 17.7 b,5 5.1 12,6
- D 165 345 4.7 5.2 7.1 26.3
D 166 2.2 2.2 1.6 1.6 1,2
D 167 4.4 k.5 9.7 10.0 3.1
D 168 3.2 3.3 6.9 7.2 4.3
169 3.7 5.7 5.1 7.9 35.5
D 170 1.1 1.1 1.3 1.3 2.3
D 171 6.2 8.1 3.3 L,3 23.5
D 172 .6 7 3.1 3.4 9.7
D 173 19.5 20.5 62.8 66.2 5.1
D 174% 1,3 1.3 10.3 10.5 2.0
D175 Y\ - 20,8~ 28,0 14,5 20.3 28.5
D 177 3 ’j 1.4 22.4 2h2 N gk
D 17§ 3 3 5.3 5.4 2.8
D 180 . N.D. N.D. 16.4 20.0 16.7
D 181 1 .1 o1 .1 .9
D 182 8 - 1,0 N.D. N.D, 22,9
186 1,1 1.1 2 o2 7
187 5 .5 1.1 1,1 A
189 2.9 3.1 39.5 b1.6 5.0
D 190 3.9 4,0 11.3 L11.5 2,0
D191 b,5 4.8 30.1 32.4 7.2

e





