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ABSTRACT

The nature of soils and the downprofile distiíbutions of Fe,

¡ón, Zn, Co, Ni, Pb and Cu wÍthin fjfteen profiles occurfing in Ehe

Tl-etletsi Area (southeastern Botswana) were invesËigated by sampling

at 15 cm intervals within pits.

The undertying geology consists mainly of Precambrian granites,

diabases and redbeds, at1 of which are intensely faulted and fracEured.

The region is characterÍzed by strong seasonal contrasts of the

subtropical subhumÍd climate. Su¡¡uners are hot and ÈemPeratures are

typÍcally above 3OoC. l^Iinter tenperatures are normally a few degrees

celsius. The rainfall is irregular but is confined to the months of

October to Apri1.

Shallow and Ínconplete weathering has resulted in a thin veneer

(less than 2.5 m) of overburden which is divisible into residual and

transported soils. The residual soils are shallower and are developed

on higher ground in contrast to the transported soils. The soils

reflect the bedrock geochernistry míneralogical1y, texturally and

cheni ca1 ly .

The geochemical response of Fe, Mn, Zn, Co, Ni, Pb and Cu within

the soil profiles depend maínly on the nature of the soi1. TransporÈed

soils tend to have lower Èrace element contents, ranges and more alkaline

pH values compared to residual soils developed on the same rock type.

The residual soils commonly show trace element enrichment in specific

subhorizons and have generally higher metal contents and ranges and acid

pH values.

Correlations of Zn, Co, Ni, Pb, Cu with Fe and Mn taken at f = 0.10

suggest that the seeondary dispersion patterns of the trace elements are



deËermined to a significant extent by Èhe absorptive effects of Fe and

Mn compounds within the soils.

An R- mode factor analysis was performed on stream sediment data

of the TleÈletsi Area and the adjoining Gaborone Area (Marengwa, 1978)

using Sn, Ti, V, Mn and Cr. The association V-Mn-Cr is taken to also

indicate Mn absorption within the sediments.
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CHAPTER I

INTRODUCTION

Purpose of Study

The purpose of this study is to investigate the geochemical

behaviour of sel-ected trace elements (Fe, Mn, Zrt, Co, Ni, Pb and Cu)

in the soils of the Tletletsi Area. The idea for such a study ruas

conceived after it had become clear that past soif and stream sedirnent

sampling schemes (Van Straaten, L952: Laughton, 1964 and l{arengwa, 1978)

had been undertaken without a basis of geochemical orientation survey

type data.

Location and Access

The Tletletsi Area lies north of Kanye (Eigure 1) and covers an area

of approximately 11080 krn2. rt is enclosed by longtftude 25o 10' to 25o 30' E

and latitude 25o 10t to 24o 20'S. It is an easily accessible area and has a

network of paths and tracks Èhat link up the small isolaÈed settlements.

A Èarmac passes through the souÈhern end and j oins lianye r¡ith the diamond

rníning tov¡n of Jwaneng. This ís a relatively new road and is not shoç'n

on most existing maps. Gravel roads exist between the major settlements

of Thamaga, lloshUpa, Kanye, Ranaka and Mashaneng. The roads are usable

cluring both rainy and dry seasons.

Generally, access to any sÍte by suitable vehicle or foot ís

possible owing to the moderate topography and thin thorn bush vegetation.

ClimaËe

The clirnate of southeastern Botsr¡ana is subhumid, subtropical.

The suruners are hot and temperatures are normally above 30oC during the



FÍgure 1. Southeastern Not\,¡ani River

Geology
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daytinre. Winters are cold and the temperatures normally average a

few degrees celsius. Extremes of temperatures (over 4ooc fn sunmer

and below OoC) are occasional.

The rainfall is confined to the months of October to AprÍI and

amounÈs to 50 cm annually. rt is irregular and dry spells are not

unconmon.

Compared to the rest of sout.heastern Botwana, the Tletletsi

Area is moderately populated. Major settlements are ìfoshaneng, Thamaga,

Moshupa and Ranaka. These jointly constitute a population of a few

thousand. Isolated concentrations such as Kubung and Lotlhakane are made

up of a few hundred people. one-fanily settlements are scattered

Èhroughout the area. Kanye, which lies southeast of the map area, has

a population of 33,000.

Occupation and Industrial Base

The occupation of the roajority of the population is livestock and

land farming. Ifuch of the land is used for culÈivation and livestock

grazíng. Asbestos mining in l,foshaneng employs a small r¡ork force and

production has been sporadic owing to unst.able markets.

GovernmenÈ ernploys a sma1l number of people maÍnly for educational,

medical, agrLcultural and rural area development progranìs.

Previous Prospecting Work

Marengrva (1978) has given a brief history of prospecting Ín

southeastern Botswana :

Little prospecting has been carrÍed out in the area
of the Gaborone GraniÈe. _Almond (1925) gave the
first account of prospecting activiÈies in the area.
A limited anount of prospecting, rnainLy for fluorspar
and partly for lead, has taken place in the Ditshukuts-
wane area near ìfayana, some 40 kn west of Ramotswa.
In 1952, C.J, Van Straaten and G.T. LamonÈ made a
prel-ininary survey of the area (Van Straaten, l-952) and



C, Boocock subsequently also surveyed the
mlneralized area and prepared a uap (unpublished)
at a scale 1":100'. No further work was done
untll 1963 when Laughton (1964) carried our a
geocheruical prospecting program over an area in
r¡hich the Ditshukutswane fluorspar deposit 1ies.
In 1963, Marllme Chrysottle AsbesÈos Corporation
were given a crowrt grant to prospect for fluorspar
in an area approximately 113 square miles in the
Bangwaketse Tribal Territory. After disappointing
dril1 results in the mineralized veins, the
company ceased ¡uork.

A geochemicar st.udy of stream sediments derived from the Gaborone

Granite, Kanye lfetavolcanicsand adjacent rocks was carrÍed out by

The study involvedl'larengrn'a beEween October 1974 anð January l-975

twenÈy trace element determinations. Cr, Co, Cu, Pb, I'fn, Ni, Sn, and V

were detected in sufficient quantities Èo lrarrant statistical analysís.

Marengwa (f978) ídentified moderate anomalies of Cr, Co, Cu, I'fn and V

and higher anomalies for Pb, Ní, Sn and Zn. He recommended that future

more detailed study of theinvestigations in the area should aim at a

areas where anomalous values of any of the trace elements occurred but

that priority should be given to areas with higher anomalies of Pb, Sn

anð Zn.

Amax Botswana Ltd. has carried out a fo11ow-up survey for tin

based on Ëhe work of Marengwa, but the results were disappointing.

Present StudJ

The main purpose of this r,¡ork is to evaluate the TletletsÍ Area

soils as an exploration medium. The study focuses on geochemical

dispersions wiËhin several soil profiles.

The existÍng geological rnap (Crockett, J-972) has been upgraded

and the sÊream sedirnent daÈa has been re-analyzed and ÍnÈerpreted in

the light of results drawn f rom the dispersions r.¿ithin the prof iles



CHAPTER II

GEOLOGY

Regional Geology

An updated account of the geology of southeastern Botswana is

given by Key (1979).

The oldest rocks belong to the Basement Complex and consist of

granitoid gneisses, amphibolites and mafic schists. They are overlain

by the Ventersdorp Volcanic Group which consisÈ of tuffs, agglomerates

and breccias.

Overlyíng the Ventersdorp Volcanic Group is the Transvaal System.

It comprises quartzites, dolomites, cherts and chert breccias. The

Gaborone Granite Complex is intruded iiìto Èhe Ventersdorp and Transvaal

rocks and its presently accepted age is 2300 Ma (key, L979). The

youngest sedimenÈs are Èhe redbeds of the Waterberg System. They

comprise conglomerates, sandstones, siltstones and claystones. Several

intrusions of pre- and post-WaËerberg age occur throughout southeastern

Botswana. They consisÈ of granites, syenites and diabases.

Mallick and Habgood (1978) have compiled a composite map of several

guarter degree sheets. Their map is based on satellite írnagery and

areal photography. It is an excellent overvÍer¡ of Èhe structural

framework of souÈheastern Botswana. Part of the map is reproduced in

Figure 1.

Geology of the,TletletsÍ Area

The Tletletsi Area is underlain by sedimentary and igneous rocks

of early to rnfd-Precambrian age (Figure 2). The oldest rocks belong to

the Transvaal System and consist of quartzites, conglomerates, cherts,



Figure 2. Geology of the Tletletsi Area.





dolornltes and chert breccias. InÈrusive lnto Èhe Transvaal System is Èhe

Gaborone Granite Complex. At present, Èhe accepted age of the Gaborone

Granite ls 2300 }fa (Key, f979). The youngest sedimentary rocks are

redbeds of the Waterberg SysËem ancl comprise conglomerates and sandstones

v¡iÈh subordinate shales and c1ays. Intrusive rocks of post-Gaborone

Granite age, referred to in this study as Younger Intrusionsrare composed

of diabases, granites, granodiorites and syenites.

Quaternary aeolian sands of the l(alaharl mask part of the \"¡estern

area (Figure 2).

The Transvaal Syste¡n

Rocks of the Transvaal System, consisting of basal conglomerates,

dolomites and cherts occupy the southeastern portion of the Tletletsi

Area (Figure 2). They overlie the Kanye Felsítes and belong to the

lower series of the systen.

Basal Conglomerates

East of Moshaneng (Figure 2) and elsewhere below the Black Reef

QuartziÈe, the Kanye felsites are overlain by a pebbly conglomerate

dominated by black well-rounded and flattened chert pebbles and brecciated

vein quartz fragments. The maÈrix is a black to dark grey silty

sandstone. Above this is a green argillaceous quartziÈe which in turn

is overlain by a granule conglomerate vrirh a distinctive greenish-grey

matrix. Intercalations of fineLy la¡ninaÈed silty clay occur in several

beds particularly toward the top of the unit.

The ol-der conglomerates are overl-ain by a coarse heterolithic

congLomerate recognized by its felsic clasÈs, silicifÍed pebbles and bror^'n

matrix. The clasts are general.ly snaller than those of the l-owermost

congl-omerate.



Several green and dark grey sandstone layers are ¡Dresent in this

unit. The congLomeraÈe alternates with an orthoconglomerate comPosed of

a white silt rnatrix and 3-4 nm rounded quarta grains.

Black Reef Quartzite

The Black Reef Quartzíte is exposed as a continuous and ¡iromÍnent

outcrop broken by faults and younger intrusions (Figure 2). It maintains

a uniform Èhickness of approximately 5 m throughout its ouÈcrop. Three

types are recognized: a white to cream coloured quartzite at t.he top,

a grey quartzite, and a greyish green quartzite at Èhe base. The latter

contains some black to dark brown cherË granules. Primary sedimentary

structures such as fine bedding are v¡el1 marked by sma11 díscontinuous

wisps of black silt and elay beds.

Dolomíte and Chert

Above the Black Reef Quartzíte is a poorly exposed green argillaceous

dolomite. Toward the top, brorun cherty and silty dolomite bands

alternate with the green dolomite. These dolomite bands outcrop as

steeply dipping and paral1e1 sheet-1ike beds south of Moshaneng. The

uppermost bed is marked by a cherty carbonaceous band.

Chert Bre.ccia

The uppermost member of the Transvaal System r,¡ithin the map area

is a bror^mish ye11o!¡ to orange chert breccia. The breccia is a distincÈive

unit and consists of cherÈ fragments up to 5 cm across. DetriÈal quartz

grains are sometimes present. The cherÈ breccia is infiltrated by a

ferruginous, silty matrix and occasionally a black, manganiferous matrix.

Cavities are commonly i-ined by recrystallized quartzites. The chert breccia

is overl-ain by i,laterberg sÈrata.



Structural Features

The Transvaal rocks of the Tlet1etsÍ Area record a series of

deformations. The main structural element is rhe arcuate swing of

strike (Figure 3) from a north-south Eo an east-vrest trend, a mirror

image of the Lobatse to Ramotswa srving (see Notwani River Geology,

Mallick and Habgood, 1978). This change of strike is due to the

emplacement of the Gaborone GranÍÈe during Èhe early Precambrian (2300

Mâ). Diabase and syenite intrusions account for the conÈact meÈamorphism

of the dolomites (Moshaneng Asbestos I'line) and the 1oca1Iy erratic

strikes of the area. Faults and fractures can be resolved into different

generations starting from early Precambrian to possíbly late Precambrian

based on the l^Iaterberg rocks.

A detailed stratigraphic examination of the Transvaal System

within and west of the Tletletsi Area is necessary in order to define

Èheir precise relationship with similar rocks elsewhere. An original

continuity wíÈh similar rocks east of the Molapo-wa-Bojang Pluton

(Figure 1) prior to the inËrusion of the Gaborone Granite is possible.

This is partícu1ar1y apparent when the similar structural features on

either síde of the pluton are considered (see Notwani Geology, llallíck

and Habgood, 1978). It is on the basis of these structural similarities

thaÈ the suggestion by Crockett (1972) of a restrícted basin in the

Tletletsi Area during the Transvaal times is questíoned.

The Gaborone Granit.e

The Gaborone Granite underlies the main parÈ of the Tletletsi Area.

IÈ comprises various distinct phases. The evolution of the granite has

been expLained by various concepts. The present study agrees in part

$rith the model proposed by Key (1979).



Figure3. Structural Geology of the Tletletsi Area.
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The f our main units as descrÍbed by Key (1979) are as f oIlor,¡s:

a) Kanye Felsites

b) NtlhanÈlhe Granite - microgranÍtes and granophyres

c) Kgale GraniÈe - medir¡rn-graÍ-ned granites

d) Thamaga Granite - coarse rapakivi granite.

The felsites are a chilled carapace of a felsic magma emplaced at a

high crustal leve1. Ilarginal to the felsites are microgranites and

granophyres. These pass inÈo the medium-grained granites,and the core

assemblage is represented by the coarse-grained rapakivi granites.

Kanye Felsites

The Kanye Felsites outcrop over a large area south of a line from

Tletletsi to Polokwe (Figure 2). North of this line the felsites are

exposed from Taushele to Tsobe.

The fresh rocks are blackish purple, very fine grained and contain

2 - 4nun long feldspar, biotite and amphibole pheiiocrysts. l,Iest of

Iíheelo, the rocks are 1oca11y rhyolitic and possess a flow banding which

is accenÈuated by weaÈherÍng grooves paral1e1 to the flor¿ bands. The

felsites fracture along planar or conchoidal surfaces.

The petrographic and chemíca1 properties of the felsites have been

described in detail by Wright (in Key, L979). He noted that close to

the Ntl-hantlhe Granite, the felsltes are reddish in colour.

The upper contact of the felsites outside Tletletsi Area is v¡ith

rocks of the Lobatse Volcanic Group. East of ìfoshaneng the felsites

are overLain by a disconÈinuous, norÈh-trending basal conglomerate of

the Transvaal System. The 1o¡^¡er contact wiÈh the Ntlhantlhe Graníte

is a rapid but sharp transitj-on (Key, L979) marked by the appearance of

the reddÍsh felsites.
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Ntlhantlhe Granite

The Ntlhantlhe Granite outcrops over large areas that generally

border the Kanye Felsltes. It consists of two randomly distributed

varieties; a microgranite and a granophyre (Key , 1979) .

The microgranite is a bror,m to brownish-red, homogeneous and evenly

grained rock consisting of subhedral feldspar and smokl' quartz. llafic

rninerals occur as fine lath-1ike crystals distributed randomly withÍn

the rock.

The porphyritic granophyre has a light brownish-purple to reddish-

brown groundmass consisting of finerequigranufs¡ feldspar, quartz and

hornblende. The phenocrysts ate conmonly feldspar with grey cores and

a pale brovm rim v¡hich may be separated from the core by a discontinuous

mafic rim. Anphibole occurs in definite clots or aggregates. Commonly,

amphibole may occur totally inside the feldspar phenocrysts or straddle

the phenocryst boundaries and termÍnate in the groundmass. The porphyritic

granophyre is the dominant rock uníÈ of the Ntlhantlhe Granite v¡est of

Tletletsi. The contact with the Kgale Granite is transÍtional and is

taken as the point where the groundmass is increased to the phenocryst

grain size.

Kgale Granite

The Kgale Granite occurs extensively within the rnap area (Figure 2)

and occupÍes large areas of the Gaborone GraniÈe Complex. It also outcrops

as dikes of different sizes.

The rock is pinkish brown, medium-grained equigranular and occasionally

porphyritic. Feldspars are euhedral and quartz is anhedral and variously

coloured Cblue, colourless and smoky). The blue quartz is the dominant

variety and forms the larger grains. MafÍc minerals occur interstÍtia11y

and constÍtute less than fifteen percenÈ of the rock.
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The contact with the Thamaga Granite is variable and depends on the

ouÈcrop features of the Kgale Granite. The interface can be gradational

or sharp where dike-1ike outcrops occur.

Thamaga Granite

The Thamaga Granite is the dominant lithology of the Gaborone

Granite Complex. It is coarse to very coarse grained wÍth ovoid feldspar

phenocrysts having a white core and a grey mantle. Quartz occurs as

interstiÈial and subhedral graíns. The mafics consíst of amphiboles

and recrystallized biotite flakes r¡hích may be pseudomorphs of arnphibole.

The Thamaga Granite hosts several other granite types which may be

similar or dissimilar to the rock types described above. These occur

as tongue and dike-like projecÈions withín the rapakivi granite.

Lineation within Èhe granite varies in development from faint to

very distincÈ due to the linear arrangement of mafic minerals, notably

amphibole. Within the vicinity of Kubung and Thamaga (just outside the

map area), the Thamaga Granite contains a number of peculíar enclaves

some of which are schistose whÍle others are gneissose. The latter

connnonly possess an overprint of coarse rapakivi feldspars.

Evolution and Age of the Gaborone Granite

Key (7979) has proposed a model on the evolution of the Gaborone

Granite. IIe concluded Ëhat fhe Gaborone Granite Complex was emplaced

along a north-south trending feeder zone (the Molapo-I"Ia-Bojang Pluton

ls Íts southernmosÈ end, Figure 1-). In the north the granite spreads

]-aterally to form Èhe Northern Sill, part of which is shor¡n Ín Figure 1.

The north and south margins are structurally controlled by the Molepolole

and Moshaneng LineamenÈs (See Figure 12, I(ey 1979).

The present study does not agree wiÈh his rnodel ü/ith regard Èo

emplacemenÈ, The structural trends of the regional geology do not aPPeaI
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to be consistent Ltith Keyrs model. The Sephatlhaphatlha Hills for

instance do not seem to be continuous with the !1o1apo-lla-Bojang Pluton.

The presently accepted age of the Gaborone Granite based on Rb-Sr

dating is 2300 Ma (Key, 1979).

The l^laterberg System

Red clastic deposits of the l.Iaterberg System occur t¡ithin the

Tletletsi Area (Figure 2). They consist of conglomerates, sandstones,

subordinate siltstones and shales. These rocks are unique and represent

the last major depositíonal event in southeastern Botswana. Erickson and

Vos (1979) quote an age of 1800 I'la for the deposition of the l^laterberg.

Only the 1ov¡er arenaceous and conglomeratic stratigraphic units are

represented in the Tletletsi Area.

The lJaterberg rocks are important in that they record some of the

later events postdating and possibly coincident with the late stages

of the Gaborone Granite plutonism. They characteristÍca1ly Possess shallow

dips and overlie the different units of Èhe Gaborone Granite, the

Transvaal System and the Moshaneng Intrusion.

In Makapane (Figure 2, 3), the Waterberg System has been folded

into a steep, doubly plunging syncline believed to be ParÈ1y the result

of the emplacement of the Moshaneng InÈrusion. Parts of the Waterberg

(near Mai Hi11s) have been metarnorphosed during the emplacement of

the younger intrusions.

Certain structures described by Crockett (I972) as rnonoclines are

drag features of thrusts as fn Sobe and Mheelo.

The Younger Intrusions of the Tl-etletsi Area

Intrusions postdating the Gaborone Granite are widespread in the

Tletletsi Area. TheyexhÍbitwÍde corrpositional and textural differences.
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In the Moshaneng Area there Ís an association of conpositionally

varied rocks referred to as the Moshaneng Intrusion.

The Younger Intrusions were emplaced as si11s, dikes and stocks

at shallow depths and at different times.

Moshaneng Intrusion

The Moshaneng Intrusion Ís described for the purpose of this study

as all post-Gaborone Granite intrusÍons occurring vrithin the Moshaneng-

l{masehudula Area. Crockett (1972) used Èhe term to refer to "a number

of srnall stocks of leucocratÍc granites and quartz syenites probably of

post-l^Jaterberg age".

The present usage recognizes Èhe possible relationship between

mafic and felsic rocks.

Diabases of the Moshaneng Intrusio_n

Diabases constitute the greater part of the lfoshaneng Intrusion.

They outcrop in various places within the Moshaneng Area as hillocks

and flat-1ying exposures. Different types have been descrÍbed on the basis

of distinct Èextural and míneralogic differences.

The oldest diabase is that which outcrops 2.5 km directly south

of lfaí Hí11s near the Moshana River. It occurs in sma11 1 - 3 m stocks.

The rock is medium Èo coarse gralned and has a peculiar spotty black and

green colour of black subhedral arnphibole in subequal amounts v¡iÈh green

anhedral feldspar. The rock \.reathers to a black and white colouration;

amphibole sËands out in positive relief, and the feldspar forms a rvhite

PowderY rnâss.

The diabase contains enclaves of a very fine grained porphyritic

diabase, whÍch in thin section is mineralogically similar Èo the host

diabase. This is presumed to be its chilled phase.
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The ¡nost cormnon diabase is a greenish black variety which outcrops

in several local-ities as hillocks and flat-J-ying exposures. The rock

is porphyritic and consists of an uneven medium to fine-grained ground

mass, Phenocrysts are mostly amphibole and the ground mass is a mixture

of primary mafic mÍnerals and feldspar. A weak lineation is defined

by mafic laths in some localitÍes. trJeathering surfaces have a dark brov¡n

coaÈing below which feldspars appear as white powdery laths. The

phenocrysts imparÈ a rough texËure to the weathering surface. In the

northern part of the ìloshaneng Area the diabase has more mafic phenocrysts

and the feldspar infrequently attains phenocryst sizes.

Syenites, Granodiorites

Leucocratic rocks form a large part of the l{oshaneng Intrusion.

They are exposed in various localities as ridges and stocks and

occasionally as dikes.

North of Moshaneng Store is a coarse, pink syenite consisting of

orthoclase, amphibole and quarÈ2. The orthoclase is pink and Carlsbad

twinned. It forms euhedral crystals up Èo 0.5 cm in length and sometimes

encloses a whitish feldspar (presumably plagioclase) ormafic minerals.

Some crystals are fracÈured.

The amphibole is black and occurs in three forms: as random knoÈs,

as fine disseminaÈions forming clusters in l¡hich the feldsPar content is

subordinate and as an interstial mfneral between feldspars. Quartz occurs

rnostly as rounded grains. The quartz content is variable and can increase

up to 2O%, in which case therockls a true granite'

The contact with Transvaal rocks is chilled, flow foliated and more

mafic. In places Èhe syeníÈes have been brought into fault contact with

dÍabases. In one l-ocalÍty north of lfosheneng the syenite is hosted as
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xenoliths by a diabase along Èhe contact. The relationship is taken to

indicate that the syenites may be of different ages.

About 2 km south of Mokube Hi11s (Figure 2) a white grânodiorire

occurs in assocfation w1Èh the diabases. It is medium-grained,

porphyritic and r+eakly foliated. rt consists of 3 - 5 mm green, whiËe

and pink phenocrysts and a groundmass of amphibole and feldspar. The

granodiorite has incluslons of a fine grained porphyritic diabase buÈ

in some places a gradational interphase is present.

Other Intrusive Rocks

I^Iith the exception of the Mheelo Diabase, all diabase intrusions

post-dating the Gaborone Granite have been emplaced as dikes of various

sizes, and to a lesser degree as smal1 stocks. They. are to be found in

most graníte inselbergs such as the Kubung, Polokwe, Majwana, and

Sephatlhaphatlha Hi1ls. Several intrusions also outcrop along the dry

stream courses (for exarnple Mheelo, Meshwana, Kubung and ìfahatelo).

The main differences between Èhe diabases are fresh and weathering

colours, phenocryst contenÈs and textures. Differences in thin section

(nainly the degree of alteration and pyroxene types and amounts) were also

noted. Small sÈocks of syenites occur west of the Kubung Dam (locally

kno¡sn as Ëhe Zambia Dam) .

Genetic Relationships

The relationship between the different rocks of the Younger Intrusions

ís unclear. The contact and structural features indicate that mafic rocks

comprise at least two phases. The relationship of the leucocratíc rocks is

not undersËood. However iÈ is noÈed that in some of the post-Gaborone

Granite intrusions different compositional phases are associated (Ìfallick

and Habgood, 1978).
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The structural relationship (Figure 3) of the Moshaneng Intrusion

with other rocks imply three ages:

a) Pre-l,laÈerberg or early post-Gaborone Granite. These are mostly

granodiorites, syenites and younger granites over which the I'Iaterberg

has been deposited. Some diabases that are intruded into the Transvaal

rocks may be of this age.

b) Syn-lJaterberg. The large sílls intruded in the Waterberg strata

are an example of rocks of this age (Figure 2).

c) Post-l,laterberg. Tilted blocks of Waterberg strata which overlie

diabases in the north of lfmasehudula belong to this age. The Ranaka

and Mheelo Diabases are post-l^IaÈerberg. Ilost other dikes and stocks

are probably of a post-l^larerberg age.

Structural Geology

The structural configuration of the TletleEsi Area, 1íke the rest

of southeastern BotsvTana is very complex. Several deformational features

are easiLy recognizable and have been mapped (Figure 3). The main trend

of deforroation is related to the emplacement of Gaborone Granite. The

Ùloshaneng Intrusion Ís associated with several structural features of

the l^IaÈerberg rocks in the southwestern area of Figure 3.

In addition to controlllng the surface drainage, the fractures are,

in some cases, fÍlled with minor amounts of mineralization.

The Geomorphic-Geochemical Environrnent

The landforms of easÈern Bots\,rana have been described by Bawden and

Stobbs (1963" Sheet II). The Ti-etletsi Area falls r¡ithin land unit b of

the l"fetsemotlhaba Land SYstem.

The princípal geomorphic feature of the area is a genÈly undulating

plain. Kopjes of granlte outcroP in several places. The east and the
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south are bound by rugged and steep-sided hÍ1ls of l,Jaterberg rocks

separated by undulating plains.

The drainage pattern is fntricate and consists of shallow streams

wlth steep banks. l^Jater flor'r Ís llmited to the wet season. The entire

drainage fs controlled by the structural features of the underlying rock

types.

The overburden 1s composed of a thin veneer of stony soils, bror^'n,

medium to heavy textured soils and ferruginous tropical soils. Transported

and residual solls are easily recognizable. The transported soils,when

not strongly weathered, consist of a fine or medium grained sand which

alÈernates v¿ith a coarse, pebbly and stony sand. I^Jhen strongly weathered,

the layering is evident by the accumulation of resisÈate grains such

as quartz at several depths in the soil profile. The residual soils

consist of well-formed horizons. The soil profile grades recognizably

from the A horizon to the slightly weathered bedrock.
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CI].APTER III

I'ÍETHODS OF STIIDY

Field Methods

The field party consisted of five assistants, four of whorn were

engaged in digging the pits. One field assistant helped with the

geological nrapping. Sampling \.Ias done by digging pits approxirnately

1 m by 2 m with average depths of 1.5 m for the residual soíls and 2 m

for the transported soi1s. After sampling, the pits were either

refilled or blocked r¡íth thorn trees to protect livestock from falling

inside the pits.

Site Selection

The locations of the piEs were selected on Èhe basis of two

criterfa:

i) between strearTìs with high metal content in their sediments

(lfarengwa , ]-978)

ii) between streams wíth 1or^r metal contents in their sediments

(ìfarengwa, 1978)

In some cases the pre-selected sites had to be altered slightly

r¿here the soil was Ëoo thin to gíve a suitable profile.

Sarnpling ì{ethods

AfÈer the pits were dug, brief descriptÍons of the stratigraphic

profile were recorded. This fncluded horizon thickness, colour' texture'

layering, etc. Sampl-es were collected at 15 cm intervals. Each sample

depth given in the downprofile trend diagrams rePresents the 15 cm

irr¡rediately above it. This was done Èo ensure that each sample was as

representaÈive as possible to minimize the possibÍ1ity of spurious results,
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especially wÍthfn the transported soils r¿here alternatÍons of coarse

and medium or fine sand layers occur. Each sample represents an

average content rather than a specific content at a given depth.

The sarnples Lrere stored in plastic sample bags.

I-aboratory }fethods

Sample Preparation and Examination

The bulk samples r"¡ere air drÍed to remove moisture and halved.

One portion !ùas sieved wíÈhout grinding and the -80 mesh (approximately

200 Um) was retained for analysis. The bulk sarnples contained abundant

quartz and feldspar grains of various sizes. Grinding \ras purposely

avoÍded because only the fine fraction resultÍng from weathering ¡vas of

interest to this study. Grinding of gralns such as quartz would dilute

Èhe metal content of the natural fine fracÈion whereas magnetite (which

Ís conrnon in the residual pits) would gíve very misleading total

extracÈion results.

The remainÍng portion of the bulk sample was examined with a

binocular rnicroscope in order to Ídentify as many of the mínerals as

possible. In addítion, other features such as smooth mÍneral surfaces,

incípient chemical weatherÍng of feldspar, ferric staining of fine

grains and the presence or absence of windblown grains were noted.

The TletletsÍ Area lies adjacent to the Kalahari Desert. It was therefore

necessary that the presence or absence of windblov¡n grains be determined.

However, no frosted or pltted grains r¡ere observed.

To measure the pH, 20 g of bulk sanple was put in 100 mI of

deionized v¡ater and stirred thoroughly. The solution was allo¡.¡ed to

sÈand for two days and Èhen the pH was determined using a pH meter

(Radiometer Model pH Meter 29).
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pH readings of solls are usually taken on a slurrI of soil

suspended in water (Garrel-s and Christ, 1965). In this study the

pH readings lrere taken from the supernatant liquid in order to protect

the glass electrode.

A few drops of dilute (1.2 nolar) hydrochloric acid were dropped

on each sample to test for carbonate. A strong hand magnet was used to

determine whether the dark mínerals were magnetite.

Reagents Used

The reagents used in the extractions were:

a) Baker Analyzed 36,8% Hydrochloric Acid

b) Baker Analyzed 70.82 Nitric Acid

c) Baker Analyzed 49.42 Hydrofluoric Acid

Trial Extractions

Sample Dissolution

Trial extractions rirere

effects of dÍgestion times,

hot and cold leaching.

carríed out in order to determÍne Èhe

acid strength and the dífference between

A random, sieved sample was chosen from each pit and dÍvided into

f.our 2 g subsarnples referred to as A, B, C and D. The subsamples were

placed in 125 ml conÍcal flasks and treated as shown in Table 1a. The

cold leach ¡¡as at room temperature and the hot leach lras approximately

aÈ boiling point of the mixture,

The hot leaching in B and C v¡as done afÈer the subsamples had been

allowed to stand inÍtia11y for 60 minutes at room temperaÈure. After

heating to near dryness, Ëhe B and the C subsamples \{ere removed f rom

the hot plate and allor¡ed to cool. They were then treated again vrith the

acid strengÈh used inltially (1.2 nolar HCI for B and 2.4 molar IlCl for C)
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Table 1(a) TrÍal ExËractfon Procedure.

Subsample
Amount and
Strength of HCl Type of Leach

Duration
of Leach

A

B

c

D

10 ml,

10 m1,

10 mI,

10 m1,

1.2 molar

1.2 molar

2.4 molar

1.2 molar

Cold

Hot

HoÈ

Col d

120 min.

40 min.

40 min.

30 min.
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All the subsanples \¡¿ere vÍgorously shaken before fÍltering through

a hlhatman l filter paper. A 5 ¡nl a]-iquot of the filtered sample was

pipetted into a 25 m1 flask and diluted to volume.

A Perkin-Elmer 303 AtorLic Absorption SpecÈrophotometer nas used to

measure the Fe, h, Zn, Ni, Cu and Cr concentrations. Lead was determined

using a l-fcdel IL 25I LaboraËory Instr. Inc. Atomic AbsorptionSpectrophotometer.

For all elements, the B and C procedures yielded consistently

higher concentrations of Fe, I'fn and Zn than the A and D procedures

(!'igure 4a, b, c). Digestion time was less a factor than acid strength

because the A and D exÈractions \^rere nearly equal (Figure 4a, b, c).

This was taken to indicate that the elements Fe, l.ln and Zn occur as easily

soluble and less soluble forms.

Hot leachÍng increases dissolutíons of the elements very strongly

(Figure 4) especially for Fe (FÍgure 4a). The hot leach did not yield

very high resulÈs for Mn compared r,¡iÈh the cold leach except for piÈs

3, 2 anð 1 (Figure 4b) which occur on dÍfferent rock t)'pes. This was Laken

to indicate that most of the }ln vras r¡ore soluble than Fe.

The effect of acid strength ís seen in Figure" 4cr-d, and e.

TTi.e 2.4 molar hydrochloric acid rras the only procedure capable of giving

detectable concentrations of Ni, Cu and Cr.

Final Extraction

Hot Partial Leach (Px)

Based on the resulÈs of the trial extractions, it was decided

thaÈ the 2.4 lt HCl hot leach was Èhe most suiÈable extraction because

it gave concentrations v¡hich were above Èhe deÈection li¡nits for the

elements Fe, l-ln, Zrt, Ní, Cu and Cr. The time for extraction r,Jas

increased to six hours (unlike the thirty minut.es in the trial extractions)
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Fígure 4.' Trial extractions for Fe, Mn, Zn, Ni, Cu and Cr

on random samples from each pit
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fn order to nfnfmize the variation of results with sample type. In

sampling entire sofl profiles, samples vary from those rich in organic

matter (as fn the A horizon) to those rich in clays or Fe or Mn

secondary minerals (as in the B horizon). The procedure for the hot

leach is given in Table 1(b).

Total Digestion (Tx)

For total digestion t.he procedure followed is listed in Table

1(c).

In some cases it was necessary to

extraction samples by up to 5,000 times

of Fe and I'ln could be brought into the

determination. All analyÈíca1 results

Precision and Batch Control

dilute Èhe parrial and total

before the trace element leve1s

range of the atomic absorption

are listed in Appendix

elements l4n, Zn,

monÍtor the reproduci-

Table 2 (a-cl) lists the repeat analysis for

Co and Cu. The samples \,rere selected at random

bí1ity of analytical data.

the

to

The dilutions gave 1eve1s that v¡ere detectable by the instrument

Precision was calculated as follows:

P(%) =

wüere Px, and Px, are analyses of the same sample. The results r¡rere

generally reproducible to better than 902 except where concentrations

were low as in the Co example ( Table 2(d)).

Possible differences between batches caused by inconsisËent

experimental conditíons in one or more sÈages were moniÈored for some

sanples by repeating the anaLyses of a single chosen sample (a control

sample) r¿ith every batch, In addition, blanks were also used to monitor

Px-

,i x 1oo
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Table 1(b). Hot Partial Leach (Px) Procedure.

a) t'Ieigh 2.0 grams of sample.

b) Add 10 ¡01 of 2.4 l4 HCl and 1er stand for sÍx hours.

c) Add a further 10 d- HCl, shake rhoroughly and heat
to near dryness.

d) Add 20 n1 using a volumerrÍc flask of 2.4 H MCl. LeË
stand for t hour, shake vigorously and pass through a
Whatnan 1 filter paper into a polyethylene sample borrLe.

e) Pipette L0 ml sample into a 100 ml volumetric flask
and dflute to volume with deÍonfzed waÈer.

f) Analyze by atomÍc absorption.
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Table 1(c). Total Digestion (Tx) Procedure.

a) Mix in ratio 4:1 by volume of Baker analyzed concentrated
HF and HNO, (49, 70.8 wt. Z respecrively).

b) Weigh 2.0 graurs of sample and treat wlth l0 nl of the
acid nixture for six hours fn teflon beakers.

c) Add a further 10 mI of the acid nixture using a voLumetric
flask. Shake thoroughly and fume dry.

d) Add t0 rol of 6,2 14 HCl using a volu¡nerric flask and
fune dry.

e) Add 20 nI of 2.4 14 HCl ustng a volumetric flask. Ler srand
for I hour. Shake vigorously and pass through a Llhatman 1
filter paper fnto a polyethylene sample bottle.

f) PÍpette 10 Dl ÍnÈo a 100 ml volumetric flask and dilure,
to volume with deionized water.

g) Analyze by atonÍc absorptlon.
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Table 2(a) ReproducÍbility checks for Þtn (pprn).

P*l Px1/Px2 T*2 Txr/Tx,P*2 T*1

I

2

3

4

5

6

7

I

348

n. a.

320

302

359

348

398

449

346

n. a.

331

300

331

331

412

462

0 .98

n. a.

0.97

1 .01

1.09

1.05

0,97

0.97

527

n. a.

415

47I

466

465

701

651

525

n. a.

437

462

462

52s

800

663

1.00

0.95

L.02

1.01

0. 89

0. 88

c. 98

* data from Pit 13.

n.a. È no analysis
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Table 2(b). Reproducibil f ty checks f.or Zn (ppm).

P*l P*2 Pxr/Px, T*2 Txr/Tx,T*1

1

2

3

4

5

6

7

8

15

74

10

15

19

20

l_5

11

18

t2

10

15

I7

19

I4

L2

20

16

18

L3

2I

22

16

T7

19

15

15

I7

2L

2I

18

L7

0. 83

1.16

1.00

1. 00

1.09

1.05

0.94

0.91

1.05

1.07

1.06

1.09

1.00

I.07

0.91

r.o2

Data f ro¡n Pit l_1.
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Table 2(c). Reproduc ibfl i ty
*

checks for Cu (ppm).

t*l P"z Pxr/Px, T*1 T*2 Txr/Tx,

1

2

3

4

5

6

7

I

9

10

11

t2

13

26

46

35

45

24

43

n. a.

48

47

44

44

29

44

31

4B

27

49

51

49

49

51

46

46

49

0.9c

1.05

1. 13

0.94

0.92

0. 88

0.98

0.96

0. 86

0.96

0.89

L,02

80

115

38

4t

48

60

n. a.

75

69

81

B2

78

63

74

Iq9

37

48

52

62

n. a.

62

62

83

83

82

59

1.08

1.06

0.97

0.98

0.92

0.97

47

50

T.2I

0.94

0.98

0.99

0.9s

1.07

Data frc¡m Pit 1.

no analysis
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*
Table 2(d) . Reproducibility checks for Co (ppm).

P*t P*2 Px r/Px, t*l T*2 Tx rlTx,
I

2

3

4

5

6

7

I

9

10

11

T2

6.3

4.0

7.5

9.5

9.4

6.9

13. I
13. I
14 .4

17 .5

10. 0

11.0

ó.5

2.0

7.5

6.0

6.5

5.0

12.0

12.0

L2.O

12.0

10. 0

11 .0

0 .97

0. 50

1.0

r.46

r.45

0. 73

r. 15

I .15

r.20

I .46

I .00

1.00

8.1

6.9

8.8

10. 6

10.0

I0. 0

L9.4

15 .0

20.0

24.4

16.9

L7 "5

5.0

5.r

7.0

8.5

6.5

10.0

24.0

L2.O

15 .0

17. 0

16. 5

15 .0

0.62

1. 35

r.26

r.25

1. 54

1.00

0. 81

1.25

1.33

L.44

r.02

r.67

* Data fron Pit 19
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baÈch differences and reagent contamination. The 61"u¡s rrrêrê produced

by following the partial leach and total digestion procedures. The

background values of the blanks were used for the correction of some

trace element levels (Zn, Co, Ni). The trace element levels in the

blanks themselves were consistently below Èhe detection limits of the

instruments. Thus, all suspect results were not due to reagent contami-

nation.Table 2(e) lists the pit numbers and the order in which they were

taken as batches. The element concentrations of the control sample as

determined during the analyses of the different batches are also shown.

The precision (calculated as defined prevíously) of any element

determination (Px/Px or tx/Tx) was generally above 957". However, the

extraction ratio comparisons gave results of a lesser precision because

the error in both extractions is additive when the extraction ratíos

are calculated.

The results in Table 2(e) indicated that the differences across

batches were low compared r,¡íth the total element contents of all the

individual pits.
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lable 2 (e ) Batch control.

Element

Partial
Ext ra ct lon

(Px)

Total
Ext ract ion

(rx¡

Ext ract lon
Ratio
PxlTx

Bat ches
and Pir
Nurnbers

Fe '/.

Drn (ppm)

Zn (pp¡n)

Ni (ppm)

Pb (ppm)

Cu (ppm)

r.25

1.50

100

113

110

20

I7

23

25

16

18

L2

11.

T2

11

T7

18

1.48

1. 70

140

140

150

23

27

25

26

20

23

13

I4

16

T4

18

20

0. 85

0.90

0. 71

0. 80

0. 85

0.90

0. 83

0.9 3

0.93

0. 80

0. 78

0. 80

o.82

0.68

0.79

0.9s

0.9s

11,15

18, 7

11,15

8,9

18,7

11, l5

18, 7

8rg

12,5

11, 15

18, 7

18, 7

6,20

18, 7

11, 15

3,14,13

1
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C]]APTER IV

DATA TREATMENT

Col1oida1 Activity and Determination by Correlation Analysis

Geochemical data of any kind can be viewed from a point of

synpathetÍc (for example in adsorption) or antipathetic (for example

solid solution). In surface or near surface geochemistry, co11oíds

(c1ays, humic matter and Fe-Mn secondary compounds) control the

dispersion of various trace elements (Jenne, 1968). Adsorption and

coprecipitation of trace elements by colloids are controlled by a simple

1aw of mass action (Perelrman, 1967, p. 98 ). The basic equations are

as follows:

R-OHO

(where R is the co11oidal subsÈance)

R-o-+x2++H+ -'R-o-x++H*-r . .2.-
,-L

(where X'' is a divalent cation)

The equilibrium constant, K (the selectivity constant, Farrah et

â1., 1930) is defined by:

(=
" (n-o-n) â (*2*)

(where a is the activity of the specified species).

If the activÍty of the adsorbant is considered to be relatively

consLant, and if it is assumed that most of the meÈal ions are adsorbed

(or attached ín other forms of bonding to the adsorbing species), then

equation 3 can be approximated tcr:

d (n-o-x*) " (rt*)(=
n("2*)
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Forsingle profiles, the pH usua11y varies slight1y.

further sinplified to:

^f'in-o-x' ¡
;õ-

Equation 5 means that the amount of

amount of active adsorbant present. Fe a

dispersed metal- ions in soils (Jenne, 196

most of the metal ions will occur in an a

rel-ated to the chemical properties of Fe

Ions which are not innnobíIízed by th

represented by adding another term to equ

.(x2*) = l("â1R-o-x+) + c

Equation 4 can be

lons adsorbed depends on the

nd Mn compounds adsorb most of the

8) ' "(x2*) 
will be srna1l and

dsorbed form (or oÈher forms

or I'fn compounds).

e Fe and I'fn compounds can be

ation 5 such that

exploraËion when

should vary in

strength of

n correlation

her than

[x] -

If R-O-X+ is analyzed (as Ís

using soils and sedimenÈs) then the

direct proportíon with that of R-0

such a variation can be expressed

coefficient r. Concentration can

activities. r is clefined as:

-0-

emÍca1

vered

The

Pearso

Dm rat

ch

co

a

p

ù

the case in geo

amount of X re

; the adsorban

numerically by

be ex¡rressed in

,

rf S-O-xj is plotted against

l-ine. The correlation coefficient

by the equaÈíon:

d[n-o-x+J

will Í:ive a straight

slope of the IÍne

data arrays, i,e.

a single profÍ1e)

fXJ adsorbed,

is related to

ir

the

r=m

(where rn is the

R-O-X and X adsorbed

r r i r .8

variances of the

of the samples from

dfxJ aasoruea

slope and d are

concent rat ions
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The closer the correlation to unity the stronger the control of the

trace element behaviour by either Fe or Ìln. The slope is influenced by

several facËors, the most importanÈ being the extraction capacity of

a partj-cuLar extraction procedure. In treating the data of this study,

only the correlaÈion coefficient has been taken into account. The cor-

relation coefficient is taken to be significant when it is greater than

the crftlcaf value (Ctl¡ ¿¡ a probability (f) of ren percenr, i.e. f=0.lC.

The high probabiliËy value (0.10) has been chosen in view of the fact

that the extractions used in this study are not fsite selectiver. Metal

cations can be held onto secondary Fe and/or ìtn compounds in varíous

ways (for example adsorption and occlusion). It is not possible to

determine in this study r.rhich type of f bondingr contributes the most

rnetal ionsrand which sítes are resistant to the extractions. In addition,

an allowance is made for ions noÈ adsorbed by either Fe or I'fn.

Stream Data

The use of factor analyses Ín the examination of interrelationships

between trace elements is conunon ín geochemistry, Armour-Brov¡n and

Nichol (1970), Howath et al. (1979), Closs and Nichol (1974), Nichol et

a1. (1969) and Tripathi (1978) give brief explanations and applications

of the Èechnique.

An R-mode principal analysis was performed on Sn, Ti, V, Cr and Mn

stream sediment data taken from a regional stream sediment survey by

Marengwa (1978). Ttso subpopulations were taken from the regional survey

data. The first subpopulatlon, named the Tletletsi subpopulation consisted

of 408 data values from streams occurring within the Ti-etletsi area (Figure

5(b). fne second subpopuLation (492 data val-ues), referred Èo as the

Gaborone subpopulatioq was Èaken from all sÈreams oceurring north of

the TletLeËsi Area (see Marengwa, 1978).
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The latter subpopulation vras used only for comparison and to

increase the confidence in assessing the Tletletsi subpopulat.ion data.

The R-mode v¡as used in preference to the Q-mode because geological and

envLronmental associatíons can be more easily identÍfied. The programs

used were Èaken from an SpSS package (Nie et a1., 1975).

The input of Pearson correlation coefficients was obtained from

1og-transformed varÍables ( a variable is the elenrent content in ppm) .

The transformation was required because of the strong positíve skewness of

rav¡ data. Extremely high (and comrnonly isolated) values were omitted

during correlation coefficient calculaEions. The high values were only

used in facÈor score calculations. Tripathi (1978) has demonsÈrated how

the distortions of factor analysís results can be improved by excluding

high values in raw data. Howarth et al., (1979) also refer to the

spurious results caused by usÍng metal content values thaË are very high

and isolated compared with the resÈ of the raw dat.a. Terrninal solutions

were arrived at by varimax and quartimax rotations (Nie et a1., 1975).

In addition, factor-factor correlations were also investigated using

an oblique soluÈion to assess mutual factor dependence.
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C]IAPTER V

SOIL PROFILE DESCRIPTIONS

The nomenclature used in the description of the soil profiles

of this study is illustrated ínFigure 5(a) together wiÈh rhe generalized

characteristics of a typical residual profile.

The soil profile descriptions are presented in a sequence that

goes across the drainage basin (rows A-A' , B-Bt , C-C' , D-D') and from

northeast to souÈhv¡est (Figure 5(b)).

It can be seen from the drainage pattern that the rovns go from a

topographically high area in the west through the 1ow elevations in the

centre of the drainage area to higher land surface in the east. (Actual

elevations in feet are found in topographic maps 2425C2,2425D,2425C4

and 2425D3, 1967, Geological Survey of Botswana). The arrangemenr of

the ror¡s (northeast to southwest is from 1ow to high elevations).

Descript.ions of all the profiles are given in the following section.

Each description includes a discussion of Èhe physical and chemical

ProPerties of the profile. The discussion of chemical properties is an

element by element treatment of their downprofile trends. Correlation

of Fe and l,fn with other elements is presented in tables f or each pit.

Also included in the tables is an Fe:Ì'fn correlation, and a critical

value (CV).

The soil distribution map (Figure5'(Uluasproduced by grouping togeÈher

alL profiles ¡,¡ith sÍmilar characËeristics (residual or transported). This

was done on the consideraÈion of the physical properties. All the profiles

are then considered coLlectfvely at the end of the individual profí1e

discussions in a generalized presentation of their physical and chemical

properties,
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Figure 5 (a) Generalized soil profile characteristÍcs showing

the principal subhorízons typÍcal of residual

soÍ1 profiles in the Tletletsi Area. The same

scheme is used for transported soils. Proflle not

to sca1e.



Ao

Subhori zon

At

DescrLption

- Topsoll" Brown to light reddish brov¡n.
UnweaÈhered mÍnerals and fresh organic
(plant) uatter present. Usually dominated
by the coarse fraction.

- Bror¡n, loose cLayey/s1lty, very fine grained
sand. Bror¡n humic maÈter. Unweathered
mLnerals (feldspar, dark minerals = mafics
and/or rnagnetite) present. Dark mlnerals
nostly Ln ffne fractfon.

- Light bror¡nlsh red. Less organic matter
otherr¡ise as above. Quartz abundant.

- Reddlsh bror¡n ferric hydroxide/oxide
colouratÍon. Very little organic måtter.
Coarse quarÈz graÍns. Unr¡eathered and
partly weathered feldspars and dark minerals
present. Abundant clay and/or si1t.

- Dark reddish brorcn. Strong ferríc compound
accunulatÍon. It may be hard and compact.
Conmonly lateritic .

- Dark reddish browrn as above rvlth signÍficant
amount of partly $reathered and coarse granite
fragments.

- Abundant, loose, ferric stained friable
granfte fragrrents. Transl_ocated B horizon
maÈerial.

- Lfght reddish bror¿n or mottled or chalkv
partly neathered granite.

A2

AzBt

Bz

Bzct

ct

cz
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Figure 5 (b).The Drainage Pattern and Soil Type

Distribution in the Tletletsi Area.

Also shol¡n are stream sampling

locaËions of Marengwa (1977) and

profile sampling locations of this

s tudy .
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Physical and Chemícal Properties of Pit 14

Physical Properties

The profile has been derÍved from the underlying granite. Three

horizons have been developed (Table 3). The A horizon is thín (14 cm),

dark brol¡nish red and consists of fresh and humic (brown) matter, fine-

grained clayey/si1ty quartz sand, coarse quartz grains and dark minerals

(mafics and magnetite).

The B horizon is mineralogically similar to the A horizon but varies

by having a reddish brovm colouratíon of ferric compounds and quarÈz ís

more abundant. The colouration increases wíth depth. At the bottom of

the B horizon there is an increase in weathered granite fragments that

make the C horizon. Belorv, ferric stainedrfriable and sometirnes mottled

weathered granite fragments form the middle C horizon. The transition

to bedrock is a white, slightly weathered granite.

Chemical Properties

All the elements (Figure 6) have a similar Èendency of maximum

concent.ration ín the 1or¿er B horizon or upper C, subhorízon. The sErengths

of simílarities of the downprofile trend of the elements has been

expressed ín correlation coefficients (Tab1e 4).

The variation of the iron concentraËion ¡^¡ith depth is sho¡¡n Figure 6a.

Immediately below the transÍtion of the A and B horízon a rapid increase

occurs and the Fe content reeches a maximr¡n accumulation in Ëhe upper C

horizon. The extraction ratio (Px/fx) ís constant except in the topsoiì-

and the lower C horlzon.

llanganese is accumulated in Èhe A and the B horizon. The amount of

Mn 1n the A horizon (Figure 6b) decreases from Èhe topsoil to the lower

A horizon Cat a depth of 30 cm). The B horizon has a progressive accumulation
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Table 3. Soil profile descriprlon of PÍr 14.

Sample Depth HorLzon Description

1 0 Ao Topsofl. Llght reddÍsh bror¡n, loose clayey/
silty very fine grained quartz sand. Fresh
organÍc natter abundant. Some coarse to very
coarse quartz grains. Dark minerals (mafics
and magnetite) in fine fraction.

2 0-15 At Az Dark reddish brown. Loose clayey/sÍlty sand
as above. Fresh and decayed (bror¿n) humic
matter present. Grades to B horizon.

3 15-30 Az Bt Reddish brov¡n clayey/silry, very fine grained
quertz sand. Some humic organic matter
present. Top 20 cm forms transition from A
to the B horizon. Partly weathered feldspars
present. Dark minerals present ín fine
fract ion.

4 30-45 B? Reddish bror^m clayey/silty quartz sand as
above. Ilore ferric colouration and coarse
quartz than above.

5 45-60 B, C., Reddtsh brown clayey/silty sand wíth coarse¿ ! grains and ¡¡eathered granite fragments.

6 60-75 Ct Light reddish bror¿n clayey/sÍlty sand with- abundant granÍte (weaÈhered) fragments.
Mottled in upper 9 cm.

7 75-90. C) Light reddish brown sÈaining of wearherlng- powdery granite. i.lt¡ite weaÈhering granite
at 90 cm.

8, 9 90-120 cz l.ltrite, partly weathered granite.

43



Figure 6. Downprofile distribution of Fe, Mn, Zn, Co,

Ni, Pb, Cu and pH. Pit 14.
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Table 4. Pearson correlatlon coefffcient

Mn, Zn, Co, Ni, Pb, and Cu. CV

f = confidence level. Pit 14.

(r) f or (Fe,l'fn) :

= critical value.

Px-Px Fe:l.ln
Tx-Tx Fe:l'fn

Px-Px FezZn
Tx-Tx Fe:Zn

Px-Px }fn : Zn
Tx-Tx Ì'fn: Zn

Px-Px Fe:Co
Tx-Tx Fe: Co

Px-Px Mn:Co
Tx-Tx I'ln: Co

C''l = 0.67
f = 0.10

0.00
-0. 85

o.92
0. 89

0. 31
-0.75

0 .57
0.59

o.75
-0.62

Px-Px Fe:Ni = 0.88
Tx-Tx Fe:Ni = 0.95

Px-Px M¡::Nf = 0.38
Tx-Tx Mn:Ni = -0.82

Px-Px Fe:Pb = 0.35
Tx-Tx Fe:Pb = 0.78

Px-Px Mn:Pb = 0.38
Tx-Tx Mn:Pb = -0.62

Px-Px Fe:Cu = 0.68
Tx-Tx Fe:Cu = 0.68

Px-Px lfrr:Cu = 0.54
Tx-Tx ìfn: Cu = -0.38
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!üith dePth down to Èhe C subhorizon. The extraction raÈio is 1or^¡. It

decreases \dlth depth 1n the A horizon but remains constant in the B and

C horizons.

Zl-nc increases smoothly with depth from the A, subhorizon to the

C horizon. The extraction ratio behaves similarly (Figure 6c).

Coba1t Px values are constant in the A and B horizon (Figure 6d)

An abrupt increase occurs in the BrC, subhorizon. The variation in Tx

values is less v¿ell defined. However an increase ín the C horizon

is present. The extraction ratio is highest in the C and A horizon

(excluding Ao) . It is const.ant in the B horizon.

Nickel (Px, Figure 6c) has an enrichment within the B and C horizons.

The A and upper B horizon have símilar concentrations. The Tx values

increase strongly downprofile. The extraction ratio decreases into the

B horizon and increases gradually ín the C horizon.

The Pb Px content in the profile decreases slightly in the A

horizon. A very sharp increase occurs at the beginning of the C horizon.

The highest content is in the C, subhorizon (Figure 6f). Lead Tx values

increase from the A, subhorizon to the Cl subhorízon. Belorv, the

accumulation is much more sharply pronounced. The extraction ratio in

the A and B horizon is similar and much smaller than that in the C horizon.

Copper is accumulated in the C horizon. Both Tx and Px values

increase with depth (Figure 6g).

The variation of the pH ¡^rithin the soil profile of Pit 14 is shor.¡n

figure 6h. The pH is higher in the A subhorizon, decreasing slightly

the lower B and upper C horizons. The extraction ratio is also uniform.

1n

in
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Physical and Chemical Properties of pit 15

Physical Properties

The profile of pit 15 consists of transported debris derived mostly

from weathered granite (Table 5).

The soil horizons are identifÍable on the basis of colour. The

upPer 55 cm constitute an A horizon. It is a brovm and humic horízon

and consists of a crayey/silty and very fine;grained quartz sand.

Weather'able minerals are abundant. Dark minerals (rnafics and magnetite)

are mostly of fine fract.ion size. Partly weathered feldspars are more

variable in size. Coarse guartz is present.

The B horj.zon is mÍneralogically identical to the A horizon but

differs Ín two respects - the absence of organic matter, and the strong

accumulation of ferric oxides (Table 5). Consequently, the B horizon

is hard. dense and lateritic.

Carbonate is present throughout the profile excepÈ in the topsoil.

It. occurs as solid lumps cementÍng the fine fraction of the soil and

in fine particulate form within the clay and silt deÈectable only by acid

treatment. The carbonate content is variable.

Chemical ProperÈies

All the elements with the exception of Zn and Pb Tx (Figure 7)

have subhorizons of higher and lov¡er trace el-ements. However, the

downprofile Èrends are not visibly similar.

Correlation coefficients of the different trace elemenÈ with the

Fe and Mn contents are given in Tabl-e 6.

The iron content of the topsoil (Figure 7a) is much lower than that of

the rest of the A horizon. The transition to Ëhe B horizon is very sharp
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Table 5. Soil profile description of pír 15.

Sample Depth (cnr) Horizon Description

Ao Topsoil. Brovm, loose clayey/silty,
very fine g,rained guartz sand. Fresh
and humic (bror,¡n) organic matter, coarse
quartz (bIue, colourless), clay lumps
from weathered feldspar present. Dark
minerals (mafics and magneÈite) in fine
fraction. No acid reaction.

0-15

15-30

30-4s

45-60

60-7 5

75-90

At Az

Az

A2 Bl

Bz

Bz

Bz

Bror^m clayey/silty soil as above.
Some organic matter present. Very
mí1d acid reaction.

Brown clayey/si1ty soi1. Slightly
coherent. Contains lumps of carbonate
cementing clay/silt and sand. Partly
weathered. and weathered feldspar present.
Dark minerals in fine fraction.

Bror,¡n clayey/silty very fine-grained
sand as above. No carbonate lumps
observed. Fine fraction reacts \^rÍÈh
acid. Dark mineral content much lower
than above.

Reddish brown soi1. Hard, lateritic
clayey/sÍ1ty coarse sand. Strorrg
reaction of clay/silt fractÍon with acid.

Reddish bror¿n soi1. Hard,lateritic as
above. Ferric stains on partly weathered
feldspars. Acid reaction very gentle
except for some rare white carbonate
lumps.

Reddish brown soi1. Hard, lateritic
as above. Strong acid reaction of lumps.
Clay/silt fraction reacts mildly with
acid.

Reddish brown soi1. Hard,lateritic
and compact. AcÍd reaction of lumps
stronger than that of clay/silt fraction

B:8,9 , 10 90-150
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Figure 7. Downprofile distribution of Fe, Mn, Zn, Co,

Ni, Pb, Cu and pH. pir 15.
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Table 6. Pearson correlatÍon coefficlents (r) for (Fe, Mn)

I'ln, Zn, Co, Ni, Cu, Pb. CV = crltíca1 value,

f = confidence level. PÍt 15.

Px-Px Fe:l'ln
Tx-Tx Fe:Ifn

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px I'ln: Zn
Tx-Tx I'ln: Zn

Px-Px Fe:Co
Tx-Tx Fe:Co

Px-Px l.ln: Co
Tx-Tx I'ln : Co

CV = 0.54
f = 0.10

0.59
0.72

0.60
0.55

0.41
0. 81

0.05
o .42

0.03
-0.40

Px-Px Fe:Ni
Tx-Tx Fe:Ni

Px-Px Mn:Ni
Tx-Tx ì4n : Ni

Px-Px Fe:Pb
Tx-Tx Fe:Pb

Px-Px ìfn : Pb
Tx-Tx }ln : Pb

Px-Px Fe:Cu
Tx-Tx Fe:Cu

Px-Px lfn: Cu
Tx-Tx Mn:Cu

0.74
0.76

0.60
0.61

n. a.
0. 60

n. a.
0. 50

0.76
0. 81

0 .47
o.12

= no analysis

50



drre to the laterÍtic character of the B horizon. The maximum value is

consÈant over a large fnterval (60 - 105 cm) and decreases belor¿ the

120 cn depth. The extraction ratio is high in mosr of the profile

except in the upper A horizon and the lateritic B horizon.

Manganese Px is accumurated in Ëwo intervals, the A horizon

(except the topsoil) and in the lower part of the B horizon, below 90

cm (Figure 7b). A low and const.ant element content separates the two

intervals of accumulation. It occurs in the lower A horizon and upper B

horizon (30 - 90 cm). The Tx values are markedly different. Ifn contents

occur between 30 and 135 c¡1. The extraction ratio decreases from the Ao

subhorizon to the B, subhorízon. Belorv, it is constant excepÈ at 105 cm.

zínc (Figure 7c) is constant \rithin the A, to B, subhorízons (15 - 60

cn). The increase with depth in the lateritic B horizon Ís gradual but

irregular. The extraction ratio within the soil is more or less consËant.

Cobalt Px values are low and sho¡v no trend with depth (Figure 7d).

The lowest content is at 60-75 cm. Tx values contrast rvith Px values

within the depth of 15 to 105 crn. The extraction ratio is erratic.

Nickel Px is constant from the A, subhorizon to the B, subhorÍzon

at a depth of 75 cm (Figure 7e). Below B' there is an increase in

concentration remaining more or less constant \,riËh depth. Tx values are

almost uniform throughout the depth of the profile. The extraction ratio

is also faÍr1y uniform.

Lead values (Tx, FÍgure 7f) have no marked accumulatíoh and remain

constant with deuth.

Copper (Px, Figure 79) values are constant in the A horizon and B,

subhorizon. There is a ur,arked accumulation in the lateritic B horÍzon

that is broken at 60-70 cm by a low poinÈ. The Tx values indicate an

enrichment of Cu in the topsoil and a constant value with depth except at
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60-70 cm \rhere an abrupt high va1-ue is present. The extraction ratio

decreases steadily with depth and ís interruPted at 75-90 cm. It

decreases below 105 cm.

The pH (Figure 7h) is lowest ltithin Ëhe upper 15 crn (Ao - At sub-

horizons). Below 15 cm depth, pH is uniform throughout the profile.
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Physical and Chemical PropertÍes of Pit 18

Phvsical PropertÍes

The profile is made up of a resÍdual solum formed over a granite

bedrock. (Table 7) .

The A horizon is marked by an accumulaÈion of dark bror¡n organic

material \^rithin the upper part of the soil (approximately 30 cm) . I'linor

amounts of humic and fresh organic matÈer also occurs Ín the B horizon

up to a depth of 50 cm.

The B horizon is typically reddish brovm and Èhe inrensity of

colouration increases with depth. It consists of clayey/silty, very fine-

grained quartz sand, dark mínerals (mafics and magnetite) partly vreathered

and r¿eathered feldspars of varying sizes. The soil is loose due to the

abundance of quartz.

Chemical Properties

Strong similarities of downprofile Px /Tx element distribution

patterns are exhibited by Mrn, Co, Ni, Cu Px and, to a lesser extent,

Cu Tx

In general all Èhe trace elements have distincÈive intervals of

accumulation or enrichment" The upper subhorizons Ao-8, (Figure B), have

lower contents of Fe, IfD, Zn, Ni, Co, Cu and Pb. The lower subhorizons

(82-C) are characterized by an enrichment of all trace elements. The

degree of similarities of the downprofile patterns between Fe, Mn and other

trace elements is depicted by correl-ation coefficients in Table 8.

The Fe content (Figure 8a) is lo¡vest in the A horizon. A sharp

accumulation occurs in the B horizon and continues inÈo the upper C horizon

where it reaches a maximum. The extraction ratio decreases slightly rvith

depÈh.
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Teble 7. So11 profile description of Pit 18.

Sanple Depth (c¡n) Horizon DescrÍption

Ao Topsoll. Bror¿n, loose clayey/s1lty
very fine grafned quartz sand wÍth
abundant angular coarse quartz (blue
colourless, white) gralns, partly
r¡eathered and fresh feldspar grains of
varylng size. Dark mfnerals (mafics and
mågnetite) mostly 1n fine fraction size.
Some quartz and dark rninerals very well
rounded. FerrÍc staining on quartz and
some weathered feldspars.

Brown cLayey/silty sand as above.
Abundant fresh and humic (brorrn) organic
matter. Dark minerals more than above.

Brown loose clayey/silty quartz sand.
Organie natter fresh and humic (brown).
Feldspars inconpletely weathered. Quartz
occassionally occurs in parent rock
assoclatÍon with some dark mineral.
Lateritic at 2.3 cm depth and transitional
to B horizon.

Reddish bror¡n clayey/silty sand. Very little
organic maÈt.er. Ferric stainfng more than
above. Some weathering granite fragments
present.

Reddish brom sand as above but more
ferric content. Darker reddish bror¿n than
above.

l.leathered ferric stained granite.

Weathered ferric stained granite.

0-15

15-30

30-45

45-60

60-75

75-90

90-105

105-120

Az Bl

At

Br Bz

Bz ct

ct

cz

cz

Reddish brown, clayey/si1ty, very fine
grained quartz sand. Strong ferric
colouration in clay/silt size fraction.
Abundant fragments of partly weathered
granite.

C) ReddÍsh brown. Weathering ferrÍc stained
granlte. Dark minerals ln relatively large
slzes.
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Figure 8. Dorvnprofile DistributÍon of Fe, )1n, Zt), Co,

Ni, Pb, Cu and pH. Pit 18.
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Table 3. Pearson correlation coefficients

lúr, Zn, Co, Ni, Pb, and Cu. CV =

f = confidence level. Plt 18.

(r) for (Fe:Iln) :

critical value.

Px-Px Fe : Ìln
Tx-Tx Fe : ll¡

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px Mn:Zn
Tx-Tx Mn:Zn

Px-Px Fe:Co
Tx-Tx Fe: Co

Px-Px Ì,ln : Co
Tx-Tx l.ln: Co

CV = 0.58
f = 0.10

0. 35
0.14

0. 15
0 .46

0 .42
0. 1"0

0. 71
0. 78

0. 89
0.76

Px-Px Fe:Ni
Tx-Tx Fe:Ni

Px-Px ìtn : Ni
Tx-Tx Mn:Ni

Px-Px Fe:Pb
Tx-Tx Fe:Pb

Px-Px Ìfn: Pb
Tx-Îx ìtn: Pb

Px-Px Fe:Cu
Tx-Tx Fe:Cu

Px-Px l"ln: Cu
Tx-Tx Ìûr: Cu

0,79
0,77

0.59
0.74

0 .44
0.52

0.04
0. 13

0,82
0.92

0. 59
0. 18
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Manganese values (Figure 8b) decrease from an initial high value

at the surface (Ao) to the upper B horizon where the profile. minimum

occurs. A strong enríchment occurs in the rest of the B horizon up to

the niddle C horizon where a sharp decrease starts. The Tx Mn content at

60 cm 1s much higher than the Px M:r value. The extracËion rat.io fa1ls

correspondingly .

Zínc accumulation (Figure 8c) starts !¡ith the A horizon and is almost

restricted to the B horizon. The extraction ratio is very nearly constant

throughout the profile except at 60 cm.

Cobalt, Ni and Cu px (Figures 8d, e and g respecÈíve1y)

Patterns have slight differences. Ni values are constant over the A

horizon and the lor¡est value occurs in the B, subhorízon. co and cu px

contents decrease to the B, subhorízon, The Co, Ni and cu are strongly

acct¡mulated in the middle C horizon with much lower amounts in the B

horizon. Extraction ratios of Co increase from 0.75 (Figure 8d) to unity

in the B horizon excePË at 60 cm. The Ni extraction ratio is constant

with depth at the Lowest element concentration in the pit (45 cm).

The cu extraction ratio is affected mainly by the Tx pattern.

Unlike other elements in the profile, Èhe Èotal extraction distribution

Pattern of Cu does not completely resemble that of the partial extractÍon.

The extract.ion ratío is lowest at 30 cm and 45 cm depths.

Lead (Figure 8f) is enriched in the middle and 1ov¿er B horizon. The

extraction ratio increases from Èhe A horizon into the B hori-zon and

decreases in the C horizon.

The pH of the profiLe is slightly less than 7, wiÈh the lor^rest value

in the A. subhorizon.
l_
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Physical and Chemlcal properties of pir 12

lhysÍca1 Properties

The profile is made up of residual products of the weathering bedrock

and distinct horizons have been developed. The A horizon is distinguished

by the presence of fresh and humic (bror,rn) organic matter occuring within

the reddísh bror^m clayey/sílty quartz sand (Table 9). The B horizon is

strongly coloured to a brownish red by the accumulation of ferric

compounds. It is mineralogically similar to the A horizon and varies by

the presence of partly r¡eathered granite fragrnents. It contains abundant

coarse quartz grains. It Ís dense and lateritic at depth tor¿ards the C,

subhorizon. The graníte fragments increase r¡ith depth. rn the c, sub-

horÍzon the fragments are less friable and are ferric stained.

Chemical ProperÈies

Accumulation in Èhe B horízon (Figure 9) is the prime feature

the dor,mprofile distribution of all elements r¿ith Èhe exception of

manganese and cobalt. Correlation of all the elements with Fe and

is shov¡n in Table 10.

Iron is accumulated belor¿ a depth of. 45 cm ín the B horizon (Ì'igure

9a) . The BrC, horÍzon marks a second increase of Fe values. The Fe within

the B horizon does not vary significantly with depth. The A horizon has

lower values, Extraction ratios are high and nearly constant throughout

the profile.

Manganese is distributed in a peculiar form. IÈ is accumulated in

the A and C horizons. Both the A and C horizons contain ltn amounts twice

that of the B horizon. The extraction ratio is highest at the ArC, sub-

horizon and decreases to a constant value in the lower B horizon.

of

Ifn
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Tab1e 9. Soil profile description of. Pít 12

Sample Depth (cn) Horlzon DescrÍption

Ao Topsoil. Reddish bror¡n, clayey, very
fine grained quartz sand. Brown organic
matter. Abundant dark rninerals (rnaf ics
and rnagnetite) ln fine fraction. Coarse
quartz gralns present.

0-15

15-30

30-45

5, 6 45-90

7.8 90-120

Al

oz Bl

Reddish brow¡, clayey, very fine grained
quartz sand. Brown, humíc organic maËter
present. More rnafic minerals than above.
l,treathered biotite flakes turning silver of
yel-low. Strong ferric colouration.

Dark reddish bror¿n clayey/silty very fine
grained quartz sand. Abundant dark
mi.nerals. Also weathering granite
fragments. FerrÍc colouration very strong.

Dark reddish bror¡n clayey/silty very fine
grained quartz sand. Dark minerals abundant.
WeaÈhering granite fragments more than above.

Dark reddish bror.'n, lateritic, dense
clayey/sÍlty very ffne grained quartz sand.
ContaÍns abundant dark minerals. Very
strong ferrÍc colouration. Weathering
granÍte fragurents fncrease with depth.

Reddish brown, clayey/silty sand within
vJeathering granite fragmenÈs.

Bz

Bz

Bz ct
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Figure 9, Downprofile dÍstribution of Fe, Iln, Zn, Co,

Ni, Pb, Cu and pH. Pít 12,
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Table l-0. Pearson correlation coefficfents

Iln, Zn, Co, Ñi, pb, and Cu. CV =

f = confidence level. Pit 12.

(r) for (Fe:Iln) :

critical value.

Px-Px Fe:Mn
Tx-Tx Fe : Il¡

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px }fn : Zn
Tx-Tx }tn : Zn

Px-Px Fe: Co
Tx-Tx Fe: Co

Px-Px Mn:Co
Tx-Tx I'fn : Co

CV = 0.62
f = 0.10

-0 .6s
-0.29

0.93
0.98

-0.54
0.03

0.59
0 .42

0. 41
0.12

0. 88
0 .87

-0. 48
'0.48

o.77
0. 85

-0 .52
-0.07

0 .67
0. 87

0.54
0.05

Px-Px Fe:Ni
Tx-Tx Fe:Ni

Px-Px Ìfn:lli
Tx-Tx Mn:Ni

Px-Px Fe:Pb
Tx-Tx Fe:Pb

Px-Px Ìln : Pb
Tx-Tx ìln : Pb

Px-Px Fe:Cu
Tx-Tx Fe:Cu

Px-Px 11¡:: Cu
Tx-Tx Ì,ln: Cu
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Zinc (Figure 9c) has an overaLl increasing trend with dePEh. This

increase in the A horizon conLinues into Èhe uPPer B horizon. (30 - 45 cm

depth). Another trend of increaslng Zn content begins at Èhe low content

point at 60 crn depth in the B horizon and continues smoothly into the C,

subhorizon. Extraction rat.los are lowest in the A horizon and híghest

in the upper B horizon. The rest of the profile has an aPproximately

consÈant ratio.

Cobalt (Figure 9d) shows very 11tt1e variation rvith depth. A slight

increase is in the C, subhorizon. The extraction ratio is more or less

constant except at 60 cm depth.

Nickel is accumulated Ín Ëhe A and B horizons (Figure 9e). The BrC,

subhorizon has a second and highest increase. The extracÈion ratio varies

within a narrow range downprofile.

Lead Px distribution has a twofold accumulation in the A and upper

B horizon and the C, subhorizon. The Pb Tx value j.ncreases are gradual

and reach a maximum within the C, horizon. The change from B, at 90 cm

depth to the C, subhorizon is the sharpesË (Figure 9f). The extraction

ratio is highest in the upPer B horizon.

Copper values (Figure 99) are constant in the A horizon and increase

slightly with depth in the B horizon. The C, subhorizon has the maximum ac-

cumulation. Extraction ratios are lower in the A horizon, otherwise each

horizon is characterized by a constant raËio.

The pH values (Figure th) are lowest in the A horizon and highest

in the upper B horizon. At depth, the lower B horizon has slightly lorver

values. There is a rÍse in pH in the C, subhorizon.
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Physical and Chemical Properties of Pit 11

Physical Properties

The profile fs residual (Tab1e 11) and is derived from the under-

lyfng granite. The horizons are distinguishable by their col-our and

textural dlfferences. The A horizon is brov¡n and shallow. It consists

of fresh and decayed bror¡n humic matter. The main mineral is quartz of

very fine grain size. Clay and silt are abundant. Coarse quartz and

dark minerals (mafics and rnagnetite) are also present. Some partly

steathered feldspars are ferric stained.

The upper B horizon is reddish bror¡n and contains little organic

måtter. In addition to coarse quartz and dark minerals, incompletely

$¡eathered granite fragments occur rvithin the whole horizon and Íncrease

with depth. The ferric colouration becomes more intense at depth within

the B horizon.

The C horizon occurs below 75 cm. The partly weaÈhered

fragments are predomínanÈ and below a depth of approxirnately

weathered granite is white and friable.

Chemical Propertie:

In general, the lower B horizon and upper C horizon have

element contents. The extent of sirnil-arity between Fe,ltt and

trace elements in the patterns of dovmprofile distribution is

granite

90 cm, the

higher

the other

indicated

by correlation coefficients (Table 12).

Iron has an accumulation in the 1or¡er B horÍzon (Figure 10a). The

A and C horizons have constant and 1or¿er conÈents. The accumulation within

the B horizon is r¡ithin a shorË interval (approximateLy 15 cm). Extraction

ratlæyary slightly with degth.
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Table 11 Soil profile descrfption of pit 11.

Sarnple Depth Horizon Description

Ao Topsoil. LÍght reddish bror,n clayey/si1ty
fine grained quartz sand. Organic matter
fresh. Abundant grains of coarse quartz.

Bror¡¡ wlth greenlsh tÍnt. Clayey/si1ty,
very loose quartz sand. Organic matter
fresh and humic. Coarse blue quartz grains
and dark mÍnerals (mafics and magnerite) in
fine fraction. Ferric staining on parrly
weaEhered mineraLs.

Reddish bror¡n clayey/sil-ty very fÍne grained
guartz sand. Minor organic maÈter. Coarse
blue quartz and dark minerals present.

Reddish brom clayey/silty quartz sand as
above. Increase fn coarse quartz grains and
appearance of partly weathered granÍte
fragments.

Reddish brown, denser, clayey/silty quartz
sand. Increase in coarse graÍns of quartz
and partly rreathered granÍte fragments.

Reddish brown clayey/sf1ty quartz sand.
DominaÈed by coarse quarÈz (blue and colour-
less) and by partly lreathered granite
f ragment.s.

Weathered granÍte with ferric staining of
fragrnents and reddlsh brown flnes. Dark
rolnerals in larger sizes. Sor¡e feldspar
conpletely $reathered.

0-15 At Az

15-30

30-45

oz Bt

Bt

45-60

60-75 Bz ct

Bz

ct

C) Weathered parent rock (granlte). Ifainly
- llght coloured. Sone friable feldspars.

75-90

8, g 90-120
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Figure 10. Downprofile distribution of Fe, Ìfn, Zn,

Co, Ni, Pb and pH. Pit 11.
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Table 12. Pearson correl_ation coefficlents (r) for (Fe:Mn):

I'fn, Zn, Co, Ni, and pb. CV = crÍtical value.

f = confidence level. Pir 11:

Px-Px Fe:lln
Tx-Tx Fe:Mn

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px l,fr¡ : Zn
Tx-Tx I'ln : Zn

Px-Px Fe:Co
Tx-Tx Fe:Co

Px-Px l.fn: Co
Tx-Tx I'ln: Co

CV = 0.58
f = 0.10

0. 28
0,27

0.82
0. 75

0. 39
0.51

0.67
0. 41

0. 38
9. 11

Px-Px Fe:Ni
Tx-Tx Fe:Ni

Px-Px I'fn:NÍ
Tx-Tx Un:Ni

Px-Px Fe:Pb
Tx-Tx Fe:Pb

Px-Px ìfn: Pb
Tx-Tx Mn:Pb

Px-Px Fe:Cu
Tx-Tx Fe:Cu

Px-Px I'ln: Cu
Tx-Tx Ìl¡:l: Cu

0. 86
0.94

0. 03
0. 30

0. 8s
0,7r

0.45
0. 08

n. a.
n. a.

n. a.
n. a.

+ n.a. no analysis
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I'fanganese Px values are highest Ín the 41, lower B, and C, sub-

horizons. The Tx values lndfcate lov¡er concentraÈions only in the upper

B horizon. The extraction ratios vary considerably with depth.

ZLnc (Figure 10c) has naximum values in the BrC, subhorizon. The

A and C horizons have decreasing Zn contents. The extraction ratios are

more or less constant in the B and upper C horizon.

Cobalt (Figure 10d) decreases in the A horizon. It is strongly

accumulated in the B horizon and high values also occur in the C horizon.

The extraction ratío varies throughout the profile.

Nickel contents (Figure 10e) like Mn, Zn and Co decrease in the A

horizon. The maximum value of Ni in the pit occurs in the lower B horízon

(B^C. subhorizon) . The C^ subhorizon conÈains 1ow Ni concentraÈions. The-¿l ¿

extraction raËio varies in the A and B horizon but ís constant, at unity,

in the C horizon,

Lead is accumulated ín the depths 60-75 cm. A slight increase

occurs below 105 cm (Px) and 90 cm (Tx).

The profile has pH values below 7.00. The lowest pH (6.40) occurs

in the upper B, subhorizon.
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Physical ProperËies

The profile consists of residual soil formed fro¡n the weathering

of the granite. Horizons are distinct. The A horizon is shallow and

Physícal" and Chemlcal Properties of

comprises fresh and humic (bror¿n) organic matter. It grades into the

reddish brown B horÍzon. The latter is developed to a depth of 73 cm.

Both the A and the B horizon contain a clayey/si1ty very fine graíned

quartz sand. Coarse grains of quartz occur in abundance within the B

horizon. I^ieathered and friable granite fragments increase with depth.

The C horizon is coarse and consists of weathered granite fragments wíth

ferric colouration of the clay/si1t fractíon and staining of weathered

feldspars. Belor¡ the transition with the B horizon, the neathered granite

is rusty brorrn and less disintegrated (Table 13).

ChemicaL Properties

Pir 9

The main similarity in the . dorr'nprofile distributíon of Fe, ZEt, Co

and Ni is the increase with depth through all the horizons (Figure 11).

The Pb pattern is slightly different whereas that of M¡a is unique. The

similarities are indicated by correlation coefficients (Table 14).

lron is accumulated in the lower B and upper C horizon (Iigure 11a).

The increase with depth over the upper 60 cm ís slight compared wíth the

sudden enrÍchment in Èhe lower profile (below 60 cm depth). Extraction

ratios are high and near constant.

Ilanganese has a unique distribution, being more concent

A and upper B horizon and v¡ithin the C horizon (Figure 11b).

ratios fall slightly rvith depth but íncrease to uníty in the

68
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Table 13. Soil profile descrfption of pir 9.

Sample Depth (cn) Horizon Description

0-15

15-30

30;45

45-60

60-7s

75'90

At

o2

Az Bt

Bz

Bz

Bz ct

ct

Topsoil, light reddish brown clayey/si1ty
very fine grained quartz sand. Organic
matter, coarse quartz. Some dark minerals
(mafics and magnetite).

Lfght reddish brow¡ clayey/silry very
fine gralned quartz sand. Some brown
humic and fresh organic matter. Dark
minerals fn fÍne fraction.

Reddish brown clayey/silty very fine
grained quartz sand. Coarse (blue)
quartz abundant and sometimes encloses
needle-lÍke dark ninerals. Abundant
small grains of weathered feldspars.
Dark minerals in fine fraction.

Reddish brown clayey/silty sand as
above. Increase of ferric colouratÍon
and weathered granite fragments.

Reddish brown clayey/silty sand. Srrong
ferrÍc colouration. Increase in size
and nr¡nber of coarse quartz grains and
rock fragments.

Reddish bror¡n clayey/silty quartz sand.
Transltional to C horizon. l.Ieathered
rock fragments dominant.

Rusty brown disintegrated granÍte.
Frlable. Clay and sÍIt from above
(ferruginous) present.
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FÍgure 11. Dorunprofil-e distribution of Fe, lin, Zn,

Co, Ni, Pb and pH. Pir 9.
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Table 14. Pearson correlation coefficÍents (r)

!1n, Zn, Co, Ni and Pb. CV = critical
*

f = confidence level. Pit 9.

for (Fe:Ifn)

va1ue.

Px-Px Fe:Ì'ln
Tx-Tx Fe:l'fn

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px l.ln : Zn
Tx-Tx I'fn: Zn

Px-Px Fe: Co
Tx-Tx Fe: Co

Px-Px I'fn: Co
Tx-Tx ìfn: Co

CV = 0.67
f = 0.10

0.57
o.24

0. 96
0.97

0 .37
o.28

0. 85
o.77

0. 81
0. 28

Px-Px Fe:Ni
Tx-Tx Fe:NÍ

Px-Px Mn:Ni
Tx-Tx l.ln: Ni

Px-Px Fe:Pb
Tx-Tx Fe:Pb

Px-Px Mn:Pb
Tx-Tx ìfrr:Pb

Px-Px Fe:Cu
Tx-Tx Fe: Cu

Px-Px M¡n : Cu
Tx-Tx l.ln: Cu

0.99
0. 90

0. 19
0. 17

n. a.
0. 02

n. a.
0.50

n. a.
n. a.

n. a.
n. a.

* n.a. = no analysfs
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Zinc (Figure 11c) has its lowest value in the A horizon. Both

the Zn Px values in the B and C horizons have constant values wíth the

hÍgher contents occurring in the latter horizon. The Tx conÈent íncreases

smoothly wíth depth. The exrracrion ratio varies slightly within a

narro\.¡ range and is constant with depth.

Cobalt (Figure lld) is accumulated in the C horizon. The extracrion

ratio is unity except in the A, and C, subhorizons.

Nickel values increase smoothly \ríth depth (Figure 11e) up ro the

base of the B horÍzon. The C, subhorizon has lower contents than the BrC,

subhorizon. The extraction ratio is nearly constant throughout the depth

of the profile.

Lead has an overall hígher conÈent in rhe B horizon (Figure llf).

The pH of the profile ís essentíally constant with depth at 6.5

(figure 11e).
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Physical Properties

The pit consist of transport.ed soil derived from weathering granite.

Several cycles of alternating medium and coarse sand occur in the upper

60 cm of the profile. Belo'¡, the sand is dark due to organic matter and

is also very coarse. The núneralogy throughout the profile is similar

and consists of clay and silt size minerals (mostly quartz, clay and

dark minerals) partly weathered feldspars and granite fragmenÈs and dark

minerals (Table 15).

Chemical Properties

The elements Zn, Co, Ni, Pb and Cu have greater abundances wíthin

the C horizon and below 60 crn depth.

Zínc (Figure 12a) is low in the A horizon but is high within the

C horizon below 60 cm. Extraction ratios are erratic in the upper 60 cm

but are uniform below 60 cm.

Cobalt (Fígure 12b) conÈents vary slightly with depth. The lower C

horizon (below 60 cm) contains slightly higher contents but there is no

significant change with depth. The extraction ratio is fairly uniform

ÈhroughouÈ the profile.

Nickel (Figure 12c) has a near uniform and 1ow Px values dow"nprofíle.

The Tx contents differ by reflecting hÍgher contents in Èhe lower parts

of the profile. Extraction ratios are 1or.¡ and show si.ight variation with

depth.

Lead (Figure 12d) is distinctly accumulated below 60 crn depth. The

Pb contents increase wiÈh depth and reach a mæ¡irnum value at 150 crn. The

extraction ratios vary signíficantl-y and are s1íght1y higher at depth.
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Table 15. Soil profile description of pit 19

Sample Depth (cm) Horizon Description

Ao Topsoil. Bror¡nish red, clayey /si1ty
sand. Fresh and humfc (bror+n) organic
matÈer. Partly weathered feldspars and
biotÍte. I'Iagnetite grains with bror,,nisir
black coatlng. Some r¡eathering feldspars
and clay lumps are ferric stained.

Light brownish red clayeV/si1ty sand.
Less and smaller dark minerals (mafÍcs
and magnetite). Some magnetite enclosed
by quartz. Granite fragments abundant.
Weathered and partly weathered feldspars
Present.

Light brownish red. Weathered feldspar
as above. Dark minerals occur Ín fine
fraction. Clay and silty abour 3O-A52.
Fine grains cemented by c1ay.

Light brownish red, clayey/silty coarse
sand. Feldspars partly v¡eathered.
Dark minerals in fine fractfon. Black
needle-l1ke rn-inerals Ín quarÈz weather
with a ferric stain.

Dark bror,m clayey/silty coarse sand.
Black humic organÍc matter abundant.
Partly weathered feldspars. Dark
mfnerals comparatively 1ow.

Dark brown coarse sand as above.
Abundant coarse quartz grains, partly
weathered feldspars, clay lumps (from
weathered feldspars). Low content
of dark minerals. Organic matter (black).

Very coarse granlte fragments, rounded
grains of cenenÈed quartz and dark
minerals. Weathered silvery biotite
and partly weathered feldspars. Organic
matter present.

0-30

30-45

45-60

6,7 ,8 60-105

105-120

213 Atc

c

10,11, 12 120-165
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FÍgure 12. Downprofile distribution of Zn, Co, Ni,

Pb, Cu and pH. Pir 19.
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Copper contents below 60 crn depth are higher than above (FÍgure I2e).

The extraction ratio is erratic in the upper profile and more uniform

below.

The soil has a slightly acidic pH. The pH increases slightly

with depth.

76



Physlcal and Chemical Properties of Pit 8

Physical Properties

The profile consists of transported soil derived from a weathered

granite. Only the A and B horizons have been developed. The A horizon

differs from the B by the presence of dark to dark bror^m humic matter

and has a fÍner texture than the B horizon. In the latter horizon, coarse

quartz grains are abundant. Granite rock fragments are weathered and

are rare at depth. The soil ís moist below 80 cm. (Table 16).

@
Al-1 elements with the exception of íron (Px) and manganese are

general-ly featureless wiÈh respect to distributÍon downprofile. The

exÈent of similarities is represented by correlation coefficients in

Table 17,

Iron (Figure 13a) has Px values that indicate an accumulation.

Below 80 cm, there is a constant and higher Fe content. Mottling has

resulted in the lowerÍng of the Fe content below 150 cn. The Tx values

are Less affected by depth. Extraction ratios are constanÈ above and

below 80 cm. In the latÈer interval they are higher.

Manganese (Figure 13b) has a higher content in the upper A horízon.

The middle B horizon (45-150 cn) has constant values. In the mottled

zone (bel-ow 150 cm), the }ln content decreases sharply wiÈh depth.

Extract.ion ratlos ere constant.

Zinc (Figure l-3c) dor,rnprofile distrihution is featureless and

shows slight decreases bel-ow 150 cm. Extraction ratios are constant '

Cobalt (Figure 13d) values are nearly constant downprofile. The

extraction ratio is highest at 30 crn depth, otherwise, ft remains uniform

throughouÈ the profile,
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Table 16. Soil profÍle description of pit g.

Sample Depth (c¡n) Horizon Description

Ao Topsoil. Dark bror¡n clayey/silty
medium grained quartz sand. Organic
matter mosÈly fresh. Dark mlnerals
(mafics and magnetite) rare.

Dark brorm clayey/sÍlty rnedium grained
quartz sand. Fresh and decayed (brown,
hunic) organic Datter. Some weathering
feldspars (nedium-grained) .

Dark bror¡n clayey/silty nedium grained
sand. Brown, humic organic matter
decreases wÍth depth. Coarser
fragments (quartz and some dark
mÍnera1-s). Few granite fragments.

Light brownish red. Moist clayey/silty
quartz sand. Increase in coarse quarÈz
grafns with depth. Some granite
fragments (rare). Sorne dark mÍnerals
also rare.

Yellor^rfsh bror^m, mottled (at 150 cm),
clayey/silty quartz sand. Coarse
grains of blue quart,z abundant. Lumps
of completely weathered feldspars
present. Granlte rock fragrnents almost
conpJ-etely absent below 150 crn depth.
Dark ninerals equally rare.

3,4 ,5 ,
6

7,grg,10

11, l2 ,
13,14
15

0-15

15-60

r35-240

At

A)
Az-Bt

Bz
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Figure 13. Downprofile distribution of Fe, ,lin, Zn,

Co, Ni, Pb and pH in pÍt 8.
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Table 17. Pearson correlation coefficients (r) for
(Fe, ìln): Iln, Zn, Co, Ni, and pb.

CV = critical_ va1ue. f = conffdence level.
pit g.

Px-Px Fe :ìfn = 0. 10
Tx-Tx Fe:Mn = 0.1I

Px-Px Fe:Zn = 0.75
Tx-Tx Fe:Zn = 0.79

Px-Px I'fn : Zn = 0. 40
Tx-Tx Ì.tn: Zn = 0 .32

Px-Px Fe : Co = 0.65
Tx-Tx Fe: Co = 0.65

Px-Px I'fn: Co = 0. 19
Tx-Tx l.fn:Co = 0.46

Px-Px Fe:Ni = 0.66
Tx-Tx Fe:Ni = 0.46

Px-Px Þfn:Ni = 0,49
Tx-Tx lln : Ni = -0 .26

Px-Px Fe : Pb = 0. 71
Tx-Tx Fe: Pb = 0 ,49

Px-Px lfn:Pb = -0.28
Tx-Tx }fn : Pb = -0 .29

CV = 0.46
f = 0.10
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Nickel decreases slightly in the A horizon and belor'¡ 165 cm

depth (Figure 13e). Extraction ratio values are high and variable.

Lead values (Figure 13f) are low and do not vary with depth. The

Tx and Px patterns are different. Extraction ratios vary withÍn a

narrow range.

The profÍle has a slightly acidic and uniform pH.
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Physical and Chemical propertíes of pit 7

Physical Propertles

The profile consÍsËs of transportecl material derived from a weathered

granite. Layers of gravelly and medium grained sand are recognizable.

The A horizon is 15 cm thick and is marked by the dark colouration

of organic matter. The hurnic matter is present to a depth of 9C cm (Table lB)

within the c horizon. coarse graÍns of feldspar, quartz and granite

are abundant throughout the profile. Clay and silt occur in all parts of

the soil.

Chemical ProperÈies

The distribution of Fe, Mn, and Zn within the profile show similarities

of trends. Cu and Ni also have sirnilar patterns (Figure 14). Correlarion

of the different element patterns with Fe and Mn is listed in Table 19.

Iron (Figure 14a) has maximum contents in the depth interval of

135 to 150 em, in the very coarse pebbly sand. Above and belorv these

depths the Fe content is consÈant. Extraction raÈios decrease slightly

with depth.

Manganese (Figure 14b), like Fe, attains maximum contents of the

135-150 cm depth. Extraction ratios also farl ¡"rith depth.

zine (Figure 14c), like Fe and Mn, has maximum contents in the

coarse and pebbly sand at 135-150 cm depth. The extraction rarios have

an overall decrease r¿ith depth.

cobalt values (except for Tx at 135-145 cm) are faÍrly uniform

throughouË the profile. The extractlon ratio varies but the overall

paÈtern is a unifonn one (Figure 14d).
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Table 18. So11 profile descriptlon of plt 7

Sample Depth (cm) Horizon Descrlpt ion

0 Ao

Atc

Topsoil. Dark bror¡n. Loose clayey /
slJ.ty very fine grained quartz sand.
Fresh and humic (brown) organic matter.
Weathered bfotite. Other dark minerals
(maffcs and magnetite) in fine fraction.
Ferric stalning on some quartz grains.

Dark reddish brown. Loose clayey/silty
quartz sand as above. Bror¡n organic
matter. Dark mlnerals abundant.
Slight reactlon wÍth acid. Abundant
rock fragments.

Dark brownish red, loose, clayey/silty
quartz sand as above. Dark minerals
1n fine and coarse fractÍons. Some
ureathering with accompanyíng ferric
stain. Some magnetite sÈi11 attached
to feJ.dspar. Granite fragments present.
Some hu¡nic organic matter.

Reddish bror¡n, clayey/siIty quartz sand.
Coarse angular quartz domÍnant. More
dark minerals with depth, both angular
and rounded. Organic matter up to 60
cm. Abundant rock fragments,
weathered feldspars. Ilild reaction
with acid.

Reddísh bror^m coarse clayey/si1ty sand.
l^Ieathering silvery biotite and other
dark rninerals. Dark minerals occur in
all grain sfzes except as coarse grains.
The dark minerals (except magnetite)
are more than above.

Reddish brown rvÍth lesser ferric
staining than above. Abrupt change
from above to coarse pebbly gravel.
l,leathering feldspars and rock fragments.

ReddÍsh bror¿n clayey/silty very coarse
pebbly sand with a tr-igh conrenr of dark
mfnerals ln fÍne and coarse fraction.
Coarse, angular. partly weathered granite
fragnents. Other rock fragments present.

0-15

3'4 15-45

5,6,7 45-90

90-105

105-r_20

10.11,
12, 13,
14,15
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Figure 14. Dor^mprofile distribution of Fe , t-{n, Zn, Co,

Ni, Pb, Cu and pH. pit 7.
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Table 19. Pearson correlation coefficíents (r) for

(Fe, lln): Mn, Zn, Co, Ni, Pb and Cu.

CV = crit.Ícal value. f * confidence level. pit ,:

Px-Px Fe:Ifn
Tx-Tx Fe:Ìfn

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px l,1n : Zn
Tx-Tx Mn:Zn

Px-Px Fe:Co
Tx-Tx Fe:Co

Px-Px I'ln: Co
Tx-Tx l"fn: Co

CV = 0,44
f = 0.10

0.55
0.76

0.77
0.87

0 .60
0 .86

-0. 10
0. 81

0.25
0.70

Px-Px Fe:Ni = 0,26
Tx-Tx Fe:Ni

Px-Px }fn:Ni = 0.01
Tx-Tx ìfn:Ni = 0.13

Px-Px Fe:Pb = n.a.
Tx-Tx Fe:Pb = 0.42

Px-Px lfn:Pb = n.a.
Tx-Tx ìfn : Pb = -0 .22

Px-Px Fe:Cu = 0.56
Tx-Tx Fe:Cu = 0,20

Px-Px }fn:Cu = 0.55
Tx-Tx l"ln: Cu = -0.22

.* n. a. = no analysis
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Nickel (Figure 14e) Ís abundant in the organic matter-rich parr

of the profile (above 75 cm). Extraction ratios are variable, but have

no depth related pattern.

Lead contents(Figure 14f) do not vary with depth \,rithin the prof ile.

Copper is accumulated in the upper part of the profile where organic

matter is present (Figure 14g).

The profile is slightly alkaline, with the lowest pH value of 7.5

occurríngin the upPer A horizon. There pH increases slightly and gradually

with depth to a maximum of about 8.3
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Physical and Chemical Properties of pit 6

Physical Propertíes

The profile consists of transported material. The A horízon is

made of 60 cm of sand with dark brov¡n humic maËter. The humus content

decreases with depth, and at 60 cm, a white uniform B horizon begins.

The A and the B horizon are mineralogícally sirnilar and contaín clay,

silt and very fine quartz. coarse quartz grains increase with depth.

Partly weathered feldspars or graniÈe fragments are very rare.(Table 20).

Chemical Properties

The dÍstribution of Fe, I\1n, Co, Ni, pb and Cu down profile is

relatively featureless (Figure 15). Fe, l-fn and Ni have slightly higher

abundances in the upper A horizon. Correlatíon coefficients of Èhe

relationship between Fe, lln and other elements is given in Table 21.

Iron (Figure 15a) has slightly hígher values in the upper A

horizon. The rest of the pit has a fairly uniform Fe contenÈ and

extraction rat io., .

Manganese (Figure 15b) is enriched in the A horizon. The increase

with depth is very slight for both Px and Tx values. ExtractÍon ratios

increase slightly wíth depth.

Cobalt variations (Figure 15c) are erratic due to very low

concentrations ¡¿hich approach the detection limit of the ínstrument.

Nickel ís accumulated in the upper A horizon (Figure 15d). The

rest of the profile (below 90 c¡r) has more or less uniform contents of

Ni. The Tx content has a more gradual decrease of Ni from Ehe A to B

horizon. The extracÈion ratios are varÍable in Ëhe upper 90 cn but

become more uniform below Èhis depth.
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Table 20. Soil profile description of pit 6.

Sarnp 1e Depth (cm) Horizon Descrip È ion

Ao Topsoll. Bror^¡n clayey/silty loose
very fine grained quertz sand. Appears
sorted. Feldspar grains rare. Dark
rninerals (naffcs and magnetite) in
fÍne fraction. Abundant organic ¡natter
(fresh and decayed).

Bror¡n clayey/silty quartz sand. Humic,
brown organÍc matter and eoarse quartz
grai.ns. Low content of dark minerals.

Light bror¡nish colouration decreases
with depth as organic matter decreases.
Dark minerals very scarce. No granÍte
fragments or partly weathered
feldspars.

White, clayey, very fine grained
guarÈz sand. No graniÈe fragments
or partly weathered feldspars. Dark
mfnerals very scarce. More coarse
quarÈz tovrard botto¡n.

0-15

3,4 ,5 15-60

60-165

ol

Az

Az Bl

Bz6,7 ,8,
g .10
LI,L2
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Figure 15. Downprofile distribution of Fe, I'tl ,

Co, Ni, Pb, Cu and plt. Pit 6.
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Table 21. Pearson correlation coefficients (r) for
(Fe:Mn): Mn, Co, Ni, pb and Cu.

CV = critical value, f = confidence level.
+

PiÈ 6.

Px-Px Fe:l"fn
Tx-Tx Fe:l'ln

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px ìfn : Zn
Tx-Tx Ì,fn : Zn

Px-Px Fe: Co
Tx-Tx Fe:Co

Px-Px Mn:Co
Tx-Tx lln : Co

Cv = 0.50
f = 0.10

0. 39
0.53

n. a.
n. a.

n. a.
n. a.

0.62
0 .44

0,73
0. 37

Px-Px Fe:Ni = 0,62
Tx-Tx Fe:NÍ = 0.44

Px-Px Mn:Ni = 0.39
Tx-Tx lln:NÍ = 0.15

Px-Px Fe:Pb = 0,62
Tx-Tx Fe : Pb = 0. 05

Px-Px ìtn: Pb = 0 ,26
Tx-Tx Mn:Pb = 0.27

Px-Px Fe:Cu = 0.05
Tx-Tx Fe:Cu = 0.01

Px-Px Ì.ln : Cu = -0.04
Tx-Tx I'fn: Cu = 0.24

* n.a. = no analysis
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Lead values (Figure 15e) decrease gradually with depth. Tx values

have a slight fncrease at depth below 120 cm. The extraction ratio

decreases dolmprofile.

Copper (Figure 15f) values are very low and nearly uniform with

depth. Extraction ratLos are correspondingl-y uniform.

The pH Ís lowesÈ in the upper (30 crn) of the A horizon (Figure 15g)

and generally increases wíth depth.
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Physical and Chemical Properties of Pit 5

Physical Properties

The soil is very thin and fine grained and with some coarse quartz

grains. It has a deep reddish bror^¡n colouration and consists of B

horizon-type material .

Che¡dcal Properties

The distrÍbution of Fe, Mn, Zn, Co, Ni, Pb and copper is shown in

Figure 16.

Iron (Figure 16a) shov/s very 1itÈle variation with depth. Manganese

(FÍgure 16b) like Fe, has a variation with depth. Zínc (Figure l6c)

contents are uniform. Cobalt values (Figure 16d) are also uniform.

NÍckel Px (Figure 16e) is uniform but Èhe Tx content at 30 cm depth

is higher than the conËent in upper part of the profile. LeaC (Figure 16f)

increases with depth. Copper values (Figure 16g) also increase with depth.

The extraction ratios of all elements vary slightly except for Ni.

The pH of the profile is below 7.0 except at the 15 cm depth.
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Table 22. Soil profile description of Pit 5.

Sanple Depth (cm) llorizon Description

213 0-30

Topsoil. Reddish bror¡n, clayey silty
quart.z sand wlth abundant coarse quartz
graÍns. Dark mfnerals in fine fraction.
No granite fragment.s. Organic natter
mostly fresh plant material.

Reddish bror¡n , clayey / silty very fine
graÍned quartz sand as above.
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Figure 16. Downprof i1e distribution of Fe , 'lln, Zn,

Co, Ni, Pb, Cu and pH. Pit 5.
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Physical and Chemical Properties of Pit 3

Physical Properties

The soil is lateritic and conÈains some organic plant matter (in

the upper 30 cm). Quartz, weathering feldspars and magnetite occur in

coarse and fine fractions throughout the profile. It is well cemented

and hardened below 50 cm,(Tab1e 23).

Chemical Properties

All the elements shorq a general increase Ín concent.ration with

depth,

Zinc (Px, Figure I7a) values are uniform r¿ithin the upper 45 cn.

Below 45 cm, the Zn contents increase abruptly. The topsoil Tx value

has the lowest content. There is no significant increase of Tx values

of Zn with depth. The extraction raÈio is not uniform but it does not

show any trend with depth.

Cobalt Px (Figure 17b) vaLues increase gradually r,¡iÈh depth up to rhe

45 cm depth. Below 45 cm, the increase is sharper than above. Tx values

increase from top down to 30 cm depth and decrease withÍn the rest of the

profíle. The extraction ratio is variable.

The lowest Ni values (Figure I7c) occur wiÈhin the topsoíl. Both

Px and Tx contents of Ni are uniform throughouÈ except at 60 cm depth

where slight increases of contents occur. The extraction ratios are

nearly uniform throughout the profile except at 60 cm depth.

Lead increases gradual-1y with depth (Figure 17d) below 15 cm.

The Lowest Pb content occurs in Èhe topsoÍ1. The extraction ratios

decrease gradually with depth excepÈ at 45 cm !ùhere a small increase

occurs.
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Table 23. Soil profile description. Pir 3.

Sample Depth (cnr) Horizon Description

AoB Topsoil. Brownish red clayey/silty
very fine grained sand. Fresh and
decayed bror¡n organic Í¡aÈter. Coarse
grains of quartz, weathered biotite.
Abundant magnetíte Ín coarse and very
fine grained fraction. Some magnetíte
rsÍth ferric coating.

Dark brownish red, lateritic dense
clayey/si1ty sand. Abundant magnerite
1n coarse and fine fraction. Organíc
(Humic). matter presenr.

Lateritic. Partially weathered
feldspars, higher tn;tgnetite conÈent
than above. Decayed organÍc matter
PresenÈ.

Lateritic. Very high nagnetite
content, coarse, angular, occasionally
associated v¡ith quartz. Chloritized
mafics. Partially weathered feldspars.
Hard and compacted.

LaterftÍc. MagnetÍte content high.
Weathered biotite and feldspars present
Hard compaet.

0-15

15-30

30-4s

45-60
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Figure 17. Downprofile distributÍon of Zn, Co, NÍ, Pb,

Cu and pH. Pít 3.
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Copper Px contents lncrease with depth (Figure 17e). The Tx value

decrease within the upper 15 crn but increase sharply below 15 cm depth.

The extraction ratio is uniform belol 15 crn.

The profíle Ís slightly more alkaline at depth than at the

surface (Figure 17f).
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Physical and Chemical Properties of pit 2

Physical Properties

The pit consist of residual overburden formed from a vreathering

diabase -

The B and c horizons are well formed. The A horizon is marked

by the very strong ferric (deep brovmísh red) colouration. The B horizon

is lateritic and coherent and consists of resistaÈe minerals (coarse

magnetite and to a lesser amount, quartz). Lumps of completely weathered

feldspar are ÍnÈact and increase in size vsith depth and abundance as does

magnetite.

The transition to the C horizon is rather sharp and is rnarked by

the significant decrease in ferric colouration, the appearance of mottling

and the saprolitic character of the profile. I,Jeathered biotite is the

remÐant mafic mineral. The saprolite is thick compared to the B horizon.

@
All the elements (r,rith Èhe exception of Cu) have an increasing

content downprofile (Figure 18). The relationship of Fe, Mn Èo other

elements is expressed as correlation coefficients in Table 25.

Iron (Figure 18a) conËents decrease from the top to the bottom.

The highest Fe contents correspond to the lateritic part of the profile.

The saprolitic or C horizon has the lower contents. Extraction ratios

decrease very slightly with depth.

ìfanganese (Figure 18b) is considerably enriched in the saproliËe

zone as is reflected by the Tx extraction values, The extraction ratios

decrease with depth.

Zinc (Figure 18c) has a Px value r¡hich shows very little varÍation

with depth. The Tx values are more vatiable and have the lowest values

in the depth interval of 60-90 cr¡ in the upper C. horizon. The extraction
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Table 24. Soll profile descriptfon. ptt Z.

Sample Depth (cm) Horizon Description

0-15

3,4 ,5 15-60

60-75

75-90

8r9r10 90-13s

Ao B,

Bz

Bz

82 ct

cz

TopsoiJ-. Brownish red clayey/si1ty
coarse sand, abundant magnetlte (up
to 27") of sample ln alL grain sizes.
Fresh organÍc matter and weathering
feldspars present. Quartz in very
fine fraction.

Deep brownish red clayey/sÍlty sand.
ìfagnetite coarse and abundant. Also
ffne-grained quartz. Lumps of weathered
feldspars present. Coherent.

Strongly lateritic, deep reddish brown,
hard. Magnetite increases with depth.
Also size of magnetÍte more coarse.
Higher content of clay lumps from
conpletely weethered feldspar. No
u¡aflc minerals. At 60 cm beginning
of transition to C horizon. S1Íght
reactÍon r.rÍth acid.

Reddish brow¡ stâined saprolite.
Large almost conrpletely weathered
feldspars. Friable. Reacts wirh acid
more strongly than above.

Reddish brown saprolÍte wÍth greenish
tints on partly r.¡eathered feldspar
(mottling). Reaction with acid strons.

Lfght reddish bror¡n saprolite and
yellowfsh notÈling stalns on partly
weathered feldspars. Coarse mafics
(mafnly biotite) present. Abundant
coarse (prirnary association wíth
feldspar). Strong reaction with acid.

c,2
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Figure 18. Downprofile distribution of Fe, M:1, Zn,

Co, Ni, Cu, Cr and pH. Pít 2.
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Table 25. Pearson

(Fe, ìln)

value.

correlation coef ficients

: Mn, Co, Ni, Cu. CV =

f = confidence level.

(r) for

crit i ca1

Pit 2.

Px-Px Fe:l'fn
Tx-Tx Fe:M¡

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px l,fn: Zn
Tx-Tx I'fn: Zn

Px-Px Fe: Co
Tx-Tx Fe:Co

Px-Px Mn:Co
Tx-Tx I'fn: Co

-0 .26
-0. 78

-0.05
-0.06

n. a.
n. a.

-0 .68
-0.51

0.24
0.54

Px-Px Fe:Ni
Tx-Tx Fe:Ni

Px-Px ìin : Ní
Tx-Tx Mn:Ni

Px-Px Fe:Cu
Tx-Tx Fe:Cu

Px-Px Mn:Cu
Tx-Tx Mn:Cu

CV = 0.54
f = 0.10

-0. 81

-o .32

0.34
0.54

0.53
0.28

0. 16
0. 54

+ n.a. no analysis
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ratio decreases sltghtly with depth. Hlgher values ar 60-90 cm depth

interrupt the trend in the C horÍzon.

Cobalt (Figure 18d) is accumulaÈed aÈ depth in the C horizon. The

increase from the rop to the bottom ís strongest below 105 cm. Extraction

ratios decrease sllghtly with depth.

Nickel (Figure 18e) is accumulated very strongly in the lorver c

horizon. Above 75 crn the increase is smooÈh and gradual. The extraction

ratios are high and nearly uniform throughout the profile.

Copper (Figure 18f) accumulation occurs in the upper lateriric B

horizon. The decrease with depth is rapid and very irregular. Extraction

ratios are variable but have a very slight overall increase with depth.

chromium (Figure 1-8g) is very strongly accumulared at depth in

the lower C horizon. Extraction ratios decrease with depth.

The profile has an overall alkaline pH (Figure 18h). The pH

values increase gradually with depth up to 105 cm depth. Below 105 cm

the pH decrease slight1y.
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Physical and Chemical Properties of Pit 1

Physical Properties

The profile consists of transported debris from various sources.

The soil 1s darkish bror¿n and ís essentially a B horizon for most of

its depth. It consists of abundant clay/si1t size material. Coarser

grains inci-ude blue quartz, fncompletely weathered feldspars, granite

and other rock fragments. In addition, carbonate lumps are present in

most of the profile.(Table 26).

A 15 cm thick carbonate band occurs at 47 cm depth. Carbonate is

also present in the profile in fine particulate form as is indicated

by the acid reaction of the fine fraction.

Chemical Properties

The downprofile distribution of Èhe different elements is varied.

Some show enrichmenÈ in specific zones, while others do noÈ (Figure 19).

The similarities of profile trend wiÈh comparison to Fe and Mn Ís

indicated by the correlation coefficients, (table 27 ) .

Iron contents (Figure l9a) ín the A horizon are the lowest. The B

horizon is relatively enriched in Fe. Ìlínimum Px values occur between

120 and i-50 cm depth. The Tx extraction has nearly uniform values

throughout Èhe profile except for the uPper 30 cm. Extraction ratios

are variable.

Manganese (FÍgure 19b) is accr¡nuLated at depth belor¿ 120 cn¡. The

A horizon has decreasing values wfthin the upper 30 cm. Below 30 cm, the

I'fn contenÈs fncrease gradually up to the enrichment dePÈh. The extraction

ratio Ís nearly consÈant excePt at 30 cm depth.

Zinc conÈents (Figure l-9c) are lowest in the topsoil and at the

L35 cro and 180 cm depths. The rest of the profile has near equal contents
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Table 26. So11 proffLe descrfption. pir 1.

Sample Depth (cn) Horizon Description

2 0-1s Az B 
Ë1:i:::'":::: ;f:;'l:'o'll,^.1'l!.","0
organic matter. Some dark minerals.
Coherent. No acid reaction.

3 1s-30 Az B :*::ì:'J::::. "';:,:ìr'lllï;",åSundant
feldspars. FÍne to medium grained
dark rninerals. Coarse blue quartz
present. Very slight reaction with acid.

4 30-45 O2 B Blackish brown clayey/si1ty sand.
Dark minerals and organic matter
abundant. Coarse quartz generally
larger than above. Mild acid reactíon.

Ao Topsoil. Greenish brown, clayey/silty
very fine grained quartz sand. Fresh
and black humlc organic matter. Coarse
red, blue and coLourless quartz. Some

rock fragments. Few dark minerals
(naffcs and magnetite).

Brown, hard sand. Whire, carbonate
band at 47 cm.

Very coarse sand. Strong acid reaction.

Brownish black, ci-ayey/siIty, very
ffne grained sand. Acid reaction of
carbonate h:nrps and f ines. Some rock
fragments weathered granÍÈe fragments
and feldspars present.

Blackish bror¡n sand. Some organic
måtter. Dark minerals in fÍne fraction.
Dif ferent rock fragments present. l'fild
acid reactlon of fine fraction.

5 45-60

6 60-75

7,8 75-105

9 105-120

10,1_1 120-180 B Brown clayey/s1lty gravel. GraniËe
LZ.L3 fragmenÈs weathered but intact. Nodules

of carbonate. Different rock fragments
(slate, chert, felslte), grave1lY.
Abundant carbonate beLow 165 cm as lumps,
ceÍEnt and coating on some grains,
Some hunric organic fl¡atter. Some partly
lteathered fe3-dspars. Strong acid
reac t ion .
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Figure 19. Dovrnprofile distribution of Fe , ltn, Zn,

Co, Ni, Pb, Cu, Cr and pH. Pit 1.
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Table 27. Pearson correlation coefficienÈs (r) for

(Fe:Þ1n): Mn, Zrt, Co, Ni, Pb, and Cu.

CV = critical value. f = confidence Leve1.

Pit 1.

Px-Px Fe:l.ln
Tx-Tx Fe:ìln

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px lln:Zn
Tx-Tx Mn:Zn

Px-Px Fe: Co
Tx-Tx Fe:Co

Px-Px ltn: Co
Tx-Tx Ìf¡ : Co

CV = 0,44
f = 0.10

0. 28
0.55

0.41
0.29

0. 19
0. 35

0.26
0.63

0.72
o.22

Px-Px Fe:Ni
Tx-Tx Fe:Ni

Px-Px l,fn:Ni
Tx-Tx Mn:Ni

Px-Px Fe:Pb
Tx-Tx Fe:Pb

Px-Px ltr:Pb
Tx-Tx ìfn: Pb

Px-Px Fe:Cu
Tx-Tx Fe:Cu

Px-Px Ìfn: Cu
Tx-Tx Mn:Cu

0.79
0.67

0.56
0 .46

0. 35
0.56

0.69
0.49

0.02
0.54

0. 19
0.22
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of Zn. The extracËfon raÈio 1s lor¿est in the topsoil and aË the

boÈtom of the profile (180 cm depth).

Cobalt (Flgure 19d) has a very slight increase \^'ith dePth. The

extraction ratlo fs more or less unÍform with depth.

Nickel content.s (Figure 19e) are nearly uniform except for the

enrichment at 75 to 120 cm depth and below 135 cm. Extraction ratios

vary randornly but show a slight increase with depth.

Lead (Figure 19f) is accumulated below 90 cm depth. The extractÍon

ratio is nearly uniform throughout the profile except at 30 cm depth due

to the 1or¡ Px value.

Copper (Figure 19g) is accumulated at Èhe surface subhorizons within

the upper 30 cm. The Tx values show a gradual increase with depth up to

150 cm depth. The extraction ratio varies signifÍcantly throughout the

profile.

The extraction ratios are variable, particularly in the upper 60

cm of the profile. Below 60 cm the extracÈion ratios do not vary strongly

and they show a very slight overall decrease.

Chromium (Figure 19h) values do not reflect any significant

enrichment in the profile. Both Px and Tx values increase sJ-ightly with

depth. The extraction ratio varies significantly at depth below 120 cm

but the overall patt.ern is a slight decrease from the upper Èo the lower

part of the profile.

The profile has alkaline plt values. The lowest occurs at the

surface (7,4). The pH increases gradually with depth (Figure 19i).
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Physical and Chemical- Properties of Pit 13

Physical ProperÈies

The profile consists of residual material derived from the underlying

granite rock. The A horizon is represented by an approxirnately I cm

thick dark, hurnus-laden brown soi1, below which the humus content decrease

within the next 16 crn.

The B horizon consists of clayey/silty quartz sand with abundant

coarse fragments of quartz and partly \,reathered feldspars. ConcretÍon-

like ferruginous lumps occur belor¡ 45 cm. The lumps show some mottling

in their outer parts.

Chemical Properties

All the elements show significant enrichment at depth (Figure 20).

The strength of the similarity of their trends is indicated by their

correlation coeffícients in Table 29.

Iron Px values (Figure 20a) increase strongly with depth. The

increase is smooth un1Íke the Tx extraction which shows the strong

enrichment below 75 cm more distinctly. The extraction ratio is uniform

except at 90 cm depth where a decrease occurs due to the abrupt increase

of the Tx values.

Manganese (Figure 20b) is accumulated below 75 cm. The Px values

increase less sharply coropared to the Tx values. Extraction ratios have

an overall decrease r¡ith depth.

Zinc (Figure 20c) generally increases with depth. The Px val-ues are

nearly uniform below 60 cm whereas the Tx values increase gradually up

to 75 -cur dept.h. An abrupt fncrease occurs at 90 cm depth. The extraction

ratios are variable.
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Table 28. Soil proflle description. pfr L3.

Sample Depth (cm) Horizon Des crÍption

Ao Topsoil. Light reddish brown clayey/si1ty
fine grained quartz sand. Coarse angular
quartz gralns present. Partly
weathered feldspars, granite fragments
weathering blotlte present. Abundant
fresh organÍc matter. Also rounded
quartz. Dark mÍnerals (mafics and
magnetiÈe) in fine fraction.

Dark bror¡n clayey/silty'fíne grained
quartz sand. Dark bror^'n hu¡nic mâtter
in upper 8 cm. Coarse quartz grains
present. Also partly lreathered feldspars
and granite fragmenÈs.

Dark reddish bror.rn sand as above. Less
humic material-. Dark minerals in fÍne
fraction, smooth rounding in some
quarÈz grains.

Dark reddish brown clayey/silty fine
grained quartz sand. Granite fragments
r^rith feldspars ureathered to dif ferent
extenÈs. Mafíc minerals absent in
granÍte fragmenÈs.

Dark bror¡nish red clayey/sÍ1ty
sand as above.

Dark bror¡nish red clayey/silty sand.
Coarse blue quartz present. Some rounded
ferruginous lumps with pale reddish
outside colouration. They consist of
cemented fine grained quarÈz and c1ay.
Dlfferent extents of weaËhering of
feldspars prominent.

Reddish bror¡n clayey/silty sand.
PartJ.y r¡eaÈhered granlte fragments
domlnant. Ferruginous lumps present.

Partly weathered ferric stained graníte.

0-15

t 5-30

30-45

45-60

60-75

75-90

90-10s

At

Az Bt

Bz

Bz

Bz

Bz ct

ct

105-120 cz
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Figure 20. Dorrnprofile distribution of Fe, If:n, Zn,

Co, Ni, Pb, Cu and pH. pit 13.
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Table 29. Pearson correlatfon coefffcfents (r) for
(Fe, ìfn): Mn, Zn, Co, Nf, pb and Cu.

CV o critical value. f - confidence level.
Pi r 13.

Px-Px Fe:l,fn
Îx-Tx Fe:Ì'ln

Px-Px Fe:Zn
Tx-Tx Fe:Zn

Px-Px ìln : Zn
Tx-Tx ìfn : Zn

Px-Px Fe: Co
Tx-Tx Fe: Co

Px-Px I'ln: Co
Tx-Tx lfn: Co

CV = 0.58
f e 0.10

0,75
o.79

0. 80
0.48

0. 56
0.92

n. a.
0.57

n. a.
0. 83

Px-Px Fe:Ni - 0.66
Tx-Tx Fe:Ni = 0.73

Px-Px ìln:Ni = 0.76
Tx-Tx Ìt¡:Ni = 0.28

Px-Px Fe: Pb = 0.50
Tx-Tx Fe : Pb = 0. 60

Px-Px ìfn: Pb = 0.55
Tx-Tx ìln:Pb = 0.93

Px-Px Fe:Cu = 0.25
Tx-Tx Fe: Cu = 0. 33

Px-Px Mn:Cu - -0.18
Tx-Tx Hn:Cu = 0.94
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Cobalt (Figure 20d) is strongly accumulared below 60 cm depth.

Nickel Px values (Figure 20e) increase up to a depth of 60 cm

belor,¡ which they fall gradually. In contrast, the Tx conÈenÈs increase

sharply below 60 cm to a maximum value at 105 cm. The extraction ratio

decreases regularly below 45 crn.

Lead (Ftgure 20f) Px values do not indicate any enrichment in the

profile. The Tx extraction shows an abrupt accumulation at 90 cm depth.

The extraction ratios have an overall decrease with depth.

Copper contents (Figure 20g) are uniform throughout the profiles

except at 15 cm depth v¡here Ëhe Tx values have an abrupt increase. The

extraction ratío decreases with depth, The pH Ís nearly uniforrn with

dep th .
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CHAPTER VI

RESIILTS AI{D DISCUSSION

Development of Soil Profiles

The Tletletsi Area is a geochemical environment of active physical

and chemical r,¡eathering. The overall morphological, textural, minera-

logical and chemÍcal properties reflect a continuing process of soil

format ion .

Two principal soil groups have been recognized; residually

accumulated soils and transported soils

Residual Soils

Generalized features and the nomenclature used to describe the

various horizons have been depÍcted in Table 3a.

The residual profiles samples are typically shallow and average

about 120 cm in depËh. Soil horÍzons are rather well developed and the

boundaries betr¡een the horizons are sharp to transitional.

The A horizons are Èhin and contain fresh and hu¡nic plant matter.

The latter imparts a brov¡n colouration (Pits 18, 11, 13) to Èhe near-

surface subhorizons. In Pits 14, L2,9 and 2, the bror¡n colouration is

masked by the ferric pigment.

The minerology of the A horizon Ís quite diverse, Quartz. by

virtue of its abundance ín the parent rock and its resistant nature, is

the najor constituenÈ. Dark mÍnerals (mafics and magnetite) occur in

guantlties that vary from profile to profile depending on the specific

granite phase Èhe soil overlies. Partly \,üeaÈhered and unweathered feldspars

and, occasionally, granite fragments are present.
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The A horizon Ís usually loose, ctayey/silty and tends to be

gravelly where coarse quartz is in abundance, as in all topsoils. Most

of the mi¡erals are ef a very fine size fraction presumably resulting

from more intense chem-ica1 and physlcal weathering in the upper parts

of the profile. Binocular examination revealed smooth surfaces on many

grains of the primary quartz and this is taken to indicate dissolution.

The transition to the underlying B horizon ís marked by a significant

decrease in organic matter and an increase of ferric colouration. The B

horizon is usually well developed irrespective of its thicknesses. It is

reddish brown and its colouration visibly intensífies r,ríth depth in Pits

12 and 18.

The mineralogy comprises quartz, dark minerals, partly weathered

and fresh feldspars and varÍous clay anâ/or silty size mineral grains.

The quartz, mafics and magnetÍte tend to be coarser and more angular than

those in the A horizon. At depth in the horizon, friable fragments of

parent rock become more abundant. The soí1 is a fine-grained quartz

sand and contains rnuch clay and/or silt. It ís rnoderately dense and

coherent to hard where ferric compounds have caused cementation. The

transition to the C horizon occurs where friable parent rock fragments

dominate. The typical C horizon is r¡hite and may be infiltrated by lower

B horizon clay/silt material (Pit 12) or have some ferric staining.

The maturity of any soil profile is ímportanÈ for geochemical

exploration because the product formed early in the stages of soil

development will be dífferent from those formed at more advanced stages.

llaturity can be determined from the extent of horizon development, the

mineralogical content and the nature of trace element dispersion.
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Harriss and Adams (1966) conducÈed studies on the chemieal and

mineralogical changes thaÈ accompanied the weatherÍng of granites in

Oklaho¡na and Georgia. They noÈed that the early, intermediate and final

sÈages of weathering were characterized by the release of specific

elernents. The trace elements resident in mafic minerals r¿ere released

and rnobilized in the early stages of the weathering.

The relatíve instabilities of the rninerals in the three granites

they studied followed the sequence plagioclase > biotite > K-feldspar >

quartz, This sequence, Èhey concluded, was consistently observed

irrespectÍve of the clirnatic or physiochemical variations.

From Èhe mineralogy of the residual soils in Èhe TlerleLsi Area. the

following conclusions have been reached:

a) Quartz is slightly soluble and grains wiÈh very smooth and

:ounded surfaces are Ëaken to indicate a slight solubility of quartz.

A significant amount of dissolution is not favoured because of the 1ow

pH values. pH values lower than 9.0 tend to suppress Èhe solubility of

quartz (Krauskopf, 1979, p. 133).

b) The feldspars are weathered dífferently. I^leathered and

unweathered feldspars are found side by side ín all the horizons. The

rapakivi feldspar which comprises most of the Thanaga Granite is

suscePtible to this form of weathering. It is also noted that the abundance

of the clay-size fractÍon in the profÍle indicates signifícant wearhering.

The plagioclase feldspars appear to be the most weathered.

c) Ì{ost mafic minerals have been weathered due to their greater

suscePtibilÍty to chemical weathering. The presence of magnetite reflects

a slower rate of weathering in comparison with other mafic minerals.
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d) The profiles are in the lnternediate sEage of weathering, using

the criterfon of l{ariss and Adams (1966).

e) Under the conditlons of the Tletletsi area where the fresh

feldspars are probably K-feldsPars (hence fow [X+J )and where the 1ow pH

of rhe soils i.e. for [n+] leads to low solubiltty of quartz (Krauskopf,

1979, p. 133) and low [ttOSiOOl, Èhe clay míneral that is rnostly 1ike1y

to be dominant is montmorilloníte (Young, 1976, p. 429).

Transported Soils

Unlike the residual soils, the transported overburden is more

variable texturally, and comprises soÍls weathered to different degrees.

The main distinguishing feaÈure between residual and transported

soils is the strucÈure of the soils. In contrast to the residual soils

which show a continuous transition of horizons from the bedrock to Èhe

surface subhorizons, the transported soíls have alÈernaÈÍons of fine or

medium sand layers and gravelly layers where r.¡eaËhering has not been intense

The tayering is the result of the differential transportation of the

different grain sízes by water during rainstorms and subsequent surface

runoff of loose debris.

The least weathered transported soil is exemplífied by Pit 7. It

consis¿sof smalL amounts of clay and silt compared to the coârse fractÍon.

The coarse and angular grains usually consist of granÍte fragments,

feldspar, quartz and less conunonly, dark minerals. The coarse fraction

constitutes Èhe bulk of the soil and grains are only slightly

weaÈhered. Layers of the coarse sand and gravelly material are clearly

distinguishable from the flner-grained fraction. The gravel represents

physÍcally dislocated and Partly weathered ParenË rock (granite) and is

comparable to a C horizon.
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The coarse and the fine grained layers occur in several repetitiye

layers which are believed to represent periods of intense rainfall in

the past. Black humic plant matter is Dresent to a depth of 90 crn withÍn

the finer sediment. Ferric colouration is not. related to depth 1n any

manner, unlike ln the residual so1ls. The pH values are rnildly a1kaline.

Pit 8 fs more vreathered and slightly acid (Table 16). PÍr rì,

although laterized due to development from a different rock type, is

placed in this category.

Rock fragments (Pir 8) are much less (than in pit 7) ro nearly

absent at some depths (Table 16). Quartz constituÈes the coarse fraction.

Dark minerals are rare, and vrhere present, are confined to the fine

fraction. Ferric pigmenÈation is uniform except where mottling occurs.

The upper subhorÍzons of the soÍl are dark brovm due to humic organic

matter. The presence of coarse grained, friable clay lumps formed from

the coTnplete weathering of feldspars indicate that mosÈ of the weatheríng

occurred after the soÍl r,,'as transported. Layering is almost obliterated

and is faintly represented by coarse quarÈz aÈ some depths.

The high degree of weathering Ín this environment is perhaps typifÍed

by Pit 6 (Table 20). The soil is extremely leached, Èo the exËenr that

the clays do not have any ferric colouration. Transportational features

are completely absent, excepÈ for the occurrence of coarse quartz at

depth. Dark minerals, feldspars and granite fragments are absent. The

profile is slightly alkaline at depth.

In Pit 15 (Tabl-e 5), the wearhering is comparable ro rhar of the

residual soi1s. The main dlfference is the development of a hard lateriÈic

subhorizon at depth and (faUte 6¡ the alkaline naÈure of the profile.

It nay be that Èhe leaching in Èhis case has been prevenÈed by the alkaline

condiÈions. Al-kaline condiÈions in this envÍronment would lessen weathering
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because high pH is, as a general rule, less effective than 1ow pH

1n the weathering environment.

In general, Èhe transported soils are deeper than the residual ones

and they are more alkaline. The alkalinÍty is probably associated with

transport.ed carbonaÈe from the south, where Transvaal rocks occur.

The approximate distribution of the residual and transporEed soils

as deternined by this study is shown ín Figure 4. The transported soils

occur mostly in the southern part of the Tletletsi Area adjacenc to

the higher relief.

Chern-ica1 Results of Soil Sample Analysís

Due to the large amount of data (over 21000 elemental analyses), it

tras not possible to do large numbers of replicate analyses. Therefore,

except for the replicates shovm in Table 2(a-d\ the results are based on

single analyses.

Significance of the ExtracËion Ratio

The results of a sËaÈistical analysis of the extraction ratios

(defined as the partial exÈraction value, PX, divÍded by the total

extraction value, Tx) for the Índivídual elements are shown in Table 30.

The data indicate that the amount of specific trace element

extracÈed by either or both Px and Tx is variable. The Ëotal extraction

procedure using HF nrixed with an oxldizing agent such as HC104 is knov¡n to

díssolve alrnost 1002 of all the constituents of soil samples (Gedeon et

â1, Lg77). In rhis study, HNO, was used as the oxidizing agent (Tablel(c))

Since HF is the reagent that actually dissolves samples it is believed

that the amount of sample dissolved is also approximately 100%. The

variation of the extraction raEios is attributed to a varying effectiveness

of the partíaI extractions on the samples. The inconsisÈencies ín the Px

extraction could be due to:
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Table 30: StatlsEical parameEers of the exËraction ratiosl

Element Mean Mean Class Median Iledian Class

Fe

I'fn

Zn

Co

Ni

Pb

Cu

0. 83

0.71

0. 80

0.75

0,76

0.65

0.74

0. 86

0.76

0. 86

0.76

0. 80

0.66

0.76

0. 81

0.7r

0. 81

c,7\

0.77

0.61

0,7r

0. 88

0.77

0. 82

0.73

0. 78

o,62

0,76

0.86 - 0.81

0.76 - O.7r

0.76 - 0.7r

0.76 - 0.7I

0.80 - 0.77

0.66 - 0.61

0.76 - 0.7r

>r The extractíon ratio for

extraction value divided

element is defined as the partial

Èhe total extraction value.

an

by
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a) presence of prirnary minerals such as sÍIicates which are not

completely dissolved by the Px extraction.

b) the presence of secondary compounds such as clays and humic

natter which are not completely soluble in the Px extraction reagents

c) partial dissolution of Fe and }ln compounds leading to an incomplete

release of elemenËs associated r¡ith them.

The extraction ratio rrnans and mean classes, median and median classes

indicate that Fe and Zn are the most easily extracted elements in these

soils because their extraction ratios are Èhe highest, and also that

the Px procedure has an over 8O% effectiveness in extracting these elements.

The effectiveness decreases in the order Ní, Cu, Co, I'ln, Pb.

Geochemícal Dispersion l,Iithin the Soil Profiles

The ranges of the different elements wÍthín the profiles are

illustrated in Figure 21. The wídest ranges and the highest contents

for all elements generally occur in Èhe residual profiles (Pits 14, 18, 12,

11, 9,2,13). This is a result of enrichment or accumulation of the

elements in specific horizons or subhorizons. The influence of the rock

Ëype on the geochemícal response of all efements is indicated by both

ranges and contents of the elements. PJ-t 2 is a residual lateritic

profile developed on a diabase. Pits3 and I consist of transported

overburden. The former ís mainly derived from a granodiorite Parent

rock (TabLe 16) and the latter from Transvaal rocks (Table 18). The

contents of Fe, Mn, Co, Ni, Pb and Cu of Pits 3, 2, and 1 are ¡¿el1 in

excess of those obtaíned from granÍtes. Pit 18 occurs over a granite

and contains anomalous contenÈs and ranges of }ln, Co, Ni and Pb (Figure 21)
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Figure 21. Elernent content ranges

of the Tletletsi Area.

indicate no analysis.

in soil profiles

Missing ranges
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Iron Dispersion

The ranges of the Fe contents of the different profiles in Figure 2l

indicate that Èhe residual profiles generally have hÍgher contents and

broader ranges Èhan transported for the soils developed on granites.

In the transPorted soíIs, the lower ranges and contents are due to

lncomplete weathering and also leaching as in Pit 6. Pit 7 for example,

contains abundant magnetite (ofa:oarse and fine fraction) and also has

a lol¡ Fe Tx and Px ranges of the fraction analyzed. The Tx range Ís

much larger than that for Px. The smal1 Px range reflects the

Íncomplete weaÈhering of Fe minerals. Losses of Fe durÍng the

transporÈation of debris by water can also resulÈ in low cont.ents.

The amount of pre-transportation weathering can therefore be a crucial"

factor.

The Fe contents are also dependent on the rock types and the source

of detritus. PiË 2 and I contain soil derived from diabase and Transvaal

rocks respectively and have higher contents than Èhose from granites.

Figure 22 gíves Èhe stability fields of Fe and l"fn compounds in

the r^reathering environment. It can be seen that magnetite is an unstable

mineral in this soÍl environment because the Eh values are oxidizins

¿¡d the pH values of the soils are too low for magnetite stability. The

presence of magnetite can be accounted for by its slower rate of weaËhering

relative to the other primary uinerals of the Parent rocks.

Low and constant Fe values in the A horízons of Pits 14, 18, 11 and 8

indicate the effect organic matter has on Fe. Organíc malÈer is knor¿n

to promote the mobility of Fe by the formation of soluble organometallic

complexes. Rose et al (1979, p. 208) state that the movement of Fe and A1

out of surface horizons probably involves chelaÈion by organic acids.

Baas-Becking et al (1960) staÈe Èhat Èhe reduction of Fe may take place

even ln topsoils in the presence of organic matÈer. According to Cl-oke (1966)
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Fígure 22. Stability relationships of Fe (light lines)

and Mn (heavy li-nes) compounds at 25o and

1 atrnosphere pressure. For l"ln compounds :

total dissolved carbonate species = 10-l'4*

(Garrels and Christ, p. 242). For Fe compounds:

total dissolved carbonate = 1O-2m, 1og

(dissolved iron) = -4.0.
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the upper A horizon is an enyironment of Fe leaching in many soil profiles

Decaying organic maÈter keeps pH 1ow and the Eh weakly reducing. Low

values of Fe 1n A horizons do not occur in al-1 of the profiles.

In the residual soils and some of the transported soil profiles

(PÍts 14, 18, 11, 9,8, 13,15)theFe is distinctly accumulated in specífic

subhorizons. The increase of Fe content with depth is accompanied by a

noticeable deepening of the reddish bror,m col-ouration with depth. The

enríchment fs strongest in the BrC, subhorÍzons (Pits 18,11,9,13).

Below this the Fe content may drop sharply and moËtling may be present

(Pits j,4, 15 , 8, 13) .

This upper zone indicates the upper 1evel of ground\,rater fluctuation.

If Fe is carried down in soluÈion durÍng Ëhe weÈ season, it is possíble

that it could be oxidÍzed during the dry season. The BrC, subhorizon

in Èhe residual soils Ís about 30 cm thÍck and the enrÍchment of Fe is

so strong Èhat the gradual Íncrease of Fe rvíth depth is abruptly broken

by the intense accr.mulation.

Pits 15, 3 and 2 are lateritic and have been cemented into hard

subhorizons. Seasonal variations in groundwater are a cause of

l-aterízai'ion and hardening of soi1s.

Manfianesê Dispersion

The I'ln ranges of the profiles are shovrn in Fígure 21. As with Fe,

Èhe more pronounced variations are due Èo rock type differences. Pít 2

and 1 show very wide ranges and very high contenÈs. PÍt 18 is anomalous

in that it has a high I'fn range and contents despiÈe being developed from

a granite.

In the transPorted soils, the Tx and Px ranges are very similar.

Pít 7 has an extremely high Tx range and a srnal-I Px range. This indicates
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that much of the Mn could still be ln finely comminuted pri.nary

minerals or removed in solution during the erosíon of the debris or

in a relatively insoluble form of a secondary Mn mineral. The high

correlation of ìfn with Fe, Zn and Co favours the latter explanation

because the association of }ln \.lith these elements is possibly due to

adsorption and/or coprecipitation.

The dornprofile distributions of l"fn are dÍvisible into three

categories:

a) accumulation in the A (Figure 6) or B horizon (Figure 19) or

C horizon (Figure 14, 18).

b) accumulation in two separate non-adjacent subhorizons or

intervals (Figure 9,11).

c) no significant accumulaÈion (Figure 13, 15).

The accumulation of ìfr¡ in the A horÍzon is due to uptake by Plants

and fÍxation into organic (humic) matter (Horenail and Elliot, 1971¡

Boyle and Ðsss , L967),

A number of factors suggest that ìfn may be ruobile in the soils

of the Tletletsi Area:

a) accunulation in A horizon - plants can only take up ravailable'

Mn, that is, Mn in solution.

b) accumulation Ín the A and C horizons and lack of enrichment

in the B horízon in some Profiles.

c) 1or,r correlation with some elements known to have strong affinity

forl'fn compounds. l4obile ionlc Ì'ln does not adsorb or coprecipitate other

lons in solutions.

d) no correlation with Fe in most Profiles.

The acÍd pH values of the TletLetsi Area soil-s are favourable to

nobility of M:r.
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A comparison between the trends of }l¡n and Fe is depicted in Figure

23 by the correlatlon coefficients frorn each of the profiles where both

Mn and Fe data were obtained. The statÍstically significant correlations

are those of Pit 15 (CV =0.54), Pit 13 (CV = 0.62), Pit 7 (CV = 0.44) and

Pit 1 (CV = 0.44). The Pit 6 correlation is doubtful because extreme

leaching and depletion can lead to apparent sirnilarities of dormprofile

trends. In Pit 9, the high correlation is only apParent because it is

less than the crÍtical value (0.67).

For most of the pits, the Èln. Fe conÈenÈs vary fn an antipaÈhetic or

weakly sympathetic manner, The cycles of Fe and Mn in the secondary

environment are usually the same in essenÈial features, and where

differences occur, they can be explained by the lower affinity of l"fn for

oxygen (Rankama and Sahama, 1950, p. 649). Ionic lfn (divalent) can remain

in sol-ution until the bulk of Fe is precÍpitated. Krauskopf (1979, p.218)

attributes the difference of l"fn and Fe behaviour to the differences of

theír co1loida1 oxides or relative stability of organic complexes (p. 2I9),

Garrels and Christ (1965, p. 387) utilized thermochemical data to show

that Fe compounds to be expected in nature are less uniformly soluble

than ìfn compounds and that Ëhe ferrous ion is more readily oxidized Lhan

the manganous ion under any naturally occurring pH conditions. Inorganic

processes should always lead to the precipitation of Fe before I'fn from

solutions conÈainíng both elements, unless the Mn/Fe raEio is very high.

Jenne (1968) notes Èhat more }tn is ravaílable' (in solution for plant

uptake) from more acid soils. In alkaline soils precipitation tends to

be favoured. The al-kaline piÈs in this study (Pit 15, 2' 1, 13) have weak

Fe:Mn associations like some profiles with non-alkaline pH values' The

pH therefore does not contribute significantly to the dissimilar behaviour

or Lack of sympatheÈic association of l"fn and Fe in the soils of the

Tl-etletsi Area.
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Figure 23. Pearson correlation coefficients

all Pits and (Fe. Mn):Cr for Pit

of Îe:Mn for

I and 2 on1y.
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Other-.Trace Element Correlations

An examination of the Èrace elernent distribution graphs (Figure 6

to 20) indicates Èhat there j.s a sËrong and recurring sÍrnilarity of

downprofile trends of the elen€nts in various pits. These similarítÍes

can be correlated with either Fe and/or Mn. Figure 24 a to j is a

graphical representation of the strengths of simil-arities by correlation

coefficients. Negative correlations have not been plotted to simplífy

the presentation.

Zinc Correlations

Figure 24 a anð b shows the correlations of. Zn with Fe and I'fn

respectívely. The residual profiles (Píts 14, 12, l-1, 9, 13) have

significant Fe:Zn correlations and only Pits B and 7 of the transported

soils show a significant Fe:Zn correlation. The Pit 8 correlation is

probably more apparent than real because of leaching.

Significant Ìln:Zn correlations are restricted to the alkaline profiles

(Pits 15, 7 , f3) . Zínc correlates more strongly with Fe than Mn in this

environment.

Cobalt Correlations

Figure 24 c and d show correlations of Fe and ìfn rvÍth Co. Significant

Fe:Co correlations are Èhose of Pits 11, 9,8, 7 and 6. Pits 8 and 6

correlations nay be more apparenÈ than real because their soils are

strongly leached.

Manganese correlates with higher values of r than Fe. The signÍficant

correlations are fn Pits 14,18, 9, 7r 6,1 and 13. Pit 6 correlation

nay also be a result of leaching. Ì'ln has a stronger covariance with Co

in this environment.
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Figure 24: Pearson correl-aÈion coefficients

for (Fe, Mn):Zn, Co, Ni, Pb and Cu.

Vertical lines indicate significant

correla tions .
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Nickel Correlatlons

Figure 24 e and f show correlations of Fe and Ì,fn with Ni,

respectively. sígnificant Fe:Ni correlations are those of pits 14, 15,

18, 12,91 8, 1 and 13. Pit 8 is more apparent than real because of

intense leaching fn the profile.

Ìln has lower values of correlation and the significant correlations

are for Pits 15, 18, 1 and 3. NÍ has a stronger covariance with Fe than

Iln Ín these soils.

Lead Correlations

Correlations of Pb with Fe and I'ln are show¡ in Figure 24 g anð h

respectively. Slgnfficant Fe:Pb correlations are those of Pits 14, 15, 18,

12, 1l and I which are all residual profiles except Pits 15 and 8. The

significant. correlâtions in Pit I could be caused by leachÍng in the

profile. The signíficant correlation of Mn and Pb is that of Pit 13 on1y.

Lead has a stronger covariance with Fe than Mn in thís environment.

Copper Correlatíons
Figures 24 i anð j show Ëhe covarÍance of Cu with Fe and }f::r. SignÍficant

Fe:cu correlation is Ín PÍts 15, 12,7 and 1. Mn:cu correlation is

significant for Pits 18, 7, 1 and 13 on1y. Except for Pit 18, Cu correlaËes

more strongly wÍth Fe than with }fn in the soils of the Tletletsi Area.

Chromium Correlations

cr correlaÈions for two pits (pit 2 and 1) gave very significant

correlaÈÍons, suggesting that some Cr is released during weaÈhering in

the soÍJ.s (Figure 23).

The reaction wfth dilute acÍd of samples from pits 15, 7 and 1

indicaÈes that alkaline carbonate conditions of weathering fn these profiles
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have to be consfdered. The presence of earbonaÈe in soils affects

the nlgration of several trace elements. Bradshaw and Thompson (1979)

note that ln soils of transported origin, trace element distribution

Patterns Y¡fll be determlned by the composition of the parent materÍal

and nodified by Èhe presence of carbonate material by the formatfon of

insoluble or soluble cornplexes or by precipitatlon of sÍnp1e carbonates.

The effect of carbonate in the soils can be estimated by using the

followlng equations from Mann and Deutsher (1980):

Log a(co;-) = Los t{aor) 18.17 + 2 pH ....1

(.rhere e = activity and f = fugacity)

In Pit 15, where the average pH = 9.5,

Log a(co;-) - -3.s0 - 18.17 + 19.00 .....2

(f at atmospheric CO, equilÍbration r¡ith water is -3.50)

Loga(CO3-¡ = -2.67 .....3

thus CO;- = IO-2'67, " """'4
(where CO¡-- is the molar concentratlon). In very dilute solutions the

activities of the ionic species are practically equal to concentrations.

The solubility product of a simple carbonate compound Ís defined as:

K 
f --.1f uI

\co, = LcosJL x"J .....s

(where X is a trace element cation).

Table 31 lf sts the solubtlity products of sinrple F"#, Mr.,t-+, Zn#,
¿Á J-J- Jl 4J_Co", Ni", Pb" and Cu" carbonates. It can be seen frorn Table 31

(concentratfons at equllfbriunr) and the individual analytical pit data that

the precipÍtation of carbonates fs likely to have taken place within the

so1ls. The concentratlons of Fe, ¡frr, Zn, Co and Pb as deternined by

atonlc absorptlon is much hlgher Èhan the equilfbrium carbonaÈe

concentrations.
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Table 31. carbonate soLubility products, atomlcweights and

concentratfon of the trace elements (ppm) at

equilJ-brirmr. solubtlity products from Krauskopf

(1979, p. 553):

solubiliry producr Ato¡rlc Ì{eight :1"ff:irÏ;:::;""ttonElemenr (k) of carbonaÈe of erenent i*rõriiäj"'*"'"
_+
.re

M'++

_#
LN

J-J-
Co' '

Nir+

Pb''l-+

^#tu

10-10. 7

1o-9'3

10-10.0

10-10.0

10-6'9

1O-13.1

10-6'I

56

55

65

59

59

207

64

56

55

65

59

59

207

64

*Equilfbrfun at pH = 9.5
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In addition, figures 22 and 25 indicaÈe that the Eh and pH conditions

of the soils are suitable for the precipitation of carbonates of the

trace elements Mn, Co, Ni and Pb,

The correlations in the neutral to alkaline profiles could, therefore,

be apparent (for example'ItnCO, and ZnCO, could be accumulated together

due to pH conditions rather than adsorption). Carbonate complexes (charged

and non-charged), can also be present and cause unpredictable trace

element variations with adsorbents.

Control of the trace element dispersion by Fe and Mn compounds

The control of trace eler€nts by Fe and l'ln compounds and by other

phases in the secondary environment is an observation that is r¡ell

docr¡mented in surface and near-surface geoehemistry. Jenne (1968) has

cited a substantial amount of literaÈure that deals wiÈh Èhe effecÈs of

hydrous oxides of Fe and Mn on trace elements ín the secondary environment.

Arnong the various forms of direct and indirect evídence, the para1le1

increase or decrease of trace elements with Fe and/or ìfn content in soils

was found to be consistent in several investigations.

Jenne (1968) proposed that the hydrous Fe and }fn oxides furnish

the principal controls on Èhe fixation of Co, Ni, Cu and Zn ín soils and

fresh rì'ater sediments, and that they exert chemical activity far in excess

of Èheír Ëotal concentration. Thus, the use of correlation analysis is a

suitable rnethod in the determination of such chemical actÍvity.

The similar behaviour of lln, Co and Ni to Fe during laterite

formation r.ras interpreted by Norton (1973) as suggesting the effect of

¡he same conÈrolling mechanism. He attributed it to sirnilar relationships

among solubilÍty, Eh and pH during weathering.

Tessier et a1 (1982) found, in a study of stream sediments, that for

a gÍven sanple, Èhe variaÈion of trace metal Levels specifically adsorbed
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Figure 25. Stability relaÈionships of Co, Ni and Pb

carbonates at 25oC and 1 atmosphere Pressure.

For Co: Èota1 dissolved carbonaÈe specíes = 10-1'5 *

For Nii P^^ = 10-0'8 tt*.uu2

For Pb: total dissolved carbonate species = 10-1'5 *

(after Garrels and Christ 1965, p. 249, 246, 235).
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or bound to carbonates and to Fe.Itn oxides ¡eflected changes j.n available

quantiÈies of the inorganic scavenging phase (Fe oxide/Mn oxide). t^lhitney

(1980) found that Zn, Cd, Co, Ni, Pb and Cu showed strong positíve

correlation with Þ1n, reflecting the well- kno¡¿n tendency to adsorb and

lncorporate trace metals.

llurray (1975) proposed a model for adsorption. He suggested that

the interaction of metals with hydrous Ì1n0, involves Èhe separatíon of a

proton from the covalent bond at the surface, and t.he associaÈion of a

solute cation with this site. The sequence of affinity for adsorption

is Co > ltn>Zn >Ni.

l^lagner et al (1979) proposed that the isomorphous substitution of

413+ for Mn4* resl-r1ts in a negative charge of Mn adsorbant phases and

that charge neutralization by divalent base metal ions (Co, Cu, Ni, Zn, \,1)

leads to adsorption.

The exact metal content assocÍated with eíther Fe or l"ln can be

determined by sequential analysis using various extractants (ìfitche1, L972;

Tessier et a1., J982', Chao, 1972; Gatehouse eË. aL, L977), and the

contribution of adsorbed metal can be appraised in a direct manner.

Such an approach would be more effective in ísolating Èhe adsorpËive

conÈribution of Fe and I'fn to the total metal contenÈ of the soils. The

correlaËion analysis in such procedures is more appropriate than the

approach adopted in thís study.

Farrah et. al. (1980), approached the study of rnetal adsorption by

clays usÍng the Langrnuir isoÈherm equation. The equation minimízed the

scatter in the data obËained r:sing the equations of the type applied in

this study. Furtherrnore, Èhe equation was adjusted to a trcompetitive"

forro in which Èhe relative affinÍtÍes of different metal ions for adsorpÈive

sites rlere taken inÈo aecount.
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The underlying principles of the treatÍse can be extended to Fe

and I'fn hydrous oxide adsorption.

It has been shor¡rn by Taylor and llcKenzie (1965) thaÈ adsorption

also depends on the Particular secondary mineral present or domínant.

LfthiophoriÈe, for exanple, adsorbed co nore strongly than bfrnessite

in the soils Èhey studied.

The correlatÍon coefficienÈs of Px-Px and Tx-Tx paÍrs differ

significantly for the same element (figure 23 and 24). These differences

are believed to be due to the following facÈors:

a) incomplete weatherlng. Elernents that are stÍ11 held in primary

mÍnerals will not correlate with Fe and ìln secondary compounds because

Èhe latter comPounds have no control over them. The Tx-Tx correlation

will be more strongly affected by incomplete weaÈhering because the Tx

procedure dissolves both prirnary and secondary minerals.

b) presence of different secondary Fe and I'fn compounds in Èhe soi1s.

Taylor and McKenzie (1965) found thaÈ lithíophorite adsorbed more Co

than bionessite in the soils they studied. Partial leaching could

decompose the compounds differently.

Stream Sediment Data ExaminaEion

stream sedirnent data from a previous study by Marengwa (1978) were

exanined and it was found that the sediments contain very high Ti, Sn and

V concentrations. An R-node principal component analysis was used. The

initial assumption in the treatment of the stream data Ín this study lras

that clasÈic and very fine-grained Ti, Sn, and V bearÍng primary and

resisÈant mlnerals account for the high abundances. It was also assumed

that ff TÍ and V were associated in the fine-grained magnetÍte, occuring

in the stream sedimenËs, as rüas suggesred by Key (1979), a high posÍtive
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correlatfon !¡ould be found between the Ti and V fror¡ the stream sediment

data. Magnetite vtas separaÈed from several composite samples of some

pits from the present study and analyzed for V, Cr and TÍ in'order to

determine the a¡ounts of V, Cr and Ti Èhat occur in the magnetites. The

results of the analysis are shown in Table 32. The magnetites have high

abundances of V, Cr and Ti. Thus magnetite woul-d probably be one of the

sources of high V, Cr and Ti in the so1ls. No soil samples r¡ere analyzed

for V and Ti. Only Pits 2 and 1 soil samples were anal-yzed for Cr conÈent.

Factor Analysis Results

The five factor models of quartÍmax and varimax rotations using the

data of Marengwa (1978), gave a data variance of. I0O7i. The first three

factors accounted for more than 852 of the variance in both rotations.

Tin did not load within the first three varimax factors of the Tletletsi

Subpopulation (Table 33). The quartimax rotatíon gave a high Sn loading

within the first three factors (Table 33). Tin loaded very significantly

within the first three factors of both guarti-max and varÍmax rotations

for the Gaborone Subpopulatim (Table 34). Comparisons of the first three

factors frour both rotations indicated similarities between the factors

2V and 2Q. Factor 3V resembled factor IQ. The higher loading of rhe V

and Cr is likely due to the rotaEional nethod and characteristÍc high

loadings on the fírst factor of any solutíon. Factor 3Q ís the Sn factor.

The significance of an element to an association is defíned fn various

hrays. In this study 1t was Èaken as any loading that is over one third

the variance of the mfnirnum eigenvalue of the first three factors. The

loading for boÈh rotations are shor¡n in Figure 26 and the domÍnant metals

of the first three factors of each solution are Listed in Table 33. In

addition, the statistical paramet.ers of their factor scores are also listed

in Tabl-e 33. All factor scores wfth values above the standard deviation
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Table 32. V, Cr and Ti contents of some magnetites

from Pits 15, 18, 12, 7, 13 and'21

Pir v (ppm) Cr (ppm) Ti (pom)

15

18

12

7

13

2

> 20000

> 20000

> 2C000

L5620

> 20000

L2370

1830

1900

n. a.

610

l_060

1160

6790

3430

2800

n. a,

4500

5300

+ n.a. no analYsis

According to the IL 25I manufacturer,

"41, TÍ and Fe have been reported to enhance

V absorption. This absorptíon is mosÈ probably

a consequence of the metals coupeting with V for

available oxygen in the flame and thus ninimizing

the foruration of refractory V oxide."
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Table 33. Factor AnalYsfs

Tletletsi Area

Resul- ts :

Subpopula tíonl

FACTOR EIGE}WALUE Z VARIANCE c1Jl4 %

I
2
3

FACTOR MATRIX

VARII"IÆ( ROTATION

FACTOR

0.152
o.376
0.00 s
0.908
o.2L6

FACTOR I'ÍATRIX

QUARTI},ÍAX ROTATION

FACTOR

0.055
o.943
0.09 2

0.567
0.867

FACTOR CORRELATIONS

OBLIQUE ROTATTON

2.316
L.268
0. 839

46.3
25.4
16. I

46 .3
77.7
88. 5

Sn
v
Ti
Cr
Ifn

FACTOR

-0.06 7

-0.04 3

0.98s
0 .010
0.22r

FACTOR

-0.069
-0 .08 2

0.993
-0.00 7

0.27 6

FACTOR 2

0 .000
1.000

-0. 131

FACTOR 3

0.005
o.382
0. 159
0.2L0
0. 896

FACTOR

0.990
0.0 20

-0.068
0.226
0.00 4

FACTOR 3

0.096
-0. 13 I

1.00u

Sn
v
rL
Cr
Mn

FACTOR
FACTOR
FACTOR

FACTOR 1

1.000
0.000
0 .098

1
2
3

+CtFf% = Cumulative Percentage

Data from Marengwa (1978).
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Table 34. Factor AnalysÍs Results :

Gaborone Area Subpopulatíon

FACTOR EIGENVALUE Z VARTANCE crr},f :l

1
2
3

2.499
o.982
0. 870

FACTOR

0.996
0.067
0.015
o.077
0.o42

FACTOR

0.013
0.107
0.982
0.037
0.218

FACTOR 2

0.744
1. 000
0.043

50 .0
69.6
87.0

FACTOR

0.058
0. 370
0.056
0.886
0.273

FACTOR

0 .99s
0.052
0.013
0.063
0.034

FACTOR 3

0.259
0.043
1.000

50.0
L9.6
17.4

Sn
V

Ti
Cr
Mn

FACTOR I"ÍATRIX

VARII'ÍAX ROTATION

FACTOR I'fATRIX

QUARTIMAX ROTATION

FACTOR CORRELATIONS

OBLTQUE ROTATION

FACTOR 1

FACTOR 2
FACTOR 3

FACTOR

0.015
0. 116
0.981
0 .064
0.207

FACTOR

0.099
0.90s
0. 155
0.936
0.566

Sn
V
rL
Cr
Mn

FACTOR 1

1.000
0.144
0.259

* CUl4 7. = Cumulative Percentage

DaËa from Marengr'-a (1978).
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Table 35. Element assoclatÍons

Parameters of Factor

Tletletsi SubPoPulat

and statistical

Scores for the

.+10n.

Factor
Elernent
As sociat ion Median

Samples
>o

Samp 1es
>2oMode

1V

2V

3V

1Q

2q

3Q

L2

46

50

L2

40

23

0

18

25

0

10

Cr-V

Ti-Mn

ìln-V

V-lln-Cr

Ti-l'ln

Sn

r.327

1.065

1. 308

1.989

1. 085

1.050

3.494

o.6]-2

2,610

5.26s

0. 488

-0.080

0.045

0. 419

-0. 317

-0. 45s

0. 418

-0.2L2

*o = standard deviation
V = yarimax factor
Q = quartimax factor

Data from I'larengwa (1978).
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are considered anomalous, ln non¡a1 distributions, the standard

deviation of nor¡¡alized factor scores is 1.00 (Tripathi, 1979), and all

values of factor scores above unity are considered anomalous. The mode

and rnedian are both equal to zero. The number of anornalous values are

llsted in Table 33. The Gaborone Subpopulation has been excluded in the

calculatíon of factor scores.

figure 26 indicates that the associations Èhat occur in the Tletletsí

Subpopulation also occur in the Gaborone Subpopulation. The main similarity

between the two subpopulations is that Ti and Sn are not assocíated in

the environment. The effect of Mn adsorpÈíon is much more clear ín

the Gaborone Subpopulation as is shovm by the loadings of V, I'ln, and Cr

on Factor lQ.

The factors for the Tletletsi Subpopulation are interpreted as

follows:

Factor 1V (Cr-V)

The hÍgh mode of the factor scores over two standard deviations

suggests a large number of anomalous values. The main control of the

cr-v association 1s lithologica1, and occurs mainly over díabase

(Figure 27). The restriction to the mafic rock Èype indicates low chemical

or clastic urigration of one or both eleroents (as roight occur if both are

held Ín magnetiÈe).

Factor 2V, 2Q (Ti-ìtn)

The statistical parameters of this factor indícate that the

association has been "homogenized" Ín the Tletletsi Area. The difference

between Èhe node and the median is the lowest (Table 33, 34) for the

subpopulation. The standard deviation of the factor scores is also the

closest to unity. Ti is not adsorbed by Fe or l"fn compounds (Nowlan, 1976 and

SiegelrL974, p, 193) in the v¡eaÈhering envÍronmenÈ. The anomalous contents

t43



Figure 26. Factor Loadings for the Tletletsi and

Gaborone Area Stream SedimenÈ Data

Data from Marengwa (1978).
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Figure 27. Distribution of Factor lV for Cr-V.

Factor Score ? 2o.

Data from }larengwa (1978).
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Figure 28. Distribution of Factors 2V, 2Q for Tí-Mn.

Factor Score > 2o.

Data from Marengwa (1978).
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of Ti and Mn (Figure 28) occur Ín an area of knor¡n diabase outcrops.

It ls fnÈeresting to note that the diabases el-sewhere do not score

anomalously with respect to thLs assoclatlon. It Ís suggested that

this nay be an lndicatlon of the presence of dlfferent dÍabases in the

area.

Factor 3V (Mn-V). IQ (V-y,n-Cr)

The association of Mn wfth V and/or Cr fs a corTtroon occurrence in

strean sediments and soils. The association has anomalous factor scores.

It represents the adsorptive effects of Mn and in geochemical prospecting

the anomalous values are merely geochemical Inoiset. The factor 3V and IQ

have the largest distrlbution in the area (Figure 29).

Factor 3Q (Sn)

The Sn factor has a near normal distribution as is indicated by

the low mode and median (Table 33). The factor scores were found to

have a kurtosis of 18.76 which supports the fact that the distribution

is nearly normal and therefore most of the data is a single background

rather than dÍfferent aggregate subpopulations. The distribuÈion of the

anomalous values is shor.m 1n Figure 30. It is believed that Èhe normal

dÍstrlbution of this factor Índicates that Sn originates mostly from

weathered Sn bearfng ninerals (possibly blotite) in Èhe granite.
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Figure 29. Distribution of Factors 3V (ìh-V), lQ

(V-Mn-Cr). Factor Score > 2o.

Data from Marengwa (1978).
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CHAPTER YI

CONCLUSlONS

The surface geochemistry of the Tletletsi Area, has been investigated

by consideríng both the physical and chemical propertíes of soí1s. In

addition, the stream sediment data from a separate study (Marengrva' 1978)

has been examined in order to determine the relationships between selected

elements. The conclusions reached in this study are as follows:

a) The Tletletsi Area is an environment of active physical and

chemical weathering.

b) The products of weathering constítute t\to grouPs of soils;

residual soils and transported soi1s. The residual soils are characÈerized

by a sequence of subhorizons, whichbeglnsvtith the A subhorizons and ends

with the partly decomposed bedrock. The transPorted soils have transpor-

taÈional features represenÈed by alternations of coarse and fine to

medium-grained material. The transported soils are also weaÈhered to

different extents unl-ike the more uniform weathering exhibited by the

residual soils.

c) The geochemical dispersion of Èhe different trace elements

indicate that the residual solls Eend to have higher element contents in

specific subhorizons due to enrichment by downv¡ard migration. Transported

soils generally have no accumulaÈion of elements in any part of the profile.

The trace el-ement contents in the soils can be correlaÈed r^rith the

underlying rock type irrespective of whether the soil is ÊransporLed

or residual. Thus in a wider soil survey encompassing areas underlain

by different rock tyPes, the geochemical 'relieff would indicate the

dlfferent rock types. Mlneral-ization, which contains even higher levels of
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trace elements, can be found using

overburden is an advantage because

normally occur closer to the source

d) pH can be used as a t'rough

residual soils. The latter tend to

than transported soils.

g) Organic matter affects the

that an optimum sarnpling depth wí11

deeper than 60 cm,

a soil suryey, The relatively shallow

high trace element concentratÍons

indicator" of transported soils versus

have acidic or more acidic pH values

dispersion of Fe, l"ln and Cu such

be below the A horizon or at least

e) The concentratÍons of the elemenÈs Zn, Co, Ni, Pb and Cu Ín

the Tletletsi Area soils are controlled to varylng extents by Fe and Mn

compounds. The comparative affiníties for Fe and l"ln are shovm in Table 36.

Fe exerts more control than Ìfn on all the elements except Co. The controls

can be a possible source d false anomalies. The presence of carbonate

will fnhibit the nigration of the elements by the formatíon of carbonate

compounds.

f) The dor^rnprofile patterns of ìfn suggest EhaÈ it is rnobile in the

soils. of the Tletletsi Area.

h) An Fe and Mn determination should always be carried out

i.rrespective of whatever elements are of interest in any geochemical

survey. The use of dífferent analytical extraction methods would be

advantageous in a prospectlng program because the effects of Fe and Mn

on other elements can be determíned and Íso1ated.

i) Ti, Cr and V are redistribuÈed by weaÈhering. The magnetites

found in this area contain slgnificant amounts of Ti, Cr and V. The

high contents of these elef0enËs in soils and st.ream sediment samples

may be primarily due to weathering of magnetÍte.
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Table 36. Comparit ive af f initíes

and Cu for Fe and }fn in

of. Zn, Co, Ni, Pb

the Tletletsi Area soíls.

Element Strength of Control

Zn

Co

Ni

Pb

Cu

Fe

Fe

Fe

Fe

Fe

Mn

Mn

I'ln

Mn

Mn
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j) Clastfc Eagnetite of very fine grain size may be the cause

of the anomalous Cr-V and Ti-Mn associations as indicated by factor

analysis.
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APPENDIX

CHÞÍICAL DATA FOR TLETLETSI AREA SOILS.

Px = PARTIAL EXTRACTION.

Tx = TOTAI EXTRACTION.
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