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This study is an investigation of the relation between the chemical

composition pf)carbonate rocks and the adsorption of copper, lead ard )

zinc. The following cé§§tituents have been dézerminéé on 121.carQQuate

rocégz Ca0,. Mg0, A1203, $10,, loss on'ignition and acid insoluble confenc..Theéé
samples were collected from quafries in southwestern” Ontario. This study\.

is an-extension of earlier work-(Garber, in preparation) where 92 of the

above 121 samples were investigated to determine the relation between

—;"Bgég;—;§sorption and water sorption. Statistical ahalysis.of.:he data revealed

numerous significant correlations. )
The following relationships were observed: a diréct relationship exists
between water, copper,, lead and zinc sorption and aluniina content of

dolomites. Inverse relationship in golomites between metal sorption and

Mg0 content is*due to decrease of Al.;O3 and increase of MgO in progressively

¢
] ’

purer dolomites. Lack of corrélation between Cal content.of dolomites and

metal sorption suggests that calcite in dolomites is reactive with Qetals

and masks physical adsorption. Correlation betwéen water and metal sorption

of dolom%;es suggests th%t metals are concentrgfed by physical adsorption

in dolom#fes. In limestones the lack of correlatiom between‘lead-and'zinc
sorption and MgQ, Ca0 and All03 is'due to chemisorption. The direct relationship
between water sorption aﬁd alumina content of limestones and lack of correlation
between lead, zinc and alumina in limestones indicates that in limestones .

the metal ions of Cu, Pb and Zn react with the rock likely forming their

#

%wn minerals ~There is no relation bereen concentration and internal surface

area. Correlation between copper sorption and alumina content in limestones

suggests that Impure limestones can adsorb and concentrate copper.

}_I
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| CHAPTER 1 : L

INTRODUCTION ' L

]
Al

Pb and Zn bv carbonate tocks as af

The purpose of this*studv was to"investigate the sorption of water, Cu,

-

unction of ‘their bulk chemical composition.

Mor eover, thiq study *s an extcnsion of the work of Garber {in prcparation) who

W

investigated thc phencmenon of metal sorption by carbonatc rocks as a functien

of rime. This study invoIVed chemical analysis of 1’1 caﬁbonate samples

collccted from qcarries in southwestern Ontarie. 115 sanpleslarc the,sqme

as used by Garber. Chcmical constituents dcterrined in.this studv were CaQ, Mg0

-

Al,03, $i05, LOT and acid insoluble

contcnc. Thic data is cor*elatcd C

with the adso*pt on mcasurenents madc‘on the sane qannleq bv Garber

+he rock. The CaO and Mgl concent a

The alumina content and silica cont
-

in the rock and. similarly the acid

The chcmical analvscs are akzzzzzction of the mineral composition of

-

Te doe to calcium c1*bonate and dolomite.,

L4 *

ent are a.measure of the clay content

insolublc alsc,a measure of the clay

con.ent Thus the adsorption dxta -can be directlv related to the chemical

composition of the rock and indirec
clay contant of carbonate rocks (1%
shysicdl 2dsorption of water and me

adsorptive than ' nd dolomit

Rosenquist 1955, Mason 1966). In na

r

adsorption and concentration of met

muds of continental slopes. This as

tly to the mineralogy of the rock. The
to-77) plays an imDortant role in

tals, since clay surfaces are more water

e surfaces (Grir and Cuthber t_19&5,

ture clav minerals are important in

als from sea-wafer e.g. the blue-green

pect has been expe:imcntally'demOnsttatcd

by hrauskon‘ (1956). Ee has shown that coppcr, lead, zinc and other metals

from sea—water could be adsorbed by clays in signiffcant quantities According

caleareous shale and the ore deposi

ro Dunhaa (1964) the Kupfetschicfer of Korthern Europg is_a bituminous

t may nossibly be “elared zo adsorption

“
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of illite-montmorillonite and the analysed samples “contained’

N T -

of metdllic elements from sea-water during the slow accumulation of .

R P 4

—y

sediments “or ‘subsequent dlagenesis. White (1968) discussingvthe Red—Sea

-

-

.gbothermal'systém (natural solutions in the proceSS"of ore formacion) Teports

that the. dcminant elay minerals of the Red Sea sediments is d’mixed&la er:

and less than 2.6% Zu. Thus clay minerals may play a major role in nature

in adsorp®®on and concentration of the metals from sea-water. Similarly
L *

“the clay‘mineréls_ih the carbonate rocks may play the same role in adsorption

of metals. Therefore, the present studyrﬁeals with the adsorption of metals
.‘

as’ influenced by the rock chemistxy particularly alumina content, which is

a meaSure of the clay comntent. .

'
o

A~ K
The clay minerals have an important function in natural water systems

because of their la:ge surface area per unit weight. Boyd (1971 reported

the surface area for several clays as follows: kaolinite 13.3 M%/g,

montmorillonite 85;800 leg, illite 120 -350 leg, dolomite.0.743 M2/g and

calgite 0 71&1!2/3 The adsorptlon of metals by clay minerals in the

continental slopes is well known the clay mlnerals act as natural depoisoning

3 agents. Without their actions seas would contain toxic levels of several

metals e.g. Se, Cu, Pb (Krauskopf 1958) . Adsorption by clay minerals can be

physical or chemical, this study is mostly concerned,with physical adsorptien,
Review of literature indicates that the 1eadﬁzine‘ores of Missiesippi

valley type and Alpine type depbsits have mere'afﬁinity for dolomites

than for limestones (e.g. Geldsetzer 1971’?39}ahan 1967, Smirnov 1967 and

Schnelder 1953) . Thus this study is relevant to this observed asq\elatlon

of lead-zinc deposits and dolomiteeﬂ’Garber has shown that there is

a relationship between water adsorpf?bh\gzd metal sorption to some extent.

His study dealt with metal sorption as a function of time. Garber's study

.

s

o
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evolved from the observation that carbonate rocks have varying affinity
for adsorbed water,. i. e., the amount of water adsorbed on the internal s

Surfaces of the rocks is a function of that rock mineralogy. In particular,

~

.the clay content of the rock has a profound influence on water sorption. -

"
-

- Water is a polar molecule, and in.its sorption on to clay mineral surfaces,

the positive or cat- ionic side of the water molecule is adsorbed This

assumption that highly sorptive carbonate rocks will also exhibit high | -
sorptive capacity for metal iouns has been supported by his..experiments.

To test this hypothesis he has chosen copper, lead and zinc, since lead and’

zine are common metal forming deposits in the carbonate rocks'e.g. Pine Point.

Copper also forms sédimentary deposits either in oxygenated enviromments in

-

limy pelitic sediments, ‘e. g‘KRedstone copper deposit or in euxinic, organic

rich pelitic muds e.g. Kupferscniefer deposit. Garber performed his adsorption ’

experiments usipg metals dissolved in distilled water and alsovsome metals

n - +

dlssolved in 5% w/v.NaCl solution . He has observed that lead and zinc show -
a s1mllar behaviour under all clrcumstances studied and copper behaves in
an opposite manner to that of lead and zine, this may explain why copper
on the oue hand and lead and zinc on the other tend not -to occur together
in low tenpgrature deposits of the MPssissippi Valley type in sedimentary
rocks. Probably this behaviour could be the influence of the rock chemistry
- and this aspect is considered in the presént study. .
:f'fh; mentioned earlier Garber's work has been extended to an analysis of////‘—"—/
the major elements in order to- correlate adsorption as a funotion of bulk
'themical compostion. Chemical analysis and Garber's 48 hour water and metal
sorption data were statistically evaluated using an IBM 360/70 computer to
check correlation between major constituents Ca0, Mgo, Al_O. and water and

273

metal sorption. Results of these statistical analyses are discussed and an
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. b N ' 6
attempt is made to.relate the‘laboratofy experimental results to known
lead-zinc deposits, particularly the Mississippl Valiley lead-zinc deposits\
It will be shown that lead-zinc adsorption experimental 0rk indicates

that lead;;inc‘depisits in carbonate rocks would prefeientially form in

dolomites since the limestones are more chemically reactive than the

-

dolomites. This of course presupposes that adsorption can lead to the ﬁ}ocess
C s . N

3

of ore deposition.

-



. CHAPTER 2 : -
N THEORETICAL CONSIDERATIONS‘OF IONIC EXCHANGE Rﬂﬁ‘. SORPTION
NEREEN . “‘ . ~ .
_ . Carbonate rocks nused in this study are mainly composed of calecite .

L 4 * ' .
and dolomire. Quartz ond clay minerals occur as accessorics. The grain size

of a mineral governs the internal surface area’available for adrorption.

Althovgh the overall clay content of the carthbonate vocks does not exceed

ey %

~ to 2%, clay minerals plav an important role in adsorption of metals.
Caldire, dolom?z~ and qus~tz have low surfnce aren compared to clay minerals.
Dunr and Hudec (1965) presented evidence that the major non carbonate

impurities such as clay and silica play a larre part in sorption of water

q
n rocks.,

~

In this chapter adscrption and fon exchanze phenomena of clav rirnerals,

caleire and dolomite are briefly expliaired. Clay minerals ave h
° ) :
adsorptive heecavse of their uanlque nroperties such as smaller srain size

TN

oty
Caa

»

large sucface aren and high surface charge. Twe tvpes of adsovntions are
. K4

recognized: f2) Physical or Van der Wazl's adsorption, and (b) chemisorpsion

or chemical adsorption. Both types may s+t together, and all gradations
between extremes exist. Physical adsorption is characterized v low heats o
adsorption and by a loose bonding of the adsorbate to the adsorbent.

Chemical adserption or chemisorption, ©on the other hand, is characterized

Ve
by high heats of adsorption and =t strong. chemical bonding (i.e., by valance
bonds}) of the adsorbate. It may igvolve the bonding of a foreign anion or

satior, or borh, to open bends at the surface of the adsorb-nt. Tt =y ifnvolve

the exchange or substitution o2 foreign cation or anisn, or beth, for 2

[+

- czation or anion at the surface. Base exchange mav be con=idered as prrticular

a
o
-

tyvpe of adsorprion. In base exchange, exhibited by leays, a cation

.



in the clay may be exchangeé for another cat;ch; present inlaqueous
solutions in c@ptact with‘clay mineraléf(uason (lQpG).Physical adsorption
is more goémén in clays and chemisorption is more csmmon‘in carbonate
minerals such as dalcite.Catioﬁ exchange is a éomﬁon‘and important

phenomenon in clay minerals it is therefore discussed in more detail

below ’ .

L

Cation Exchange in Clay Minerals

Structural Causes . .

¢ The residual charge on a wineral grain is usually negative and therefore,
attracts cations. The three mechanisms that are?believed to be respdnsible
for charge phenomena on clay mineral surfaces are (1) substitutions within I,

lattice structure, (2) broken bonds and (3) hydxogen of exposed hydroxyls .
. -.:\“‘v/
(Grim 1968).
. ° ? -
Substitutions within the lattice structure of trivalent aluminum for
- T
quadrivalent silicon in the tetrahedral .sheet and of lower valence, particulary

+
Mgz for Al3 +in the actahedral sheet result in unbalanced charges

in the structural units of some clay minerals. Sometimes such substitutions

’
L.

are balanced by othér lattice changes or frequently by adsorbed cations.
Broken bonds around the edges of silica-alumina units would é&so

give rise to unsatisfied charges, which would be balanced by adsorbe& cations.

The hydrogen of exposed hydroxyl lomns (which are an integral part of \\\‘~<

the structure rather than due to broken bonds) may be replaced by a cation

which may be exchangeable (Grim 1968).

Surface Area, Charge Density and Exchange Capacity

The three parameters of surface area, charge density and exchange

. capacity are somewhat related. Surface area and exchange capacity are

_)



- .

interdependent. Crmsby et al.(1962) found a ;inear.relation between
-
surface area and exchange capacity for kaolinite (Fig 1-A). Their results

-~

show that relatively high cation exchange capacity of poorly ordered

kao;iné‘is directly a result of high surface area. Van der Marel (1958)

also showed an excellent linear relatlon between cation exchange and

~

the surface ares.

.
L B
80
-]
&0 =]
=] o 3IF
o al
TS PN
U
x'ﬂ'l+ 2rF
B ur
s &%
o go Pk .
S8¢F <
Lo
c3 E
U Ly o L L 1 1 1 L i "
o 2 i 6 g e 1R e s

SURFACE AREA (m2/g)

Fig. 1l-A. Cation-exchange capacitquurféce area
(glycerol retention) relation for kaolins.
(after . Ormsby et al. 1962)

As surface area increases, the total charge dénsity and exchange
capacity shﬁild likewise increase (Wayman 1967). The mutual exchangeability
of cations depends on their charge density (Wedepohl 1971). The number

of adsorbed ions is numerically equal to the charge density in electric

charges (Osipow 1962). A high charge density causes a strong binding

of the cation to its hydration-shell,

Variation due to Particle Size . . -

Cation exchange capacities of clay minerals increase as the particle

size decreases. Particle size in turn is related to surface area. Decrease

-
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in particle size increases the surface area. ’ -

Effect of Temperature L . |-

"According to Kelly (1948) the temperature effect of cation exchange
is generally small. Ion exchange is virtually independent of temperature,

.

sinée surfdace charge varies very_little witﬁ tempe?ature (Osipow 1962),
However, there appears to Y controvéféy Qitb reéards to the effect of“‘z
;émperature on cation.exchange. Sen and Guha (1963) experimentally showed

that on heating a kacolinite 91ay to 1000°C, its cation exchange capacity
showed no change until QBOug 400°C. Above 400°C there was a sharp increase

in cation exchange _:*acify to about 550°C followed by a gradual decrease

then by an even more moderate Aecrease between 700°C‘and 800°C. The increase in
cation exchange capacigy is ;orrelated'with disruption of the kpolinite

structure on dehydroxylation. The subsequent decrease in capacity suggests

reorganizatipn of bonding in the resulting product.

.

Effect of pH

Exchange capacity increases with increase in pH. Heydemann (1959)

.has shown experimentally that the adsorption of copper by various clay
minerals increases with increasi%g pH as well as copper concentration
(Figs. 2-A, 3-A and 4-A)., In water either the 5i-0 or Al-0 bonds tend to
ayﬂrolyse in the formation of weak acid (Si-OH) to form Si-0 bonds.because
of the weakness of Si~OH, the hydroxyl tends to jonize the Si-OH to $i0° + ﬁf
.This concept is most plausible under neutral and alkaline cond?tions,

and it also explains why exchange capacity increases with increase in

pH. Under acid conditions the metal to oxygen bond would tend to adsorb

a hydrogen ion and neutralize the site. In acid solution, the surface may

become positive through adsorbed hydrogen or other cations along with the

N
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exposed cationic sites created from breaking bonds (Wayman 1967).

L >
- Lot
- -

Effect of Concentration

‘ The amount of ‘substance adsorbed from a solution increases with its

concentration in that solution (Glasstone 1950, Mason 1966). Similarly

Kurbatov et al. (1951) reported that adsorptlon increases with increaSLng

-

amounts of adsorbent and adsorbate. Hydemann (1959) has shown that

.

adsorption of copper by various clay minerals increases with increased

concentration of copper (Figs 2-A, 3-A and 4-4).

Water and Metal Sorption

Clays adsorb various amounts of water. Water has a natural tendency

to condense on elay surfaces because of the water's dipole property and
¥ P P ¥

also because of the large surface area of ¢lay minerals which is related to
the sheet structure of clay minerals. Water is adsorbed by weak bonding

-

. .
forces on kaolinite and becomes more strongly bonded in montmorillonite. -

-

The essential difference is the character of tﬁe bond that probably results ~

from the interlayer bonding in montmorillonite. The manner in which water
vapour is adsorbed is expressed as energy difference: U-A, where ‘U is the

hydration energy tnd A is specific adsorption. The difference, U-A is a

-

function of the partial vapour pressure of warer. If tho difference s less

. -

than zero, it is asiumed that water is retained only by weak Van der Waal's
forces,
-

Krauskopf (1956) has experimented with the adsorption of thirteen

rare elements in seé—water by clay and other adsorbents (the thirteen
metals were: Cu Zn, Pb Cd Hg, Ag, Co, Ni, Bi, Mo, W, Cr and V) The
experiments were conducted at room temperature (18-23°C) and at normal pH

range of sea-water (7.8 to 8.2), For clay, he chose two samples of montmorillonite

.4

T
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other qg-als. Hg showed a strong adsorption. -Cobalt and‘eickel, likewise
eivalent elements, were muchless effectively adsorbed. His'explanation‘

for- the markedly smaller adsorpciOn of Ni and Co as compared to Cu, 2Zn"~

and Pb, despite the’ SLmilarity of their ions may possibly be correlated with
greatexr polar121ng ability (grekter chalcopile tendency) of elements with'
complete IS electron shells. Thé very weak adsorpcion of Ag and V by most

of the maferials used may be because they form univalent.cations. The

elements Bi and {\Cd were eot studied because of the analytical difficulties..
Boeh, howevertight be expected to=5;;ave like Ce, Zn and Pb. Krauskopf (1956)
states that the amount of adsorption of metals in any particular case

depends not cnly on temperature, pE, salinity button time of standing,

amount of physical state of adsorbent and concentration’of the adsorbed

ions.

Adsorption by Calcite and Dolomite

i

Solids whica are negatively charged in water, euch as silica, readily
adsorb cations (Osipow '1962). Calcite end doiomite.form crysﬁals and the
perfect crystal is electrically neutralf Caicite and dolomite crystals in
the carbonate rocks.may have unsatisfied{bonds on their breken edées, and

. these are probably balanced by adsorbed foreién cations. -

Thermodynamic studies of zinc aorption.oe calcite, dolomite and magnesite
by Jurinak and Bauer (1956) revealed that about 10% of the adsorption sites
probably available on calcite were oecupied by zinc when equilibrium
Zd++ aqueous concentration was 0.90 X 10-6M at 25.1°C. The Ca-magnesite

showed somewhat greater affinity for zinc ion than calcite while dolomite



-metals by means ' of chemisorption rather than by physical adsorption This

N

was intermediate. - : .

Calcite is chemlcally a highly reactive mineral and therefore adsorbs
fact has been experimentally demonstrated by Heydemann (1959) and latter
confirmed by Ashry (1973). Heydemann s experiments showed that copper is

adsorbed by clay minerals and quartz according to Freundllch adsorption

" jsotherm whereas in, the case of calcite, 2 chemlcal reaction takes

place. Aocording to him calecite powder takes up Ebpper‘@ons from very dilute

’

~

oeutral"aqueous solutions through a chemical reaction and-not tﬁrough
adsorption as with clay minerals. Ashry (1973) analysed chemically the clay
fractions of the Nile River sediments, He determined the copper and zinc

contents by X-ray £luorescence and atomic absorption spectrophotometIy

' respectively. He found.that there is a correlation between copper and

zinc adsorption and the analyzed clay-sized carbonate (calcite) particle

size. The following fiéures (Figs. S-A and 6-A) show correlation between

.Cu, Zn and 002 in the clay fractions. The correlations*dg%ording to Ashry

reveal that Cu and Zn were bound to the clay sized.carbonate particles, and

the bonding between the carbonate particles and copper and zine takes place

.

by a chemical reaction process. &

%

o]
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Fig. 5-A. Copper content vs 7%CO; of the clay fractions
of the Nile sediments. . Subsurface delta sediments..
4 .drainage valley sediments (after Ashry 1973).
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Fig. 6-A. Zinc content vs %CO, of the clay fractions
of the Nile sediments. . Subsurface delta sediments.
+ drainage valleyrsediments (after Ashry 1973).
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Forty seven of thesc were clossified as

. _ " CHAPTER 3
SAMPLE DESCRIPTION

Samples for this study were collected by Garher in the southwestern

Ontaric from the following quarries:. .

* L]

Duffé#kn Materiale ap& Construction Ltd; Hage¥SVi11e (45)
ﬁiltOn Quarries Ltd; Milton (78)
H“tx'orfelk Quarry Co; Port bover (80)-
Walker_sroche:s'Quar:icé, Thorold (100) . B
Jarvis érusheg Stone Ltd; Jarvis (59)

~

» Armstrong Brothers Co. Ltd; Vinemount Quarry (6)

Law, R.E., Crushed Stome Ltd; Port Colhorne (62)

.The numbers ia the pafanthesis are gquarry numbers as assigned by Hewitt
and Vos (1972). ?éé.-l gives the locanien of the above qurrries.

A total of 121 samplée was ccllectéd. These samplés represent 2 wide
cange ~f ~zrbonate racks. Out of 121 samples §2 were used *n this study,.
since Garher har conducted ndscf?ﬁion exneriments on 92 samples orke.

o~

‘Egloni:es and 45 as lime§£01es.‘
Mineralogically the rocks contain caleite, dolemite, clay minerals,'fréc
quartz and glaucomnite. In some of the samples bituvminous material is also
found, The rocks are generally bard and brittic.. They ave Paleozoic 1in age

and belong o the formations 2§ shown in toble 1. The petrographic desceriptions

ace given ir table 2.

16
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TABLE 1 o
<. STRATIGRAPHY
+ Sample No'!: - < Formation e Rock type
80 (l.to 10 Dundee Formation Limestone
59 (1 to 10) | Middle Bois Blanc FormatIon Cherty ‘Limestone
62 (1to 15) | Devonian | - ,- -,
45 (1 to 20) - =, -
100 (lceo 5 Middle - Lockport Formation Gasport dolomite
& (1tol0) to Ty -,
100 (6 to 20) | Lower - - Goat Island dolomite
78 {(lto 5) Silurian Amabel Formation Dolomite
78 {6 to 20) . ﬁaynales Formation Dolomite
. =
+ Sample numbers are e.g. 80 (1lto 10) mean

ample 80.1, 80.2 .... 80.10.



Sample No.

éd {lcto 19)
59 (1to 10)
62 (1 ;o 5{.
&2 (6 to 1;)
62 (11 co.féf
LS (1,F° 3)
45Lf§6t;o 15)
L3

(16 to 20)

100 (L toe 5

& 20)

100 (6 to 19)

-2
i3

-~
]

(Lto 56& "

16 to 20)

(6 to 15)

19
TABLE 2
PETROGRAPHIC DESCRIPTION OF SAMPLES -

1 Description
Lﬁnestone; light grey colodr, micfﬁcrystalline, with_raré
disseminations of bituminous mgterial, often fossiliferous}
Limestone, light greyish brown éolour,,slightly_silicious,
;Ecrocrystalliﬁe with di;seminaéed bituminous material.
Shaly limesgﬁne; medium brownish grey, microcrystalline
with some fine dark grey bituminous material. QOften shaly
partings. |
Limestone; medium brcwn.éolour, microcrystalline, silicious
often contains glaucbﬁizzj\‘\\ : )
Li;estone; medium brown colour, fine grained, silicious,
thin laminated with fine bituminous material,
Limestone; brownish colour, m;crocr?étalling and silicious.
Lﬁmestoqe; light érownish colour, microcrystalline, silicious

and fossiliferous. .

‘Limestone; light greyish brown colour, microcrystallidéy

- —

slightly silicious and shaly.
Dolomite; light grey, medium crystalline, calcareous with
dmninaém crystalline calcite.

Dolomite; light grey, massive microcrystalline with-dark

>

grey bituminous material. ,
—

Dolomite, light grey to buff, medium to coarse crystallihe,
-

massive to_medium layered, crinoidal, porous with vugs.

Pore size ranges from 0.03 mm to 0.51 mm.

Dolomite; light and meéium'grey mottl;d, often buff  micro

b
to medium crystalline, medium bedded with shaly partings.

Porous with vugs.
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WATER AND METAL SORPTION -TESTS

=y

.The foilcwing is the brief‘description of procedure of water and metal
hAY

sorption tests carried out by Garber. . )

-’

Water -Sorption Tests

a

The samples were crushed and divided into two groups: A and B. Group

[}
IRN

A was subjectéd to experiments refered to as untreated while group.B samples
were first immersed in salt solution with a concentraffﬁn of 5% NaCl by
weight; since base metal ore bearing fluids are Na-Ca-Cl brines, with total

salt contents generally equivalent to 5-40 weight percent of NaCl (White 1968).

For the pfésent study only group & is considered. However, the presence of

. salt does influence the solubility of metals ‘and also adsorption, aud its

effects are discussed below.
~ Both groups of samplés were dried and water adsorptiom capacity was

determined. The samples were'placed in humidity chambers at room temperaturef

. CZSOC + 2°C), and the humidity was.gaintained by saturated solutions of
. 31 y

potassium thiocyanate (KCNS. 457) . Relative humidity of 45% R.H was chosen
- »

as sorption ‘indicator humidity, becguse it has been shown (Aylmore and’

Quirk 1962) that at this particular humidity one molecular layer of water

covers the internal surface area and the 45% R.H is thus an indicator of

the internal surface.

Garber's experiments have shown that thére was no significant digference
in water sorption between salted ;nd unsalted groups at 45% R.H. He stated
that it is not the-presence of salt itself that increases the sorptive
capacity of the rock, but the ionic exchange that takes place at the surface

of ‘the minerals, in particular clays that enhances the sorptive effect of

the rock. The water ot hydr&g&on for the salt crystals does not change the

c
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45% humidity (Hudec personal ccmmunicaﬁion 1977) 5 \

Howevef,‘presence of salt influences the adsorption of metals from

a solution. Hudec et al. (1976) have gxperimenxally demonstrated” that the

adsorption of copper iﬁcreases with ihcrgase‘ig Salinity while lead

and zinc show a decrggggjof aqsorption'ﬁifh increase in salinity. Moreover,
they stated that as metaf‘béaring brines become progressivé&y diluted with
surface phreatic waters, thefe will.be a tendency for lead and zinc to.
drqp out of solution, whereas copper will be takén u% into solution from
the Susroundjng rocks,

Metal Sorption Tests .

Copper, lead and zinc were dissolved in solutions buffered at a pH of

5 in order to prevent chemical reactiom with carbonate rock; e.g. copper

. at a pH of 5.5 would precipitate,

‘The concentratioqsvzz>metal solutions were 200 ug/ml, 500 ug/ml and
1M ug/ml for copper, lead and zinc respectively. These were -prepared in
distilled water and in 5% NaCl solutions. The unsalted samples were imme;sed
in a solution contasning the three metals (Cu, Pb\and Zn), the solution
beig prepared with distilled water. The salted samples were similarly
immersed in the three metal solution, except that this solution was made
up to contain 5% NaCl wiv. ﬁoth sets of samples and solutions were allowed
to stand for 48 hours. The solutions were then analysed using atomic
;bsorptiOn to determine the amount of metal removed. Table 3 gives the

analytical data of the unsalted samples (Garber, in preparation).
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TABLE 3

WATER AND METAL SORPTION RESULTS ( FROM GARBER )

. Sample No.

45,1
45:2
45.3
45,5
45,6

45.7
45.9
45.10
45.11
45.12

45.13
45. 14
45.15
45.16
45.19
45. 20

78.1
78. 2
78.3
78.4
78.5

78.6
78.7
78.8
78.9
78.10

78.11
78.13
78,14
78.15
78.16

78.17
78.18
78.19
7820

80.1
80.2
80.3
80.4
80.5

B 0% Cu ug/g

2
043 62.80
« 139 90.48
OO? 80.25
.078 124.45
.076 141.63

N N 10? 8?069
075 100.07
<112 124.66
. 140 121.05

&

. 170 111.46
. 135 104,19
L0540 7312
021 114,65
.096 8§8.68
"12\&“109'38

© 006 2.4
054 50.12
024 52.27
.031 64.68
.033 61456
.052 53,84
055 PR
.060 54,20
0038 'L"GOB?
.067 56.39
.018 444,85
049 L6.82
.051 55.24
.051 52.92
.03 45,18
.025 58.59
-033 32.20
045 . 58. 14
.04 56.85
.019 134.65
051  99.88
.030 gz.21
.023 78.03

036 98.28

Pb ug/g

'387.3

397.12
368.39
323. 44
76.13

396.01

417.73
379.74
307.01
421,32

400. 18
429.90
387.55
589.27
41499

249.41
276. 10
152,07
299.09
230.87

270.30
247.84
225.74
197.59
252,66

167.17
222.92
2p6.12
241,27
209.78

210.74
164.86
230.92
217.59

519.96
402,27
3935.56
402,15
400. 41"

Zn ug/g

67«24
61.97
63.00
65.45
31.06

71.82
57.91
65.98
7h.12
7314

73.06
71.55
68.99
72,01
61.92
66.13

34.30
19.57
304 44
36.78
29.83

35.56
38.99
32.02
335440
30.65

29.64
5144
39.47
38.38
25.87

32.90
2421
29.78
L. 60

75.68
68.78
30.55
70.77
72.67

22



TABLE 5 Continued

.

RATER AND METAL SORPTICN RESULTS (FRCM GARBER) °

Ty

Sample No, /EEO”,{» Cu ug/g Pb ug/g . Zn ug/g
.80.6 .03 60. 25 © 397.12 71.03
80.7 .070 107.39 402.19 67.97
80.8 . .020 184,01 391.4 72.87
30.9 .025 < 85.34 386.55 7130
80.10 . .04 89.19 _ 416.04 - 74.58
100. 1 026 51.9 301.69 57.87
100, 2 .032 57.51 269.56 35.34
100.3 036 49.22 o 253.88 S34.93
100.4 . .03 43186 210.99 33.25
100.5 .028 C 47.84 o 247.73 34.48

% 100.6 . 241 94.46 349.92 L4, 61
100.8 .248 151,10 A/ 258.35 69.21
100.11 < 149 - 83.15 . 392.22 60.74
100,12 « 131 153.62 154,64 72578
100. 16 . . 086 90.70 381.78 49.98 -
100,17 . 130 86.10 379.99° 36.08
100,19 . 288 ©129.87 511,17 35.30
100.-20 - 209 81.31 129.74 43.72
59.1 .035 61.09 396.87 ' 75.82
59.5 .027 - b43.40 398.01 74,72
59.Lil -050 680149 ’ . 421076 ?5-’4‘] v
59.5 .025 56.81 C410.92 74.54 .
5%.6 021 76.97 414,32 32.82
59.7 045 62.31 580. 14 71.90
59.8 L0117 ¢ 52.97 413,34 72.46
59.10 .051 62.44 ~390,57 71,20
€.2 o121 £8.52 385.56 58.68
6.6 .323 152.65 225.35 60.86
6-7 -21}3 103060 . 524-35 53'90
6.9 . 239 81.4 299.72 L2.11
6.10 .278 82,16 298.99 b4.70
6. 11 .015 20.98 69.32 43.55
6.12 175 100.67 - 215.52 Sho48
6.13. . 160 100,67 199.41 18424
6. 14 044 55.28 139.61 30.72
6.15 .062 73.22 143.81 31427 -
£.16 024 19.61 55. 25 12L 64
6.17 126 68.86 . 170. 49 294
6.20

.0357 L3.52 159.01 26.18
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TABLE 3 Continued
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WATZR AND METAL SQRPTION RESULTS (FROM GARBER.)

Sample NO..

- 62.2

62.3
62.4
62.6

62.7

62‘8
62.9
62' 10
62.11
62.12
62- 11‘“

Hao%

1. 141
1.355
1.067
1.054
1.028

1171
.970
1.082
1.135
.581
t.114

Curug/g‘

133,04
155.09
11%4. 54

149.30

122.72

130.75
80.20
85.51

115.04
60.82

122.19

Pb ug/g -

363.39 ..

- 298.55

407.62
408.06
391.04

391,90
306.84
435.49
404. 40
386414
400. kb

Zn ug/g
60.12
68.35
70.39 .
75.42
75.92

75.03
55. 59 £
7. 22
58.92

82.73

£0.25 '
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HEMICAL ANALYSIS

Preparation of Samples for Analysis - ) - I

A

Rock samples were washed and dried and then crushed using a jaw crusher;

the crushed samples were pulvarized using Broun pulvarizer to a -120 mesh.

. e

Each'sample was homogenized by rolling. To avoid contamination all equipment

"was cleaned "after each sample was crushed.

~

Preparatioﬁ of Solutions for Atomic Absorption and Rock Powder Pellets for

X-rav Fluorescence

’

Ca0, MgO, Al°p3, $10,, loss on ignition and acid insoluble content

were determined for all 121 samples used in Ehis-s;udy. Atomic absorption

waikused for the determination of Ca0 and Mg0. X-ray fluorescence method
. - N

was used for the determination of Al.,O3 and 5i0,.

For atomic abgorptiop determination of Ca and Mg and also for the
determination of acid insoluble the sample was dissolved as follows. About
1 g. of rock powder was weighed out accuratenﬁbinto a 100 mlﬁbeaker. 20 ml
of 6N HC1 was quickly added to the rock powder. fhe sample was covered with
a watch glass to avoid spluttering. The beaker and the contents were heated
for about one and a half hou;s at aﬁf&t 250°C. Precautrion was taken not to
allow the.contents to-boil o¥'evaporate to dryness. After heating, the
beaker and contents were allowed to cool. The solution was filtgred through

rd
number 40 Whatman ashless filter paper into a cleanm 100 ml volumetrié flask.

4

During filtering the inside of the beaker and the contents were rinsed with

6N BC1 and triple distilled water and solution was made up to-volume .
; y .

., .
‘(100 ml) with triple distilled water. The solutions thus prepared were

transfered into nalgene bottles for storage. The filter paper was saved for

25



- irsoluble determination, as described below. -

. Rock powder pellets were prepared for X-ray fluorescence as follows:

Toughly 2,

> 8. of dry rock powder was weighed out into a plastic vial to

T

3 drops of poly-vinyl-alcohol was,added as a binding agent. Sample ¢

&nc bi ﬂd-ng agent were thoroughly mixed. The sample was then transfered

B 3 1m~d1e an addicional 4 g. of borax was added as backing. This

mpre ssed at (9 tons psi) pressure for 15 seconds (Turek and Riddle 1977).

weterminztion of Acid Insoluble

b

The filter paper containing the insoluble residue from acid dissolution

S

\ P

rleced in a dry preweighed porcelazn crucible and ignited in a Muffle

bout 950 C. After cooling it was reweighed. The difference in

tne two weighings is the weight of insoluble residue. A correction of

.

‘éiﬁé;k_Ni.UUGI 2. was applied for the Qeight of the ashless paper..The acid insoluble

zonzent was calculated as follows:

we. of ash ) ’
- 42id insoluble = ———— ° x 100 .
We. of sample o
© Lesemizzzion of Loss on Ignition

his measurement porcelain crucibles were deglassed to be of

szzz: weight. The deglassed cruciblee were dried at 110°C‘prior to use.
wzzumrzslr L 5. of rock powder was added to the preweighed crucible and

Tewsi_gzne:z. This gives weight of sample taken. The crucible was placed

o
= = zmai cuffle furnace which was heated to 950 ¢ for half an hour. This

wrute nrasslvre takes about 5 hours. The crucibles were removed from the
:ﬁfw~:_ zilxwed to cool and revweighed. From this the loss on ignition was
F
ze.ticTel zs follows.
We. loss

=£: »n ignition =

x 100
Wt. of sample



Where

" .Wt. loss = Weight of crucible and sample before ignition - Weight of

crucible and sample after ignitionm.

Wt. of sample = Weight of crucible and sample before ignition ~ Weight

IS

of crucible. ! -

b

In thifs measurement the. samples were not dried, which means that the
thg.loss on ignition measurement also includes HZO‘ {humidity). Hoﬁeqer,
this is wvery smali quanc}ty whicbﬁhés been estimated as 0.3%. Furthermore,
the obéained loss on ignition was not corrected for &20' because it is
constant and very small.' The loss on ignition measurement is essentially

.a ﬁeasyre oflco2 + sz+. Most lime;COnes and dolomites contain less than

1%”H90+. This is a very useful measurement in that allows a check on the

Ca0 and MgO determinacions.

De:ermlnqplon of Ca0 and Mg0 bv Atomic Absorption Sgectrometer

CaO and MgO were determined by atomic absorption spectrophotometer
using Varian Techtron model AA-5, on sample solutions prepared as described
above. : ' .

Experimental. The operating conditions for the determination of
Ca0 were:

Lamp current - 3 mA

Fuel - Acetylene + nitrous oxide support

Wave lquth - 422.7 nm

Slit - 100 u

Reducing cone - 1 to 1.5 em high

Optimum working range - 1 to 4 ug/ml

Detection limit - 0.0005 ug/ml
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For Mg0O determination:
Lamp current - 3 mA
Fuel - Ace:§1ene + alr support
Wavelength - é85.2 nm R -
Slit -~ 160 u
Optimum working ramge - 0.1 to 074 ug/ml

Detection limit - 0.0003 ug/ml

The prepared solutions contained about 3,000 ug/ml Ca (corresponding
to 30% Ca0 in sample) and 1000 ug/ml Mg (corresponding to 10% MgC in samble).
Hence, dilution of samples was required for measurement at the most sensitive

range as indicated above. Dilutions were made using an automatic dilutor;

" the required dilutions were made 10, 100, 500 or 2,500 depending on

concentration. ' ' - -

»

Standards. A range of previously prepared standaxds-containing known .
concentrations of Ca and Mg were used. For Ca the range of standards used
was 1 to 5 ug/ml and for Mg the range of standards used was 0.01 to 1 ug/ml.

Calibration graphs of absorbance verses concentration were prepared

and they were linear for the specified range of standards.

Calculations. Following calculations were made for Ca0 and MgO
individualiy.
Sa, vol,

% Ca0 or Mg0 = Concentration ug/ml x ——— x F x D x 10~
' Sa. wt.

4

Where

Concentratioﬁ ug/ml = Concentration of Ca or Mg in solution
S .
Sa. vol. = Original volume of sample -- 100 ml
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Sa.wt. = Weight of the sample -- Ca lg. co o
P = Conversion factor from Ca to Ca0 1.3992; and Mg to Mg0' 1.6579
.“E‘ .
D = Dilution factor .
¢ Determination of A1293 aﬁ6;810, by X-ray Fluorescence Method RV

Experimental. Al,0, and 510, were determined using a Phillips X-ray
spectrometer model PW 1410/00/60. Primary X-ray source was from Phillips -
X-ray generator model PW 114Q/N/60. Analysing conditions for Al and Si

were as follows:

Si

Al
Tube ’ €Cr . Cr
Crystal TLAP TIAP .
Collimateor - Coarse Coarse :
: 50 KV, 40 mA » 45 KV, 20 mA
150 1L, 170 W 140 LL, 220°W
Attenuation 3 3
FC Volts 1710 Volts 1590
(pot @ 540) (pot @ 500) .
Count rate o
Peak angle 37.43 - .31.78°
Standards NBS 1 (1.2% A1203) USGS (42.15% Sioz)
NBS 88a (0.3% &1203) NBS 1 (4.76% Sioz)
Holder Cu Al
-
Peak count 100 seconds 100 seconds
Béckground count 40 seconds 2 40 seconds
- &

Dead time corrections - for Flow Counter is 0.000002 s./count

-

Concentration of A1203 and SiOo was obtained by comparision of intensties

with the intensities of standards. Background corrections and dead time
= A

corrections were made. Matrix corrections were not made, however, the

i}
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analyses were done against NBS standards which are carbonate rocks.

o

.

Dead time correction was made by using the following equaﬁion;

RO
RC = ——

1-Ry

Where - ) -0 .

Rt True count rate

. . ~

RO = Observed counts

Rp

6

Constant delay (2 x 107~ s.)
Results
The chemical analyses are given in Table 4. In addition to the

determinations of Ca0, Mg0, Al Si02, LOI and acid insoluble (for 6N HCL)

2%
a calculated value for loss on ignition is given. The purpose of this is

to check the Ca0 and MgO values. As LOL is essentially a measurement of -
COZ content and co, is containéd in'CaC03‘(441 C02) and CaMg(C03)2 (56% 002).,
Therefore, the calculated LOI should be similar to fhe experimental LOI

except that it will be lower as H20+ (about 1%~1%) and Hzo-.(about 0.3%) are
not accounted for. Generally the agreement betweeq experimental and

calculated LOI is very good. Where the agreement is poor it is likely that

Ca and Mg may be in other than carbonate form (e.g. presence of gypsém).

-

)

p ey



Sample
No.

451
43.2
&5.3
L45.4
45.5

45.6
45.7
45.8
43.9
45.10

45-11
45.12
4513
45,14
45.15

! #5-16

45,17
45,18
45.19
45,20

?8-1
78.2
78.3

78,5~

78.5

78.6
78.7
78.8
78.9
78.10

78.11
78.12.
78.13
78.14
78.15

78- 16

78.17
?8.18 '
78.19

78.20

Cal0 .

43:00
36,17

-36:18

30.07
52.77

10. 5“-
47.28
32. 80
17.25
24,16

45.11
48,45

46.61

43.07
44,80

L7.35
53.44
15.53
43,11
51.93
27.62
52- ?2
35.29
3441
31.05

30,02

29.24
31.03

32,11

31,09
-; 21'1'- 14
© 34,50
| 30.56
" 30419

29.65
30.15
31.87
32.76
31.07

TABLE &

CHEMICAL ANALYSES

- Mg0

3.46
4,08
3.47
4.07
3.88

3.36
1,153
1.25
2. 26

2. OO K

1.63.
1.60
2.22
1.61
.56

40
1.75
3.25
2.54
T.74

22.70
20.45
20.37
20445
21,91

22.97
21.27
21.65
-19.36
21.88

20,61
22,47

20.50
20.05
21.06

21,80
21,03

21.06 .

20.49
21.35

*\Ala 3.

.34
2.54

o1
1.65
1.12

3.81
3.07
- 355
1.03
«55

1.51
1.56
2.02
2+ 30
358

.21
2.23
2.68
2.04

036

.16

»12

.24

.10

.24

.27
1.08
.74
<48
.69

<40

.68
.46
.64

27

«52
23
.39
« 30

-89.

5102

646
25.00
28.00
40.00

52.00°
?75.46

5.87

37.00 .

64.27

55.00

6. 40
8.85
10.09
7.75
20.00

bo4?:

1.39
58.20

58.00

40
.44
«58
T W47
.64

1.38

1.81

1.49 .

1.01
1%5

86
2.53
1.33
1.33

1,19

.62
.70
.55
.86
.91

LOI

40,17
31.57
2.1
23470
29.50

8.72
40.16
28. 15
14,17
18.93

35.22
58.23
37.56
38420
35.31

40.93
38.66
24.98
35.01
27.72

47.20

46,98
45.79
46.69

46.04
45.61
45.72
45.98"
45,11

45.05
44,85
46.09
45.90
46.08

547.04

47.13
47.03
46.83
46.62

Celcu-
lated
LOoI

37 b4
32.79
32,13
25.96
29.91 .

“11.92

58.23
27.03
15.92
21,10

35.52

38.91
25.47
35.66

37.49
45.71
15.70
36.52
26.89

46.60

48.11

50.03
49.43
48. 40

48.77
46.29
48. 11
46.43

47.01

43.61

49.56
46.29
46.80

47.20

“L6.74

48.17

L48.18 -

47.81

Acid

31

Insolu-

" ble

13.08
28.08
27.59
47.00
53.64

80.24

11.00

69.01

57,78

11.55
14.28
17.09
14.87
20.25

5.87
15.61
72.10
21.58
37.63

3.25

2.36

2.51

2.84

295

3e31
7.63
6.18
3.25
6.67

7496
455
2+ 14
5.78
5.96

~4.36
5.01
S5.42
5.60
6.50

: 38003 .



TAELE -4 continued

" Sample
No.

30. 1
.80.2
80.3
80. %
80.5

80.6
80.7 .
30.9
80.10

100.1
100.2
*100.3
100. 4
100.5

i00.6
100.7
100.8
. 100.9

T00.10 '

100701
100,12
100.13
100. 14

100.15.

100, 16
100.17
100.18
“100. 19
100.%0

59. 1
'59.2
59.3
594k
55.5

59.6
59.7
598
59.9
59.10

Cal

46.45 -

41.39
51.00
49.97

. h?;90

48.25
49.88
48.25
51.70
50.86

30.83
30,61
55.19

T31.0A°
.29.30

30.21
25.89
28.23

34,50

29.27

30.58
32.80
30.99
27.62

31.06 °

36.17

30,10
37.92
43.12

30.95

4o 83

. 20.05
- 51.02 -

435.06
h§r06

48.33
37.91
51.79
48.26

36.21

4.26

410
2.80

4.01.
bo13

3.05.

.46
3«35

3415 .

3.35

22.12
22.86
16.67
20.69

2075k

19.02
16.36
16.52
13.90
1495

12-?0
12.55
12.54
13- 66
16.56

5.3
1%:?2“

10\ 82
8321,

19; 6
1Lo2
1322
1.33

4 .96‘

"« 86

- 1.27
.82

‘. 80
1.37
«96

=

Al

«35
- 57
«35
.32
.37

-Ll'6
42
.2"
- 34
.53

« 20

.18

.24
« 27
024‘

2.853
2.08
1.09
e 45

1.99

1.88
1.91

Lk
1,22
3.76

.66
1438
<48
«58
1.00

.36
T4
.25
.27
.27

.27
.79
.13
43
- 45

s

L

CHEMICAL ANATYSES
MgO

8102

5,52
10.80
3.;4
2+ 54
2.97

4o 31

. heki

3.54
3.44
375

.70

.~ .76

.75
L W7
-y

10.54

10.52
10.60
7.80
7.99

8.97

8.09
20. .”4'
10.37

7.36

1.95 -
- 2.35
1.38

1.81
2.18

‘ 15.00

1.66

2.88
22.00
25.00

'5.60 -

35.00
5.66

5.85 '
27k

“1LoT

Calcu-

lated

" LOT

41.58 °
38.92
42.07
42041
41,74

41.20
40.98

42.16

42.51
§2.01

46.72 -
46.82 -
46.55

46.20 -

46.58 --

39.09
36.46

, 37.06

37.13
37.68

37:c42
39.26
37.96
37.93
39.21

45.28
45.59
41.55
39.81

L3.64

38.03
L2.88
42.01
33457
32.82

40.78
27.16
39.24
39.68
31.31

41.03
36.89
42.98
43.51
45.58

51.10
52,83
G147
43.91
43.47

48.92
49. 11
45.88
47.08
45.53

44,57
38.24
39.98
40.96
39.33

38. 22
39.47
38.04
36,64
L2.31

L. 14
L3.52

41.58

42.77
45.96

36414
40.48
41,38
3474

34,63

39.20
30- 56
L1.40

.39. 26

29- 38

~.

—

Aciad
insolu-
ble

11.83
5.08
4. 58
5.84

7.13
7.87
5.43 .
5.39
.11

4.93
2.31
4.75
2.69
Lo21

. 1612

22.43
20. 44
14,15
‘1‘ 8- ZL"

©20.20

17. 26
19.16
20.07
16.97

6.03
8. 48
4.90
6.71
7.21

14.63
4.77
L{'- ?0

24. 14

26.07

8.12
32416
11.68
11.02

30.73
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TABLE 4 continued

Sample
No.

s .
Wi —

[

Gﬂh?\oﬂh Uﬂh?\QNh
» v @ .
5\003\10\ 1

[

(2%
.

—
—

6.1§ i
6.1
5.15
6.16
6.17
6.18

.19
6.20"

62,1
62.2
62.3
62.4
62.5

(42
.
\;

. 62.6

R

62.7
62.8
62.9
62.30

62.11
62f12
62.13
62.14
62- 15

Cao

31,05

30.20

30.18°

25.87
27.60

*29.29

25.90
27.58

. 25.85

24.09

26.71
27.53
27.56

26.72 -

32.77

2L.12
32.77
27.62
25.83

30.11

42,06

3?077'

Sheo42
31.93
Li.g2

36.19
38.00
36.95
37.59

9.69

56.99

34053”

Sha 42
41.30
30.08

S

CHEMICAL ANALYSES

Mg0

21.26
17.58
16.96
15.93.
18.20

12,45
16.70
15.13

-12.03
16.51

2144
19.36
20. 41
21.04
21.45

23.06
19,41
18.60
20.20

20.18 .

be13
h.06
7.69
5.9
3.35

L.18
3.51
'5523.

1.22
3.38

3.38
.92
.92

3.82

'O&B

o

A1205

72

1.48

1.88
3.6
.22

2.50
2.93

2.7
243

2.30°

23
2.01

1.23
.58 -

.49

.24
«7h
.87
77
S

.64
2.57
5,10
1.18

G4t

1.37
.97
1.27
« 51

1.49

1ol
1. 27
.78
2.08
.67

510

2

2.62
4' 62
2.15
16.00
5.20

9.82
761
9.20
7.53
10.95

T .99

5.19

5.91°

1.76
2.75

.82
2-2?
2.63
2.66

2.15 -

7.29
10. 45
35.00
30-00
22.00

'25.00
24,08

20.84

58.00
75.00

be14
35.00
40.00
7.26

" 41,55

. 46.87

© 34457

33.38

e

Calcu-
lated
LOI

57.69
4i.24
42.28
57.77
l.62

L. 24
41.55
41,00
39.Q8
42.68

36.61
38.64
38.23
37.86
37.0¢2

3739
39.05
37.66
57.90
39:11

46.54
43.10
435.52
45.80
45.10

iy 50
42.85
4403
44,06
49.95

44. 25
47.01
42.08
4245
45.77

37.45

L. 56
L3.81
45.15
45.82

37.51

27.95°
30. 40

P-4

34,753
51.48
| 36.09

32.29
34.50
35.64
24.03

9.08

32.91
33.59
34.66
30.44
11.30

3266
27.87
27.94

36-.05
27-99
25.00
36.25

24.93 24.05

34.02 7

36.51 .

reid
insolu~

" ble

6.12
13.29
15.27 |
19. 41
11.48

- 20.84

17.40
21.54
19.22
19.54

.6.00
12.08
M.72
- 7.02
.52

1.63
10. 22
11.04

8. 82

6.68

16.36

2ha 20

38.71
52.02

S 24.75

27.62
22.73
2k, 21
Lhplly

7727 .

17.47
5749
46.34
18.97.
43.73



“

\,;f/éi;ssification bv Rock Type - S X ,

~ -~

Rock samples were grouped into limestones and dolomite on the basis -
of calculated dolomite content based on the chemical analysis results as

follows: )

o~

Ca0 "7hd Mg0 converted to CaCO5 and MgCO, as follows:

Bz

%Ca0 x 1.7848 = 7.CaCO3 - : . ~
N o, )
TMg0 X 2.0915 = ZMgCO3 >
Then
‘%C3C03

R = A, (% At. units)
Mol.wt. (0%903)

ZM3C03

Mol.wt. (MgCOB)

= B, (% At. units)

Dolomite = B X Mol.wt. of dolomite (184.35) in wt. %

Calcite = (K-ﬁ) ﬁ Mol.wt. of CaCly in we. %

-

Further, the rocks have been divided into two subgroups on the basis
of the alumina content.
Frequency distribution diagrams were plotted for the dolomite and

dlunina contents of the rocks in order to determine whether the distributivn

-

of the above components is unimedal or bimodaI.(Figs. 2 and 3).

FromfFig. 2 it is eéldent that the dfstribgtion i? bimodal. The break
between limestones and dolomites is 20-70% dﬁlomite. In this study for
the purpose of .classification the-break between 1imest0nes\§nd.dolo£ites
has been taken as 457 dolomite cogtent.\Tﬁerefore, 0-457% dolomite

content is called a limestone and »45% dolomite content it i;\galled a

dolomite.
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Harvey et al. (1974) have grouped 122 carbonate rocks into dolomites

and limestones on the basis of dolomite content by taking 50% dblomicg

c;Ifent as the criterign—for the division. This is in agreement with tﬁ;
45¥-value used in this study.

[

Pétpijohn {1975) classified carbonate rocks on the basis of the dolomite

content as follows:

DQIOmatié limestone - 10-50% dolomite : -
Calcite dolomite - 50-90% dolomite-
Dolomite T - 90-100% dolomite -

Blatt et al. (1972) pointed out that the term dolomite refers both
to the mineral species CaMg(CO ), as well as to a rock, their deflnltlon Qf
dolomite as a rock‘is based on dolomite contgnt'CSO% of dolomite.
The grouping of rocks into 1&meshone and dolomite as used in th}s*%éudy
Iis therefore in agreement with Pettijohn (1975) and.Blatt et al. (1972).
Moreover, there are no standard rules reported in the literature for
subdivision of carbonate rocks on the basis of chemic&llor mineralogical
compositions.
Another classification of carbonate roc;;?into two categories has been

done on the basis of Al,Q, content’ (Rogers 1976). Fig. 3 shows the frequency

-

distribution.lThe hist;gram is slightly bimodal. The apparent bge#k is betwe-n
1.5% to 22 A1203, a&ﬁqkﬁé rocks can be divided into low alumina (<1.75%

A1203) and higher alumina (>1.75% Al+03) rocks gut of 92F rocks 17 fall

into high alumina rocks and 75 fall into low alumina rocks. The above

groupings were rmade for the purpose of statistical analysis. ’

+ Of the 121 rocks used 92 are the same as investigated by Garber.

-
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CHAPTER 5

STATISTICAL ANALYSIS OF CHEMICAL AND ADSORPTION DATA

Statistical Treatment and Computation: of Data

Statistical evalurion of anmalytical data has been done using linear o
regression and correlation. The slope ofthe line of best Eit, the intercept
and the correlatxon coefficient can be tested for significance at different
levels of probabiliry. An IBM 360/70 computer was used for the staCLstlcal
evaluation of data as well as to plot the individual .data points. For
linear regression the BMD-02 (Biomedical Computer Program 1973) correlation
with rtransgeneration program was used. This program computes simple correlation
coefficients, averages, and measures of dispersion of variables or
transgenerated variables. All data were statlstxcally analysed as well as
selected data groups on combined variables such as CaO and MgQ or Alo03

and $i0

-

2
The results of the BMD-02 program gave linear plots, however, it was

apparent from these plots. ﬁhat not all the relations were linear and some

. »

of them may be a log normal or log-log functions. For thlS purpose SAS -
(Statistical Analysis System 1976) programs were used .-Most of the relations
derived were to log-log functions (Figs 7-31). Tpe equation for the line of
best fit is:
In Y>= b in X+ in c
or
Y = C XP
- IfEY=1 Xb and b = 1 or close to 1, and when plotted a linear relationship

will be obtained. T

38



If b = 0.5 or-less a direct non linear relationship similar to the

following is obtained. As X increases the increase in Y will be progressively

- : b}
lesser. : _ - '
X
I1f b = -0.5 or less an inverse non linear relationship is obtained.

T

As X increases the decrease in ¥ is progressively lesser.

SN

s

When b = 1.5 and above a direct non linear relationship is obtained, and
as X increases the increase in Y is progreé!!vely greatef.
Y
X N
When b = -1.5 an inverse non linear relatioaship similar to the following

is obtained. As X increases the decrease in Y is progressively greater.

o

X

For comparision figure &4 was obtained to linear relation and also to

log-log relatiom. In both the cases the computed correlatig; coefficient (r)

- . A



'.“a

%0

'ti r
‘

- -
-

was the same. In both the cases the observed relationship was direct and

T

linear.

As described earlier, the samples were grouped into dolomites, liﬁestones,

high and low alumina Tocks representing 47, 45, 17 and 78 cases respectively,

IR
e e - .

to check if,;hese groups represented populations of themselves and if they dig
then the correlgtioﬁs within these groups will be gighér than correlations '

of the samples as a whole. Separate stgtistical analyses were done for
dolomites and limesténes and also low and high alumina rocks. Plets of
dolomites and limestones were analysed andrinterpreted. Since majority of

the carbonate rocks £all into low alumina group seperate discussion of high
';?nd low alumina grouﬁs was not made. Table 5 is the regression and

. f
correlation analyses of between dififerent combinations of the variables:

v

water, Cu, Pb and Zn sorption, C40, MgO, Al,03, LOI and acid insoluble.
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- CHAPTER 6
) - "-
DISCUSSION OF RESULTS - :

)
-

The following di;cussicn is pased on ghe chemical composiéiﬁnal
relationship of dol&mités and limestones, and includes: the comparative -
stua; between calculated loss on ignition and determined loss on ignition,
_SiOé and acid‘insoluble, acid insoluble and Al,03 plus $i0,, MgO and Cal,

Mg0 and 5320, CaO-and A1203, MgO plus Cal and‘i}ZOB, A1203 and 3102.-

>

Water and metal sorption against Cal, MgO, and Al,04 for dolomites and

limestones were also_studied and will be discuésed below.

3

Chemical Composition of Carbonates

Calculated LOI wvs Determined LOL

Theoretical loss on ignition was calculated for the samples to check

the experimentally determined loss on ignition.-

Ca0 X 0.7825 (factor) = CO, }
) = Calculated LOL
Mg0 X 1.101 (factor) = COp )

The maximum allowable difference beﬁween determined and calculated
loss on igniﬁion is 3% (Turek personal communication). The linear plot
obtained for, the data of caléulated 1.0I and determined LOI showed good
correlation (F;: 4). A caleculated difference of 2.924% exists between the
calculated LOIjand-determined LOI, therefore,this value is witain the

2

maximum allowable difference of 3%.

5ip., vs Acid Insoluble

A linear plot (Fig 5) for 5i0, and acid insoluble content shows a

LL " -
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direct correlation. This is to be-expected since the acid insoluble reg}ecEs\

the content of clay minerals, chalcedonj, free quartz and glauconite. Hﬁny

carbonate rocks contain these as accessories.

hd .

P

.. Aeid Iﬂsoluble vs A1203-¥ SiO2
A direct correlation exists between acid insoluble and the combined

A1203 and S:’.O2 (Fig 6).'This relationship is related to_theou;tiggsted élay
and also silica content and accounts for bulk of ;he acid insoluble.

Clays are largely insoluble. The slight solubility of clay minerals in acid’

-

varies with the nature of acid, the acid concentration, the acid-to-clay

ratio, the temperature and the duration of treatment. Also the solubility

of the various clay mineral gTroups is different {Nutting 1943, Pask and

=J .
Davis 1945, Grim 1968). Since most of the clay is insoluble the undigested

.clay!shows a direct correlation with the acid insoluble content. In’the

!

above ‘section a direct correlation between S$iO, and acid insoluble was

" observed (r=.981). Infact the combined A120§+Si02 gives a marginally better -

correlation coefficient (r=".986). The added alumina content due to clay

~

_improves‘the relationship.

Mg0 vs Cal .

Y

. An inverse relationship exists between MgO and Ca0 contents of dolomites.
This is expected inverse relationship. The MgO and Cz0 contents of limestones

show no significant cofrelétion;,how@Ver, the line of best fit indicates similar
I

;buttweak inverse relation (Fig 7). Statistical analysis indicated that not all

the relations were- lirear and some of them may be a log-normal or log-log functioms,

- .

therefore figures 7 to 31 were computed on log - log relationship.
Error analysis has been done on the slopes of limestones and dolomites

which indicated that the slopes are statistically same but their intercepts

;

. . i
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are statistically diﬁfeient,caﬁd the relationships are also statistically

.

~ -

differentl . ‘
In;:ease in CaQ content decreases the MgO content. This ¥elationship

1is in:aéeordaqge with the mineralogi;;l composition-governing the two =

carponate rock types. The cheq}cal composition of limestones reflects closely

théir mineral composition. Because limestones ar; primarily composed of:’ :

calcite the content of CaQ is high. If Mg content in limestoneg exceeds by

1% or 2%, this indicates the presence of mineral dolomite (Pettijohn 1975).
Dolomites gi?g 2 much better correlation than the limestones. The

probable cause for scatter of points observed in limestones is due to calcite-

wEich is able to take varying proportions of Mg ion into solid solution.

Minor substitutions of Mg ion oecurs in calcite, but the tendeacy to form

the ordered:phase dolomite is very great (Berry and Mason 1959).

‘' Ca0 vs A1393
In both the rock tyées, an inverse relationship between Ca0 and Al,03
contents was observed (Figs 8 and 9). This is because the Al,0; content is
directly related to clay mineral content. Illite and less often kaolinite :

are the most common clays in the carbonate rocks (Grim et al. 1973, Ostram

1959, Weaver 1958). If there is an increase in the clay accessories there

- »

would be a decrease of calcite or dolomite content of the carbonate rocks.
Hence the above relation is expected.

Relative scatter~of points is greater in dolomites rather than in
limestones due to low calcite content in essentigily a mégnesium rich rock.
CaCO3 ;nd MgCO3form a solid solution series (Garrels and Mackenzie 1971}
in dolomite, and the variability of Ca in solid solutien causes the scatter

of points.

- - ~
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Mg0 vs AL,0. N
) It was observed that .in dolomites Al,04 coneent decreases with increase
in MgO .content (Fig 10). This indicates simply that clay in dolomite replaces

mineral dolomite in the rock 50 if one increases the other has to decrease.
A direct correlation exists between Mg0 and Al,04 contents of 11mestones

(Fig 11) which is somewhat unexpected in view of previous trends shown

+ +
above. It is possible that the Mg in limestones is clay associated (Mg

oceurs asﬁa commonest exchangeable cation on the clay sueéace, Grim 1968).
This possibility is ruled out, hcwevef,sinEe';he;e is too little alumina. -
- *

The avérage content of A1203 and Mg0 of limestones used in this.work is
1.03% and 2.66% reepectively. This)amount of Al,503 has cofeupport 2.66%
of Mg0 and this is not possible. Other poesibility is that the high alumina
lzmestones tend to be mofe dolomitized, in other words the clay itself
promotes the dolomitization. process so tee'higher the clay.conent of the
limestones the higher the dolomitized portion within the limestone (Hudec
personal communication). Sonnenfeld (1964) reviewed dolomitization and
stated that magnesium bearing solutions lose their magnesium c;;pounds
within a short distance on contact with bentonites. He further states
ehat " if this unloading of magnesium occurs over montmorillonite and other
magnesium rice clays, then there is eo reason to believe that such magnesium
carrying Jaters would not react with limestones if brought in contact with
them over a sufficient period of time .-

Potts (195?, cf:bEeller, 1363) immersed clay (mainly montmorillonite)
suspensions in sea-w&fer for 36 and 86 hours. His data shows 2 marked f’/’
increase of 195% in the amount of exchangeable-Mg ions,

A

Carroll and Starkey (1960) have observed a similar relation. They
H

immersed samples of montmorillonite, illite and kaolinite in sea-water for

“tr
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10 and 150 days. They have found a matked increase in the amount of.

exchangeable Mg ions from a given solution. Presence of clay minerals in

limestones may have considerable role in the prbéess of dolomitization by

taking the Mg ions and rendering them on' to calcite to promote dolomitization

~
-

‘gt T+ 2 caCoy = CaMg (CO2+ Ca ). : -
< . " . :

. There is a better correlation between MgO and A1203 in dolomites rather

N

than in limestones. The probable cause -for scatter of points obserxved in
limestones is due to calcife which is able to take varying proportions of
: [ §

Mg ion in solid solution.

-

Total Carbonate Content Vs A1203 . : -

Total carbonate content (combined MgO and Ca0Q) shows an inverse
relationship with Al,03 content of both the limestones and doiomites
(%igs 12 and 13). The 31203 content 1is rela;éd to c¢lay minerals and.as expected
increase in clay, content would displace the carbpnaté co;tent of the | ‘
dolomites and limestones, and tﬁerefore an inverse relation is seen between

the carbonates and-A1203 contents.

Al,04 ¥s §i0,

A direct relationship was observed between'A1263 and 5102 contents of
both the carbonate rock types (Figs 14 and 15). There is much better
correlation in dolomites than in limestones (r = 0.875 aund 0.714 for
dolomites and limestones respectively). This is probabiy due to the presence

of free quartz and to a degree different type of clays.
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Water Sofﬁtion . v ha
HO?:SCaO/. | | R
e -
It was observed.chat water sorécign deéreasés with increése in Ca0
content for both the carbonate rock tyﬁés (Fig 16). As shown earlier, c1;§
contnet decreases with increase in tﬂé Ca0 content., It was‘indigated in
chapter 2 that the clays. possess greaEer surface area than calcite and
dolomirte. ﬁater sorption is a direct function of surface area. Iﬁ‘is
therefore expected that the éécre&se in the clay content would accrease
the toral available surface area in the carbonate rocks for water sorption.
gzo vs Mgo .
' Inverse relafion eéists between water sorption and MgQ content of
dolomites (Fig 17). Same explanation caﬁ_bg*applied as was to H20 verses -
Ca0 relatiomship. - o - T \

There is 2 direct relationship between water sorption and Mg0 content,

of limestones (Mg 18). Since it was already shown in figure 11 that a
- - v-

direct relatibnship exists between alumina and magnesium contents in
limestones it is not surprising that.a direct relation#hip should also
. .

exist between water qoiption and magnesium content of limestones, as

magnesiuz is clay relarted.,
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In (E'Q Oolo).

o Dolomite 052"
-= 10 : HaQ:=327.0(Cal) ™=
51001 o - r0.356
' s limestone 6.71
. i H2O = 35849128461Ca0)™
& 078
-6 245 29.9 36.6 : 447 x
3 32 33 35 35 37° .38 39
' In(Ca O%,)

2

Fig 16 A plot of adsorbed water (%) at 457% R.H vs Ca0 content
for carbonate rocks

\.
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Ha0 vs Al20% ) :

A direct relation was, observed between water sorption and Al,04 contents

rd

of dolomites and limestones (Fig 19). The correlation coefficients are 0.899

for dolomites and 0.759 for limestones. This suggests that very good correlation -

exists between water sorpticm and alumina . It is seen that water sorptlon

1s a direct function of the amount of clay present in both the carbonate

rock types. ‘Error analvsis has been done on the slones of dolomites and
. \ v

4limcstones, which indicated that the slopes overlap and are statistically

same but their Intercepts are different.
According to the equation for the line of best fit, ia dolomites water

sorption increases from 0.03% to 0.21% for an increase in alumina content

~

from 0.22% te 2.77%. Or the cohter hand, witer sorption increases from 0.027

to 0.76X for the above range of z2lumina content. This shows that limestones

adsorb more water than dolomites at higher alumina content.Rogers (1976) has

-~

found similar relationship. His calculations have shown that limestones adsorb
. .

more water for equal amounts of alumina as compared to dolomites.

The fact that the limestones adsorb more water than dolomites probably
. me

depend on the different dispersion patterns_of'clay minerals in the intersticial
spaces of dolomite crystals pf the carbonate rocks. Dunn.and Hudec (1966, 1972)
proposed the concent of “rejection texture" in which they postulateg that
dolomite crystals during their growth in liméstorcs tend to reject the clavs ro
the grain boundaries, making the clavs more or loss continous and hence, nlacing
them in wettable position. They state that such rocks are highly adsorptive.
Based on the rejection texture concept Rogers has concluded that concentration
of clay at dolomite crystal boundaries may result in clustering of clay minerals -
with resultant decrease in the net effective surface area. In limestones where
the clays are more dispersed, there would not be "interference" between clay

minerals, resulting in a greater net surface area than in the dolomite.

-
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Cu vs CéO

Another possible explanation iz that the exchaﬁgeable cation on the T
¢lay surfaces in limestones is Ca and Mg \bn the clay surfaces of dolomite
(Hudec personal communication). Ionic radius of Mg (.66“&)-13 smaller.:han;

o -
Ca (.99 A). Ions with smaller radii. possess higher surface charg

~

compared
to ioﬁs with large radii-gnd therefore, bind to the clay surface firml .-
It is obvious that other cations can more easily‘ﬁisplace‘Ca fﬁhn Mg.
Therefore, it ié quite probable that the water may teﬁd to displace 63 ion

with greater ease.than Mg ion on the clay surface.

Copper Sorption

Y

. /s
No correlation between ¢opper adsorption and Cad content was observed

-

for dolomites or for limestones (Tig 20). Calculated correlation doefficient
for dolomites and limestones is 0 .08 and 0.237 respectively, which is much

lower than the tabulated correlation coefficient of 0.325 at 5% significance

.

level. Reasons for this lack of correlation are discussed below.

The explanation for the ;esults observedlin figure 20 is found in the
reactivity of the carbonates with' the metals. Heydemann (1959) reported that
copper was adsorbed by élay minerals and quartz according to Freundlich
adsorption isotherm whereas in the case of calcite a chemical reaction takes
place. According to him calcite powder takes up coOpper jons from very dilute
neutral aqueous solution through a chemical reaction and not through physical
adsorption. latter, Ashry (1973) found that there is correlation between
copper and zinc adsorption and the ciay-sized carbonate particles (calcite)

of Nile River sediments. The above correlations according to him reveal

that copper and zinc were bound to the clay-sized carbohate particles, and



_ 83001 93BUOGABD I0J Juajuod 08D sA (8/8n) np paqirospw yo jo1d ¥ 0z 314

69

n - CbOoEDU |
. 6°€ 8¢t LE ot g€ vE €e A e
T vb 99¢ 662 Ghe G2
. - | ’ nmm.o"p. : | o oc} €
: 260 (OB 2EY=ND o \ . 0
. : - 2U0]1S2WIT e . . @
80-0=4
(O BIIGEG=ND o 0 e
c00 211wojo o . 3
* 0 c o? m oo mmv
[ ] [¢] OO (o0} o . N Ov v n
— S— s ey e B mem e e e e et mve’ — et mmes e e mEm e et SRES P e Bl — ey v
¥ [+] . ° ° “ Q ° 6

¢ 8 o —
— * o * * o o ° o ° nm\

I ® . o 190 g

oow . o« * T ° o :
. .&. ) ~ /
/ . “ ® [ . ° —
o ° . . . . O : AWwwr G
* GG
- A
’ - b



B
o

g
-, "

.~ the bonding between the carbonate particles and copper and zinc took place.

by means of chemical reaction. Therefore, it is quite obvious that calcite

favoured if the adsorbate forms a compound of high sbluﬂtlity with the

‘reacts with copper forming a compound of high solubility. Adsorption is not

adsorbent (Mason 1966).
The flaq,lines in figure 20 are probably due to chemisqrptioh. Similar
type of flat lines were obtained by Smith and Fuzek (1946) and latter by

Cook and Hackerman (1951) in the systems where chemisorptioh was operative.

Cu vs MgO - . .

Limestones show a direct p&frelation be:weén copper and Mg0 (Fig 21)
whereas dolomites show an inverse';elationship between copper sorption and
Mg0 content (Fig 22). Similar relationship was observed between the water .
sorption and MgO content of the limestones tFig 18). Earlief a direct
rela:xoshlp was observed between MgO and Al 03 content of, limestones. (Fig 11).
Thxs Suggests that there is a direct relatzonshlp between MgO and Al,04
contents of lzmestones and Cu sorption. b

In dolomites; the inverse relationship between cOpper and MgO contents
is probébly due to the fact that as MgQ content increases the clay content

 decreases. The dependence of copper on clay cogptent is shown in the following

section.

Al O
Cu vs Al 503

- A direct correlation occurs between the copper sorption and AloO3,
contents of limestones and dolomites (Fig 23). Error analy51s has been done
i ’ on ghe slopes of dolomites and limestomes, which indicated that the slopes

are statistically same but their intercepts are statistically different and

1: - the relationships are also statistically different.
:

g
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. According to ‘the equax:ian for"':he J.ine. of hesx ﬁ.t, :!.n dolomites Cu sqrption
increases froxn 45 8 ug/g to 88.07 ug/g for anm inc:ease in Alzo 3 "content from
\ -
0.22%7 to 2.7%. In limestonmes Cu- sorption .:zncreases from 72.03 uglg xo 118.93 ug/g
- t - . - T ~

B o

"1 for the above rm_*ge-of alumina content. The reasons for this are .discussed
: ;e '

" " below.. . § ’ S :
. . It is appai'ent that the copper s.or'pt:ion is a direct function of clay
/ " content of bot}: the carbonar.e rock types Although the overall clay content )
. & 1}

.0of the carbon&te rocks. does. not exceed 1 to 2%, clay minerals play an

~

:meortant ro{e in adsorption of metals and water, Calcite, dolomite and

quartz assume a subordinate role owing to their rela::wely 1ou surface area.
a- ' I -
Dunn and Hudec (1965) presented evidence that I:he ma jor non- carbonat:e -
) e
accessorz.-‘:as such as clay and sxhca play a large part in sorptxon of water

Ta

o in rocks- Heydemann (1959) ‘states that a suspens:.on containing O. W

percent: of llllte (a Vne frequently observed in the r:wer warer) extracts

-

- ' at pH 6.8 about 8% of the copper content from a solutlon w:.t:h 0 3 ppm copper.

T@pper content decreases to 60 mlcrogr@ per litre. This illustrates
. -
i ' . .

;/—the function and importance of clays in adsorption. ‘
Clay mineralg presenﬁ in the caz’:bonace rocks ddsorb §opper catipns .

' / from a solution very efficiently. This is due to the unique physical

. . . - . 3 T
’ / . properties of clay minerals such as high surface area, surface charge and -

O ‘
high cation *8xchange capacity. Wayman (1967) states that maximum adsorption

+ b . - :
should occur at higher charge and small ionic size The smaller the r'adiﬁ‘ of

s
a pos:.tu;,e ion the h:.gher :.ts charge (M»ason 1966) Copper with ‘smaller iom@, /—\’
rad:.us ( 72 A Cu2 ) .could be exchanged with ease for the exchangeable >
* ‘

e
.cations Such as Ca Mg, and Na ava’flable on the «clay surface whose ionic .

-

radii are comparat:.vely lgr‘gerahn c.dpper ( Ca -99 A and -Na .97 -

M}a_son 19&).‘ .o . ! P - ‘ . . -

. - -
' v S .o S




. o -

:‘Eeydemann (1959) investigated adsorptiég of copper on cihy minerais and

has shown that adsorption increasesin the sequence of kaolinite~illite-

o ) + - .
,Loncmorillonite; The surface area of the respectivd cihys also increases

in this sequence, thus metal sorption is tied to surface rather than to the
. é i .

qlay mineral type.

As shown in figure 23 limestones.adsorb slightly more copper than

., dolomites. Similar relationship was observed with water. This may be attributed
. . . . .

to the "rejection texture' phencmenon. This aspect was discussed earlier

with respect to the direct relation between water and A1203 as shown by °

limestones and dolomites (Fig 19).
Another possible reason for the disparity in the adsorption characters

of the two carbonate rocks could be as follows: ?hg\fxchangeable cation is
Ca on the clay surface in limestones and Mg on the clay surfaces of dolomites

(Budec personal communication). If copper ion is introduced its ability to

dislodge existing ®ations (such as Ca and Mg) on the clay surface will be

-

- - ‘ o]
proportional to the si%e ratio between the two. Mg ion is smaller (.66 &)

< T ' -
than Ca ion (.92 A) hence, exerts higher surface charge. Therefore, Mg
F] . . P

4
N

/,qion binds to the clay surface firmly. bopper can displace Ca ion with greater
: s j

ease than it will displace.Mé. P
S - -

ok 1

Lead and Zinc Sorption

Lead and zinc have similar geochemical{behaviour and are- discussed
- P ' )

together.

il

Ph and Zn vs Caé ‘ Toe '!f
" There is~a weak correlaﬁion becwqen Pb and the Ca0 content of limésotnes
fig 24) . However, despite of the weak correlation, it is considered that

there is no relatlonship between the Pb sorption and CaO content of limestones.

~ - * -
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Likewise no corretation was observed between the Zn sorption and CaQ coantent
of lbmes;ones (Fig 25). |

The lack:of cqrrelation in the above two ca;es may be attributed to
chemisorption. Kipling (1565? has found chemisorption to occur in a number
of syscéEs during adsorption at room temperatures. Smith and Fuze# (1946)
Gduring their studies on adsorption of palmitic acid have shown in thgir )
plot a.typiﬁél curv; where :;emisorpcion_was operative, obtained.a flat line
similar to the £lat lines derived in the above two flgu(es. Cook and
Hackerman (1951) have obtained two sets of curves while studying the acid
sorption, a flat line for stearic ai}d where chemisorgtion was operative,.and
another with a positive slope where physical adsdrption was operative,
The flat linés in the abov# two ﬁigures withoutlany correlation mean that
chemisorptioﬁ was operativk. ) ' .

Jurinak and Bauer (1956) have investigated the thermodynamics of zine

- ~ S

adsorption on calcite, dolomite and Ca-magnesite and found that about 10%

- of the adsorption sites probably available on calcite were occupied by zinc

- + + L P

| when the equilibrium Zn  aqueous concentration was 0.90 x 10 6M‘at 25.1°%.
The Ca-magnesite shows a somewhat greaqpf affinity for 2r ion than calcite,

while dolomite is intermediate.

S : )

Ashry (1973) reported a direct correlation between metal (Cu and Zn)
. -

sorption and clay sized grains of calcite. The finely dispersed carbonate
particles acted as accumulators for copper and zinc. He stated that the bonding

between the carbonate particles and copper and zinc took place by means

of a chemical reaction. This indicates that zinc could be chemically sorbed
‘by carbonates. Same anology could be applied for lead also. .

1t has been observed earlier that-am inverse relationship occurs between
>, .
- water sorption and-CaQ content in both the carbonate rock types (Fig 18).
. h - .

- ' . 4

-



78 .

»(\ N

2)20x1 93vUOqIED wow jusquoo 08y 8a (3/3n) uz v+auomvmduo uoam v ¢z B1a

(°/eO mUv S '
: m..m Qm - hwn 9t m....n bE n.m 2k €
a x Lvb it 662 fof ¥ . Se
- 160 0= : Y
v-.O-AOmUumm.cO—ucm . o
pUOS3W] ® "o N v

1£10=J : . _ - . Oc n
.(0eD)899-uz —
8y o . aMwojeQe . . ] 3
] ~
N ' ; h - t_ ~N
o wo w o® ‘ o —— = \_\Mm n“ >

. o o ——— G
N ® 0 @ — —— ||-°I.l -_— &ll ..m
\ — —— - eo ¢ o ..rﬁlu\

— - - , u ]
—_—— 8 o ° o
. — o ) 3
’ . o o gvs| v
- "o . * * ' R .. °© o gn
] L ] .. Y . . . °
\ '. ' &\“ G ﬂ .. ve -]
\ aslov -
, A
i L]
- N i 1
. : y
7/ “

o



Therefore, in this case water sorption is independent of lead and zinc

sorption since these two elementsfare chemically adsorbed by the calcite

content. -

S

Y
Pb and Zn vs Mg0

No correlation between lead and zinc sorption and MgO content of
limestones Qaé_obsefved (Figs 26 and 27). Lack of correlation can also be
attributed to hhe chemiéorécion. A L’ : )
A direct relationship exists between water s;rption and Mgo contents of
limestones (Fig 18). Water so;pfion therefore, is independent of lead sqand
zinc sorption wiﬁh regard to Mg0 66ntent of limestones.

Ay iﬁverse relationship between lead and zinc sorption and ﬁgo content
of dolomites was seen (Figs 28 and 23).

This suggests that the dolomites are more surface active and less
chegically ré%ctive than the limestones. Jurinak and Bauer (1956) oﬁserved C
that in adsorpﬁi%n of zinc on mineral dolomite, the surface reaction differs
noticeably from the reaction occurring in the calecite system. No surface
saturation was evident in the concentration éange of zinc used ané/én increase
in temperature caused an increase in the adsorption of “zinc. This indicated
a difference in the relation'of zinc ion to the dolomite surface. Zn content
of Ca}pite decreases with increasing temperature, indicating an ﬁxothermic
reactioa, i.e / a chémical reaction with the liberation of heat. This Suggests

a4

that the calcite takes Zn by chemisorption. s

Another probable reason for the decreased sorption of 1i§g_gpd/;;;;
™~

with the increased MgO could be explained by the fact-that the A1203.conteht

decreases with increase in MgQ content (Fig 10), therefore, lead and zine

sorption also decreases. 3
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Pb and Zn vs Al,04
For limestones chere is no correlation between lead, zinc and “Al,0 3

content (Fig_30 and 31). This lack of correlation can be interpreted as a

‘function of chemisorption rather than adsorption.

Tﬁg £lat lines in the above two figures would indicate that chemisorption
was operative. If chemisorption is opcrative'in a systémwno matter how much
clay iq present in the rock a relation could not be obtained between clay

and metal sorption. Calcite, 2 dominant mineral in the limestones, would

e
* react easily with lead and zine, resulting in the formation of ca*bora*cs

AY

of lead and zine, and thereby obscuring the physical adsorption of metals
by clays. ’

A/direct sirnificant relationship between lead and zin¢ sorption and
A1703 content of dolomites was observed (Figs 30 and 31). ]Error analysxe-
has been done on the slopes and intctcep*s of dolomites and limestones,
which indicated that the slopes and intercepts are statistically different;
and the relationships are also statisgically different. According to the
equation for the line of best fit,5ii;;\§brpéi;n {ncreases from 196.87 ug/g
to 254.67 ug/g and the zinc sorption increases from 30.65 ug/g o 38.;7 ;g/g

forman increase in alumina content from 0.222’:0 1%. This means that more

1eiﬁ-was sorbed by alumina than zinc. This is not in agreement with the

‘work of Krauskopf (1956) who has experimentally demonstrated that élays adsorb

99Z and >§62 »inc and lead respectively. He maintained a pH of 7.7-8.2
and a temperature rangn 130 to 23°C:nﬂiconcenttation of adsorbeat {(clay)
was maintained same (20 g/litre). Howeger, the initial concentrations‘wérc
2.6 ppm and 0.5 ppm for zinc and lead respectively. The disnrepancy ¥
between relative amounts adsorbed in this work compared to Krauskopf's

is probably a funcn?on of the relative diff;rencé in concentration of

lead and zinc used.' The amount,of a;substance adsorbed
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- from a solution increases with its ‘concentration in solution (Mason 1966) .

More lead could have been adsorbed if lead concentration was maintained

o~ ~

- ‘———~the same as that of zine concentration

Explanation is needed as to why more lead was adsorbed than “zine.

I8

-Atomie welgh: may be the controlling factor in the adggkption Atomic T .
weight of Pb is 207. 19 and that of Zn is 65 37 Zn is divalenc whereas Pb
functions as divalent and trivalent element. Choudhury and Bose (L971)

reported that metal adsorption (w/w) by the humxc fractlon of soil was governed

-
- "

by the “atomic weight and valebof the.elements. The relative adsorptions

" of the elements oiek'thg ssme~valence were proportional to their atomic
wexghts. Thus about the same amounc—of Cu Zn, Co Qﬁa Ni wa; adsorbed,
whereas 3 5 times (w/w) as much Pb was adsorbed They concluded that atomic
welght of Pb is 3.1 times greater than Zn, and therefore 3.5 times (wiw)
lead was adsorbed. This explains as to why more lead than zinc has beeen
adsorbed in the experiments'reported here.

The direct significant relationship bétween‘Cu,-Pb,‘Zn and Al,03 in
dolamites‘(Eigs 23— 30 and 31) is in agreement with the water sorption
(Fig 19); therefore, copper, lead, zinc and water sofptzon are ineerrelated
with each other and depend on the Al203 (clay) content in dolomites. In
dolomites a much better correlation exists between water end alumioa (r = 0.399)
than merals and alumina (r = 0.682, 0,442 and 0.396 for copper, zinc and
1ead_respectively). Oo the other hand in.limestones a good correlation
occurs’ between watexr and alumina (r = 0.759) and copper and alumina (r = 0. 542)
No correlation occurs between lead, zinc and. alumlna content -of limestones.
Water has better'correlatioﬁ‘ﬁith alumina content than metals because water
'is adsorbed not only to the clay surface but also to the exchaogeable éations.

S L 3



DISCUSSION OF RESULTS m'_;inmi';m_:g#pmm CONDITIONS

.‘_,_- -

The occurrence—of 1ead and zinc deposits in carbonate rocks is well

-

knoun These are the so called "Hississippi’Valley" type of deposits of

o North America or "Alpine" type of Europe The process, mode and other

. ‘conditions of mineralization arg :he same che difference is only one of
" nomenclature. The most frequent host rocks for these deposzts are mainly

doi‘dgtes, but may also be magneslar L&mestones and pure limestones. A

-y

review of the pertinen: 1iterature reveals a number of possible alternatlves

for the genesis of lead and zinc depcsits in carbonate rocks. The following

. -
.

is a-sudmary'of some of the ideaé expressed by different worke;s:
At Pine Point in'northwestgfn Canada much of the sphalerite and galena

- ) SO 3 ‘
. ) were deposited partly as fillings in cavities and partly as replacements of

. ~ the-dolomite (Campbell 1967).

P

Geldsetzer (19712 believes thatlsynéenetic dolomitization’ of the
- . T M . .-, . .
. brecciated carbonate rocks and sulphide mineralization is responsible for

‘ ‘-

‘the_lead<zine mineralization'-in northern Baffin Island, N.W.T., Canada.

.. ™ N - &

Callaﬁan(1967) states that the Mississippi Valley type of deposxts

: in U.S.A and’Canada are spatlally localized in the carbonate rocks. These

deposits axg forcher characterized by an association with dolomites in

- . T . -
' .. e , } o -

many instances. -

v

/,\\\\\\kuj“\\E -:> Durlng hls studies of the lead-zinc occurrences in the northern

lzmestone Alps Schneider (1953) recognized that the strata in which the

&a -
ofes were bound consisted 6f a “special facies" that include, pure dolomite,

88



laminated dolomite-calcilutite, laminated bituminOuS'dolomice-calcilpciée

and greenish mard. - v - ‘ y

-

Smirnov (1967) reported on the Superimposed molds ofhthe post-Caledonian
platform in central Kazakhstan, U. S S.R where stratiform deposits of lead
and zinc are well knoun among upper Devonian strata of dolomitized limestone.

The, above examples illustrate that there is an associatiom between

\
-

lead-zine mineralization and dolomite rocks ratherTEHEn other carbonate rocks.
Equally well there is also an association between lead-zinc and copper
. mineralization and shales and similar rock types. A review of the following

deposits suggesﬁs the Pb-Zn-Cu shale asscciation.

iye lead-zinc deposits‘of MacArthur River, Australia, occurs im black

carbonaceous-dolomitic-pyritic shales (Cotton 3965).

At Mt. Isa, Australia, the lead-zinc deposits occdi in the pyritic

Urquhart Shale Member of the mount Isa GrOupKLStanton 1972).

e {
According to Dunham (1964), copper %Ejh some lead and zinc occurs
in the Kupferschiefer formati hich-{s a bituminous-calcareous or dolomitic

shale. The ore deposits possibly represent an adsorption of metallic elements

- from sea-water.

Mendelsohn (1961) reported that the coppef in the Roan Province of

Zambia,® occurs mainly in the so called Ore Shale, which litholdgifally

b~

varies from a shale to a fige silt and from slightlyfita conspicuously carbon

bearing. Most of' the sulphideNof the ore is found in this shale some notable
A
quanities of ore occur occasionally in the associated dolomites and

arenites of this units.
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The Redstone deposit in Mackenzie Mountains {(Creen and Godwin 1963

and '196&,'Gabr1else. Roddick and Blusson 1964) is a bedded copper deposit.

It occurs Qaiuly in three persistent green carbonate rich beds within a

—

-

sequence of Hydrynian mudstone and siltstone.

The present study shows that the relative metal sorption (by weight)
by clays in the dolomites increases in chggorder of Pb> Cu »Zn. Lead is
adsorbed more than copper and zinc. No correlation was found In limestones

between the lead, zinc and Al203 contents. In dolomites copper sorption

- v .

increases from 45.8 ug/g to 88.07 ug/g for an increase in alumina content

from 0.22% to 2.7%. In limestones copper sorption increases from 72.03 ug/g
te 118.93 ugféefor the above range “of alumina content. In dolomites lead
sorption increases from 196.87‘uz/g to 254.67 ug/g and zinc sorptionm
increases from 30.65 ug/g to 38.47 ug/g for an. increase in alumina content
from 0.22% to 1% T - ’ -

Krauskopf's (1956) adsorption experiments-have shown that the metal
adsorbed by clavs was 99% zinc, 96% lead anﬁ-Q&Z copper. More zinc was
adsorbed than 1ead'qnd copper and this does not correspond with the preseat
work. His concéntrations of solutions were 2 ppm, 0.65‘ppm and 0.5 ppm
zine, copper and lead respecti&ely. The reason for the greater adsorption

4 .

of zinc is probably due to its higher concentration in the solution. It

is one of the rules of adsorptiom that the amount of a substance adsorbed

[

from a solution increases with its concentratiop in that solution (Mason 1366).

-

Alczhough the concentration of copper (0.65 ppm) was higher than that of

. lead (0.5 ppm) more lead was adsorﬁed: This is probuably due to the time

difference that was allowed in his experiments by Krauskopf. He allowed

3 days in the case of lead and zinc and only 2 days in the case of copper.

' Perhaps if the cepper experiment was allowed to proceed for one more day

more copper could have beer adsorbed from solution. In the experiments by

-

(
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Garber the concentrations of solutions used were 500 ug/ml lead 200 ug/ml.

TR

copper and 100 ug/ml zinc, and therefore more lead was adsorbed followed

by copper and zinc.

Krauskopf states that, in géneral the amount of adsorptio in £

o

particular case depends not only on temperature, pH and\sal nity as (does

solubility) but on the time of standing, amount and physical state of- the

adsorbent, and concentration of adsorbed ions as well. Steger (1974) has
demonstrated similar results for the adsorption of copper and zinc on

bentonite clay. He stated that the amounts adsorbed depend on the nature

v T

and concentration of the metal ions present, the pH of the medium, the amount

- of clay used and the contact time of the clay with the medium.

The concentrations of lead, zinc and copper used by Garber were
selected on the basis of the concentration of these elements found in some
natural water. The recent "ore forming solutions" of the Salton brine pool

(Skinner et al. 1967) conﬁained the following metals:

v

Bore No. L II D ' Bore No, 2 II D
Cu 8 ppm 3 ppm
84 ppm : 80 ppm
Zn o 790 ppm ' 500 ppm

The Red Sea brine pools (Degens and Ross 1969) contained the following

met%ijj> . - .
) ~ . Atlantis

Discovery
.- - -4 ; ) -5
Cu - 2.6 X 10 7 ppm 7.5X 10 ppm
Pb 5.4.X 1076 ppn 7.7 X 10°% . ppm

Zn 6.3 X 10°% ppm 1.7 X 10° ppa
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92 -

- White (1968) has compiled chemical analysis daca reported by various =

- +workers and gave the. following values for Atlantis and Discovery pools

.

of the'Red Sea Geothermal system

«.:‘ " Atlantis II . Discovery
Cao * - . 0.8 ppm QE . <0.4 ppm .
Pb ' 0.5 ppm - <0.014 ppm
Zn | _ 0.5 ppm. ' 0.5 PPm o

.

In the Mississippi V&lley deposits, the information on the composition

of the_minerélizing solutions gomes from fluid inclusions. Czaman t.al (1963)

- found by neutron activation that the inclusion fluids in fluorite contained

150 ppm copper and 570 PP zinc,

Garber's metal concentrations for qhe'presen: experiments were 200 ug/ml
copper, 500 ug/ml lead and 100 ug{ml zinc. This is below the metal contents
of the Red Sea brines but is similar to the metal contents of Misszssippz

Vaelley and the Salton Sea brines. Moreover Garber has done a search of

. the literature on the metal contents of the oil field brines and selected

the metal content of his solutions as approximately of oil field brines.

Thus there is a rational for the selection of ghe lead, zinc and copper

concentrations as made up by Garber.~

Based on fluid inclusion studies Whire (1968) proposed a connate origin
for the ore fluids of Mississippi Valley type ores. Hall and Friedman (1963) :
have provided evidenoe for a domiﬁance by connate water during the main
stages of deposition of fluorite sulphlde minerals in Mississippi Valley
deposits Jacksea/and Beals (1967) suggested two types of comnate water in
forming the above deposits, base metals were transported in sulph@de

. . ’

- v
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dgfiqigp; brines escaping from deep sedimentary basins. H,S rich brines B
from shallow depths mixed with the metal bearing brines and precipicatéa

metals.

R

The composition of the brines found in inclusions is actually similar

to the.oil field brines of the Hississippi Valley (Heents et al. 1952,

_ White et al. 1963). The Na-Ca-Cl brines are probably marine connate waters

(White 1968) . Similarly, Heyl et al. (1974), on the basis of isotope data

A

concluded that the main ore f£luids were heated Dil:field brines. They

believed that ore fluids are of connate or evoporite sulphate origin.

—~ -

According to White (1968) the Salton Sea Geothermal system brinme

is ground water that dissolved salts and metals from the associated

evoporites and clastic sediments

‘Whatever the source of the ore solut%ous may be the‘abové examples
show that the metals are assccia;éd\ufth saline solutions and this is true
with respect to past ‘and present mineralizing solutions. Fluid inclusions
of the M1551551pp1 Valley contained ‘on the average 15 to 20% dissolved salts
(Roedder 1963, Hall and Friedman 1963). The salinities of Red Sea and
Salton Sea brines are very similar and contain 25% of dissolved salts.
Garber has prepared his éolutions in distilledﬁwater. Whereas in the natural
systems metals occurred in saltvsolutions. Hudec et al (1976) have shown
that adsorption of copper increases with the increase in saliniky. Lead

-
and zinc exhibit a reverse behaviour to that of copper. They believe that
the deposition of the metal from the salt solution is not governed by the
internal -surface area of the samples, but some other considerations such

as salt concentration in the solution, chemistry of the rock, pH-Eh.

e
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relationships imposed by the dissolved salts etc. Therefore, adsorption
of metals in natﬁralgsystems'mhy be different from tﬁe adsorption experiments
that were carried out with distilled watér in the present study.Presence

of salt would affect the solubility, pH and other conditioms.’

The pH conditions 'that prevailed during the Mississippi Valley ore
deposition can also be obtained fram the fluid inclusions. However, ;slgibiiity‘,

of the data obtained is questionable. Roedder (1967 b) commented that many

quantitative measurements of inclusion pH that have been reported in the

liéeratue are probably invalid (most of them), They were usuaL}y made on

'the water solution obtained by leaching the crushed mineral and such solutioms
do not contain gases under high pressure as originally present. The inclusion
fluid haé been in contact with the host mineral and poésibie impurity

minerals that may affect the pl» Roedder believes that a few measurements
that were made on inclusion fluid, in part with simple litmus, are probably.
more significant. Erickson (1965) has thus deter%ined the pH of large

inclusiong in calcite from the upper Mississippi Valley lead-zinc deposit

" to be 7.5. Aﬁdersop (personal ccmmunicatioﬁ 1978) from thermodynamic

calculations established a lower pH\Sf_f;QZhg upper pH limit is <6.

The overal pH values for the Salten Seg'brine is close to 5.5 as
measured at 25°Ctand 4.6 as.calculated for 300°¢ by Helgeson (1967). The
pH conditions of the Red Sea brines vary from 5.3 (?) <o 6.2 at ZQOC for
the Atlantis II and Discovery poola_respectively (Whiie 1968). Garbe

has maintained a2 pH of 5 at room temperature in order to preven

~ Y

precipitat?gp of metals. This value is therefore in line with’the pH range

of values for the Salton Sea and ‘Red Sea, and the Mississippi Valley

e

depositional fluids.
~ ~

o .8
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Heydemann‘§1959) found that adsorptien cap icy of clays increases uith .

increasing pH'ae“ﬁell as concentration. His figures show that more copper

N -

as adsorbed at 6.8 than at 5.1 pH (Figs 2-A, 3-A and 4-A). Steger (1974)°
. . f ’
has shown from his experiments -on copper and zinc adsorption by bentonite

clay that adsorption increases with increasing pH. His figures showed that
more of copper and zinc was adsorbed at pH 5 than 4. The decrease in the

-

ndasorption of copper and zine with increasing acidity is due to the decrease
- E;n the diqiiiiation of the sorption sires (Steger {?73) Therefore, the
*: Ffadsorption process in natural solutions would be more effective under
r

higher pH conditions (5.5.,.6.2 and 7.5) than in the laboratory conditioms

performed by Garber with a .pH of 5.

The temperature of formation of the Mississippi Valley type of deposits
-as shown by fluid inclusion geothermometry shows that temperatures in most-
depesics were relatively.lcw‘;anging from 70° to 135°C for inmclusions in
sphalerite of southern Illinois and Kentucky (Pinckney 1966, Roedder 1972).
Present day "no:ma-l" temperatuz-'e gradients are about 1°C per 100 feet depth,
and original depths of depesition of the ore minerals are generally considered
-to have been less than 5000 feet and thus, inclusion temperatuxes that'§
excced 60°C are anomalously high for present "normal" gradients (White 1968).
According to Roedder (1967 a) who reviewed:the data obtained by various
workers on homogenization temperatures of fluid inclusions from Mississippi
Valley ore deposits, the formational temperature would be.between 100° and
IISODC and very rarely as high as 200°¢.

L ‘. )

For comparision the Salton Sea Geothermal system shows taﬁperatures

3
1Y

near the center of the field as about 300°C at‘5000 feet and 360°C at 7000 feec.
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The two hot pools in the Red Sea Geothermal system are the Discovery Pool
with a maximun temperature of 44.9°C, and the Atlantis II Pool with a

téﬁperaturemof 56°C at a depth of 2040 m (White 1968).

The temperabure‘oflnatural systems are higher than the laboratory
temperature maintained py Garber (25° * ZDC)..Temperature d;;s effeE: the
PH which would change to acidic side with increasing temperature as
calculated by Helgeson. Steger (19%3) reported that the decrease in the
sorption of metals with increasiﬂg acidicy is due to the decrease in the
dissociation of the sorptiom sites. Kipling (1965) states chat for completely
wiscible systems, selective adsorption generally decreases w@ch increasing
- temperature, as it-is expected effect for an exothermic. process, and it
is‘cunpitable with a decrease in the magnitude, and hence in specificity
of Van der Waal's forces as the temperature increases. Thds, adsorétipn by.
charcoal of ;cetic acid from aqueous solutions decégases as the temperature

-

increases (Groves et al. 1947). For adsorption of solids from solution,

- .

with increase in temperature; the isotherm usually falls to lower levels, .
particularly at the lowest concentrations, though it may reach almost the

same limiting value at high concentrations (Kipling 1365).

»
-

Sen and Guha (1963)havelexperimentarly shown that on heating a kaolinite
clay to 1000°C, its cation exchange capacity showed ng ;;;;§e until 400°C. l
Above 400°C there was a sharp increase to about 550°C followed by a gradual
‘decrease broken by a relatively more moderate decrease between- 700o and
800%. TheJ;ncrease in the cation exchange gfpacity 1s correlated with the
disruption of the kaolinite structure on dehygroxylatioq. The subsequent

decrease in capacity Suggests reorganization in the resulting product,
o .

From literature quoted above it can be concluded that adsorption



-
o

. decreases at highef temperatures but, there is no change in adsorption

-

-at temperatures below 400°C'as noted by Guha and Sen. Ngtural temperatures

were between lOOé-to 150°C Oﬁissiésippi Valley). This temperature range

. :1s not high enough to affect the adgorption. Therefore, presént laboratory

'experimenté done at room temperhtures'cap be related to the field conditions.

\ - . -

et
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. CONCLUSIONS. -

. ~ The conclusions of this study are summarized below:

1. A direct relatiohship_exists between lead, zinc and‘éopper\sorption
and the A1203 content of dolomites but not of limestones. However, there
is a significamt direct relation-between copper éorption and A1203 content

of Ehe‘limestqnés;.which_is probably due to the exchange affinities between
copper and calcium of the calecium rich clavs in limestones, Metal sorption

is a direct function of clay content of dolomites.

et -~

2. The inverse relatienship found in dolomites between copper, lead and

zinc sorption and MgO content is due to increase in MgO content which decreases

- 4

the A1203 content and thereby decreases the metal sorption.

3. In limestones lack of correlatiéghgzzzgzzhzéhd and zinc-sorption and Ca0

and Mg0Q contents is attributed to chemisorption.

*
- "

4. Lack of correlation between lead and zinc sorption and 41,03 content
in limestones is a function of chemisorption.and not physical adsorption,

sincelcalbite can react with lead and zinc te form carbonates of leag/gﬁd

zinec. This masks the available surfacegdarea on the clay mineral and obscures

- . -
-

physical adsorption._ - | - &\; .

. \‘. )
5. The direct relationship between water sorption and limestones, and lack
of correlation between lead and zinc sorption of limestones suggests that the

limestones react with metal ions to form the corresponding metal carbonates
-

and their concentration is not related to the internal surface area.

6.. The .correlation between water sorption and metal sorption of dolomites
LY

suggests that metals are concentrated by physical adsorption on dolomites.

98
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7. Lack of correlation between CéO content of dolomites and metal sorption,
suggests that calcite in dolomite is reactive with metals and obscures

physical adsorption. V )y

-~

In ﬂﬁe Missigsippi Valley type ofldeposits‘whére no igneous source of
mineralization is‘éppafént, and>the source of mineralizing solutions as '
'"3211 as the procesées-of mineralization, after many years- of st;dy are still

enigﬁatic. It is interesting to ﬁﬁte the similarities between such deposits

and the observations made in this laboratory study. For example some of the

*'geocheﬁical characteristics of such deposits are: : oo

i -

1. The principal sulphide metals are lead and zinc. Copper is almﬁst absent.

2. In any ;ne area the sulphides tend to favour a particular facies- dOIOmite“
_or limestone, in many instances dolomites are the prefered host rocks.

3. They are low. temperature deposits (100°- 150°C).

4. The host rocks contain organic matter and some fluid inclusiomns contain

petroleum. -

" It is therefore possible that adsorption may play a part in t@e
concen:ration_of metals ultimately 1eadiné to sulphide depositibn in carbonate
rocks. - ’ : ' — .

The'direct corrglation.between coppér ahd'aiumina.content O;T:lnestones
and dolomites reveals that copper prefers alumina (cléy). This suggests.why
copper is excluded from the carbonates and prefers shaies (e.g.'Kupferschiéfer,
Roan Province, Zambia etc.).

The direr relationship between Fb, Zn_and'AlZOB,content of dolomites

indicates that argilaceous dolomites may be preferable host rocks (e.g. qolcmitic

shales of MacArthur River, Australia).
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The typical associatidn of lead-zine depéeits_with limestones and dolomites-

can be explained as follows: . : k .-

. The lead and zinc present in the limestones is due to the chemisorption

of these metals by calEEte since no correlation was seen eecween Pb, Zn, Cal
and MgO contents in 1imestones. |

The lead-zinc association with the dolomites reveals that dolunites
are more surfECe_acrive and less chemically reactive and adsorb metals by

means of physical-adsorption and may thus concentrate metals,

A relation wa's observed between Pb, Zn and Hg content of dolomites In these

deposits syngenetic dolomitization of 1imestones is probably a prerequisite

in order to form a suitable host rock for-meéallizatiou {(e.g. dolomitic

-

limestones of east Tennesse and Kazakhstan; and synéenetic dolomitization
ofleﬁe-eregciated carBonate‘rOCRS and sulphide mineraliratioﬁ.at_nor;hern
Baffln Island). h . .

The room temperature at which the experiments were performed Suggests
that the lead-zinc deposxts can form at low teeperatures as low as 25 C.

Presence of organic matter in the host rocks enhances the metal sorpt1on

in a manner similar to clays by 1ncreasing the 1nternal surface area.
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