CHAPTER II

BACKGROUND LEVEL OF METALS IN EARTH’S CRUST

This chapter reviews th ion of Earth’s crust, and

distribution of some elemer of rocks prior to the

weathering processes, soiland 1

ELEMENTAL COMPQ/

The origin of m ect of likely debate. Some

igneous have formed b has moved as a fluid

body, others by extr iments in place (Krauskopf,
1967). Granites and

The distribution of elem

the common rock types.
be explained fairly

satisfactorily by assuming _t.h};f@w oty stallization of an orderly sequence of - -
el . Many details of the

distribution, both i# ir formed at different

I

stages of differentiation, can be correlated with s

ionic properties as size,
charge, and tendency foferm covalent Bonds. Trace metals, markedly

sissimiter to PE S BF A VNI T T &IV St mimcrss

and concentra&'d in the res1duausolut10ns t ultimately fo ‘fm pegmatites
s GARARARGRUN N 21751

He average chemical composition of abundant igneous rocks have
been a subject of interest to geochemist for quite a long time. Up to 1954
the best known averages for various rock types were those computed by
R.A. Daly in 1933. Since then more reliable data have become available on
representative rocks. Nockolds (1954) published his evaluation of a
literature survey on analyses from fresh and representative magmatic rocks.
Sederholm (1925), Grout (1938) and Shaw(1967) have published averages of
igneous rocks weighted for their abundance. Turekian and Wedepohl (1961)
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collected several data of the crustal abundances of the elements which have

been published to date. The most update is by Mielke (1979) who divided

composition of igneous rock by chemical composition into basaltic and

granitic rock. Chemical composition of igneous rocks are shown in Table

2.1

Table 2.1 Concentratiot |
rocks in -"‘

J e

trace elements in igneous

Igneous rocks // /“D\\‘\\\{ Zn Cu Pb
Clarke and Washingt6 a‘;\\
7'\

Sederholm (1925) ll m’ﬂ\‘k 0

Goldschmidt (1954) l \

Van Tongeren (1938)* 23
Grout (1938)*

Sandell and Gr'oldiL h (19 70
Lundegardh (194 5‘.y=.. 132 | 60
Nockolds (1954)

Turekian and Wedepol}l 81300 f})OOO 950 |70 55 13
e ANANFNENNG

Shaw et al. (1967 453 |'308 527 |

Mielk : < ﬁ ; 1§ 7 |6
high caﬁlﬁ jﬁﬁnlj gj W:jo | L E‘EO 15
low calcium Granitic rocks | 72000 | 14260 {390 | 39 10 19

* = cited by Rankama and Sahama, 1960
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ELEMENTAL COMPOSITION OF SEDIMENTARY ROCKS.

The standard breakdowns in sedimentary rocks are shales,
sandstones, carbonate rocks, and other rocks as mixtures of these. This
classification is based on the idea proposed by Kay (1951). The processes of

weathering and sedimentation, aften/inoted, like a huge and inefficient sort

limestone or gypsum h 2 tas n\in salt deposition.

Most commonly gheiby it ¢ ncon eté, giving only a
preponderance of silica i 1dstone, of 2 ‘“ i and silica in clays, and
of calcium and magne | ' ‘ minor elements can indeed
be separated almost co etiely fr o 0 5, sSimply on the basis of the

resistance of their mineralste more complicated are the

chemical processes --v-"'H-H'v*'—"m—'v—lﬂ-"-""'"-"'"'""-';'.::‘P of minor
- \1. |
elements out of Y':':'h -0 compounds, adsorption

1}

effective in se@i’atlrg or elements from m ﬂ|or ones. With the exception

IS, e bbb dpabis, and

accumulahons of copper, vanadium, and uranium with organic matter, the

el Y B Y1 W B e o

noteablédl(Krauskopf, 1967).

processes, and acti “l of organism. In general, Se processes are not very

of phosphate
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Table 2.2 Concentration of some major and trace elements in limestones

and carbonate rocks in ppm.

Sedimentary rock Al Fe Mn Zn Cu Pb
Limestone and carbonate

Rocks

Leith and Mead (1915)

Siebenthal (1915)* . —
Limes 20.2 | 32.6
Dolomi | 12.6

Clarke {1924)

Goldschmidt (1954) B 5-10

Palmqvist (1935)* “ V& <50
Lundegardh (1948)* )

Vinogradov and Rono

(1956)

#7

%,

(%
A
e

&

Wedepohl (unpubl. )* 46000 619

Turekian and We ) 20 < 9

(1961)
Mielke (1979) ‘m m

Bowen (1979 ‘= w 51 |57

* = cited by Raﬂkama and Sana¥1a 1960
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Table 2.3 Concentration of some major and trace elements in sandstones
in ppm.

Sedimentary rock Al Fe Mn Zn Cu Pb

Sandstone

Leith and Mead (1915) 282 9813

Clarke (1924) B | 232

Palmgqvist (1935)* ' | <20

Lundegardh (1948)* |

Vinogradov and Ron 1

(1956) W7

Horn and Adams (19 ; 0 15

Turekian and Wedepo . ‘ 0 16 X 7

(1961) V-

Mielke (1979) A |

Bowen (1979) 3000° 460 (30 [30 |10

WA et
Note : X means b ‘ n 10 and 100

* = cited by Ranka.l;;gan
Auganenineans
PIAATUAMINYAE
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Table 2.4 Concentration of some major and trace elements in shales in

Sedimentary rock Al Fe Mn |Zn Ca Pb
Shale

Leith and Mead (1915) 150

Clarke (1924) ) 697
Goldschmidt (1954) .

Minami (1935) |

Shaw (1956) \

Hevesy, et al. (1934)%

:"\l

Palmqvist (1935)* ' 200

Lundegardh (1948)* Y. g
Al

AT 1000

Vinogradov and Ronov : 08741619
(1956) =

Turekian and Wedepo 850 |95 [45 [20
(1961)

Mielke (1979) | ﬂ

Y i nens
PIANTUAMINYAE
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For several abundant types, enough analytical data have become
available so that average may be computed. Some of the listed averages are
more representative of their rock class than others. Chemical composition
of sedimentary rocks are shown in Table 2.2 - 2.4. There has been a
tendency to favor rarer types for investigation and analysis. The sampling of

unaltered sedimentary rocks is ofti tricted to quarries, where they are

well exposed, and to samples

‘

value. Some types such as
1de range of chemical

variation. Fine-graine in mineral constituents

Metamorphism may hedefined ie sum of processes that, working

e il stallization of rock material.

e RN o
Metamorphism is irfiduced in solid mm )

below the:zone of weathering; cauise
: i i, = B e T

i of pronounced changes

in temperature, prégSure, and chen

the physical and chglcal stab .

entl These changes affect
eral a@emblage, and metamor-
phism results from thefeffort of establighing a new equilibrium. In this way

e sonsied®] LA T PRI TG more s

under new con%tlons and these minerals may arrange themselves with the
produd&xw ﬂrﬂ ﬁrﬁﬂ" nment.
Metamorphism accordingly re rmts in the pzalrrr comp@e recrystalliza-
tion of a rock,with the production of new structures and new mineral
(Mason, 1952). - -
Metamorphic rocks are assumed that it generally retains a chemical
composition similar to their unmetamorphosed equivalent. However, often a
schist is sampled free of quartzo-feldspathic segregations. In such a case
the schist will be higher than the original rock in the concentration of the

elements associated with mafic minerals. The whole rocks, however, will
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probably show the composition of the original unmetamorphosed rock
(Turekian and Wedepohl, 1961). Two types of metamorphic rocks, most
interested to geologist, are phyllites and mica schists. Chemical composi-

tion of some metamorphic rocks are shown in Table 2.5.

Table 2.5 i meé major and trace elements in

Metamorphic rock Zn Cu Pb

Phyllites ( Simonen ,1988 ’ :

Mica Schists (Simonegy

,1953))

Metamorphic rocks o

granitic shell
(Ronov and Yaroshevesky,

1972)

Metamorphic rocks of | 00 129608 | 540 ~+ 60 - | 30 15

granitic shell similar
granitc rock.(Ture

Wedepohl, 1961)

ﬂuEJ"‘jWEJW{WEJWﬂ‘i

ELEMENTAL C&/[POSITION OF SOILS

Umerous investigations (e g. Ure and Berrow (1982); Martin and
Whitfield (1983)) agree that the total elemental content of a soil is basicaly
determined by the content of parent material. Because of weathering, the
elements naturally occurring in the parent rocks become released in to soil.
Consequently, the particle size is now small and thus, making, it easily to
undergo chemical reactions, such as oxidation and reduction (Fergusson,
1991). The main chemical structure of particle in soils are aluminosilicates

or clay mineral. The clay minerals are abundant in most weathered
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material, and vary wide in chemical composition and ion-exchange capacity,
making them worth further consideration in some detail. The crytal
structures of all the common clay minerals are characterized by a layered
structure. The structure layers consist of linked between MAISizOs and
MAIl5Si2Os where M = Na, K, and Ca (Rose 1979). As for trace metals, it is

r of aluminosilicate. Chemical

JJ

reported to adsorb or exchange &

composition of soil are sho

Table 2.6 Concentratij : m jo\ lements in soils in ppm.
soils - Zn Cu Pb
e AN
Mitchell (1944) ~ N 3200
Rankama ans Sahama W& H’“w, 20
Shiaa '
(1960) AdGL) \
Ure and Berrow (1982) 67000 1132000 0 |60 |26 29
Martin and Whitfield (1983) §71000 0 11000 [90 |34 |35

All the elements found in crustal gocks are probably present in deep-

e sdimenisfi RTITE CE Tt 2t S

exception of Fe &nd Mn , most of g,he major elements are prafnt in similar
e A SN IR

deep-sea sediments have trace element assemblages which are
characteristically different from those of continental and near-shore
sediments. The concentration of elements in deep-sea sediments are given
in Table 2.7. One of the most important geochemical features of the deep-
sea sediment is that they are also enriched in the certain trace metals

relative to near-shore and continental sediments.
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Table 2.7 Concentration of some major and trace elements in deep-sea

sediments in ppm.

Deep-sea sediments Al Fe Mn Zn Cu Pb

Turekian and Wedepohl 6700 165 | 250 |80
(1961)

El Wakeel and Riley (1961)*

Pacific deep-sea sediments _‘_J 12500 570 | 162

Turekian and Imbrie

(1966)*

Atlantic deep-sea sedi 982 115 |52

Chester (1965)*

Ferro-Mn nudules (wt: % o N ’ 06 |0.35 (3300 | 1500
'ﬁﬁ.’._ % %

Mielke (1979) | 4

Carbonate :ﬂﬂ_ ‘ 1000 |35 |30 9

Clay S 00 | 6700 165 | 250 |80

Martin and Whitfi 120 {200 |200

* = gited by Chestér, . m
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