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STELLINGEN

I

The problems which face a pedologist are peculiarly complex. It is rare that they con-
sist of a single unitary phenomena explicable by a particular elementary cause. The true
explanation is therefore necessarily multiple, and often involves an estimate of the
measure of participation of each agent. The pedologist must be constantly on the alert
for mutations and for the insidious incursion of new factors.

II

Clay accumulation and clay skins should not be regarded as arising exclusively from a
physical translocation of clay. Criteria for differentiating between the various modes of
accumulation are as yet too subtle to allow an exclusive classification or even an eva-
luation of the relative importance of each.

111

Thermodynamic considerations substantiate the contentions of Mohr (1944) and Jackson
(1965), concerning the importance of soil-climate in the genesis of tropical soils and the
weathering sequence of clay minerals, respectively.

E. C. J. Mohr (1944) Soils of Equatorial Regions.
Ann Arbor, 765 p.
M. L. Jackson (1965) Soil Sci., v. 99, 15—22.

v

Amorphous minerals and mineral colloids occur more extensively in soils than has hit-
herto been believed.

v
From a genetic point of view the classifications of soils according to the American

System (7th Approximation) does not allow an exclusive differentiation between soils
with an aquired and an inherited horizonation.

USDA., Soil Survey Staff: Soil Classification a comprehen;sive system.
7th Approximation, August 1960.
VI

Mineralogical studies of the sand fraction i.e. heavy- and light- fractions are a necessity
in pedological studies..
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Chromium radiation (Cr-Ka 2.284) due to the long spacings involved in some mixed-
layer minerals may be profitably employed in clay-mineral investigations.

VIII

The distribution of garnet in the arenaceous members of the Karroo System of South
Africa is suggestive of a source of derivation south of the present confines of the con-
tinent. Furthermore, sedimentary petrological investigations, owing to the ubiquity of
garnet in the above mentioned strata may provide useful additional information to the
eventual establishment of the tenability of the hypothesis of a former physical link be-
tween Africa and South America.

This thesis and T. G. Wardaugh (1960) M. Sc. Thesis, Univ. O.F.C., Bloemfontein, 71 p.

X

Converging evidence coming from many independent and interdependent facts suggest
that the statement by Dietz, "The peerless Vredefort ring structure of South Africa
defies rational “interpretation by tectonic, volcanic and magmatic forces”, has only a
modest probability of being true.

R. S. Dietz (1961) J. Geol., v. 69, 499—516.

X

The possibility of locating oil in commercial quantities in the Karroo basin, is remote.

XI

A question relevant to the earth sciences: Metaphorically speaking, is the anatomy of an
elephant reconstructable by means of a microscopical examination?

3 May, 1967 H. J. VON M. HARMSE.
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FREFACE

Not so Qény years ago, one could have searched the literature
without findi@g much reference to paleo-soils or complex préfiles.
liany local investipations concerned with soil classification have
regarded the different horizons of soil profiles as genetic soil-
horizons, thoush-little has been done to substantiate this view. is
a conseguence, the major concept in vogue was that the vertical e
succession of horizons was for the most part engendered in situ by
pedorenesis. Lately it has, however, become more and more apparent
that certain horizons, thought to be pedogenetic, were in fact caused ;

) )

by the interference of extraneous azents associated with periods of
landscape instability. A new situation is developing in which there ' ";a
is ample scope for new concepts and the application of zeomorphological = W
and ecostratizgraphic principles in pedogenetic thinking. «as befits
any brénch of the earth sciences due reéognition will have to be
-given to the ever-changing interplay of the processes which shape
the face of the ecrth, Owing to their susceptibility to relative
slight changes in climate or even in the amount of precipitafion,
landscapes in the semi~-aird subtropical regions are relatively more
unstable. In South Africa, as in Australia, soil studies nmay play
an important role in the uaravelling of the events of the recent
past., The identificatioﬁ of horizons not attributable in zall their
aspects to pedogenetic processes only, and the evaluztion of the
influence of layering of strata with different permcabilities ~—
as far as current knowledge permits — in determiningz the géographical

distribution of soils, has been the theme of this investigation.

In the years since 1953, Professor P.B. Ackermann (University of
Potchefstroom, 3outh Africa) has been a constant source of information,
encouragement, constructive critisism and useful advice. To him I

‘express my warm thanks.
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Page 127

Page 138

Page 157

Page 157

Page 164

Page 170

ADDENDA and ERRATA.

To footnote add: For a comparison with the criteria of the Tth
Approximation (and supplements) the pexrcentage of organic carbon
should be multiplied by a factor 100/77.

Add: These soils are provisionally regarded as belonging to the

great group Ustochrepts (Paraquic Ustochrepts).

Lines 2 to 6 should read: These epipedons have lower carbon con-
tents than 0.58 per cent and lack strong structyres. Profiles 4/7,
43/47 and 182/18% would therefore, mainly in consideration of the
dubious argillic identity of the B horizons and gley colours, seem
to meet the minimum requirements of an Inceptisol (Aquepts).

Owing to the fact that chromas are higher than that of the Typic
Aquepts and organic matter content does not decrease regularly
with depth, Aeric Cumulic Normaquepts seems to be the most ap-
propriate great group. Profiles 143/145, 129/132 and 157/161 may
also be regarded as Inceptisols because of the B horizons (cambic),
underlying the Mollic epipedons, being less than 50 per cent
saturated with bases. These pedons are provisionally classified

as Mollic Aeric Cumulic Normaguepts.

Line 15 to 18 should read: Profile 19/21r does not qualify as
Vertisol (sensu stricto). It meets the minimum regquirements of

a Mollisol (Ustolls) more accurately. Andic Haplustoll seems to
be an appropriate great group owing to the possible presence of
amorphous colloids and a cambic horizon. Sub-ordinate vertisolic
characteristics such as those vested in the tendency to granulate
(mulch), weakly developed cracks and a clay content of more than
30 per cent could be denoted by the adjective "vertic" (Vertic
Andic Haplustoll). '

Profile number 19/20 should read: Profile number: l9/21r.

Add: Profile 86/88, owing to the presence of detectable quantities
of amorphous colloids, qualifies as an Andic Aridic Haplustoll.

Line 3: replace great group by suborder and add adjective "aeric"

to Aquept Psamments in parentheses.

Utrecht, April 1967.
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I. INTRODUCTION

A. General

The fundamental proﬁlem confronting students of soil éenesis, is
the evaluation of the dominating factor or éombination of factors
which causes morphologically different soils and determine their
geographical distribution. The principal genetic factors contained in
most definitions of soils are: climate, vegetation, parent material,
relief and time. The relative importance of these "soil formers",
egpecially climate, parent material and time, has been a point of
controversial debate ever since the inception of pedology as an
independent science. Perusal of the relevant literature on soil
genesis seems to reveal that the above mentioned controversy may
pertain to the question of soils in terms of principles based on -
world-wide interpretations.

The most emphatic denunciations of the application of the concept
of zonality, as a basis for soil studies, are to be foupd in the
literature on tropical soils (&rhart, 19473 Milne, 19473 Mohr and
Van Baren, 1954). The strongest support of parent material as a basis
for soil differentiation is contained in the literature on soils of the
semiearid sube~tropical regiops (Du Toit, 1954; Butler, 1958 and_1959;
Van Dijk, 19583 Beater, 1962; Stephens, 1965; De Villiers, 1965;
Maud, 1965). The general consensus amongst these authors seems to
regret the present weak bonds between pedology and its allied earth
sciences. It seems a reasonable inference that the prevailing climate
as well as paleoclimates, in these areas are not conducive to the
clear expression of the ectodynamic forces (Glinka, 1927) in soil
morphology because of the relatively low biological activity and the
fact that the pedological processes operate in liaison with an ensemble
of factors associated with landscape instability; for instance:
1. The forces of ablation are more intense in the semi-arid subtropical

and tropical regions than in their temperate counterparts,
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According to Fournier's calculations (cited by Maignien, 1964), the
remgval of one meter of the outermost crust of the earth by erosion
can be expressed by the following estimated figures:

16,666 years in Europe;

5,126 years in Australia;

2,300 years in Asia;

2,000 years in Africa;
2,000 years in South America.

In contrast to temperate- and trofical- regions, soil landscapes
in the semi-arid sub-tropical regions frequently include elements
of instability owing to recurrent aeolian-sculpturing, reesorting,
winnowing of cla&, deposition of sand, intense eolluvial drifting
and pedimentation (Loxton, 1962; De Villiers, 1965; Stephens, 1965
and Maud, 1965),
The middle latitudes of the Southern Hemisphere were subject to
paleo~climatic changes which oscillated between wet and dry.
The higher latitudes of the Northern Hemisphere, where soil propers
ties led to the development of the concept of zonality, were subject
to paleo-climatic changes which ranged from pluvial to glacial
(Zeuner, 1959 and Schwarzbach, 1963),
In the semi~arid sub-tropical regions, clear skies, sparge vege-
tation and a relatively dry atmosphere allow nearly full penetration
of solar radiation (Rozanov, 1951), Pauli (1¢64) pointed out that
the intense radiation, with an energy peak around 1000mp, stimulates
the mineralization of organic matter. High temperatures are known
to stimulate microbial activity and the consequent mingralization
of organic residues (Broadbent, 1962 and Pauli, 1964).
Reference may also be made to the generally sparse nature of the
vegetation cover and tendency of floristic associations to adapt
itself to soil conditions (icocks, 1953), Factors such as the negative

balance between yearly precipitation and evaporation (Buol, 1965),
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as well as the torrential rainfalls and the differential effect of
sandy soils with good permeability in contrast to soils with heavy
texture and slow permeability, on the movement of moisture could
hardly fail not to accentuate the influence of parent material

(Mohr and Van Baren, 1954).

When the conditions summarized above are contrasted with those in
arcas with temperate- and tropical~ climates, there is scarcely need
to reiterate that the failure of the climatic concept to become
acceptable as a basis for soil classification in these regions, could
be attributed to a considerable extent to the prevailing climate as
well as to paleo-climatic conditions. As a consequence, factors of a
strictly local nature, combined with climatically induced periods of
landscape instability intervene with the normal pedological processes;
or dominate the characteristics of soils (De Villiers, 1965; Stephens,
1965; Maud, 1965). Most soil scientists working in the semi-arid
sub-tropical regions, Butler (1968 and 1959)3 Churchward (1961);
Loxton (1962)3; De Villiers (1965); Thorp (1965) and Stephens (1965) __
to mention a few— referred to recurrent periods of landscape
instability and argued that many soils exist in transitional stages
while others still retain aspects attributable to paleo-environments.
It seems likely that the conflicting views, to which allusion was
made earlier, have arisen mainly from the study of different objects
representing unreiated pedogenetic processes.

Contrasting evidence with regard to the relative importance of the
obvious ectodynamic factors, especially parent material and climate,
served the long overdue purpose of shifting the emphasis from the
prematurely conceived deductive approach to the inductive, in the
evaluation of the relative importance of the genetic factors. The
latter approach gave rise to a number of approximations,_mainly the

effort of the United States Department of Agriculture, towards the
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development of a comprehensive system of soil classification (Soil
Survey Staff, 1960 and supplements). It gained currency in many
countries and should be acclaimed by more, if only for the purpose of
providing an example for the collection of relevant data on soils. is

a classification system applicable on a world-wide basis it is, however,
doubtful whether it has outgrown its provisional character. Its
application to soils, particularly those of the semi-arid sub-tropical
regions which has not yet been subjected to intensive study, should be
practiced with restraint (So0il Survey Staff, 1960 and supplements).

One of the first questions arising in any research program,
concerned with soils, is that of criteria for classification. Criteria
in furn refer back to problems in methods, techniques, interpretations
and -~ most important — to justification for generalization. Generalization
frequently reflects the need for practical working rules, but unfortu-
netaly even more often, a too enthusiastic aspiration towards the
elegance of form, Their too eager acceptance and application could
form barriers to a detailed understanding of soil genesis. Furthermore,
the application of standard methods may easily lead to standard
interpretations, creating the delusion that both had been strengthened
by additional investigation.

Techniques and interpretations are dependent upon considerations
as to whether "purely" pedological processes are responsible for
profile differentation (Churchward, 1961). The inductive approach,
which considers soil profiles as an expression of the genetic factors,
has led to the recognition of more and more polymorphic and complex
profiles (Butler, 1959; 30il Jurvey Staff, 1960 and Stephens, 1965).
For a satisfactory explanation of the genesis of polygenetic‘profiles,
it is necessary to direct attention to local factors, particularly in
their paleoclimatic, tectonic and ecosﬁratigraphic context.

Consideration of paleoclimate and ecostratigraphy involves the
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principle of actualism, which considers the presence as a key to the
past (Gillispie, 1951; Hooykaas, 1959; Van Bemmelen, 1961), in
pedological thinking. The susceptibility of semi-arid sub-tropical
regions to vicissitudes in climate and the associated recurrent
periods of landscape instability and aeolian activity may elucidate
the importance of considering soil-forming factors in a historical
context; though not necessarily as a basis for soil classification.
The accumulative effects of these factors are likely to be more
enhanced in the old continents.

Whether the incessant mutations associated with the conditions
mentioned in the previous paragraphs and their influence on the three
dimensional arrangement of profiles, could be integrated into an
international system of classification—without due consideration to
local factors—should be an interesting point of debate., From a soil-
genesis point of view, it should be borne in mind that any part of the
earth may revresent a special case., No evidence exists that {Quaternary
climates varied in & concordant manner, neither has it been proved
that eustatic movements are controlled by an underlying pulse of the
earth. The world pattern of orogenic belts (Holmes, 1965) suggest the
contrary, thus limiting the possibility of finding isochronous land-
surfaces for a comparison of soils on an intercontinental basis.

In order to evaluate genetical factors responsible for the
geographical distribution of morphological distinct soils, the soils
have to be considered and classified in the context of local factors.
Any attempt to force soils into the units of a classification system
to which they clearly do not belong would have no scientific value, A
feasible approach, at least as far as soil genesis is concerned, seems
to be the use of simple descriptive terms to depict the salient
features of soils (Mohr and Van Baren, 1954). D'Hoore, in collaboration
with the pedologists of African territories, published a soil map of

Africa in 1964 on which, true to the recommendations of afore-




mentioned zuthors w;th regard to soils of the tropical regions,
“soils are designated by descriptive terms indicating the trend of
soil development and parent material’. The demarcation and classification
of the soils is scientifically justified, since due regard has been
given, though in a rather general sence, to the outstanding aspects of
the environmental factors peculiar to the continent (Alimen, 1957;
King, 19633 Haughton, 1963 and D'Hoore, 1964). Nevertheless, it is
generally regarded only as a first approximation towards the knowledge
of the soils of Africa. The inventary of the soils on the map is,
however, such that it provides a useful framework for more detailed
regional studies.

For the purpose of this investigation the author studied the soils
of a portion of the Highveld Region. The Highveld Region forms part
of one of the most extensive physiographic provinces in Southern
Africaj; the Highveld. It lies at an average elevation of 1500 meters,
is demarcated on the south by the Basuto-Highlands and the Great
fscarpment, and on the north by the Witwatersrand (Flate I). The
latter consists of a range of hills which forms the boundary between
the Highveld and the Bushveld. Its north-western boundary is
characterized by a gradual transition into tne Kalahari semi-~desert.

The entire area is subjected to a highly vicissitudinous rainfall
with a pronounced seasonal incidence, furthermore; the entire
bouthern Africa, from the Congo to the Vaal-River basin and beyond,
has been singularly susceptible to paleo-climatic changes (Sﬁhnge and
Vissgr, 1937 Bond,_1948; Cooke, 1949; Van Riet Lowe, 1952; Janmart,
1953 Wayland, 19544 Mabbutt, 19573 Van Zinderen Bakker, 1957; and
Alimen, 1957). Three major periods of aeolian activity, transportation
of sand, aeolian sculpturing and the formation of calcareous crusts;
intervened by wetter conditions characterized by soil formation, are
generally recognized. The result of these fluctuating climatic

conditions and consequent periods of landscape instability is a vast



array of buried soils and soil relics zs well as crusts. Textural
contrasts between 4 and B horizons often depend on the degree of
truncation of buried horizons, and the texture of burying layers. The
discordant eluvial-illuvial relationship, due to layering, defy the
indi;criminate application of chemical and textural cfite;ia. Hence,
considerable use has been of mineralogical methods and criteria in an
attempt to evaluate profile development and to prove the distinctness

of horizons not attributable to pedogenetic processes.

B. Geneti¢ Unity of Profiles1

The concept of normal soils which implies a profile in equilibrium,
its topmost layers being removed by erosion as fast as formed through
weathering at the lithic contact, forms the basis of the geographic
concept of soils. The occurrence of different horizons along the
vertical axis of the pedon is an expression of the combined effects
of the ectédynamorphic factors upon parent material. The horizons are
interdependent on the basis of an eluvialeilluvial relationship. A
prerequisite for the correlation of such profiles with the ecta-
dynamorphic factors is that the pedon developed on homogeneous parent
material,

If it is accepted that all the major soil-types in the Highveld
Region actually represent soil profiles with strictly interdependent
horizons there is an obvious problem to account for the diversity of
soils occurring in juxtaposition., This investigation has led to the

conclusion that there is more to soil burlal by aeolian sand than the

(1) 7ith special reference to problems associated with interference

of extraneous agents in the Highveld Region,
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mere recognition of its polymorphic origin, identification of the
component layers and inferences on their ecostratigraphic significance.
Deposition of the permeable aeolian sand created new environmental
conditions., Depending upon the thickness, texture and mineralogy
(often modified by local admixture) of the sand cover aand the buried
horizons as well as relief, new pedological units develop from the
assemblages of independent layers..The genetic processes are closely
linked with the resulting hydromorphic regime. Their geographical
distribution can be related to the resulting soil climate rather than
rainfall isohyetes. The present climate does not appear to be a major
factor in determining soil variations. The evolution of some of these
soils has not progressed far enough to obliterate characteristics
%@uired through the heterogendty of the parent material or inherited
during former climatological cycles.

Complex and truncated profiles are the rule rather than the
exception in the aeolian landscapes. The sand fractions are commonly
better sorted at the surface than deeper down. i'hen aeolian action
ensued there was apparently a maximum incorporation of relatively
unweathered locally-derived detritus. Destruction of the vegetation
cover will also have been accompanied by intensive surface col-
luviation and a consequent thorough mixture of aeolian sand and
locally-derived detritus. Sys (1961) who observed a similar
transitional layer in the Congo, between the underlying rock and
overlying better sorted aeclian-sand, suggested that the mixing was
brought about by a sort of desert eluviation. i4s aeolian activity
continues a progressive dilution, as manifested in the grain-size
distribution of sand fractions and heavy-mineral composition, of
locally derived detritus with respect to those transported from
further afield occurs towards the surface.

Weathering of detritus deposited in the manner described above

will, without any translocation of clay or leaching, correspond




with the depth function of pedogenetic profiles in which the dominating
process has been podzolisation. Subseqﬁent mobilization of aeolian

sand a? the surface has similar effects. Seldom, however, is the
depositional fabric preserved and the salient features of profiles bear
no evidence as to their complex geological history. It is only revealed
by the grain-size distribution of the sand fraction and the heavy-
mineral composition.,

If the layering described above i1s associated with abrupt transitions
in the profile, the situation as encountered in the field presents no
indication as to the relative age of similar features in profiles
occurring in Jjuxtaposition.

Successive drifts of aeolian sands were derived from the same
sources, consequently differences in heavy-minerals composition are not
as striking as it would have been if different sources were involved
or volcanoes or orogenic disturbances introduced fresh material. The
technique of tracing the lateral continuity of a layer across a
diversity of strata to prove its seperateness, represents no problern
for the aeolian sands, despite the fazct that the sands are not
homogzeneous owing to the incorporation of locally derived material, It
is the effects of disturbances within the layer of aeclian sand that
thwarts the study of soils in this area,

Differential susceptibility of different soil types to wind erosion
has been proved by Chepil (1946, 1953 and 1958), Smirnova (1960) and
Kokubun, et al., (1957) and is apparent in the Highveld Region even to
the causal observer, Often the effect is limited to a winnowing of
clay and silt and increase in sandiness at the surface. Chepil and
Yoodruff (1957) determined the dust load in tons per square mile
during a single dust storm. They calculated that efilation of sandy
soils by winds with an average velocity of M km.p.h; may yield as

much as 1290 tons of dust per square mile,




Clear breaks in profiles of the fersiallitic soils are likely to
represent major effects caused by wide-spread periods of aeolian
activity. 4eolian activity, like water transport and erosion, is not
everywhere revresented by simultaneous deposition or erosion. Mere
reference of discontinuities in the profile to an established local
sequence of climatic changeé, without clear evidence as’ to its
relative position is tﬁus an unsatisfactory method of approach.

Fossils are no help at ally unlike furope where aeolian deposits are

t

<

relatively fossiliferrous, the asolian sands are devoid of fossils.
These complexities and problems must be solved before generalization
and synthesis can be afiforded about a stratigraphic approach to
pedological problems.

The composition of the original wmaterial on which the soil developed;
mixtures of quartz with subordinate amounts of sesquioxides and
primary minerals, restrict the application of the weathering criteria

510,
i1,

oo™y

(8.7P.I. 1961) in defining the ferruginous soils on aeolian sand.

As a result of the poorly developed structures clay skins are not
discernible in the field. Microscopic investigation of thin sections
only reveals 2 red earthy-continuous mass such as described by Kubiena
(1650). Trace element work by Certel (1561) casts doubt on the
validity of the illu?ial horizon in ferruginous tropical-soils. The
suggestion of Maignien (1961 and 196%4) that the whole solum be
considered for classification purposes, rather than separate horizons,
seems a tenable practice. 30il colour, structure, clay minerals and
the base saturation of the exchange complexes are pedological
characteristics of equal iwmportance as illuviation of clay. Unlike the
wetter tropical regions (Maignien, 1961) the evolution of organic
matter in terms of carbon and nitrogen content and ratios provides no
clzar basis for differentiation. The different horizons coincide with

the geological layers but the whole solum reflects the effect of the
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soil climate resulting from the layering of material with different
permeabilities and relief.

The aceolian-sand cover is not continucus and so0ils that may be
regarded as normal with respect to climate and parent material are
encountered. The heavy texture of these soils explains their pre-
servation in a relatively undisturbed state. Experimental work on the
threshold velocities cf the transporting agents for different size-
grades of soils and sediments verifies this contention (Hjulstrdm,
1939 and Bagnold, 1960). These authors and Chepil (1$58) found that
high silt- and clay- content accounts for the differential resistance
of s0ils without a protective plant-cover and sediments to wate;- and
wind- erosion. Ffactors such as type of clay and degree of base-
saturation has been proved by Kokubun, et al., (1957) to be
complementary factors. The effect of these factors are clearly revealed
in IFlate II, Mig.1.

Dust and sand on the surface of the soils with heavy texture are
more susceptible to disturbances by water-crosion than are the sandy
soils. Terracettes caused by mass movement of the more porous top
layer along the surface of the slowly permeable sub-surface clay-
layers are obvicus features assocliated with these soils. It also

accounts for thelr high susceptibility to sheet erosion.

These soils can be regarded as being in equilibrium with their present

environment, only because the passage of time is not detectable

in them, The possibility that they are paleo-soils which retain many
aspects not attributable to the present environment is not excluded.
Incorporation of sandy material by argillipedoturbation and
anisotropy of the sedimentary parent-material are important factors
which need consideration in an evaluation of their analytical data.
They are exclusively associated with argillaceous sediments and

dolerite,
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Rather than being too much preoccupied with problems without
emphasizing the generalities, the pedological processes operative in
the Highveld Region in liaison with landscape instability seems to be
best embodied in-a diagrammatical illustration (Flate II1I), of the assuned
pedolozical cycle in which provision has been made for factors
associated with landscape instability (after G.G.S5tephens, with

grateful acknowledzement; personal communication and Hallsworth, 1965).

Table 1 gives a key to soill associations in the Highveld Region,




18 in the Highveld Region.

Parent Material

Numbers of repre-

sentative profiles

nprising aeolian sand intermingled with colluvium

13/763 109/113;
200/205; 222/22%;

235/244

63/65

nprising aeolian sand and/or colluvium

? weathering products of dolerite

lon Sandstone

117/120

on Dolerite

12/153 59/623 90/93

nprising different periods of aeolian on Ventersdorp lava 208/211
3 are usually intermingled with on Calcareous orusts 212/216
on Karroo Sandstone 30/333 52/553 121/125
om rocks in the vincinity) on Karroo Shale 204/207
19/213 94/96;
154/156

shales, siltstones and mudstones
(Profiles disturbed at the surface)

22/2%; 86/89;
105/1083 133/136

luvium affected by asolian sorting

on Vertisols (Da)

4/73 157/161

on Vertisols (Db)

43/473 129/132; 182/1

andy-loess) and colluvium affected by
e truncated stumps of lighter

on the truncated
stumps of lighter
textured soils

143/146

n sand on calcareous crusts

218/220

.

luvium on miscellaneous rocks

8/11y 174/176

luvium on Vertisols (Db) and colluvium 165/168
4 ‘1
[ |
snt alluvium on flood plains
ated aeolian sand associated with 226/233

Soils in the landscape

ant alluvium forming the sandy levees along river channels
ling ancient gullies along the escarpment

nbrian rocks with exception of Dolomite

1 chert rubdble

ones along escarpments

ong escarpments, isolated Inselbergs on pddiplainé and
sandstone beds

aistocene calcareous crusts in some localities decalcified

ppyroaching the characteristics of silicious crusts (Kunkar)

»




Table 1l Key to soil associatio
) Symbol
blogical Soil Type on
gime Map
. % ' .
g Reddish~brown Fersiallitic Soils Jd Different layers, co
L
g'4 Reddish-~brown Regosols Bh "Recent" colluvium
‘@
g Different layers, co
P Eutrophic Reddish-brown Soils Hd ,
3 intermingled with th
Different luyers, co
) Yellowish-brown Fersiallitic Soils Ja drifts (deeper layer
-%
s colluvium derived fr
Vertisols, Sensu Lato, on Crystallinc . .
Basic Rocke Da Karroo Dolerite
.
g Vertisols, Sensu Lato, on Calcareous Db Slightly calcareous
2 Rocks of the Karroo Systen
=
- Aeolian sand and col
Highveld Pseudo-podzolic Soils Fa
g on Vertisols
o S
& Aeolian sand (fine s
,5_ Highveld Pseudo-podzolic Soils intergrade Fa'! aeolian sorting on t
textured soils
Pseudo Rendzina Ca Thin layer of aeolia
_ Mineral Hydromorphic Soils Na Aeolian sand and col
g E g Solodized Solonetz . Ma Aeolian sand and col
o - ,
©d
- 54 Vertisols, Sensu Lato, of topographic Dj Narrow strips of rec
depressions
REQOSOLS_OTHER THAN Bh
Yellowish-brown Regosolic Sands- Bq "Recently" redistrit
Mineral Hydromorphic
. Juvenile Soils on Recent Sediments. Bo Narrow strips of rec
: and sandy, loess fil
LITHOSOLS, ROCKS snd ROCK DEERIS
Lithosols on miscellaneous rocks Bd Miscellaneous pré-Ca
Lithosols on Dolomite Bo Dolomite and residua
Lithosols on Karroo Sediments Bg! Mainly mature sandst
Dolerite outcrops al
Lithosols on Karroo Dolerite and Basalt By basalt capping. Cave
Lithosols on Calcareocus Crusts Be! Tertiary to early-Fl

.

at the surface and a
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II. PHYI0GHPHY

4. Climate

——— w20t vt

The climate of the iighveld Region, according to the official
climatic classification of South africa (Schglze, 1965), varies frou
semi-arid in the north-west to sub-tropical in the south-east.

The classification is based on precipitation and temperature.
Becauze of the vicissitudinous character of both these properties,
ecpecially the mearn annual rainfall, the above mentioned subdivision
tends to be somewhat arbitrary. The variation from the semi-arid
extreze to the sub-tropical extreme, within the confines c¢f the ares,
represents in reallty a gradual transition. According to the
classification of Finch, et al., {1557) the climate of the entire
Highveld Reglion nay be regarded as transitional between the “Humid
Mesothermal Climates (Cw) and Dry Climates (Bsh)'. It is therefore
deened advicable to discuss the climate with reference to these‘two
extreites only. The geogravhical distribution of the average annual

A

precipitation is given in Map 1 (in pocket).

(i) Semi-arid “ecstern Regior

The average annual precipitation ranges from 450mm to 500 mu

]

(fap 1 and Table 2). Rainfall is mainly in the form of localized
showers and thunderstorms; falling in the summer months from October
to March., The peak of the rainy season is from December to larch
(Table 2). snnual totals deviate as much as 40 per cent from the
annual mean. Of the yezrly total, 84 per cunt falls in summer.
Sunshine hours amount to gbout 70 per cent of the possible day
lizht. Air temperatures are subjected to large diurnal and seasonal

varistions. During January and December averare daily maxima vary

Q -~ (e} . N o) Q B N .
from 29°C to 30°C., In June and July it is about 15°C. Average wminimuii
. . ) .. On . O
daily tewmveratures are in the order of 15°C in January and 0°C in

July (Table 4). ixtremes in maximum and minimum temperatures nay

L0 o o ) .
vary from 35 C to ~6°C respectively. The frost free period is 265 days.



Table

2: Average monthly an

vonthly perceatage of total (F).

Yestern part

aanual rainfall in mm (M) and

‘Middle pert

Bastern part

of of of
Month Highveld Region Highveld Region Highveld Regilon
{2 stations) (6 stetions) (10 statious)
M P M F M P
January 88 16.3 110 16.2 118 17.3
February 76 1iL,1 93 13.7 102 14,9
March 83 15.5 g0 13.3 85 1244
April 42 7.9 49 72 40 5,7
Fay 19 3.5 26 3.3 21 3.1
June 6 1.2 9 1.3 9 1.3
July G 1.6 11 1.7 10 Tedh
August < 1.6 13 1.9 9 1.3
September 15 2.7 26 3.G 25 3.6
October {47 8.5 6L 9.5 il S.3
Noveuber 70 12.9 89 13.0 91 1%3.3
December 77 T2 98 T4 i 111 15,2
Year 539 579 638
Table 3: dverage annual evaporation from ogpen water surfaces.
Western part Middle part Zastern part
Period of of of
dighveld Region Highveld Region Highveld Region
A (%) A (%) i (%)
Sept. - Nov. 33 - 30 30 30
Dec. = Teb. " 30 30 30
March - May 19 - 20 20 - 23 20 - 23
June - Aug. 15 - 17 15 - 17 15 « 17
5 5 S
mm e} mm
Year 2500 -~ 2250 2250 - 2000 2000 - 1750

Average

annual evaporation frowm class

'1\;'

pans in mm (3) and average

seasonal evaporation (4) expressed as a percentage of the annual

average.
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Table i: donthly variation of 1) mean daily teumperature, 2) mean daily maximum temneraturc and

3) mean daily winimum temperature.

destern part tiiddle part BLastern part
of of of
Month Hipghveld Region Highveld Repiovn Highveld Repion
1 2 3 | 2 3 1 2 %
; D0 . O - - Plal) /
January 22.9 29.6 15.3 2163 27. 12.6 20.8 27.4 12,

A\
.

ol
.
oY N\

February 22.0 28.7 1
1

March 201 26.7 2 25. 0.9
Aapril 16.7 24.2 9. 1449 22.4 5.5 15.7 23. 5.5
May 12.7  27.4 a1 10.7 191 1.0 12.17 20.9 2.0
June G.5 186 O.i 75 16,1 =2.3 Q.2 13, -1.5
July 9.2 184 =0.4 7.3 1641 =2.8 §.86 18.1 =1.8
august 12.2 21.5 2.0 10.2 1%.1 -0.5 1.6 21.2 -2.4
September 16.1  25.0 73 13.6 21.0 3alt 15.0 23.9 4.5
Uctober 16,8 27.9 11.6 174 25.2 7.5 18,1 25.9 8.7
Novewber 21.0 28.3 13.8 8.4 25.5 9.0 16.2  25.2 10.6
Deceuwber 220 29,5 5.3 20.3 27.5 11.8 20,4 27,0 12.3
Year 17.0 25.0 17.0 1.0 22.7 5.7 15.8 23.7 6.2
Rework: In compiling these Tables 2, 3 and 4 very frec and frequent use has been nmade

f the work of the following autnors:
Coctzee, J.il. (personal communication)

schulze, 1065




Yinds, attaining their wmaximum speed in the afternoon, are usually
wrth-westerly., Dust storms, similar to those in the Sudan (8chulze,
196%), occur in the late syring and in association with the forefronts
of thunderstorms (Plate II, Fig.2). ¥Winds attain their maximum average
speeds during Cctober,

Relative humidity varies from approximately 40 per cent in January
to below 30 per cent in October. Mean annual evaporation from class

A" evaporation pans exceeds 2250 mm per annum (Table 3).

(ii) Sub-tropical South-eastern Region

Average annual precipitation varies from 500 - 700 mm (Table 2).
Deviations of annual totals frowm long-range averages are smaller in
the east than in the north-west. Precipitation is almost exclusively
due tc showers zud thunderstorms. Thunderstorms are often acconpanied
by strong gusty winds and hail. The wintermonths are normally dry,

~
he,

almost &5 per cent of the annual precipitation falls in sunmer; from

i

October to March. ideavy falls of up tec 150mm witnin a day or even
few hours are not exceptional.

Sunshine duration is in the order of 70 - 30 per cent of the
possible., Average nmaximun tewmperatures in December and Jaauwary is 27 C
(Table 4). During June and July average maximum tewperatures are roughly

0 . - o} 20 .
187C. 4average minima range from 12 °C to 13 C during January and
, . . o -0
December. In July average minima and maxima are -2 C and 16 C
. o . o, .
respectively. fxtremes can sink to -9 C. The frost-free period lasts
for approximately 245 days.

#inds are on the whole light but can be strong during thunderstorms.
Dust storms, similar to those in the drier area, are a detrimental
feature of the climate.

Relative humidity varies from approximately 5C per cent in January

to below 30 per cent in October. Mean annual evaporation from class

"A'" evaporaticn pans ranges from 1750 mm to 2250 mm per annum (Table 3).
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(iii) Paleocclimate

Vicissitudes in the paleoclimate of Southern Africa during the
Quaternary has excercised a determining influence on the biological,
geonmorphological and pedological evolution of the sub~continent
(King, 1962).

Widely dispersed evidence of oscillations in paleoclimate has
accrued mainly from archaeological and palaeontological investigations.
Comprehensive surveys into this field was stimulated by an interest in
human and humanoid fossils as well as associated implements, Despite
some not totally unjustified objections such as regional trends in
skills of the makers, to the use of artifacts as a guidance in
correlation problems, it still seems the only matefial available. A
disadvantage, however, is & tendency for it to be restricted to the
proximity of open water.

That relative dating and correlation of Quaternary deposits may
only be achieved by the use of human remains ig logical. Only this
species was subjected to evolution, sufficiently rapid, to provide a
biostratigraphic timescale for the subdivisions of the Quaternary.

The fossil remains of éther fauna, because of their slow evolution

are only capable of indicating broad homotaxial equivalences. The
possibility and feasibility of the use of artifacts for above

mentioned purposes is endorsed by available.C1% datings of widely
dispersed occurrences (Clark, 1962a and 1962 by Mason, R., personal
communications). These ages were obtained by the dating of carbonaceous
matter which occur in association with Middle Stone-Age artifacts
(Table 5); the Rhodesian Still-Bay culture is coeval, in time with the
Middle Stone-Age culture in South Africa (Cooke, 1957 and Cakley,

1957) .
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Table 5: C * dates of widely dispersed deposits assoclated with

the occurrence of Middle Stone-Age impleowents.

Sulture —— _ " Type of deposit Tocality __ Radio Carbon dates(B.C.)
Middle Stone-Age Spring deposit Florisbad, 29,000 years (x)

Orange free State

S5till Bay Cave Kalamba, Zawmbia 30,000 - 27,000
years (x)

ave Olieboomn, 33,000 years (=)

(@]

Middle Steone-Ape

Transvaal

(x) Clark, 1662 a and 1962 b

(%) R.Fason, personal comimunication,

snother interssting development, which may provide an ultinate key
to the formulation of an acceptable theory of Fleistocene climatology,
is the concept of Zeuner (1959). He proposed the usc of the period of
the precession of equinoxes zs a basis for an absolute chronology of
the Pleistocene. According to this concept the vicissitudes in climate
is dependent on variation in the heat received from the sun as a result
of cyclic changes in the orbit and axis of rotation of the earth.
Zeuner has made out an excellent case for the paleoclimate of South
Africa based on the gqualitative lines published by the astrophysicist
Milankovich.

With reference to the afore mentioned facts and interesting
theories, as well as with due regard to the warning of Malan (1943)

o

with respect to ''the dangers of assuming too wide a geographical
extension of the climatic sequence established for any particular area'
the author feels justified in drawing the following (Table 6)
conclusion from field observations. Further reference to the table will
be made in the discussion of the Pleistocene deposits and geomorphology.

Nothing can be said about the magnitude of climatic changes, mainly
because of uncertainties about the ecological tolerance of soils and
the fauna. It is felt that presentation and interpretations of the

evidence should remain objective. Over-simplified thecories which are
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Table 631 Tentative chronology of Quaternary events in the Highveld Region.

Etage Events Culture Climate Suggested
East African
Parallels
(1) (2) (3)
- Human interference, liberation of sand at the Somi-arid
surface by cultivation and its detrimental
Recent influence on the natural vegetation. Aeolian Present -3
deflation of derubefied sand. Barchan dunes
and small wale-back dunes. Sub-tropical
Formation of mineral dromorphic soils (deru-
Epi- befication) in areas Eiere the drainage vas Later Fluctuating Nakuran
_ impeded by the accumulation of river-border Stone Wet and Vet
Pleistocene dunes. Denudation and cutting down to present
contours. Soil formation. Age Dry Phase
Aggradation of rivers. Limited redistribution Nakuran
of aeolian sand. Accumulation of gurnet-bear- - Dr Dr
ing sand in the form of river-border dunes. T y y
Phase
Formation of younger pans. Colluviation.
. Accumulation of grit and fluviatile sands Middle Fluctuating Makalian
Upper along rivers. Removal of aeolian sand from Stone Wot Wet
regional slopes. Soil formation. : Age Phase
Large scale asolian activity. Accumulation
of rubefied desert sands, redistribution of
older aeolian sands. Filling in of gullies —— Very Dry —-—
along the escarpment by fine sandy loess.
Deepening of pans by .wind~-deflation.
Erosion of calcareous crusts. Deposition of Last Phase
youngest gravels along Vaal River and tribu- of Gamblian
Pleistocene taries. Large scale gulley erosion of alkali S.A.Acheu- Wot
terminal-stream basins along escarpment. lian : Pluvial
Soil formation. (Fauresmith)
Formation of calcareous crusts in the west
and takyr in the terminal wadis along the ——— Fluc;:ating —
egcarpments. y
Deposition of several facies of younger =< Barly Wot Kan jeran
Middle gravels along Vaal River. Removal of pans Phases of Pluvial
along regional slopes. Formation of ocalca- S.A Dry —_—
reous crusts in the west and accumulation Ache&lian Wet Kamasian
Pleistocene of alkali in terminal wadis along escarp- Pluvial
ment during intervening dry phase
Deposition of rubefied aeolimn sand. Large
scale desert colluviation, consequent mix-
ture of aeolian sand and colluvium which e Dry o
Lower form the horizons of maximum clay content
in many profiles. Formation of large defla-
tion basins and pans
Pleistocene Pediplanation. Deposition of older gravels Pre- Het Kangeran
along Vaal River. Soil formation. Acheoulian Pluvial

(1) Van Riet Lowe, 1937 and 1952; Séhnge and Visser, 1937; Cooke, 1940, 1946,

Clark, 19543 Van Zinderen Bakker, 19573 Alimen, 1957; Harmse, 1963.

(2) Mason, 1962 and Mason, R. (personal communication).

(3) Mortelmans, 1950; Van Zinderen Bakker, 19574 Cooke, 1957.

1949 and 1957;




not yet adeguately substantiated will as far as possible not be
allowed to influcnce the outcome. It is, however, the author's
considered opinion that the inportance of the influernce of paleo-
climate and associlated pedolopgical and geological events on the trend
of profile development should not be underestimated. Many of the soil
profiles praesent part of an unfinished pageant wherein their present
status is an inexorable conseguence of past events.

Contenmporary climatic counditions do nct appear to be a major factor
in determining the distribution of soils in the Highveld Region. Host
variations in soil profiles are due to the superposition of different
layers of aeolian sand or their absence. The hydromorphic regirne
resulting from the superpositioning of strata with different
permeabilities and variation in relief appear to be the most significant

soil-forming factor.

]

B. Vegetation

A salient feature of the flora of the Highveld Region is the
general tendency for scrubs and trees to grow on lithosols and
skeletal soils. Grass, in contrast, is the predominant form of
vegetation over large tracts of country on the undulating plains.
Encroachment of Karroo Vegetation, mainly in the form of non-
succulent scrublets is conspicious on poorly managed pastures. A

typical pioneer on sandy soils is Chrysocoma Tennifolia (linn). The

:

vertisols on the other hand are susceptible to an invasion by Karroo
Thorn (§9§S£§ﬂ5§£§93)' LZpart frow the above mentioned changes there
are vague and insidious shifts in the grass pepulation.

Because of the wide tolerance of certain grass species,

particularly Thereda Triandra, only broad distincticns between

floristic associations are possible. &ccording to Acocks (1953)
rainfall and soil type, in lizison with an ensemble of phenomena [’

such as overgrazing and erosion, are the major factors which



determine the geographical distribution of the flora.

Higher rainfall in the south-esgstern and southern parts of the

Highveld Rezion favours the aixed grassveld, the Cymbopogon Theneda

Veld, Further to the east, concomitant with an increase in thickness

—a i mpinm

of the aeoliun~-sand cover, the Cymbopogon Thereda Veld merces gradually
into the Sour Sandveld. To the west it is replaced by a floristic

association described by Acocks (1953) as the Dry Cymbopopon Themeda

Veld. An ugsociation, transitionul between the above mentioned
assoclations, streches down the middle of the Orange Iree State, It
coincides with the minor escarpment which demarcates the transition
from the early-Tertiary pediplain to the late-Tertiary pediplain
(Map % in pocket).

The Dry Cymboposzon Themeda Veld is progressively replaced, towards

the nortih-west, by the @astern Variation of the Kalahari Thornveld.
The latter consists essentially of oper savauna with occasional tall

caimelthorn trcees (Acacia Giraffae), The floristic associations on

the skeletal-lithosol conmplex associated with the pre-Cambrian
formations has been grouped into & single unit by Acocks (1653),

under the name SBankenveld.

b

Some of the flora show a preference for certain soil types and
geolcgical Tormations, This association as well as its variation with

annual precipitation, merits further elucidation:

1. The flora on the vertisols, despite a variation in annual
precipitation from 500 to 700 umm, arce singularly dominated by

particularly pure stands of Themeda triaudra. A noticable increase

in the species IHeteropogon contortus takes place with a conconmitant

increase in rainfall., In the west, mainly due to overgrazing, an

k'l

increase in Sragrostis obtusa and FEragrostis chloromelas becomes

apparent. The presence of spscies such as Panicum coloratum

according to Acocks (1853), however,‘shows it to be, actually and



in effect, of a drier type'.

The transition from the Cymbopogon Themeda Veld to the Dry Cymbopogon

Themeda Veld which is, in reality, associated with azn increase in

lithosols and a more patchy distribution of acolian sand (due to

removal by erosion) is characterized by the occurrence of, besides

oK

Themeda triandra, wsragrostis chloromelas and Oxalis depressd.

o,

Lithosls and skeletal soils are covered by icaciz Karroo (on

dolerite) and Grewia occidentalis, Celtis Kraussiana and Qlea

africans (on sandstone and shales),

As the depth of the aeolian sand increases to the north-west

Eragrostis Lehmanniana becomes the dowminating species, Sub~dominant

~

species include Setara flabellata, Theneda triandra and Cymbopogon

plurinodis. Acacia giraffae has a clear affinity to grow on well-

drained regosolic-sands. The floristic association on hydromorphic
soils, on the other hand, is dominated by & profusion of Imparata
cylindrica.

The transition from vertisols to lighter-textured soils in the

south-east coincides with important increases in the species

Tristachya hispida.

The vegetaticn on lithosols and skeletal solle in the Bankenveld
(Acocks, 1953) is subject to some interesting variations. Basic-
and intermnediate- ignsous rocks are almost without exception

sparsely populated by particularly pure stands of Acacia scrub.

Species such as Acacia Karroo, Acacia caffra and Acacia spiro

cargoides are the most abundant.

Skeletal soils associated with arenaccous sedimentary-rocks and

. uch 14 , -
granite are populated by trees and scrub898s Celtis Kraussiana,

Clea africana, Kiggelaria africana and Myrsine africana. Acacia

liok®)
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giraffae grows luxuriously on above mentioned soils, but is
restricted to the area with an annual precipitation of less than
600 mm. The abundance of frotea (spp) increases with mean annual

precipitation.

A conspicuous association exists between the lithosols on dolomite

(Map 3) and the occurrence of Karree (Rhus spp).

Tarchonanthus camphoratus shows preference for areas occupied by

calcareous crusts. Grewia (spp) grows in clumps and has a

distribution similar to Acacia giraffae.

The grass communities of the Bankenveld association are mainly
subject to variations, concomitant with variations in rainfail. The
western (drier) variation are dominated by species such as

Bragrostis chalcantha, Digitaria tricholaenoides and Setaria

flabellata, Typical species of the central variation include

Trachypogon capensis, Tristachya hispida, Elyonurus argenteus and

Heteropogon contortus. & gradual transition toward -the Sour Sand-

veld characterizes the grass community from Vereeniging to Delmas.

Tristachya hispida, Zragrostis chalcantha, Heteropogon contortus

and Digitaria tricholaenoides comprise the dominant grass species

of the eastern variation of the Bankenveld.

C. Geomorphology

Widespread concordance of summit levels, straight skylines and

expansive tracts of country consisting of essentially featureless

vlains are the conspicious aspects of the scenery in the Highveld

Region.

A sequence of three erosiocn surfaces and associated topographic

features constitute, in liaison with resurrected topography, the

major geomorphological features (Map 3, in pocket). These erosion

surfaces, described and deliniated by King (1962 and 1963}, are



defined with reference to the chronology of the custatic movements
responsible for their initiation at the coast. The eustatic movements
were in the form of major upheavels on a continental scale with
negligible differential -components in the Highveld Region (King, 1963).
The successive surfaces are known by the following names, the
uppermost being the youngest{ alternative names are given in paren-

theses:

Main Erosion Surfaces. General altitude above sea level
of plains in the Highveld.Region.
(1) Post-african Surface 1200 - 1500 meter

{Late-Cainozoic or late-Tertiary)
(2) African Surface 1450 - 1620 neter

(Early-Cainozoic or early-Tertiary)

(3) Gondwana Surface 1800 - 2100 meter

(Jurassic-Cretaceous Surface)

Overlapping in altitude, of the general elevations of these plains,
is according to King (1963) partly because the original drainage was
towards the interior. Downwarping of the interior with respect to
the continental devide, which constitute the present water shed, has
tc some extend also been instrumental in inaugurating this phenomenon.

The preservation and co-existence of the flat remnants of old
erosion surfaces, in the case of the Gondwana surface for something
like 140 million years, is attributed to the process of pediplanation
and the quiscent orogenic history of the sub-continent (King,1962
and 1963 and Holmes, 1G65). These plains are vulnarable to
denudation only from their flanks. Transition between successive
erosion surfaces is demarcated by dissected escarpments consisting
of well-developed hill slopes and pediments which develop along the

sides of subseqguent valleys. Ultimate coalescence of adjoining
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pediments give rise to essentially featurelcss pediplains.

Anomalous features on these plains or erosion surfaces are produced
by resurrected topography; the differential resistance of rocks and
the effects of oscillations in paleoclimate. Both resurrected topography
and differences in resistance of rocks pertain to specific properties
of certain geological foruations and rock-units. These are, therefore,
elucidated under the discussion of the geology. It will suffice to
mention here only, that the hilly aspects of the country north of the
Vaal River are entirely attributable to re-exposure of pre-Karroo
topography (King, 1963).

Transition from the Gondwana surface, which lies at an average
altitude of between 1800 - 2100 meter along the border of Basutoland,
to the plains of the younger African surface is characterized by
several ‘terraces'. The altitude of the plain~sections of these are
controlled by rezistant bands in the Stormberg Series, viz the
Molteno Beds and Cave Sandstone Beds. The Molteno structural-plain,
which is the most extensive of the two (Map 3), lies at an average
altitude of 1650 meters and represents a local phase of the african
surface (King, 1963). Ia cowparison with the surrounding country, with
respect to map coverage, the transition between the African surface and
its local structural phases is the geogravhical locality of the maximum
occurrence of solodized solonetz, lithosols, and regosols. Similary
is the low escarpment that runs down the middle of the Orange Free
State (Map 3). This low escarpment constitutes the transition zone
between the post-African~ and the African~ surface.

The transition between these two erosion surfaces are extremely
vague on the northern side of the Vaal River. King (1963) attributed
this to relative basining in the interior during the eustatic events
which elevated the ifrican surface to its present altitude. Paleo-
topography has, however, much to do with this phenomenon. Du Toit-

(195:) for instance ascertaincd that the configuration of the present
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Harts-River Valley consists largely of re-excavated glaciql Features.,.
The smothering efiect of the zeolian sands and calcereous crusts,

which obliterated wmuch oi the properties of the erosion surfaces
diseprearing underneath them, has undoubtedly also played a wmajor rolc.

The aeolian sand and calcrete transgresses both surfaces and extend
down to the margin of the »nresent flood plain of the Vaal River. It
was, therefore, deemed advisable tc consider all areas where aeolian
sands occur as aggradational phases of the major erosion surfaces (Map 3).

On the southern banks of the Vaal River, the younger garnet-bearing
sands (Harmse, 1963), which accumulated in the form of river-border
dunes (Table 6), form an ‘'escarpuent' on the flood plain. Further
afield, south of the Vasl River, the dominant aspect of the aeolian
sands is that of seif dunes following the physical grain of the country
on the post-iAfrican surface.

Above-mentioned facts tend to support the contention of Du Toit
(1954) and Xing (1983) that denudation during the Quaternary were
restricted to the removal of surficial deposits from the retreating
escarpiments and other areas with positive topography.

Fluctuations in paleoclimate during the Fleistocene induced a
further crop of divergences. The most conspicious and important of
these besides the acolian ssnds and calcareous crusts, are the large
number of pans1 and less well-defined '"floors (Du Toit, 1954).

The problem of the genesis of these 'topographic depressions” has
been dealt with cowprehensively in the literature, In South Africa
as well as in Australia (Du Toit, 1954; Jessup, 1960), wind deflation

Al

is being regarded as the major factor responsible for their formation.

@

Some of the pans attain a size exceeding 600 hectares,depression
below the surrounding country may often reach 40 meters. The highest

occurrence of larger pans is in the western part. In the east,

1 o e . . . . .
In 3outh Africa, topographic depressions rormed by wind deflation.
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though smaller, pars are equally abundant (Van Ecden, 19373 Du Toit,

:).

1954 Visser, et al., 194

\O

The presence of these pans on the early—TQrtiary erosion surface
as well as the late-Tertiary erosion surface; sets a lower limit of
late-Tertiary or early-Pleistocene on the time of their formation.

The occurrcnce of numerous artifacts belonging to the fauresmith
culturce and #iddle Stone-ige culture, along and, in the pans is
according to S.H.Hdzughton (personal communication) an indication

that some of the larger pans, if not formed completely (with regard
to their present dimensiouns), were at least initiated during a period
which pre-dates these cultures. His contention is that the people who
made the tools would only have been able to live away from the river
valleys, after the establishment of the inland water sources; even
during wetter periods (Table 6).

Smaller pans or deflation hollows are at present forming in poorly-
drained areas., This i1s mainly due to the mobilization of asolian
sands which becawe derubefied under anoerobic conditions as & result
of water stagnation. The susceptibility of the hydromorphic soils to
wind erosion is further nmanifested in the associated hummocky topography
and barchan duncs (Tabel &).

The detrimental influence of human éctivity, to a large extent also
instrumental in creating above-mentioned situation, on the vegetation
cover 1s everywvhere noticable. Consequent increase im run-off is
manifested in the scouring out of river valleys and in sheet erosion.
Lowering of the local base levels of erosion results in the valley
sides being dissected by gulley erosion. This is particularly the
case at the relative youthful ungraded river-sections which coincide

with the low escarpments.
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III. GEOLOGY
A. General

Corroboration of the exceptionally quiescent orogenic-history of -
the area during the Karroo and post-Karroo period is found in a
correlation between an ascending order in the stratigraphic column and
elevation. Arnomalies arise through the removal of softer Karroo rocks
by erosion and exposure of the more resistant pre-Cambrian rocks
(King, 1963). The resurrected topography dominates the scenery north
of the Vaal River (Map 3).

The various geological formations represented by outcrops in the
area are given in a descending order in Table 7. The topographical
expression of the rocks is undoubtedly a major factor in determining
the geographical distribution of soils, skeletal soils and lithosols.
Consequently considerable attention will be given to the topographic
expression and petrography of each stratigraphic-~ and/or rock~- unit.
The distribution of the main geological formations is given on a

generalized geological map (Map 2y in pocket ).

B. Archaean Granite

These granitic rocks, styled "old granite" to distinguish them from
younger granite-bodies of restricted size, show mainly in the form of
windows in a mantle of younger strata. Except for the centre of the
Vredefort Dome where the old granite has been '"jacked" up in the form
of a solid hub, outcrops of pedological interest are restricted to the
area between Klerksdoryp and.Lichtenburg. Outcrops are comparitively
rare and restricted to drainage channels. On the interfluves the
terrain is extensively covered by poorly-sorted aeolian-sand. The
sand consists partly of extraneous material introduced by the wind
which became thoroughly mixed with locally derived weathering-products

of the granite (Profile 200/203).
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Table T3 Simplified stratigraphic colunn.

Late-Tertiary to early-Pleistocene -« = -« = = = = =« = = =« < =

(,bwyka Seriog = = = = = = = - - - - - -
<) - .
o Ecca Series = = = = = = = =« = = = = = =
o]
&
4
D
Becufort Series — = - - = = = - - - = —
o]

*ﬁ ~arroo System j

© 4 lMolteno Stage = -~ ~ - -
-
0
B Red Bed Stage = = ~ - -
4 Stouroio,: J
-
. Seri.. Cave Sandstone Stage -
Drakensberg Bed Stage -
k\_ \\_ \\ Dolerite = = = = = =~ =
Nominion Reef Systom = = = = = = = = = = = = = = = = - - ~
\
£| .itwaters Rand System - - - (Five Serieg) = = = = = = - ~
[}
-
i
Q vy
a Jontersdorp System — = = = = = - = = - - = - - - - =~ =~ - ~
3

ho
! Llack Reof Series = = = = = = = = = ~ -~
Q
H
- Dolomitc SGTies — = = = = = = = = = = =
Transvaal System
\\_ Protoria Sories — — = = = = = = = = = -

Busement Complox — - = = = = = = = = = = = = = = = = = = = =

Terras gravels,
Calcareous and
Siliceous crusts,
Aeolian sands.

Tillite and Shale.

Shale (calcareous,
carbonaceous and
arenaceous), Coal
seems, Immature
sandstone and
Mudstone.

Shale, Mudstone,
Arenaceouc shale
and Immature
sandstone.

liature sandstone,
Grits and Shale.

Immature sandstone,
Orits and Mudstone.

Massive mature
sandstone.

Basaltic lavas.

Dykes and Sheets.

Conglomerates,
Lavas and
Quartzite.

Conglomerates,
{(uartzites, Shale
and Slatoes.

Andesitic lavas,

Agglomerates, and
tuffaceous Sedi-

ments.

RQuartzite, Shale
and Conglomerates.

Dolomitic lime-
stone and Chert.

Quartzite, banded

Ironstones, Shale
and Lava.

Qranite.



Investigation of thin sections of the granite reveals a

hypidiomorphic coarse-zrained texture. The constituent minerals are

mainly orthoclase and quartz (with undulatory extinction) with
subsidiary amounts of wmicrocline and sodium plagioclase. Accessory
minerals congist of chloritized blotite, magnetite, ilwmenite and
allanite. The crop of hedvy minerals, obtained from the crushing of

weatihiered rock and by bromoform separation, counsists entirely of

idiomorphic gr:

]

ains of zoned zircon. The presence of this variety of
zircon in the heavy fractions of the soil hcoriszons as well as the poor
sortating of ths sand fraction substanticte the contention that the
aeclian sand is extensively mixed with detritus derived from the granite.
Of further significance i3 an increase, with depth, in the angular
quartz-grains which exhibit undulatory extinction. This indicates a
progressive increase towards the surface in extraneous acolian-sand.
Absence from the C horizon of angular felspar-fragments implies that

the whole solum has been subject to wind transnortation. This may

also explain the absence of twinned grains of felspar znd microcline

and
occurring abundantly in the granite, The felspd ‘microcline grains

could be expected to be more susceptible to mechunical destruction,

considering the visour of acolian attrition (Xuene, 1960).

C. Dominion Reef Systewm and ¥“itwatersrand Systen

The occurrence ol these Tormations are restricted to the vicinity
of the Vredefort Dome, the area between Klerksdorp and ‘olmaransstad
and the wiwatersrand. Consisting entirely of & series of alternating
quartzites, shales and some intercalated lavas these rocks have a
topographic expression that is not conducive to soil formation.
Comumonly assoclated with the terrain asre skeletal soils, lithosols
less than 30 cm thick and regosols (profile 63%/65). Through mechanical
disintegration and mass wasting these rocks have contributed detritus

for subsequent distribution by the wind. aecolian-sand sheets




coumonly extend from the south-eastern boundories of outcrops over

RS

the featurcless plains associated with the Dolowite Series znd the

miscellaneous rocks of the Korroo 3ystenm.

D. Ventersdorw Svsten
D. Ventersdory Systen

Rocks of the Ventersdorp System occupy a considerable area in the
Transvaal, Three types, mainly volcanic rocks comprise the systen,
nanely lavas, pyroclastic agglomerates aznd tuffaceous sediments. The
lavas may be subdivided into andesitic lavas and quartz porphyries.
In terms of map coverage, the andesitic lava is the most extensive in
this arca. It is characteristically strongly epidotized and sericitiged
(Von Backstrdm, et al., 19533 Van ieden, et al., 1963). The andesitic
lava never rises inte conspicuous prowminences beyond wolwmaransstad.
The unduleting plain is extensively covered by a layer of aeolian
gand (Map 3). King (1963) pointed out that this extensive plain
repressats a fossil feature which detes back to pre-Karroo times. His
contention seems to be substantiated by the presence of glaciated
pavements and outlayers of Karroo Sediments (Von Backstrom, et al.,
1953).

in exception to the abuve mentioned generalization with respect
to the topographic expression of the lava, is evident from ﬁolﬁarans—
stad to the south. idere the rocks of the Ventersdorp System_(mainly
amygdaloidzl andesites, guartz porphyries as well as some tuffaceous
sediments) fofm characteristic low rounded-hilie which are often
densely covered by Acaclas, thus extending the area charscterized
by diversified topography and skeletal soils beyond the confines of
outcropping members of the witwatersrand- and Dominion Reef- Systems.

The Ventersdorp lavas in general, despite their high weatherable
mineral-reserves, only form skeletal soils., It has,however,
contributed detritus to the seolian sands. Complete deflation by

wind of existing scils =znd their incorporation into the aeolian
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sands may explain the high epidoto-content of zeolisan sands on the

andesitic lava (Profile 205/211).

E. Transvaal Systen

(i) Black Reef Series.

The Black Reef Seriles consists of a persistant band of rather
1 . . N S
mature quartzites and conglomerates, This rock-unit is of little

gz and soil formation. Its

[

interest both with respect to map covera
presence in the landscape 1s usually betrayed by a tree-covered range
of low hills which demarcates the featureless plains associated with

the underlying lava and the overlying dolomite.

(ii) Dolomite Jeries

As the name implies it consists alwmost entirely of a thick succession
of dolomitic liumestone with sub-ordinate chert-bands. Solution and
wegthering ol the dolouite results in an accumulation of lcose chert-

.rubble on the surface which exhibits & characteristic dark-brown staining

due to the presence of mangznese oxides. The nmangancese oxide is a product

of residual accumulotion caused by the selective solution of magnesium-
and calciuu- carbonates (King, 19533 Du Toit, 1954).

In gencral the dolomite plains deviate little in height from the
surrounding gencral plain. In detail, however, iuportent differences
are apparent. The drailnage is not co-ordinated and the topography is
more diversified owing to the presence of numerous sinkholes. These are
disposed in a patteran that coincides with the drainage systen. Cwing
to the typical karst phenonicna, described above, these plains have been

demarcated as "karst phases'" of the early-Tertieary erosion surface

(Mep 3.

1 - .. P . . .
A term used by Fettijohn (1%57); meaning sediments or sedimentary

rocks with low content of easily-weatherable minsrals.



The accumulation of residual chert resulted in the dolomite plains
being extensively covered by lithosols and skeletal soils. North-west
of Lichtenbarg large tracts of dolomite country are covered by aeolian

sands, :deolian sands also occur on dolomite in the rest of the Highveld

o)
£

Region, wherc the plains occur in the down-wind direction (south-east)
of hills formed by rocks of the Hitwatersrand System and Fretoria

Series of the Transvaal System.

(iii) Pretoria Series

This stratigraphic unit consists of a thick succession of quartzites
with intercalated beds of banded iron-stone, ferruginous shales and
some lavas. It has a topographic sxpression similar to the rocks of the
Yitwatersrand System, which consists mostly of fossil features exposed
by the removal of the softer Karroo rocks. The terrain is dominated by

skeletal soils.

¥, Karroo system

By far the most important rocks in the area, hoth with respect to
map coverage and parent material of soils i1s this thick succession
of arenaceous znd argillaceous sedimentary rocks, which are extensively
invaded by dykes and sheets of dolerite. Its accumulation commenced
with the deposition of glacial conglomerates and culminated in the
outflow of basaltic lava. The intervening beds, between the tillite at
the bottom and the basaltic lava at the top are subdivided mainly
upon lithological and paleantologsical grounds (Table 7). Cwing to
regional planation (with exceptions) the country occupied by the
horizontally disposed Karroo strata is usually characterized by

extensive-undulating plains.,.



(i) Dwyka Jerics

In the area the only rocks of the Duyka Series occur in the
vicinity of Lichtenburg. It is coaplately covered by =meolian sand

and was only encountered in profile pits (Frofile 204/207).

(ii) Bcca BSeriecs

Ferusal of the relevant literaturc (Visser et al., 1949 Nel and

o

Jansen, 19573 3ehlke and Van der Merwe, 195C: Coetzee, 156035 N

Nel and
Verster, 1962) reveals a variation in lithology from predominantly

1 5.

argillsceous in the north-west fto largely arenaceous in the north-

w

east. Interesting is the sxact opprosite tendency in the distribution

of light~ and heavy- textured soils. In geuneral, despite the regiocnal

trend wmentioned above, argillaceous sedinents predominate. In the

north-west the lithological units, though well-bedded, are thicker

than in the north-east. In this region they consist of thinly-bedded

alternations of micaceous shsle, carbonaceous sediments, dirty arkosic-
sandstones and calcareous mudstones., The following salient features

of the bicca Series, because of their importance to its soil-forming

characteristics, need further recapitulation:

1. & general feature of the arenaceous rocks is its textural and
mineralogical immaturity (a term coinsd by Pettijohn (1$57).
#lthough =zomo regional trends may be recognizable, argillaceous
sediments predominate.

2. These gedimentury rocks disintegrate and weathers readily, giving

@

rise to the formation of heavy-textured soils (Profiles, 22/29,
OroI0 < i~ 7 7
56/69, 105/108, 133/136).
3. On account of the above mentioned characteristics extensive plains,
though to & certain extent attributable to planation on a regional

scale, are the salient topographic features associated with the

geogravhical distribution of the #cca Series.



gillececus sediwents hove & lower garnet content than the

.

arenaceous membrrse. The lower Middle-Ecca saudstones contain

little garnet, but garnet becomes the predominent heavy-minera

up in the succession., 4 sinilar trend is noticable in the

garnst content of the Lower kMiddle-icca sediuments from the north-
west to the east (Table 3). The heavy-mineral fraction of the Ecca
sediments contain only resistant minerals such as zircon, rutile,
garnet, tourmaline and some accessoriss. 4 salicat fsature is the
angularity of the constituent minerals. This phenomenon was also
observed and reported by vardaugh (1960), Koen (1958) and Visser,

et al., (1949).

\J1

. The Zcca Series is extensively ccocvered by aeolian sands. Judging
from the low gorunet content of the acolian sands, the heavy-

nineral composition in general, the roundness ol coustituent ninersls

i3]

r
J

H

and the form of the zeolian sedimentary-bodiss, traneport must have

P

b’

veszn frow the north-west.

(iii) Beaufort Jevies

The similarity in lithology betwéen the sediments of thae scca-
and Beaufort- 3eries has been camphasized by Du Toit (1954), Haughton
(1663) and Van seden (1937). Cf significance is the thick succession
of mudstones and siltstones. 3iltstones become the predominent
counponent towards the north-east. The area occupied by these sedinments
is mainly devoid of any excesses in diversity of tovogranhy. The
terrain is, however, slizhtly more undulating. Thi: is due te the
fact that it represents en older pediplain (King, 1993).

The similarity between the Ecca- and Beaufort- Series is also
manifested in the heavy-mineral composition. Tho arenaceous rocks
yielded crops of heavy-minerals which counsist practically entirely

of angular grains of goruet., The garact content of the argillaceous

sediments are si nificaatly lower (Dable 3).
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The entire area occupied by these sediments, except some regioncl
slopes, is covered by a veneer of aeolian sand and surface drift

(Profiles 182/185 and 143/146),

(iv) Stormberg Serics

The filling of the Karroo basin culminnted in the deposition of the
Stormberg series, The area in the South Crange Free State exceeding
1650 meters in altitude is composed of this formation. Corroboration
of a complete change in the environment of deposition is not only
found in the salient aspects of these sediments but also in the heavy-

;

mineral composition. A striking feature is the low garnet content of

the arenaceous rocks (Table 8).

Molteno Stage.- This resistant band of massive grits and sandstone

rests with no appareat unconformity upon the éofter Upper-Beaufort
shales. It forms a bold escarpaent consisting of ncarly vertical cliffs.
485 a result of the incision of subsegquent streans and valley broadening
numerous mesas, capped by Molteno sandstone, became detached from the

continuous low-escarpaent demarcating the Holteno structural-plain

(Map 3).

The mesaes as well zs the escarpment are not covered by soils.

Red Bed Stage.- These sediments consist of alternating bands of friable
reddish to brilliant-purple argillacscus and arenaceous sedisents,
Judging from their topographic expression these rocks are apparently

highly. susceptible tc denudation. The plains associated with the

geographical position occupied by the Red Beds are ccvered by a thin

layer of sandy loess (Protfile 155/168).

Cave Sandstone 3tage.- The name of this stratigraphic unit has been

derived from the presence of hollow cliffs near the base of the

escarpnents which are unvariably associated with this resistant
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sandstone horizon. The sandstone is normally massive and mature with
well-rounded, almost spherical,quartz grains. These facts suppcrt the
contentions of Van feden (1937), Du Toit (1954) and ‘fardaush (1960)
that it is an aeclian deposit.

Like the Molteno Beds these rocks form bold, nearly vertical, cliffs
devoid of'any s0ils. Another comiton aspect is outlayers in the form of
mesds which rise abrupntly above the undulating plains. Some of the
mesas are capued by pinacles of basalt, others have level tops covered
by skeletal sovils. Sandy loess which accumulated in protected places
such as hollows give rise to the fornation of hydromorphic soils
(Frofile 174/177). The heavy nmineral fractions are characterized by
the presence of important quantities of blue, green and purple tourmaline

(Table 8).

Drakensbersz Basalt.~ Van fSeden (1¢37) and Du Toit (1954) emphasized

the similarity in mincralogy and chemical-composition between the
basaltic lavas and its plutonic equivalent the dolerites. The topogra-hic
position occupied by the lava is, however, such that the outcrons consist

only of bare rock,

Karrco Dolerite.~ The disposition of the intrusive dolerite bodies,

which were the feeding chanrels of the basaltic efiusives, with respect
to the scdiments is diverse. Nearly vertical dykes ramifying throug

the sedinments and sheets concordant with their bedding planes, have the
highest incidence of occurrence., 4lthough dolerite dykes may be sncoun-
tered in rocks representing the entire stratigraghic column, sheets
tend to be more numsrous in the Karroo sediments with well-developed
bedding plarnes, This explains the relatively large tracts of couatry
occupied by this rock type and soils derived from it (Frofiles 16/21;
S4/065 154/155) in areas where the well-bedded sediments of the Hcca
Series are encountered (Visser, et al., 1949; Du Toit, 1954; Coetzee,

16604 Mel and Verster, 1$62).
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The texture of the dolerite varies with the gize of the intrusive
bodies. Normally, dykess and thin sheets are {ine-grained. The thicker
csheets, which may in sowme instances approach the dimensions of
laccoliths (Visser, et al., 1G4S ) are coarse-grained.

Mineralogical investigations with the ald of a rederov urniversal
stage reveals the presence of plagioclase with an ancrthite content
which varies from 35 to 83 per cent. Aonation is evidently responsibls

for variations within single grains. Larger grains tead to be mers

basic than smaller ones. The pyroxenes exhibit a large variation in
WN
optical properties. Grains with nearly paraliel extinction have a

I
large incidence of occurrence., :any grains, however, lhas an extinction
angle of about 380. The 2V is small and ranges from about 25 - 550.

On account of these ontical properties the pyroxencs may be classified
as pigeonites (Poldervaart and Hess, 1951). 3Some discrete graiﬁs of
augite weré also encountered. Detrital grains of pigeonite and augite
could not be differentiated satisfactorily due to the large variation
in optical properties of the pigeonite and the well-developed cleavage
which causes prefexed orientation. Accessories consist of olivine,
ilmenite and titanomagnetite.

On account of a large variation in situations, generalization with
regard to the topogra hic expression of the dolerite poses a difficult
problem. In many iastances dolerite sheets cap low mesas creating
the impression cf the dolerite being inconducive to weathering. These
situstions are, however, only encountered in areas where -incision
was rapnlid end the rate of removal outstripped the rate of scil
formation. Dolerite is resistant to mechanical weathering but highly
susceptible to chemical weathering. In the Highveld Region these
dolerite hills occur most extensively along the minor escarpuent
which demarcates the transition from the early-Tertiary erosion

surface to the late-Tertiary surface (Map 3).
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Dykes usually form slight elevations, these as well as the sheets
which cap the low mesas contributed substantially towards soil
formation through mass wastage of easily-weatherable material down
the slopes giving rise to the formation of the eutrophic reddish-
brown soils. Profiles 12/14, 59/62, 117/120 and 90/93 are examples of
some of the soils.

The dolerite sheets normally tend to be unconspicious in the land-
scape. If not contaminated with arenaceocus material or covered by
aeolian sands it gives rise to the formation of vertisols - Da (D'Hoore,
1964). Profiles 19/21, 94/96 and 154/156 are reprcsentative examples.

When contaminated with arenaceous material or buried underneath
a layer of aeolian sand, various situations may arise. These apparently
depend upon the relief, thickness of the sand cover and probably
whether rock or a former vertisol has been buried. Profiles 4/7,

8/11, 59/62, 12/15 and 157/161 were selected as representative

examples.

G. Tertiary and Pleistocene Deposits

(i) General

Practically all Pleistocecne~-geologists, archaeologists, palaeonto-
logists and soil scientists working in Africa, South of the Equator,
have noticed the widespread occurrence of aeolian sands and calcareous
crusts, and deliberated upon its climatic significance (D'Hoore, 1964;
Loxton, 19625 Van Sys, 19613 Botelho Da Costa and hzevedo, 1960}
Du Toit, 1954 and Van Riet Lowe, 1937). Alimien (1957) gave a review
of the literaturc of Pleistocene chronology in 4frica which provides
an indication of the spectrum of opinion on the subject. There seems
to be unanimous agreement that the widespread occurrences of asolian
sands, and associated features such as the deflation basins, were

formed under conditions of widespread aridity.
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Climate itself is not fossilized. In making deductions upon the
magnitude of paleoclimates use is made of climatic indicators, such
as calcareous- and ferruginous-crusts as well as élimatically displaced
soils (Flint, 19593 Magnien, 1964; Stephens, 1965). Great caution is
necessary in the interpretation of such evidence as profe of former
more-humid climates because such phenomena, as has been pointed out
by Milne (1947), Mohr and Van Baren (19%4) and Brink, et al., (1959),
may reflect soil climate and not cxternal climate.

The aeolian sands overlying older landsurfaces, upon which in some
localities there occur stone-age artifacts, bears no relationship to
the topography and underlying strata {Cooke, 19493 Harmse, 1963). The
disposition of the asolian sands, with respect to the various terracse
levels along the Vaal River (Van Riet Lowe, 1937; Cooke, 1949) is such
that it provides evidence of three alternating periods of deposition
of acolian- and fluviatile-sediments (Table 6).

The Highveld Region had an exceptionally gquiescent orogenic-history
during the Pleistocene (Du Toit, 19543 Haughton, 19633 King, 1963).
Thus, the deposition of the fluviatile sediments could not have been
due to orogeny. According to Hollingworth (1962) fluctuation
between aecolian- and aguous-transport, especially in the absence of
orogenic disturbances, are bound to be climatically induced.

Although the accumulation of ferruginous concretions may have no
significance with regard to the contemporary climate, their presence
at lithological discontinuities would indicate periods of relative
landscape stability and soil formation. In the Highveld Region these
periods may be interpreted as wetter climatic-phases following or
preceding drier phases. If associated with stone-age artifacts these
layers of concretions have the paleoclimatic significance implied
by Van Riet Lowe (1937), Sohnge and Visser (1937); Cooke (1946 and

1949). Furthermore, the theories of paleo-climatology and the
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relative chronology of the sequence of events in the Vaal River valley,
and in Africa South of the Bquator, are based on converging evidence
such as the alternating deposition of water and wind-iransported
material (Van Riet Lowe, 19373 Sohnge and Visser, 1937, Alimien,
1957), palacontology (Cooke, 1949), archaeology and stratigraphy
(Janmart, 19535 Wayland, 19545 Bond, 1957; Poldervaart, 1957; Bosazza,
1957) and pollen-analytical investigations (Van Zinderen Bakker, 1957).
The wetter phases have probably never oscillated far from the
present semi-arid mean. In contrast, however, the widespread occurrence
of aeolian sands, calcareous crusts and deflation basins bears
evidence of intense aridity. Caution is unguestionably necessary in
making deductions on the magnitude of climatic changes because land-
scapes in semi-arid sub-tropical regions are sensitive to relatively

slight changes in amount and intensity of precipitation.

(ii) PFerruginous Crusts and Concretions

The subject of "laterites'"; both from a genetical and morphological
point of view, has been extensively dealt with. A review of the
existing literature by Maignien (1964) confirmed the extreme diversity
of these occurrences as well as the divergency in opinion with regard
to their genesis. He concluded (p.9) that "the word laterite covers a
wide variety of aspects of tropical soil formation and is too general.
It appears increasingly difficult to give a purely morphclogical,
purely physical or purely chemical definition'".

For the purpose of elucidating the genesis of ferruginous crusts
and concretions, encountered in profiles, the following contentions

and observations of various authors need mentioning:

1. D'Hoore (1955) distinguished two principal modes of accumulationj
relative accumulation and absolute accumulation. The process of

relative accumulation embraces an export of non-sesquioxides under
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conditions of high humidity and good aeration. Absolute accumulation,

on the other hand, implies an import of mobilized sesquioxides.

According to D'Hoore (19%5), Maignien (1964), Van Schuylenborgh
(1965) and Sombroek (1966) mobilization of sesquioxides is enhanced
by the biotic factor and anaerobic conditions caused by fluctuating
water~tables. Iron and manganese are more mobile in a reducing

environment than aluminium (Maignien, 1964).

Relative- and absolute-accumulation may occur simultaneously or
successively (D'Hoore, 1955). Although the process of relative
accumulation is largely detefmined by climate. The type of initial
material is the dominating factor which determines the extent.
Basic-igneous rocks give rise to more extensive accumulation than

rocks with lesser amounts of easily-weatherable minerals.

The concept of atmospheric precipitation, being the major factor in
determining the geographical distribution of "laterites", is sub-
ject to reservations (Mohr and Van Baren, 1954; Maignien, 1964). In
contrast to aluminous-crusts, the occurrence of ferruginous- and
manganiferrous—-crusts extend to below the 540 mm isohyet in poorly

drained regions (Maignien, 1964).

A high iron-content seems to be the predominant factor which favours
rapid induration (D'Hoore, 1955; Alexander, et al., 19563 Maignien,

1958).

According to Jackson, et al., (1948) the dominant factor in the
mobilization of iron is deficiency in oxygen. Reducing conditions
are created b& an accumulation of organic matter. Accumulation of
organic matter is enhanced by low temperatures or an excéss of
water. The process of laterization differs from podzolization only
in that iron is not mobilized owing to a higher oxidation potential.

These authors proposed a continuous podzol - podzolic laterite -
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laterite weathering sequence. The redox potential of the environment

the

determines the trend of¥sequence. ixperimeantal work done by

[0}

Bloomfield (1965) led him to similar conclusions.

The contentions of the above mentioned authors seem to be also
substantiated by experimental work on the mobhility of sesquioxides
by Van Schuylenborgh (19865). He sugzgested that the accumulation of
iron oxicdes are not likely to have resulted from the translocation

of ferric oxides in the absence of organic matter. Furthermore,

hat the translocation of iron in the fornm of the ferrous iron is
possible under anaerobic conditicns, even in the absence of orgaaic
matter. Oades (1963%) differentiates between two types of iron
accumulation. One type is formed under alternating reducing and
oxidizing conditions as a result of temporary water-stagnation. A
second type owes its translocation and precipitation to bioclogical
processes. dhether these two processes operate to the mutual exclusion
or enhancenment of one another would be difficult to ascertain. Mitchell
(1964) suggested that the mobilization of iron and trace elements,
in subsurface gleyed-horizons,dozs not appear to be influenced by

the presence of organic matter.

Finally kaignien (1964) emphasized the need to distinguish between
aluminous accunulations on the one hand and ferruginous accumulations
on the other. Conflicting views and results have arisen mainly from
the study of different objects representing unrelated pedogenetic
processes.

The advantage of the term “plinthiter (S0il Survey Staff, 16560)
over "laterite' is dubious and probable only lies in the fact that
it differentiates between processes and resulting materials.
According to the definition, which does not differentiate between
ferruginous and aluminocus crusts and concretions, hard concretionary

forms are considered to be a product of induration of the soft
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mottles. Hard- and soft- coancretions encountered in the saie

horizon during this investigation, differ in chemical composition

(Table 9). The usagze of the term plinthite1 nay thus only result

in an undesirable conformity of nomenclature. For reasons mentioned

above the term ferruginous concretions and crusts, considering the

dominance of iron over aluminium (Table 9), is thought to be more
appropriate.

These concretions and crusts exhibit the following morphological
and chemical characteristics:

1. The segregation and/or accumulation of iron is in the form of
hard concretions congisting of discrete pisolites, commonly nore
than 2 mm in diameter, or slag-like continucus layers. The slag-
like layers conprise hard discrete pisolites cemented by

ferruginous material,

3]

. slthough the concretions are generally distributed throughout
the profile, the maximum incidence of occurrence is at lithological
discontinuities. at this level the hard, often rounded and glossy,
pisolites form a continuous layer. Profilgs in which two layers

1

of concretions occur exhibit characteristics which uay be

)

interpreted as evidence of more than one lithological
discontinuity.

2., The presence of concretions and crusts is predominantly associated
with a, relatively thick, cover of unconsolidated aeolian=-sand
or colluvium on comparatively unweathered, slowly permeable

B-horizons (Profiles 182/185; 129/132), shales (Profile 204/207),

T s . . . ,
Since the preparation of this manuscript a supplement to the

7th dpproximation has been received (restricted distribution)
in which the term “plinthite™ hes been redefined. The ”tgrm”
in the context of the amended definition is applicable without
reservation to what has been described as ferruginous crusts

and ferruginous concretions throughout this manuscript.
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dGolerite or vertisols on dolerite (Profiles 4/7; 8/11; 12/15;
59/625 157/161).

Concretions were not encountered at lithological discontinuities
in profiles with distinct solonetzic affinitics. The sandcover
is usually of limited thickness‘or the profiles are situsted on
slopes (Frofiles 165/169; 43/45; 86/89). The thin sandcover in
such profiles may prevent the penetration of arn adequate
quantity cf water to evoke anaerobic conditions.

Profiles occur in which the accumulation consists of an unusuzlly

thick layer (more than 10 cum) of concretions, cemented into a

'slag-like continuous phase (Profile 204/207). These profiles

exhibit evidence which may be interpreted as an indication of
more than one period of accumulation of acolian sand, intervened
by soil formation and complete truncation.

o

Discrete concretions and lumps of hard concretions occur in
gravels dating back to the late-Tertiary (Von Backstrom, et al.,
19533 Du Toit, 1954).

Topographic depressions filled in by acolian sand are the foci
of maximum development of ferruginous crusts and concretions.
Seepage water emanating from underneath such sand-filled
depressicns is covered by a thin film of hydrated iron.,

The above mentioned situation has been observed under a mean
annual-precipitaticn of 450 mm on the ¥Waaifontein farm in the
Hoopstad district,

Profiles with fine-textured slowly-permeable A horizons, even
on heavy clayey-horizons that exhibit prominent mottling, are
apparently not subjected to the accumulation of continuous
layers of ferruginous concretions (Profile 208/211).
Concretions are scattered throughout the horizon of maximum

clay-content in profiles in which the mottled zone has & low



Table 9: Chemical composition of ferruginous concretions

Profile Sample Mol.ratio
number number 3102 41,0 FeBOB MnO2 TiO2 Cal K20 Total AlBOB Colour (Munsell notations) Remarks
- Fe, 0,
273

4/7 4 41.5 7.4 42,0 0.10 0.35 0.20 0.30 91.36 0.27 5Yx4/6 (dry) yellowish red Hard

5 22,1 12.4  34.4 .10 0.34 0.21 0.40 §1.15 0.56 10Y23/4 (dry) dark yellowish brown Soft

6 26.5 11.5 42,0 0.60 0.54 0.40 0.65 82.1¢ C.43 10YR5/8 (dry) yellowish brown Hard

8/11 S 30.5 E.2 38.0 0.10 0.38 0.2% 0,60 75.03 0.21 5YR5/6 (dry) yellowish red Hard

10 28.5 6.0 40.0 0.51 0.35 0.20 0.30 76.16 0.23 107YR5/8 (dry) yellowish brown Hard

11 27.2 11.4  38.8  0.20 0.48 1.00 C.40 7S.48 0.46 10YR5/8 (dry) yellowish brown Hard

157/161 5 39.5 4.2 26.3  1.80 0.66 0.16 0.70 76.32 0.22 7.5YR4/4% (dry) dark brown Soft

9 50.0 10,5 27.9 0.70 0.64 0.25 0.90 90.39 0.58 10YR5/8 (dry) yellowish brown Hard

/47 44 56.5 19 29.3  0.11 0.41 0.21 0.75 92.18 0.26 10YR5/8 (dry) yellowish brown . Hard

45 55.0 12.2  29.3 0.45 0.46 0.20 0.80 98.41 0.65 10YR5/8 (dry) yellowish brown Hard

46 53.0 12.2 25.0 1.25 0.48 0.25 0.47 93.05 0.75 10YR4/4 (dry) dark yellowish brown Soft

47 £0.,3 8.9 27.0 1.75 0.48 0,23 1.10 99,74 C.51 10YRY4/4 (dry) dark yellowish brown Soft

201/202 201 48.5 7.8 35,8 0.20 0.48 0.80 0.70 94.28 O34 5YRi4/4 (dry) yellowish red dard

202 L, 5 8.2 24,7 0.80 0.48 ©.70 C.72 93,10 0.52 EYR4/4 (dry) yellowish red Hard

165/165 167 60.0  13.1 12.1 2.20 0.64 0.54 1.75 90.33 1.69 10YR3/3.(dry) dark brown . Soft

212/216 214a 54,5 N 24,8 0.51 0.50 0.14 0.36 856,61 0.38 10YRE/8 (dry) yellowish brown Hard

214 5.5 8.3 12.8 £.75 0.42 0.24 0.39 94,40 1.01 10YR3/4 (dry) dark yellowish brown Sof

221/225  224a  58.0 7.4 30.7 0.75 0.40 0.13 0.85 98.28 0.3%7 10YR5/8 (dry) yellowish brown Hard

2245 51,0 8.4  14.2  5.20 0.35 0.14 0.76 80.0% 0.62 10YR3/4 (dry) dark-yellowish brown 3oft
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clay-caontent or the clay consists practically entirely of
kaolinitic minerals (Profiles 52/5%; 7%/76: 200/203; 221/2é5).
come profiles with similar morphology and mineralogical
properties, however, do have continuous layers of concretions
at lithological discontinuities (Frofile 30/33).

The data summarized above leads to the following couclusions:

£

4 spectrogravhic analyses of 35 samples, of which some are

represented in Table 9, indicate that the hard concretions

consist, besides silicium, predeninantly of iron oxides with

subordinary amounts of aluminium and manganese. Soft concretions
have a higher aluminium or manganese content than hard
concretions,

The accumulation of discrete ferruginous concretions and
continuous layers of discrete concretions cemented by ferruginous-
material does not seem to reflect external climate, as has been
advocated by Flint (1959). In the area under coansideration the
accumulations are more likely to reflect the influence‘of soil
climate (Mohr and Van Baren, 19543 Brink, et al., 1959; Maignien,
1964

Although most profiles probably contain first- and second-
generation concretions, those which form coantinuous layers at
lithological discontinuities are essentially the product of
absolute accumulation (D'Hoore, 1955). ¥ind deflation to the
depth of the fluctuating water-table may cause additional
concentration at this level. This manner of absolute accumulation
may not be readily distinguishable from the layer of continuous
concretions formed at lithological discontinuities,

The lithological discontinuities result from the deposition of
relatively more permeable windblown-sand and colluvium affected

by aeolian sorting on relatively unweathered stumps of trucated
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soils or heavy-textured 50ils not affected by aeolian sculpturing
(Profiles 182/185; 4/74 204/207). These conditions cause
stagnation of water in the profile and reduction of unbound
ferric-oxides. The ferric oxides are present in the form of thin
pellicles arocund mineral grains or fillings in microscopic cracks.
Ferruginous dust as suggested by Vine (1949) may be responsible
for the importation of ferric oxides.

In well-drained sites, if the buried horizons or rocks are rich
in easily-weatherable minerals, absolute accumulation is

e¢ffective only for relatively short periocds. lateritic weathering

&)

ensues as a result of the more favourable soil~climate, caused
by the deposition of the permeable sands. A zone of relative
accumulation develops below the zone of absolute accumulate
(Profiles 12/15; 59/623 109/1133 90/93). The pedological
significance of the chemical composition of successive horizons
in these profiles are thwarted by admixture of detritus of local
origin during transportation and argillipedoturbation after
deposition. Illuviation on a limited scale undoubtedly also
contribute to the complexity.

A thin layer of aeolian sand or colluvium is apparently not

sufficient to produce the above mentioned situation (Profile

157/161), neither is the deposition of a thicker layer of

aeolian sand on horizons which contain little or no easily—
weatherable priuvary-minerals (Profiles 182/1853 129/1325 204/207).
The time factor could be instrumental in causing some of these
variations.

Scattered concretions occurring in horizons, containing a

mixture of water-transported pebbles and aeolian-transported
detritus, is coneidered to represent collovium cemprising a

mixture of aeolian sands and material derived from the soils and
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autochtonous rocks in the vicinity (Profiles 200/203; 73/76;
63/653 52/53).

Mobilization of iron secms to be solely dependent upon anzerobic
conditions brought about by water stagnation in the profile (Van
Schuylenborgh, 19653 Bloomfield, 19465 and Sombroek, 1956). This
weakens the contention of D'Hoore (1955), who considered the
biotic factor and organic matter as a pre-eminent pre-requisite
for the mobilization of iron.

Immobilization is brouszht about by physical adsorption on active
surfaces of clays and flocculation of hydroxides at the iso-~
electric piH (D'Hoore, 1955).

Transportation by free water under the influence of gravity
(D'Hoore, 1955)'though probably the major process, does not scenm
to be the sole mechanism of translocation. Ionic migration in

free solution could also be important.

Differcences in chemical composition between soft and hard
concretions in the same proiile, exclude any comnent on the
induration of the ferruginous crusts and concretions. A high iron-
content, however, seeuns tq be the nmajor factor favpuring rapid
induration (D'Hoore, 1955; salexander, et al., 19563 Maignien,
1664)., The silica and aluminium content of hard ferruginous-
concretions in different horizons in the same profile, apparently,
reflects variaticns in these elcments between horizons (Table G).
Absolute accumulation of ferruginous concretions in the Highveld
Region is predominantly a process associated with water stagnation
and a reducing environment. Consequently the name 'ground-water
laterites' is considered unappropriate for the characterization

of these soils. Truncation to the level of absolute accumulation
and exposure of the ferruginous crusts may conceivably be

mistaken as evidence of laterization and a more humid climate in

the past, but in reality, this does not seem to be the case.
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(1ii) Calcareous- and Siliceous- Crusts

Calcarzous- and siliceous- crusts in the Highveld Region are
confined to the north-western part with an average precipitation of

less than 6500 mm per annumi.

a.Calcareous Crusts.- The calcareous crusts do not exhibit any distinct

bedding but an irregular lamination is common. At the surface it is
usually hard and massive rather similar to the Australian Kunkar
(Blackburn, et al., 1965). Viewed from the top the hard surface-layer
has & macro coliofommstructure which is, in soume instaunces, rather
reminiscent of the columnar structures of natric horizons. Deeper

down the material becomes soft and massive with a weak tendency towards
stratification. Very often, lenticles and layers of water~trausported
material occur in juxtaposition with limestone. Oolitic structures are
encountered under the microscope but the great mass consists of finely
devided amorphous particles with varying amounts of microcrystalline
constituents lining cracks and hollows. The harder surface crust
consists mostly of microcrystalline constituents richer in siliceous
naterial than the more amorphous mass deeper down. Gastropod shells
are often encountered, as well as rests of plants whiclh are partly

or completely replaced by line.

These crusts, normally,only attain limited thickness. Variations
from a few centimeters to 5 meters were, however, observed. Von
Backstrom, et al., (1953) reported maximum thicknesses from bore-hole
records of up tc 37 neters.

The distribution of the calcareous crusts are restricted to topo-
N ———

graphic depressions in close proximity to rocks rich in "'lime such as
andesitic lava, dolerite, tillite and Karroo shales (Von Backstron,
. : e )

et al., 195%; Du Teit, 1954: Von Backstrom, 19624 Van Ieden, et al.,

1963 and Harmse, 1963%). In the Kalahari,iabbutt (1557) observed that

the calcareous sediments obtain their greatest thicknesses in drainage
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lines. Travertine, formed by the eva,oration of lime charged waters,
re.orted by Van Teden, et al., (1953), is being formed at ,resent under
lower annual rainfall towards the west. The introduction<of extraneous
material by wind is not impossible, however. Cn the southern [erinetre
of nearly every ;an (deflation basin) there occur low rounded-hills
which rise u,. to 10 meters above the surrcundig country. These hills
re.resent an accumulation of material blown from the pans. The
constituent material is characteristically even-grained and consists

of an impure mixture of sand and nodular fragments rich in lime. On

one such a locality on the Deelian farm, a thick layer of hard
silicified limestone (calcrete) overlies a layer of Tertiary gravels.
Outside the Highveld Region, west of Zweitzer Reneke, Van #eden, et al.,
(1963) reported long straight ridges of calcareous material. The trend
of these ridges are north-west to south-cast. The accumulation of lime-
rich deposits around the south-eastern perimeter of the pans and the
fact that the above mentioﬁed ridges have an orientation similar to
that of the seif dunes (Harmse, 1963), suggests at least limited
distribution of lime by the wiand.

The calceareocus crusts are extensively exjloited for cement manu-

.y

(

facturing and road-building purposes. The crusts are well exriiosed and

a great many analyses are available. An average CaCO3 content which ff

ranges between 83 - 91 per cent has been reiorted from widely separted

localities (Von Backstrom, et al., 19533 Coetzee, 19603 Van BZeden,

et al., 1963),

The mode of formation of these calcareocus crusts seems to be the

——— ———

I

evaporation of water saturated with CaC03. Harnmse (1G663) sugzested
\—\_\
that the formation of the pans and large depressicns formed by wind

deflation (styled “"floors” by Du Toit, 1954) yrovided an ideal
vhysiogravthic setting for the formation of these crusts, away from the
drainage courses (Table 6). The drainsge courses itself are shallow

hollows with low gradients and in many instances mere connections



between deflation basins. The calcareocus crusts may thus be ccmiared
with lacustrine eva.orites. archacclogical evidence sup.orts the
contention that the deflation basins as well as the calcareous crusts
antedates the Fauresmith Stage of the South African Acheulian (Cooke,
19465 Mabbutt, 1957; Harmee, 1963; Van Jeden, et al., 1963).

It scems & point of unaninous agreewment amongst j.edolopgists,
familiar with these zarticular occurrences that, whatever the true
mode of formation, it should be regarded as rock and rock debri (Van ~
der Merwe, 1962; Loxton, 19623 D'Hoore, 1964). The fact that the
calcareous crusts are restricted to an area with a nresent average
annual-rainfall of less than 600 mm should not be regarded as of any
genetic significance as imylied by Flint ( 959).'They may have been
formed under a much drier climate ( Rogers, 1936; Du Toit, 1S54 and \

Mabbutt, 1957).

SN

They represent distinct fossil crusts which have pno hesrins on
e e s+

the present pedological environment, Deyposition of thin layers of

aeolian sand on these calcareous crusts give rise to the formation
of soils best described as useudo rendzina (Profile 227/229) or

lithomoryvhic soils on calcareous crusts (D'Hoore, 1964).

b.Siliceous Crustsz.- The occurrences of siliceous crusts are intimately

associated with calcareous crusts, but are usually covered by a thick
layer of aeolian sand (Rogers, 19363 Mabbutt, 1957; Von Backstrdm,
1960 and Boocock and Van Straten, 1962). Some occurrences in the
Highveld Region has been the subject of an intensive investigation

by Von Backstrdm (1960). Like the calcareous crust, the siliceous
crusts are extensively covered by aeolian sand which overlies it with
a marked unconformity. A siliceous hard.an was encountered in the
position of a zoil horizon at a de.th of 164 - 185 cm on the farnm
Lushof 17 (Profile 212/216). lMicroscoiyic investigation of thin

sections reveals an eguigranular microcrystalline texture. & striking
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feature (Plate II, Fig.3) is the complete absence of well-rounded
grains of a@eolian sand overlying this hardpan.

These observations tend to support the contention of Rogers (1936)
that a pre-reguisite for the formation of siliceous crusts (silcretes)
from calcareous crusts is the presence of an overlying layer of sandy
sediments or thick soil-covers. That this is not a premise for
generalization is indicated by the jresence, in some localities, of
thin hard crusts richer in silica at the surface of calcareous crusts
whether covered or not. To reach exclusion on this point is not jossible
without absolute dating of the sand cover. Truncation to the depth of
the crusts and redeyposition of sand on calcareous crust previously
not covered, is still taking place. These siliceous crusts resemble

the Australian Kunkar described by Blackburn, et al., (1965).

(iv) heolian Sand

along the Vaal River have played an
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General,~ The terrac
important part in the unravelling of the Juaternary history of the

area and the establishment of a relative chronology of climatic events.
tway from the Vaal River, however, the question of establishing
relative ages of aeolian deyposits coccurring in juxta- and super-
positicn poses a sericus problen. It is aggrevated by the usual absence
of fossils or, if jpresent, by ilansufficient orgahic—carbon for absolute
dating. Lack of stratification in the aeolian sands elininate the
possibility of making use of conventional stratigraphic criteria te
delineate or recognize aifferent layers occurring in superjosition.
Numerous dust storms (Plate II, Fig.2) and dust devils are testimony

to the fact that the "aeclian-sandy soils" are highly suscejtible

to wind erosion. Bosazza (1953), during a severe dust storm, collected
dust particles in an aircraft at an altitude of 1000 neters. Comrlex
and truncated nrofiles are the rule rather than the exception in the

aeolian-sand landscapes. Liberation of the sand at the surface by
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cultivation and the detrimental effect of human influence in general
is the factor responsiblc for the present cycle of landscape
instability.

The thickness of the sand-~cover is limited except where it has
accumulated in depressions. Thickness of up to 10 meters were
encountered in an old drainage channel near the village Koppies. On
the whole, however, the aeolian sands blanket large tracts of the

Highveld Region in the form of a thin layer.

Provenance.- Samples subjected to investigation were not selected with
& view of establishing the provenance of the aeolian sands. Owing to
the incorporation of detritus derived from the autochtonous rocks
along the route of transport the aeolian sands are not homogeneous.
farlier work (Harmse, 1963) showed that the provenance of the aeolian
sands may not be elucidated by the investigation of widely-spaced
samples, Neither can aeolian sands be identified by the granulometric
analyses of the sand fraction nor can the grain-size distribution be
expected to correspond to the curves of ideally sorted sand, such as
those published by Bagnold (1960). The following factors have a
profound influence on the mineralogy, grain-size frequency-distribution
as well as on soil formation,

1. Progressive sorting in the directioﬁ‘of transport.

2., Progressive dilution due to admixture of detritus, derived from
autochtonous rocks, along the route of transport (Profile 208/211;
200/203),

3., Progressive destruction of minerals with well-developed cleavage.
Despite these difficulties a pattern has emerged which could

stimulate future work and elucidate problems with regard to this

aspect of the aeolian sand. The problem will be discussed in the
widest sense, in full awareness of the difficulties raised by

such & heterogeneous phenomenon.
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c.Distribution of the ieolian Sands.- Transport has been from the north-

west. This is manifested in the occurrence of extensive sheets of

aeolian sand, extending from the south-eastern extremities of outcrops

of arcenaceous rocks over flattish ground. Seif dunes in the Kalahari

and the Highveld Region have a west-north-western trend (Mabbutt,

1957; Harmse, 1963). The distribution of aeolian deyosits are shown

on Map 3.

1.

The featureless plains in the destern Transvaal are extensively
covered by aeolian sand derived from the Kalahari; transport took
place in a south-eastern direction. This fact is illustrated in the
similarity in heavy-mineral conmposition between the Kalahari sand
(Poidervaart, 1957) =znd the acolian sands occurring in the area
around Lichtenbufg (Frofiles 200/203%5 20i4/2073 208/2115 212/216) .
Evidence of admixture with thé autochtonous rocks has been given
under the description of the various zutochtonous rocks in the
area (see subdivisions B and D under the heading Geology). Morpho-
logical differences between profiles 200,203 208/211; 204/207;
212/216; 218/220 are attributed to mineralogical and textural
differences acquired by the aeolian sand through admixture with
autochteonous rocks. These as well as the effect of the horizons or
rocks on which deposition took yplace has resulted in different
soil-climates and variation in parent material (aeolian sand).

In the north-western Orange Free State the distribution of aeolian
sand is in the form of a number of sub-parallel seif dunes. The
sand attains its maxinmum thicknesgs in the seif-dune landscapes and
give rise to tymical fersialitic soils without diagnostic

horizons (Loxton, 1962; Van der Merwe, 1962). Detween the seif
dunes the sandcover is thin and discontinuous (Plate IV). The
median grain-size of the sandfraction is smaller and admixture

from local sources is evident in the grain-size distribution
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of the szand fraction (Harmse, 1963). Devending on the underlying
rock or buried soils two types of socils are formed. Deposition of
aeolian sand on "vertiscls of lithomor;hic origin derived from
calcareous rocks - Db (Loxton, 19623 D'Hoore, 1964) giveseffect to
the formation of the Highveld pseudo-podzolic soils - Fa. Profiles
22/25; 105/108 are represcatative for the mapping unit Db on the
soil map of fAfrica, and profiles 43/473 129/132 and 182/185 of the
mapping unit - Fa., Plate IV gives an illustration of the situation
as encouniered in the field.

The situation developing, owing to burial of Karroco Dolerite by
aeolian sands and colluvium affected by zeolian sorting has been
discussed under the sub-heading Karroo dolerites(page 39).

Along the Vaal River, wherever the river flows transverse with respect
to the west-northwestern winds, a younger deposition of aeolian
sand occurs in the form of river-border dunes (Harmse, 1963). This
younger deyposit of aeclian sand transgresses the recent erosion-
surface along the Vaal River down to the River banks. Deposition of
the younger sands (styled "younger garnet-bearing sands by Harmsé,
1963) has blocked the drainage which resulted in the develo.ment of
mineral hydromorphic soils. The soils are susceptible to wind-
erosion. Redistributed sands have been blown intc small dunes which
impart a hummocky appearance to the topography. Theze sands as
well as the younger sands give rise to soils, best described as
yellowish-brown regosolic~sands (Profile 226/233).

In weli-drained sites a layer of younger garnet-bearing sand
on older acolian sands results in the formation of reddish-brown
fersiallitic soils - Jd&, with textural B-horizons (Profile 221/225).
The area beyond Kroonstad, between Bethlehem and Senekal, is
characterized by the presence of a thin layer of sandy loess (Map

2). The resulting landscape features are rather reminiscent of
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Euronean losss~covered areas,

The layer of sandy-loess has deen encountered in all wnrofiles
examined and sampled. Frofiles 143/1463 165/169; 174/177 &and
182/185 are representative examples.

Large scale erosion and the formation of badlands took place
before the deposition of the acolian ssndy-loess. This was
followed by a period of aggradation during which the ancient gullies
were covered by a thick layer of sandy-loess (Plate V, Fig.1).

The filling or covering of the gullies and river-valleys indicates &
period of large scale agpradation, No evidence of eustatic movements
could be found. This would imply a change in climate and a
consequent increase in detritus or decrease in the transporting
capacity of the rivers. The presence of the sandy-loess on the
interfluves implies that the former is the more likely explanation,
the latter being only of secondéry importance.

50ils with distinct solonetzic morphology occur on the lower
slopes (Profile 165/162) but are also encountered on the crests
of interfluves. Here thelr distribution assumes the pattern of small
deflation basins. The occurrence of 'boulders' consisting of prisms
of the natric-horizon within the layers of loose sediments implies
that it is a fossil-horizon (Plate V). Its formation is largely
attributable to vanished conditions.

Human interference has rendered this area particularly susceptible
to erosion., Removal of the loose sediments from the valleys has
resulted in renewed gulley formation. Sheet wash has removed much
of the sand cover and consequently .exposured the sterile prismatic-
layer of the solodized solonetz (Plate V, Fig.2).

The characteristics and occurrence of the layer of sandy-loess
supports a wind-blown origin. It, however, exhibits variations

(compare the mineralogy and grain-size distribution of the sand-



fraction of profiles 165/169 and 174/177) which do not support a
strictly extraneous source., Such differences may indeed be achieved
by sorting, considering the difference in altitude between the two
sample sites (Chepil, 1657). Bozazza (1957) reported similar
sediments on the foot-hills of the mountasins in Basutoland and
described it as an aeolian deposit. Nevertheless, the presence of
deflation basins on sandstone (Van Eeden, 1637) as well as the
numerous sandstone outcrops would indicate considerable admixture
of locally-derived detritus.

From Vereeniging towards Delmas in the east, aeolian sands were
derived from the arenaceous rocks of the vitwatersrand- and
Transvaal- Systens as well as from the sandstones of the Middle-
Ecca series (Map 3). The sand covers these sediments with a markgd
unconformity (Profiles 4/7; 8/11; 30/333 43/47; 109/1135 117/120;
121/1255 129/132).

An extensive seif-dune or sand-sheet extends from Delmas in a
south-eastern direction &cross dolomite and the strike of the Karroo
sediments which dips a few degrees to the south (Frofiles 52/55 and
56/62).

The remaincder of the area is devoid of discrete aeolian deposits
(Map 3). A-horizons of practically all profiles examined were,
nowever, subject to sorting by aeolign action and influenced by
surface drift (Frofiles 90/93; 86/8%4 157/161). This fact is
manifested in the grain-size distribution of sand-fractioans, the
mineralogy of the heavy-fractions and clay fractions. The presence
of abraded and frosted grains in A horizons and the presence of
numerous small deflation basins (Visser, et al., 1649) bears

testimony that this phenomena have been caused by wind-action.
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IV. MINZRALOGY

A, Clay Mincrals

(1) General

The occurrence of different soil groups reflects the various pedo-
logical and geochemical factors operative on their genesis. Distinctly
different soil groups probably do not imply that the soil-forming
reactions are radically different, but that the relative importance
of different soil-forming reactions is different in each. The
morphological characteristics of profiles, in so far as they are not
purely attributable to sedimentary processes, serves as an index of the
balance of the intensities of the environmental forces.

An important set of differences between soil groups lies in their
vastly different clay-mineral content (Jackson, 195S; Fieldes, 1962;
Toth, 1964 and Jackson, 1964). The frequency distribution of these
minerals in soils is 2 function of the principle soil-forming factors;
climate, biotic factor, parent nmaterial, relief and time. The dominant
role of the phyllosilicates in determining the physical and chemical
behaviour of soils has been pointed out by zll concerned with the
study of soils.

The overriding importance of parent material during the initial

,——-—-—'\______/-f T ——

stages of soil formation, both in supplying the necessary geochemical

———— T e,

ingredients for the synthesis of the clay minerals and the deter-

———e—

mination of the permeability has been emphasized by Jackson, et al.,
(1948) 3 Jackson, et al., (1952); lohr and Van Baren, (1954) and
Jackson, (1964). The successive stages in the weathering sequence of
Jackson, et al., 1948 and Jackson, 1964 is controlled by the product
"intensity" x time',

The importance of permeability pertains especially to the removal

of soluble substances from the profile., Lack of stoichiometry
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between the successive phyllosilicate stages in the sequence is

determined by the relative mobility of the elements. Relative mobility
e e,

of elements is & function of their ionic potential (Mason, 1958) and

S ———

the environmental conditicns. Elements with low ilonic potential such

— g

as sodium, pctassium and magnesium are highly soluble and apt to be

removed from the environment, The ions of elements with intermediate
ionic potential are associated with hydroxyl groups in solution. The
solubility of these are dependent upon pid, the presence of organic
matter and the redox potential of the environment (Mason, 1958, Van
Schuylenborgh, 1965 and Bloomfield, 1965) as well as its association
with other sesquioxides (hAcquaye and Tinsley, 1965 and Barshad, 1964).

The mechanism by which colloidal silica resacts with colloidal
alluminium to form clay minerals is not clearly understood (Gastuche,
1964). Barshad (1964) postulated that the formation of clay minerals
is catalyzed by the presence of other aluminium-silicate minerals of
the soil through adsorption on their surfaces. Gastuche (1964)
emphasized the role of ionic radius =23 an important factor which
controlsthe pre-organization of somatoids and the influence of pH on
their stabilization.

From the point of view of the weathering sequence it is necessary
to consider the various environmental conditions affecting the relative
mobility of silica and aluminium. The reason for the accelarated
rate of desilication in the laterization process has been a point
of much debate. Chemically, the solubility of silica would be expected
to decrease with increasing acidity. There can, however, be little
doubt that the following sequence is controlled by qifiiijifigf_gnd/

desilication
>

Montmorillonite kaolinite

<.___.m -
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Generally the process to the right i1s more pronounced in tropical
50ils, Under the hizgh temperatures prevailing in these areas, rapid
mineralization of organic matter enhances the oxidation of ferrous
iron (Mohr and Van Baren, 1954). The influence of a high iron-content
(Fe203) on the stability of soil aggregates and porosity has been
emphasized by Mohr and Van Baren, (1$54), Friedland, et al., (1964),
Pauli, (1964) and Jackson, (1964). Increase in porosity greatly increases

\

circulation of moisture through the profile. This in turn promotes the
removal of metallic cations (Ca++ Mg++, K" and Na®) which envokeSan

P R
increase in the hydroxylation of primary minerals. This fact is aunply

manifested in the occurrence of large amounts of weathering products
in the light fraction of eutrophic reddish-brown soils - Hd (Profiles
12/153 59/62) in contrast to their absence in the vertisols - Da
(Profiles 19/2135 94/96; 154/156) developed on the same parent material.
The weathering products consist of amorphous relics of feldspars,
depleted of the metallic cations but still held together by the
stronger 3i-C and 41-0 bonds. Barshad (1964),on the basis of the poor
fit of A13+ in fourfold coordination, proposed that it would be the
next to leave the structure of the primary minerals, A13+ may
precipitate as (AlOH)3 or become hydroxylized which promotes its
polymerization into strongly polyvalent caticns. These are absorbed on
the exchange sites of minerals as well as in the interlayers of 2 : 1
layer silicates (Jackson, 1964). The polymerized positively charged
aluminium, according to Barshad (1964), reacts readily with polymerized
negatively charged silica to form amorphous precipitates which upon
aging crystallize to form the clay minerals. This view is also held
by Sherman (1962) and Fieldes (1962).

Oxidation greatly reduces the stability of minerals containing
3+

Fe2+ (Marshall, 1664 and RBarshad, 196i). Oxidation of Fe2+ to Fe

causes disruption in the mineral lattices in that it disturbs the



electrostatic neutrality and geometric stability. Consequent expulsion
of cations, leaving open sites, promotes decomposition or alteration
to other minerals species. Once Fe2+ became oxidized to Fe3+ it

rarely participate in clay-mineral formation but remains as free

Fe203 (Gastuche, 1964),

The weathering products are presumable the “permutite-like”
minerals described by Burgess and McGeorge (1926) or the hydrous
feldspar of Fieldes (1962). The silica in these metamicts or relics
is essentially in an amorphous state., The solubility of quartz according
to Marshall (1964) lies much below that of colloidal silica, or
ortho-silicic acid, H4Si04 (Reynders, 1964).

From what has been said it would appear that the increased degree
of desilificetion associated with lateritization should not be
regarded from the point of view of silica only as has been emphasized
by Acquaye znd Tinsley (1965). Oxidation of irén, formation 1 : 1
layer silicates and amorphous precipitates aund relics are all facfors
which has a major influence on soil porosity. These factors as well
as increased leaching, owing toc higher permeability, has a determining
influence on the weathering of minerals and release of silica and
aluminium. Rapid mineralization of organic matter and slightly acid
to neutral soil reactions may be responsible for the relatively lower
mobility of aluwminium. Experimental work by Pedro (1962), Acquaye
and Tinsley (1965), Van Schuylenborgh (1965) and Hénin and Fedro
(1965) as well as summaries on solubility data of silica in the

literature (Iler, 1955; Marshall, 1964 and Reynders, 1964) gives the

impression that this is the case.
(ii) Mica
Primary micas occur abundantly in some igneous, metamorrzhic and

sedimentary rocks, their occurrence in soils is mainly due to

inheritance (Barshad, 1964). Weathering of mica in soils entails a
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loss of interlayer potassium, Weathering of allogenic micas follows

thq&ollowing sequence {(Jackson, 1964):

mica === illite ~——> vermiculite > nmontmorillonite

<

Coincident with the progress of the reaction to the right, and a
release of interlayer potassium is a reduction in layer charge. The
nechanisnm by which it is brought about is apparently dependent upon a
number of interdependent factors. In this respect Jackson (1964)
emphasized hydroxylation and leaching of K" and Mg++, oxidation of
ferrocus iron, dealumination or resilication. Ixperimental work by
Rausell-Colom, et al., (1965) has confirmed the determining influence
of the presence of potassium in solution on the affinity of the
reactiong to the left; between illite and mica, idsorption of ions,

+ 24+ . 2+ ot .
other than H , such as Ca™ , Mg and Na on mica surfaces may be

3
expected to counteract the interlayer charges causing the crystal
lattice to expand in the direction of the C axis. Such expansion will
. . .
promote the removal of interlayer K and result in crystal structures

similar to vermiculite and montmorillonite. The fact that micas seenm

to be more stable in acid environmients seems to support this contention,

(iidi) Illite, Vermiculite, Montmorillonite and 2 : 2 Intergrade

Investigations by Jackson, et al., (19¢52) and Jackson (1964) have
led to the proposal of the preferential weathering plain. Meaning, that
any given mica interlayer either remain completely filled with potassium
or become completelylaffected by interlayer swelling. This process

leads to the formation of either illite or hydrous nicas. Jackson

(1964) proposed that the mineral illite should be regarded as a

amsasnt
E

group-nanereferring to minerals that consist of an interstratification

of mica with expansible layer-silicates rather than a discrete
N’_\

monomineralic structure.



Replacement of potassium by hydroxyl ions, leads to the formation
of expansible micas., Precipitation of magnesium, aluminium, iron and

allophane in the interlayers of the expansible 2 : 1 layers of soil

clays is regarded by Jackson (196i) as genetic stage in the 2 : 1 >
2 2 —>1 : 1 weathering sequence, Homogeneous or monospecies
interlayers in layer-silicates such as potassium in mica, magnesium in
vermiculite and water in montmorillonite is according to Jackson (1963)
essenvially a product of diagenesis in closed systenms:

chemical weathering
Homogeneous — Heterogeneous

interlayers < interlayers
diazgnesis

Such interstratification results in weakening of the 108 spacing
of the micas. Continuved weathering, decrease in layer charge, rclease
of potassium, and expansion to vermiculite and montmorillonite spacings
give rise to x-crystalline zones consisting of mica, vermiculite and
montmorillonite. Spacings intermedizte between mice, vermiculite and
montnorillonite phases are a result of average electron density nodes
caused by the interstratification of x-crystalline zones of mica,
vermiculite and montmorillonite respectively (Jackson, et al., 1952;
Hendriks and Teller, 1642; Zudo and Hayashi, 1956 and Haciwan, et al.,
1961). Random interstratification or random zonal-interstratification
(Jackson, et _al., 1952) cause a scattering of X-rays without any
discrete diffrgction maxima within the limit of spacings of the
individual components. 3Such random seguences of mixgd—layer minerals
has been described as X-amorphous.

The theoretical possibility of mixed lattices of "mica-like"
minerals has been postulated by Pauling (1930). Gruner (1948)
suggested that interstratification of any or all combinations of
recognized mica and clay minerals might be possible within a single

crystal, depending on cation supply and composition of the chemical
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environment. MacKenzie, et al., (1941) concluded that the weathering
sequence feldspar —--—> illite ———> montmorillonite progresses with
some interlayering. Jazckson (1963) and Jackson (1964), on the basis
of extensive surveys, proposed the general occurrence of inter-
stratification in soil clays.

fpplication of the Hendriks and Teller hypothesis to & stirong 9.53
reflection by Hseung, et al., (1652) led them to propose a binary
mica-montmorillonite mixed-layer structure. The S.5% peak was attributed

o 10+13.5

to 003 of a 28.54 spacing. Intermediate spacings observed

by other workers (Haciwan, 1949 and MacEwan, et al., 1961) have been
explained in the sawme manner. 4 weak 19.6% diffraction maxima observed
by Jackson, et al., (1954) was thought to be caused by a super structure
consisting of 2Vm+ 2Chl + 1 Mi. This structure gives a 1568 spacing

of density nodes of which the eight order is 19.5ﬁ, An alternative
sequence of 3t + 1Chl + 1 Mi gives a super structure with spacing at
782 of which the fourth order is 19.5R.

It is well known from the X-ray diffraction theory that a nearly
regular repitition of similar layers should be present to yield such
integrally-spaced peaks as described above. That is a regular
repetition of periods consisting of an identical seguence of individual
layers. “hen these periocds consist of a random repetition of layers,
the basal reflections will be unrecolved and consist of broad
diffraction maxima or plateaux (Jackson,,et al., 1954; MacEwan, 1956
MacEwan, et al., 1961).

The X-ray powér diagrams of these X-azmorphous clays are normally
characterized by weak unresolved maxima of the 001 reflections, strong
(hko) maxima at 4.453 and broad maxima at 3.52. The latter corresponds
to 005 of 182, 004 of 14%, 003 of 108 and 002 of 72 density nodes
(Plate IX).

The presence of strong (hko) diffraction maxima and of weak integral
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basal-spscings suggest random interstratification. It is caused by
limited regularity along the c-axis while the a - b plane still gives
the reflections common to all layer silicates at 4.458. Dilution

with amorphous material and particle size may, however, cause similar
features., Considerable analytical difficulties are associated with
the investigation of such material (MacZwan, et al., 1961 and Jackson,
1964), Jackson, ¢t al., 1954 maintained that "X-ray analysis is
virtually without quantitative reliance because of the general
occurrence of interstratification among the 2 : 1 and 2 : 2 layer
silicates',

Lattice building of the 2 : 2 type, which is formed through the
precipitation of alumina, iron, magnesium and allophane as inter-
layers in the expansible 2 : 1 layer silicates is regarded by Jackson
(1963) and Jackson (1964) as of widespread occurrence. Precipitation
of aluminium, polymerized into hexaluminohydroxy-hydronium units,
in 2 : 1 expansible interlayers lead to the formation of the incipient
chlorites described by Grim and Johns (1954). Chlorite characteristically
yield & relatively strong second order diffraction maxima at 7.23 owing
to the interlayered '"brucite-likei gtructure. The presence of a
149 peak which does not disappear upon heating to 55000 and the absence
of the 7.24 veak is according to the afore-mentioned authors an
indication of the presence of incipient chlorites, Interlayering,
throuzh precipitation in the interlayers may prevent peaks from
collapsing upon heating to 550°C; even beyond 18R (Jackson, 1963).
Precipitation of aluminium in the interlayers, the anti-gibbsite
eftect, may preclude the formation of gibbsite in soils containing
mixed-layer silicates. The fact that reducing conditions tend to
"clean up' the interlayers strongzly suggests that iron may play an
important part in the formation of the incipient chlorites (Dixon,
et al., 1962). Jackson (1963) emphasized the difference between

ferromagnesium chlorites and the chlorites formed by the precipitation
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of aluminium, iron, allophane and magnesium in vermiculite and
montmorillonite interlayers. He proposed the following position of

these 2 : 2 layer silicates in the weathering sequence:

> Illite

Mica > Vermiculite and dontmorillonite =————>

Pedogenetic 2 ¢+ 1 - 2 : 2 intergrades > Kaolinite.

(iv) Kaolinite and Halloysite

Kaolinite is a dioctahedral mineral in.which the aluminium ions
occupy identical position in all the layers. Although the general
concensus of opinion among investigators has been that no direct
relationship existsbetween kaolinite, metahalloysite and halloysite,
Bates, et _al., (1950) and Brindley and Robinson (1947) concluded that
some British fire-clays are intermediate between kaolinite and
halloysite. The transition from halloysite according to these authors
proceed with increasing order via fire-clay to kaolinite.

Brindley, et al., (1963) obtained four recognizably different
X-ray patterns frozm essentially monomineralic materials, The
norphological forms of these four distinct types, as revealed by the
electron microscope, range from platy through lath-like and curved
to rounded and tabular forms. These authors warned against the ambiguous
conclusions which may be reachied when this material occur in mixtures
or in association with other material. Radoslovich (1963) criticized
the concept of the ideal clay-wmineral structure and pointed out
that random displacement and rotation of the tetrzhedral layer,
contraction and expansion of the octrahedral layer to reach the
lowest possible internal energy, affects the symmetry. Sudo (1957)
and Sudo, et al., (1962) proposed the concept of the intermediate
mineral in clay mineralogy. Implying, & mineral which behaves as
mineral A with respect to some properties but as mineral B with

respect to others. The concept of the weathering sequence seenms to



- 70 -

support Sude's suggestion., Clay migerals in soil are the product of
the chemical environment. The continuous oscillation in the environmental
conditions affecting the solubility of ions, both on a seasonal and
long term basis in the open system which constitutes soil profiles,
could hardly fail to introduce effects which do not exist in closed
systems where pure deposits have formed (Jackson, 1963).

Halloysite has a structure rather similar to kaolinite with the
exception that the octahedral and tetrahedral layer are separated
by a layer of water which is hydrogen-bounded between these layers.
Bates, et al., (1950) explained the characteristic curvature of
halloysite by postulating unequal dimensions of the octahedral and
tetrahedral sheets. According to these authors the six hydroxyls on
one side of the unit cell of kasolinite occupy €lightly shorter
distances than the corresponding oxygen atoms on the opposite side,
This is, however, unlikely. The kaolinite layers exist as sheets of
symmetrical hexagonal rings of silica tetrahedra on aluminium octahedra,
iany strain due to unequal dimensions of the two structural sheets would
be equal in all directions in this symmetrical sheet. The fact that
curvature takes place in one direction ounly should be regarded as
unequal strain during crystallization. Honjo, 1954 (cited by Brindley,
1961) found that kaolinite may coil up around different axis to
form halloysite tubes. Curvature perpendicular to the tubes owing to
dehydration may conceivably cause the rounded forms often reported
to occur in association with halloysite tubes (3udo and Takahashi,
1956). Simultaneous two directional curvature caused by the chemical
environment may also be responsible for the rounded particles.
Another, more likely, possibility seems to be that the spherical
particles consist of poorly organized allophanic gels which will
eventually age to form 1 : 1 layer silicates or that they exist in
various stages of transformation to halloysite and disordered

kaolinite. Spherical particles encountered in this investigation
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have an irregular fluffy appearance with discrete halloysite rods
often protruding from their sides. These spherical particles are
mostly associated with random mixed-layers, montmorillonoids and
allophane (Plates, VI -~ VIII).

An association between halloysite, montmorillonite, mixed-layer
minerals and allophane has been reported by many authors (Sudo and
Ossaka 19523 Sudo and Hayashi, 19563 Sudo, 1956; Kanno, 19593 Kanehiro
and Whittig, 1962; Higashi and Aomine, 1962; Chukhrov, et al., 1963;

Gastuche, 1964; De Mumbrum and Chester, 1964 and Jackson, 1965.

(v) Allophane

Allophane is a term used in a rather general sense to depict the
amorphous aluminiumsilicate-gels with a wide range in composition.
iccording to Jackson (1964) and Chukhrov, et al., (1963) the molecular
ratio SiOZ/A1203 of these amorphous gels varies from 0.5 to 1.9, Their
other properties, such as degree of hydration and cation exchange-
capacity, are subjected to equally wide fluctuations (Kanehiro and
Sherman, 1$56),

The presence of amorphous mineral-colloids in soils has been
neglected for a lonz time after the discovery of X~rays. The reason
‘is probably because it is mostly associated with crystalline compounds
which tend to mask their presence.

Ross and Kerr (1934) described allophane as an amorphous solid-
solution of silica and aluminium. Ais has been pointed out, it is
considered by most authors to be closely associated with the 1 : 1
layer silicates. The question, however, whether allophane precedes
halloysite in a sequence of alteration from allophane tc halloysite
and kaolinite (Sudo and Hayashi, 1956 and Chukhrov, et al., 1963)
or whether it results from the weathering of kaolinite seems to be
a debatable point; On account of the fact that allophane was found

in regions of high gibbsite accumulation Tamura and Jackson (1953)
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and Bates (1962) inferred that allophane was formed through an
alteration of kaolinite or halloysite.

Sherman (1962) held the view that amorphous gels form as an inter-
mediate stage between an ionic phase and crystalline phase. This he

visualized to consist of the following stages:

ionic > amorphous > cryptocrystalline > crystalline
Barshad (1964) endorsed this possibility which was also proposed by
Sudo, et al., (1962), Réss and Kerr (1934) and most reports on clay
minerals from Japan (Sudo, 15651, 1954 and 1959; Sudo and Takehashi,
1956 and Sudo, et al., 1962) indicate that allophane changes to
halloysite. Birrel and Fieldes (1952) Fieldes and Swindale (1954)
and Fieldes (1955 and 1962) proposed the following sequence of

weathering

> kaolinite

primary minerals > allophane ——> metaholloysite

The contention of these authors is that the primary minerals (aside
from the micas) can not form clay minerals without passing through an
amorphous stage. This view is endorsed by observations made during this
study. Weathering products or amorphous relics of feldspars in the
sand fractions of soils are presumable the hydrous feldspars
described by Fieldes (1962). The term "tekto allophanes is proposed
for these weathering products, considering their predominant
association with the tecto silicates (Plate VI). Chukhrov, et al.,
(1963) reported on allophane from Russia and concluded that halloysite
is formed at the expense of allophane. They discussed the contrasting
behaviour of allophane from different localities. Some allophanes
change to halloysite when heated, others became even more amorphous.
Gastuche (1964) obtained spherical particles of allophane and
halloysite during an attempt to synthesize kaolinite,

Electron micrographs of allophane showed that it consists mostly
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of spherical particles with a fluffy outline, with some halloysite

rods protruding from it (Plates VI and VII)(Bates, 19583 Sudo, 1959;
Kanehiro and whittig, 1962 and Chukhrov, et al., 1963), The differential
thermal curves reported for the spherical particles of allophane are
closely related to that of halloysite (Grim and Rowland, 19423 Mac
Kenzie, 19573 Sudo, 1954; Sudo and Takahashi, 1956 and Chukhrov, et al.,
1963).

The status of the mixed-layer mineral, allophane and kaolinite
relationship is vague and would well support further intensive study.
Likewise is the X-ray and thermal criteria for differentiating between
constituent minerals and the nomenclature. &vidence obtained during
this investigation tends to confirm the general presence of mixed-
layer minerals and their transformation into 1 : 1 minerals which is
regarded as a manifestation of the concepts of Jackson (1964),

Jackson (1965) and Sudo, et al., (1962) with regard to the weathering
sequence and intermediate minerals in clay mineralogy, respectively

(Plave VIII).

(vi) Analytical Procedure

X~ray diffraction analysis of the clay fraction (>2u) were made at
the Philips' Application Laboratory in Eindhoven. A stabilized generator
(PW1310) with wide-angle goniometer (Pi1050), pulse-height selector
(P%1355) and recorder (FiW1352/13%353) were used. The experimental

conditions may be summarized as follows:

Radiation Cobalt K
High tension 30kV
Current 30ma
Filter Fe
Divergence slit 1°

Receiving slit .2mnm
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Scatter slit 1°
Detector | proportion counter
Scanning speed 1° (26) per minute for random power

o specimens and
% (20) per minute for orientated
specimens

Tull scale 400, for random powder specimens and

200, for orientated speciiens
Time constant 4 counts per second

Sample holders flat aluminium sample~holder and

glass slides

Saturation with potassium aﬁd magnesium as well as ethylene-
glycol solvation were performéd according to the procedures outlihed
by Jackson (1656). 4ll orientated samples were heated for two hou;s
at the temperatures indicated on the diffraction patterns (Plate VIII).

'Differential thermal analyses were made on a Linseis DTA-appératus
with aufomatic recorder. Heating rate was 10°¢C per minute. A number
of characteristic curves obtained from the clay fractions of aifferent
soil fypgs are représented in Plates X and XII. o

Not having had recourse to the facilities, the electron micrographs
of selectéd samples (Plates VI and VIi) wer%%%%%% by the staff of
Prof;Dr. E.Muckenhausen, Friedrich-Wilhelm University in Bonn.
Dr.i.Herbillon, cof the Agronomic Institute of the University of Louvain
‘kindly carried out the differential-dissolution treatment of two

samples (numbers 87 and 154) for the confirmation of the presence of

amorphous material,

(vii) Discussion of Results

On account of the general presence of regular and random mixed-
layer minerals and poor crystallinity the quantitative reliability
of X-ray and DTA analysis are dubious. It provides, however, an

excellent indication of the important differences in the clay-mineral
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content of different soil types (Plates IX - XII). In the analytical

tables clay minerals are denoted by the following abbreviationss?

Mt Montmorillonite dK disordered kaolinite
Mi  Mica H Halloysite (hydrated and
dehydrated)

Vm Vermiculite
Chl Chlorite (+) Al Allophane (%)

£

e . . QJuartz
M1 Mixed-layer minerals ¢

At attapulgite ¢ Cristobalite

K Kaolinite G Goethite

Hem Hematite

(+) Not incipient-chlorites, .or chloritic intergrades, these are
reported as Ml, if the constituent minerals of the mixed-layer
sequences were not identified.

(%) Cnly in those instances where the presence of allophane has been
confirmed by differential dissolution or where in the absence of
halloysite peaks on the diffraction patterns the DTia curves
are characterized by a low temperature endothermic peak at + 15000.

Relative amounts of clay minerals have been quantitatively

evaluated as xx (dominant) and x (sub-ordinate). Clay minerals present
r s — st

in small amounts are not denoted by special marks.

The X-ray diffractometer patterns of some samples which contain
spherical particles, behave in the following manner when ethylene-
glycol solvated and orientated:

1. Random-powder patterns are chéracterized by broad, though in some
instances well~defined diffraction maxima at around 7.358. Upon
potassium saturation, solvation with ethylene-glycol and
orientation a change in the relative heights of the diffraction
maxima around 7% and those at lager d-spacings becoites apparent.

2+ If the upper portion of the precipitate on the glass slide

is stripped-off with the aid of cellotape, the X-ray pattern of
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the residue on the glass slides only give broad maxima at 7.352

and practically no diffraction maxima at higher d-spacings.

3« It is concluded that the spherical particles, on account of their
form or probably higher specific gravity (?), may be subject to
faster settling than the plates of associated mixed-layer minerals.
Disappearance or weakening, upcn solvation and orientation of
the 79 diffraction maxima of clays containing rounded particles,
was also reported by Sudo and Hayashi (1656).

On the basis of evidence at hand it seems that the rounded particles
may represent amorphous material in various stages of crystallization
to halloysite and kaolinite. Sudo and Takahashi (1956, p.78) propdsed
that: "In the initial stages, extremely fine particles of zllophane
will coagulate into rounded grains. Gradually, each of these rounded
grains will change into aggregates of hydrated halloysite with a low
degree of crystallinity ~2223222, With progressive crystallization,
extremely fine fibers will have sharp edges and rounded grains will
éhange into aggregates consisting entirely of well-crystallized
halloysite minerals".

Spherical particles in clay fractions studied were always associated
with diffraction maxima at aroung 72 (Plates VI to VIII). This
precludes the definite confirmation of some of these particles being
amorphous. Furthermore, their association with mixed-layer minerals
which do not collapse to 10% upon heating to 55000 seems to support
the contention of Jackson (1964) and Jackson (1965) that these
mixed-layer minerals represent intermediate genetic stages in the
sequence of transformation of the 2 : 1 layer silicates to the 1 : 1
minerals. From results obtained during this investigation and from
the literature (Fieldes, 1962; Sherman, 1962; Sudo, et al., 1962 and
Jackson, 196i; and Jackson, 1965) the following sequence of

weathering is proposed (Plates VI - XII)s.
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Vermiculite redogenetic
Mica————> and —_— 211-212 ~—>Ll1lophane
Fontmorillonite . intergrades A

>Halloysite——>Kaolinite

! e
(c).~ (a)ideathering of primary minerals
, . in alkaline environments
>usmorphcus relics o . ) . .
(1) (b)weathering of primary minerals
in acid environments
(c)Precipitation in interlayers

&

~ /r o
(a) Chlorifg; e
(&)

. . //
Primary minerals

B. Mineralogy of Sand Fractions

(i) General

The importance of the mineralogical composition of the sand fraction

®

of soils does not only pertain to the aid it may provide in the evaluation

of profile development, identification of the parent material and as an

expedient of soil fertilityrbut it alsc furnishes useful criteria for the

checking of the unifermity of the pareant material (Mohr and Van Baren,

19543 Fieldes, 19623 MHarshall, 1964 and Barshad, 1964).

According to Edeliman and Van Beers (1939, page 3): '"Mineralogical
analysis is primarily suitable for checking the autochtony of soil
section, & general checking on the autochtony of so0il sections to be
analysed for the sake of theoretical or other examinations would lead
to a purification of our theories of soil formation'. Reynders (1964)
postulated that the soundness of the interpretation of chemical analyses

of s0il profiles, in terms of the weathering depth function and profile

differentiation, is dependent upon the checking of the homogeneity of

——

profiles with the aid of mineralogical analyses. That this precaution is
of utmost importance with regard to soils of regions subjected to land~
scape instability, volcanic activity, and recent eustatic movements
is logical.

Three distinct technigues, usually applied in liaison with one
another, for checking the homogeneity of profiles and which involve
the sandfraction are:
1. Mineralogicél analyses of the light- and heavy- mineral fractions

(5 - 05 mm) with the aid of a polarizing microscope.
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2. Determination of the particle size-distribution of the sand
fraction.
3. Supplementing the above mentioned methods by 2 general checking

of the surface texture of constituent minerals.

The techniques used in the mineralogical analyses of sand fractions
are standard procedure The results, which will be discussed with
reference to individual soil types, are represented in tables with
other analytical data of individual profiles. Inspection of these
tables reveals an excellent qualitative correlation between the

results of the mineralogical and chemical analyses.

(ii) Relative Stability of Minerals

a.General.- The interpretation of the results of mineralogical analyses
would be greatly facilitated if more were known about the stability

of minerals. Stability of wminerals is a relative property; all the

minerals encountered in the sand fraction of individual profiles are
not contained in a single profile for a direct comparison of their
stability. Most of the available data on the relative stability of
minerals (Pettijohn, 1957) are based on their persistence in the
geological record and thus assume an indifferent envirvnment of
weathering. Althouzh these stability orders are probably sound, it is
nevertheless deened necessary to review the theoretical factors which
may control the relative stability of minerals, particularly the

silicate minerals constituting the bulk of minerals in soils.

b.Classification of the silicates.- In all silicate minerals, the

silica ions are in fourfold coordination with oxygen. The bonds
between oxygen and silica are strong enough for the oxygen ions to
be located at equal distances, i.e. at the corners of tetrahedra.
The silica tetrahedron forms the basic unit of the architecture of

all silicate minerals. Different silicate minerals arise from the
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way in which the silica tetrahedra are linked. The type of linkage
forms the basis for the structural classification of the silicate

minerals given in Table 10

Table 10: Structural classification of the silicates

Classification Basic equivalent Structural Exanples Si: O
of Greek root arrangement
Nesosilicates Island : Independent Sphene, Olivine 14
tetrahedra Garnet, andalu-
>

site, Kyanite,
Staurolite, Zirkon
! [ty
and Sillimanite

[ Sl

e e e s P Y S o —- e e

sorosilicates Group Two tetrahedra Epidote group 2:7
T

evacy N i S = -
sharing owe~ Tawsonite
oxygen

Cyclosilicates Ring Closed rings

1:3

£ . a & (‘.
oi tetﬁ&ggggc ~ordi
each shring Lxinite
two oxygen

Tnosilicates Chzin

¥

Continuous Pyroxenes and 1
single chains  Pyroxynoids

of tetrahedra

each sharing

two oxygens

Continuous Amphibole | 4311
uble chains
of t€££§§§HEq>

S St

sharing alter-
natively two
and three oxygens

Phyllosilicates Sheet Continuous Biotite 2:5

sheets of Muscovite and
tetrahedra Clay wminerals
each sharing
three oXxygens

Tektosilicates Framework Continuocus Quartz, Feldspars 1:2

framework of Feldspathoids
tetrahedra

each sharing

all four oxygens

Jons of other elements in the silicate structures such as additional

oxygen, hydroxyl groups, water molecules and cations are incorporated
M

to render the structures celectrically neutral and mechanically

._'_’/—\ e
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stable. Factors determining the type of mineral that will crystallize

are, amongst others, the chemical envircnment, temperature and

pressure, The combined effects of these are contained in the mineralogical
phase rule,

In general, minerals may be considered to have a predominant ionic

structure; at least as far as the cations, which bind the silica
—_ T , -

tetrahedra together, are concerned. The type of structure is determined

1ty
by the charge and specific size of ions that enters it. JIons with ) O

approximately the same size are capable of proxying for one another.
e bl bl

The controlling factor is ionic radius (Berry and Mason, 1959). Such

ions are called diadoch. In the event of the charge on diadochic ions
A

not being equal, electric neutrality is maintained by coupled ionic

substi ion. Thus, i he albite - ar hite (MaAlgd - Ca 20'
substitution. Thus, in the albite anorthite (Mail 1398 Canl U%ZQS)

, because at high temperature these

; + . . s A
series, Al3 substitutes for 5i

structures tend to be more open. Electrical neutrzlity is maintained

)
<t

by coupled substitution cof Ca for Na¥. In zeneral, however, little

or no lonic substitution takes place when the difference in charge

exceceds one,

Ionic substitution is of more widespread occurrence in minerals

formed at_high temperature, since structures tend to be more "open',

Depending on the rate of cooling, some minerals that are stable at

high temperature and unstable at low temperature, sepsrate into two

distinct phases. Important examples are anorthoclase, en%ountered

in lavas only. Upon slow cooling two feldspars, albite and microcline,

are formed, Both are more stable thgn anorthoclase. The sane

argument is applicable to pigeonite; the low-temperature more-stable

equivalents are augite and hypersthene (Turner and Verhoogen, 1960).
is general statements with regard to the stability of minerals the

following factors may be taken as of preponderant importance:

1. The structure of a mineral formed under a particular set of

environmental conditions possesses the lowest potential energy
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for the specific environment.

2. according to the principles enunciated by Fauling (1960) the lowest

—_—

potential energy is obtained when electrical charges are balanced
over the shortest possible distances. This ceondition ensures the
geometric stability of winerals and is controlled by the coordinsation
principle.

3., The total number of ions of all kinds in any stable structure, must

be such that the crystal is electrically neutral.

c.Coordination Number.- The predicted and observed coordination numbers

of the ions of elements commonly contained in minerals, encountered

in soils, are given in Table 11 (partly after Berry and Mason, 1959).

Table 11: Relationship between ionic size and coordination with oxygen
h_._—-—/

of important elements and zirconium in silicates

Fredicted Chserved

Ion Radius r(+)/r0‘2 Coordination Coordination
Number Number
sit 0.42 0.30 a m
Al3 0.51 0.36 i fab
Fe) 0.64 0.46 &) 6
Mga 0.66 Ou ik 6 5
i 0.68 .49 5 6
Fe2 O. 74 0.53 6 6
7t 0.79  0.56 6 6
2 o) - -

Mn™~ 0.8 0.57 b b
Na| 0.97 .69 8 6-8
Ca® 0.99 0.71 8 6-8
K1 1453 0.95 8 3=12
qu 1.34 0.96 12 §-12

. . . . . . . L0+
Many cations occur exclusively in a particular coordination. A13 s

however, whose radius is near the theoretical boundary between a
fourfold and sixfold coordination may occur in both. The type of

coordination in which aluminium occurs is controlled by the temperature
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and pressure at which crystallization toock place (Berry and lason,
1959 and Jackson, 1964).
High temperature and low pressure favour the more open fourfold

coordination, Low temperature, on the other hand, favours sixfold

Eggﬁiiﬂgﬁiggi_so do high temperature and high pressurc. The metamorphic
minerals andalusite, kyanite, sillimanite, garnet and staurolite are
examples., Minerals in which aluminium occurs in fourfeld coordination,
such as is the case in the majority of minerals occurring in igneous
rocks, will have a higher potential energy in soils than those nminerals
in which aluminium is in sixfold coordination. These minerals may be
expected to be less stable.

The above mentioned principle forms a theoretical basis for a

. . . . . . .5+
consideration of the origin of clay minerals in soils containing &l
in tetrahedral coordination and clay minerals having portions without
L : : . .
Al in fourfold coordination. For example, montmorillonite and

. . - T . o .
vermiculites containing Al in fourfold coordination can only be
expected to represent the weathering products of micas. Jhereas
portions of vermiculite and montmorillonite without sl in fourfo
coordination would be the product of neogenesis in soils (Barshad, 1964),

The manner in which the oxygens are packed around the cations in
positions other than the tetrahedral position is considered by

Barshad to be of considerable importance. The tighter they are packed

the more stable is the structure at low temperature. Barshad (1964)

T —

for instance attributed the greater stability of microline in

comparison with orthoclase, to its triclinic symmetry; orthoclase

has a monoclinic symmetry. The importance of ionic size in these
tektosilicate structures is manifested by the lack of ionic substitution
hetween cations with an ionic radius of less than a 93. Cnly bivalent

or monovalent cations with coordination numbers of eight or more can

balance the negative charges on the tektosilicate framework. On account
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of its larger size the K dion seewms to fit in without undue distortion.
This may be one of the factors which contribute to the difference in
relative stability between potassium feldspars and the plagioclase

feldspars,

Zlectrical Neutrality.- The presence of cations which may becoume

oxidized upon wveathering has a profound influence on the structural
stability of mincrals (Marshall, 19643 Barshad, 1964 and Jackson, 19064).

. . L2+ - B , . . .
Oxidation of Fe to Fe causes a disturbance of both the electrical
neutrality and geometrical staebility. Disturbance of geometrical
stability is caused by the change in ionic radius of ‘Fez‘+ to that of
Fe ' (Table 11).

The difference in relative stability between olivine and the other
minerals of the nesosilicate group (Table 10) may to a large extent be

s n o o O+ . . .

controlled by the oxidation of Fe to Fe” . The difference in relative
stability between epidote znd the pyroxenes, basaltic hornblende and
ordinary hornblende is controlled by the same factor. In the scoil
profile the preponderant influence of the oxidation of iron on profile
development and stability of minerals is probably largely attributable
to the influence of ferric oxides on soil structure (Kubiena, 1662
Fridland, et al., 1964 and Jackson, 1954) and the consequent improvement
of the permeability. i

The order of crystallization of the ordinary igneous rockforming-
silicates, in which temperature determines the structure, the
chemical environment and temperature the extent of ionic substitution,
corresponds well to the observed and calculated relative stability of
minerals (Mohr and Van Baren, 1954 and Pettijohn, 1957). The order of
crystallization from a structural point of view is as follows:

independent tetrahedra > single chains—-—> double chains > sheets.

The larger the number of independent tetrahedra the larger the

. . . . At . .
ratio of basic cations to 5i and the more basic the mineral.




A+

The larger the number of il ions in the tetrahcdra the more basic
the mineral. The following order of crystallization is generally

recognized (Jackson, 1964 and Barshad, 1964):

)
Discontinucus Mafic Series Tektosilicates
Clivine hdnortite
. o | N
Pyroxene (diopside, enstatite) Bytownite
y
— Pyroxene (pigeonite) Labradorite
fincrease decrease
Pyroxene (hypersthene and augite) Andesine
{
Horanblende Cligoclase
basicity
l Biotite Albite
\L \\\\\\59 Potassium feldspar Id/
Decrease Muscovite Increase
in quartz . in
basicity stzbility
-

Increase in stability of the mafic series is caused by an incrcase
in silica linkage which represents a decrease in basicity. Decrease

3+

in basicity of the tektosilicates resultsfrom a decrease of Al in
fourfold coordination. The poor fit of Na© and Ca*? in eightfold
coordination in comparison with K* Table 11) could be an inportant
additional factor in determining the relative stability of these
minerals.,

Although the above mentioned factors explain to a considerable
extent observed and reported differences in the relative stability
of minerals, consideration of individual minerals within a
particular structural group reveals important discrepancies, This
fact becomes particularly apparent when the relative stability of
individual minerals in the nesosilicate group is compared (Table 10).
The difference in stability between olivine and zircon for instance

may be duce to oxidation of iron in the olivine structure. This
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factor is, however, not inveolved in the weathering of forsterite
(MgZSiO4) and andzlusite. Thus, other factors which need consideration
are involved. although these are not to be divorced from the silicate
structures it is deemed advisable to discuss them under the behaviour
of the minerals and ions in the weathering cycle. It is convenient to
recognize two types of weathering, though neither operates to the

complete exclusion of the other,

e.Physical Yeathering.- Fhysical weathering may be considered to consist

of a physical disaggregation of the original rock and a physical
reduction in the size of constituent minerals. Pettijohn (1957) reviewed
the different size-reducing agents operating in sedimentary transport.
he importance of grain-size in determining the resistance of
minerals against chemical weathering hgs been elucidated by Jackson
(1959) and Barshad (1964). The resiztance of minerals to physical size-
reducing agents depends on their hardness and cleavage. In gedinents
this may be an important factor in deterisining the disappearance of
certain minerals (Pettijohn, 1957). The absence of micreocline and
twinned fragments of feldspar in the asolian sands is thought to be
attributable to the intense o~brasive action of aeolian transpert (Kuenen,

1960).

f,Chemical Weathering,- From the point of view of soil genesis more interest

is centered arcund chemical weathering. The principle agent in chemical
V
weathering is water. The Tfirst step in weathering is one of hydraticn

A e e et ———

or adsorption of water on the surface of the crystals., This is followed
LAl

by hydroxylation which involves the dissociation of the watermolecule

and the adsorption of 7" and O™ and its association with negative and
positive charged sites respectively on crystal surfaces. Vhen sufficient
bonds are broken the cation is liberated from the mineral lattice. The
ease with which it is liberated depends on two factors which have many

i “w+ characteristics in common.
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They are:
1. The ionic potential of the particular cation.

2. The relative strength of the cation-oxygen bond.

g.Ilonic Potential.~ The factor charge/radius for an ion is known as the

icnic potential and is a measure ol the intensity of the positive
charge on its surface. It is of great significance for many of its

nroperties in water (Mason, 1958). ilements with an icnic potential
A ——— e

of 3.0 and less (Table 12) belonz to the group of scluble cations and

is easily removed in solution. Thus, it will become detached more

—

easily from crystal surfaces. The rate at which this happens is zan
integral function of precipitation, drainage, permeability and the
biotic factor. Llements with intermediate ionic potential are
precipitated by hydrolysis and are less soluble. They form the amorphou
skeletons of defunct lattices representing the weathering products,
which in time disintegrate. The liberated silicium and sesquioxides
polymerize to form clay minerals via amorphous stages or the relative
insoluble hydroxydes. Structures in which these elements, especially
aluminium, form the cation linkage between silicon as in andalusite,
sillimanite and kyanite will thus be more stable than for instance
olivine. Similar conclusions may be reached by a consideration of

the relative strength of the cation-oxygen bond,.

| h,Relativae Strength of the Cation-oxygen Bond.- ~lmost all rock-forming
] / \

nminerals encountered in scil profiles involve cation-oxygen bonds.
f‘.\/‘_\ e

The breakdown or alteration of silicate structures, depends on the

strength of the weakest bonds. Breaking of these bonds supplies the
activation energy causing the ultimate breakdown of the silicates

that are meta-stable phases. Although the coordination plays an
important part in the determination of the strength with which a cation
is held in the different types of structures (Barshad, 1964), it may

be concluded that the weakest bond in all structures represents the




- 87 -

cation-oxygen bond which links the tetrahedra. The approximate
relative strength, assuming a perfect icn bond, may be calculated

from the following forrmula (Nicholls, 1963%):

relative boad strength = 2% 5
(r + 1.4)

where(?ﬂif;the valence of the metallic cation and<§~izi—£f§izi;¢

Table 12: Ionic potential Z/r and the relative strength of the element-

oxygen bond 27 assuming a perfect ionic bond
e 2
(r+1.40)

- 27
o Py gt 5 T 2

T 9.5 2.4
a1’ 5.9 1.65
21 5.9 1.4
grt 5.1 1.7
é’ M\/ e
o Hg® 3.0 0.9
Fe? 2.7 0.35
iin® 2.5 0.8
Ca® 2.0 0.7
B, Na 1.0 0.35
g K’ 0.75 0.25
~ Rh' 0.68 0.24

I

.\\\\\\——_——————_—/’/
From the data calculated by application of this formula (Table 12)
it may be concluded that the relative strength of the weakest bond
in all minerals could be expected to follow this order. Removal of
constituents in the order of Ca > Na> K > 4l from feldspar structures

il ——

upon electrodialyses of microcline and albite reported by Marshall

(1964) indicate a structural influence as was explained earlier.

The general trend of the data in Table 12, with respect to
principles elucidated in the previous paragraphs, clearly reveals
the anomalous behaviour of zircon. Zircon is regarded by the majority

—~—

of petrographers (#ohr and Van Baren, 1954 and Marshall, 1964) as




one of the most weasther-resistant minerals., It is concluded that its
resistance is attributable to the strong covalent nature of the
zircon-oxygen bond. Its hardness, high melting point and the small
size of its unit cell is a manifestation of this. Despite the
relatively small differences in ionic radia between magnesium- and
zircon~ ilons, the dimensions of the unit cell of olivine is 29133 in
comparison to 23133 of that of zircon. Pauling (1960) has assigned
to each element a value of electronegativity. The greater the difference
in electronegativity between two elements the more iunic the bond
between them. Consideration of this principle and its application as
an indication of relative bond-strength corresponds well to those
calculated by Nicholls (1963) except for zircon which corresponds to
the strength of the Ti-0 bond in order of wmagnitude. The size of a
sphere which would just fit into sixfold coordination is O.?Og,
zirconium with an ionic radius of 0.792 secmsto fit in without undue

distcrticn,.

i.Conclusion.- Stability of minerzls is = relative property and should
not be considered in the context of their persistence in the geological
record. Most discussions on the relative stability of minerals of sand
fractions in the literature (Pettijohn, 1957) assume an indifferent
enviro&ment of weathering. The relative stability oi the minerals of
sand fractions is not predictable on this basis.
From structural considerations it may be deduced that most of the

primary minerals formed at higher temperatures and pressures than

those existing in soil profiles are meta-stable. Metastability

in a therwmodynamic context implies a phase or system with more than
/\

the minimunm free energy for the phase, but in which the rate of

chanpge to a phase or systeim with lower free energy is so slow as

to be undetectable. 4n input of energy is required to make the
PR

transformation take place at a finite rate (Turner and Verhoogen,
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1960). This input of energy is known as activation energy. The
/

susceptibility of minerals to weathering depends on the magnitude of

conditions which may supprly the activation energy to cause disintegraticn.

'The factors influencing the structural stability of minerals have been

discussed. The activation energy may be provided by:

1. Breaking cf the weakest bond in the structure, that is breaking the
/“—\-—
cation-oxygen bonds which link the silica tetrahedra,.féﬁgggb

e e e e

hydroxylation. The relative strength of these bonds may be regarded
M

as a function of the difference in electronegativity between the element
and oxygen. The rate of weathering depends on the rate at which the
liberated cation is removed from the crystal surface. The higher the
rainfall the greater the circulation of water through the soil profile
and the greater the rate of removal., It iz, however, clear that the

rate of removal will not be a linear functicn of precipitstion due

to differences in permeability of s0il material and internal drainage.
In the Highveld Region where precipitation is mostly in the form of
torrential falls the perneability and drainage may be expected to be

of overriding importance.

2. Factors which may disturb the electrical neutrality of a mineral
A J e ————

. . . . . o 2+
structure will also act as activation energy. The oxidation of Fe

l’w —
to Fe’t is the dominating process affecting the electrical neutrality

of crystal structures (Barshad, 1964). In the Hizhveld Region

were rapid mineralization of organic matter is an indisputable fact,
a high redox potential will be synonymous with high permeability

and good internal drainage during the initial stages of soil formation.

. . o 2 . D+
Furthermore, as soon as oxidation of Fe to Fe’' takes place

perimeability will increase because of the influence of ferric-oxides

on the stability of soil aggregates (Jackson, 1964). This greatly
B S

accelerates weathering, and explains the lcw content of primary
P

minerals in ferruginous tropical soils and the accumulation of

———
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aluminium, iron, titanium and gquartz.

——

g

(iii) Grain-size Distribution of the Sand Fraction

Differences in particle-size distribution and in ratios between
different size separates of the sand fraction of successive horizons
in soil profiles usually suggest layering of the parent material (Mohr
and Van Baren, 19543 Soil Survey Staff, 1960 and Barshad, 1964).

Grain-size distribution has been used extensively in sedimentary
petrology as an expedient to arrive at conclusions about the cnvironment
of deposition, paleotopography and the physical nature of the trans-
porting medium (Doeglas, 19463 Van Anderl, 1950; Fettijohn, 1957
Harris, 1958 and Folk, 1962 and 1966). Cuantification of the results
is achieved by means of descriptive statistics or grain-size parameters
which provide measures for quantification of deviafions from log-
normal distributions. These deviations are related to admixture from
different sources, progressive sorting, distance of transport,
fluctuations ia the competency of the transporting medium and genesis
of sediments in general (Friedman, 19623 Spencer, 1963; Brenzina,

196% 3 Harmse, 1963 and Tanncr, 1964).

To achieve the above mentioned aim as well as statistically reliable
results, scdimentary deposits have to be sampled according to their
variability (Griffith, 1955 and 19625 Steinmetz, 1962 and Bhrlich,
1964) ., Furthermore, intensive sampling is necessary to typify the
variaticns in the sedimentary characteristics of aeolian sand and to
interpret them in terwms of provenance (Harmse, 1963). Samples
investigated during this study were not ccllected with & view to
establishing the provenance and variability of the aeolian sand cover
but according to the variability between soils. The sample sites are
too wide-spread to comply with the above mentioned pre-requisites.
Consequently statistical recasting of results has been omitted. The

desired aim, to check the homogeneity or heterogeneity between
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different horizons of profiles is easily achieved by a visual comparison
of the results. These are tabulated with other analytical data of

individual profiles.

a.lethods.~ In testing the uniformity of the parent material it is
desirable to climinste séand-size particles originating in soil profiles
as a result of katamorphic processes, such as concrefions and pseudo-
sands. This neccssitates the employment of cleansing agents and
treatment which may have a detrimental effect on the normal grain-size
distribution of colloidal fractions. Furthermore, as has been demonstrated
by Sys (1961), stratification of parent material usually involves
horizons with differential susceptibilities tc chemical weathering. If
the silt and clay fraction is included in granulometric analysis it
will have a masking effect on the grain-size distribution. Similar
effects are introduced by processes normally associated with profile
differentiation and the winnowing of clay from the surface horizons
(Harmse, 1963).

Consequently it was deemed advisable to subject only the sand —-—\

fractions to grain-size analysis. Total sand fractions (2 -~ 0.5mm)
retained on the O,5mu sieve during the standard granulometric znalysis

of soils were used. These were treated with a boiling solution of

stannous chloride and 0,2N HCl to remove coatings of iron-oxides from

4

the grains (Van 4ndel, 1950). Samples were tnen washed and dried and

rubbed gently with a rubber stopper to facilitate the disaggregation

of Jumps. Following this treatment grains were checked with the aid
of a binocular microscope to make sure that composite grains and
aggregates were dispersed.

Samples were then fractionated into different size grades with the
aid of a nest of sieves spaced at 1/2 phi intervals (phi = -16g2
diam. (mm). The merits of closely-spaced sieve apertures in revealing

the properties of sediments were discussed by Doeglas (1946),



Harris (1958) and Folk (1966). The nest of sieves was shaken for 15

minutes on a mechanical shaker with a pronounced jarring motion.

b,Results.- The principle of hydraulic equivalence elucidated by Rittenhouse

(1943) and McIntyre (1959)»and applied in modified form as the linears

approximate hydraulic-eguivalence by Harmse (1963), to include aeolian

sediments transported by saltation, traction and suspension, implies
that any variation in grain-size distribution in sediments should be
accompanied by a concomitant variation in the size~distribution of
heavy minerals. This concept is only applicable to sediments. Such
variations may be due to mixing of materials from different sources,
oscillations in the type of transport or fluctuations in the capability
of the transporting mediunm. Sclective weathering of minerals in the
soil profile may have a profound influence, Should the variation in
heavy-wmineral compositicn, however, coincide with concomitant

variation in grain-size distribution the cause is most likely

attributable to sedimentation. .4lthough pedoturbation may be held

responsible in some instances, progressive scorting of mixtures. of
detritus derived from the auvtochtonous rocks and extraneous aeolian
sand explains the vertical succession described below. as in the Congo

(Sys, 1961) and Southern Rhodesia (Watson, 1964) the geological profile,

(which in the drier Highveld Region with rapid mineralization of organic
matter mostly comprises also the pedological profile) consists in
ascending order of:

1. Weathered autochtonous rocks which, depending on its permeability
and petrography, comprises the mottled zone in nany profiles or
horizon of relative accumulation of sesquioxides.

2. 4 transitional horizon between the better-sorted overlying aeolian
sand and the underlying rock. This horizon contains material of
agolian origin as well as detritus derived from the underlying

rock. In many instances zlso water-transported pebbles. In most cases
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it comprises the horizon of moximum clay and iron content, The
explanation of Sys (19€1) that it represents a type of desert
¢luvium is acceptable. The heavy-mineral conposition, grain-size
distribution and surface texture of the constituent minerals
substantiate the contention that it consists of a mixture of
aeolian sand and material of local origin. Pedoturbation, especially
in the instances where the autochtonous rocks consist of argillace-
ous sediments or dolerite, explains the mixed origin of this
horizon. The mineralogy and the grain-size distribution provides

no direct evidence of admixture if the underlying rocks consists

of dolerite. The only indication there-of is an increase in the
number of angular non-opaque minerals (Plate XIII, fig.1-4 and
profiles 4/7; 12/15 and 59/62).

Overlying the horizon described above, in most profiles there is a
layer which consists of better-sorted aeolian sand. Only in one
instance could definite infornation be obtainsd as to differences
in age between this layer and the underlying layer of mixed origin.
Near Ventersdorp some stone-age artifacts belonging to the
Fauresmith Culture (Table &) occur on the layer of mixed origin.
The surface horizons of all profiles in the aeolian landscape and
even in areas where discrete acolian deposits are absent, are better
sorted and the constituent minerals more abraded than in any of
the underlying horizons (Plates XIII - XVII).

One is indeed tempted to correlate each of the three geological
horizons described above with each of the three major arid-periods
recognized in Southern ifrica (Table 6); which is more than likely
the case. The fact, however, that all three horizons are not
encountered in superposition in all profiles calls for restraint.
Furthermore, in many profiles the mixed horizons undoubtedly
consist of material mixed by pedoturbation. In such instances the

mixed horizons would have no stratigraphic significance.,
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(iv) Surface Texture of Minerals

a.General.- Some of the most characteristic properties of mineral

grains subject to prolonged sedimentary transport are their surface
— TN N——

texture (Pettijohn, 1957). Xuenen (1960) demonstrated by experiment
o e

the greatly sustained effect of aeolian abrasion on gquartz grains. He
concluded that aeolian abrasion is from 100 to 1000 times more effective
over the same distance of transport than is abrasion in rivers.
According to the contentions elucidated under the grain-size
distribution of the sand fraction, it may be expected that surface

|

horizons of soils affected by admixture of aeolian sand should exhibit

signs of more intensive abrasion (page 90).

It has become almost unanimously accepted that aeolian transport

introduces frosting, which is diagnostic of wind transportation
———————" .

(Cailleux, 19423 Bond, 19754 and Holmes, 1965). Kuenen agd Perdok
(1962) concluded from experimental observations, that frosting may
also be caused by chemical solution. They pointed out that the
different types of frosting may not be readily distinguishable. These
authors mentioned the chemical frost they observed on quartz grains
from South Africa. Since some profiles (on granite 200/203)
investigated comprises a mixture of aeolian sand and sedentary
granitic-material it was thought an excellent opportunity to give
some attention to this aspect. The elecFron micrographs (Plate XIV)
of replicas of grain surfaces, prepared by the use of Triafel film
by J«D. van Wijgaarden of the Philips' Application Laboratory in
Bindhoven, illustrates the differences between chemical etching and L/
frosting by aeolian attrition.

Bond (1954) found that aeolian sands from the Kalahari are polished

when smaller than 0.15 mm, while coarser grains are frosted. The sane

B I

phenomena were observed during this investigation (Plate XV). This
seems to be a powerful argument against the chemical origin of

frosted grains in aeolian sands.
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b.Discussion of Results.- Neither the degree of roundness nor the

degree of frcsting can be evaluated quantitatively. It has, however,
undoubted merits in providing additional evidence to be used in
conjunction with the results of other methods of investigation.
Frosting as such, owing to the low resolution power of the binocular
nmicroscope used, cannot be taken as an absclute proof of aeolian
attrition. Zlectron micrographs, however, provides clear evidence of
the difference between frosting caused by aeolian and chemical etching
of quartz grains respectively. The fact that quartz grains from
granite show frostinz due to chemical attact should not be taken too
zenerally. These guartz grains show undulous extinction which indicates
that the grains are under strain and may be more susceptible to
chemical solution, neither is resorption in the magmatic environments
or during granitization excluded., The percussion bulbs described by

Cailleux (1942) are clearly visible on the electron micrographs

(Plate XIV). Water-transported grains, zlthough etched by chemical ”
H
attact and exhibiting a mat surface, are clearly devold of the !
I

percussion bulbs seen on the surface of aeolian sands (Plate XIV).
The sand-fraction of horizons consisting of mixtures of aeolian
sand ana dolerite provides little evidence of such admixture. The
only indication of such happenings, in the sand-fraction, is the
presence of large amounts of angular non-opaque minerals (Profiles
59/62, 4/7, 7/8%, 12/15 and Plate XIII). From the heavy-mineral
‘analysis and grain-size distribution of profile (200/203%) on granite
it may be deduced that the parent material consists of an admixture
of extraneous acolian sand and detritus derived from the autochtonous
rocks. Furthermore, that the amount of admixed granitic material
decreases progressively towards the surface. The amount of angular
grains in the different size grades confirms this (FPlate XV);
Similar explanations are given for the differences in roundness of
mineral grains, heavy-mineral composition'and grain-size distribution

of other profiles (Flate XVI and XVII).
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M.PPING AND ANALYTICAL® METHODS

The accompanying soil map (Maé 4, in pocket) has been compiled from
field observations, supplemented by air-~photographic interpretation,
over a period of three years. During this period the area has been
subjected to a systematic routine analyses of air-photographs followed
by regular checking in the field of the deliniated areas. This procedure
resulted in the acquisition of considerable experience concerning the
identity of certzin consistent features associated with soil types
and their image on the air-photographs.

The broad and specific patterns caused by relief, drainage, patterned
ground, tone differences, vegetation, landuse, erosion and the
physiographic expression of rock- and stratigraphic- units were
demarcated on the photographs. The demarcated arcas were checked in
the field with the aid of an auger and by pitting, to ascertain the
extent of thelr direct pesitive relationship to soil types.

Compilation maps on a scale of 1:30,000 and 1:45.000, on which
farm boundaries are shown, were available for the arca. The farm
boundaries are visible on the photographs because strips along fences
are not cultivated and also on account of tone differences caused by
differential grazing. Transpositioning of data from the photographs to
the maps was further facilitated by slight variations in elevation over
vast tracts of the terrain.

A8 has been pointed out elsewhere, differences between soil types
in the aeolian landscapes are intimately dependént upon the thickness
of the sandcover and the hydromorphic regime which resulted from the
deposition of permeable sand on diverse rock-types and buried soils,
as well as upon relief. COn account of these factors the transition
between soil types are extremely gradational. ilthough the map (in

pocket) has been generalized and the scale reduced it should only be
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-
regarded as a reconnaissance map. It is the considered opinion of

the author that extensive use will have to be made of catenary

complexes as mapping units, even in the event of detailed surveys.

VRN O s,

T T inalytical Hethods

In the fcellowing paragraphs the chemical methods and other analytical
procedures followed in compiling the data tabulated with the
morphological description of representative profiles will be described
briefly, tcgether with an explanation of the abbrevations and symbols
given in the tables. The analyses were carried out at the Royal
Tropical Institute in wmsterdam and in the laboratory of the 3Soils
Institute of the University of Utrecht, 41l determinations, excepting
the microscopical analyses, were performed on fine-earths (<2 mm) and

clay fractions (»2u).

(i)FParticle Size-distribution inalyses

The fine-~earths were fractionated into different size grades by the
pipette method and by sieving, The different size grades used and the

procedures fcllowed are according to the USDA Scheme of Classification:

Coarse sand: 240 » 0.5 mm

fine sand: Ce5 ~ 0,05 mm

silt: 0.05 - 0.002 nm

clay: smaller than 0,002 mm

Soil samples were boiled in HZOE and acidified in excess of the

carbonate content. The pastes were neutralized by successive washing
with distilled water and washed through a 50 micron sieve into 500ml
cylinders. The dispersion-agent used was sodiumpyrophosphate

(Na4P>O + 1OH20). The cylinders were filled with distilled water and,

7

after thorough shaking, suspensions were checked for good dispersion.

The determinations then continued according to standard procedure.
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The analytical data reveal variations with depth of the cation-
exchange capacities which do not change concomitantly with the
granulometric clay content. It is doubtful whether this could be
attributea to a lack of dispersion only. From the discussions in the
following paragraphs it may safely be inferred that the above
mentioned discrevancies are mainly an attestatioh of the weathering-
depth function.

The cation-exchange capacities of the C horizons of vertisols - Db
on mudstone and siltstone are practically eguivalent to that of 4
and AC horizons, with higher granulometric clay content. These
phenomena are to some extent attributable to an increase in 2 : 1
layer-silicates with depth. Judging, however, from the molecular
ratios (SiOa/Alzoz) of the fine-earth fractions of A4 and AC horizons,
it is apparent that the higher clay content of these horizons is
caused by argillification (Scheffer, 1962). Meaning, that the clay-
size particles are formed by disintegration of layer-silicates with
a larger diameter. Rather similar variations in the C,E.C. in comparison
with clay content, are caused by the presence of amorphous relics of
primary minerals in C horigzons of soils formed on rocks with a high
content of easily-weatherable primary minerals (Table 13).

Table 13: Variation of C.E.C. of the fine sand fractions (0.% - 0.05
mn) of C horizons of some profiles, with amount (expressed

as percentages of the total mineral content) of amorphous

relics in light-mineral fractions.

Profile Sample Percentages amorphous C.%.C. of fine-sand frac-
number number relics (%) in the light tions (clay and silt
fraction removed by dispersion and

wet sieving)

/7 7 62 574 meq./100zm oven-dried sand
59/62 62 51 26,5 ! Y b ¥
157/161 160 | .68 32’2 i it 1" "

(%) In the analytical tables these amorphous relics are grouped
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together uander the heading "Weathering Products''. meaning,
primary winerals which exist in varicus stages of decomposition.
These relics often still exhibit the outlines of the original
minerals, but are altered to such an extent that the optical

properties are completely destroyed (Plate VI).

. \
(ii) So0il Heaction

The pH-H.C was determined by glass electrcde in 1 : 5 soil-water

2
suspencions and the »H-XKCl din 2 : 5 soil-1lN KCl suspensions, The

qualitative classes which may be referred to in the discussion of

s0il types or individual profiles are:

Class pH-H,0 Class pH-HaO
Extremely acid below 4.5 Neutral 6.6 - 7.3
Very strongly acid 4.5 - 5.0 Mildly alkaline 7o - 7.8
Strongly acid 5.7 = 5.5 Moderately alkaline 7.9 - &.4
Medium acid 5.6 ~ 6.0 Stronzly alkaline 8.5 - 9.0
5lightly acid 5.0 ~ 6.5 Very strongly alkaline below 9.1

i

(iii) Cation-exchange Capacity (C.E.C.) and Total Exchangable Ease;§~\\\

T.5.B.)
B ECLE L A

Soil samples were mixed with purified sand to facilitate percolation
in percolation tubes., ¥Water-soluble salts were removed with a 1 @ 1
alcohol/water mixture and the exchangeable bascs leached with NHA-
acetate/alcohol at pH 8.2. Calcium, potassium and sodium in the
leachates were determined with a flame photometer, and magnesium by
the colometric thyazol method.

Following the above menticned procedures, the soils were

saturated with sodium, using sodium acetate at pH 8.2. samples

were freed from excess sodium by one or more washings with 100
per cent ethanol. The adsorbed sodiuim was subsequeantly replaced

by ammonium acetate. Sodium in the leachates was determined by
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flame photometer. The results, calculated in meq./100gm oven-dried
soil, give the cation-exchiange capacity (C.8.C.). The exchangeable

L%

sodium percentage (B.85.P.) was calculated from exh. 1}

It is known that the C.&.C, and T,.£.B. determined by the methods
described zbove, may only be regarded as an approximate estimate
owing to the following reasons:

1. According to Summer (1953) the charge of FeBO3 is positive at

low, and negative at high pH values. This accounts for a considerable

no

portion of the pH-devendent negative charges in soils. The Fe O3
increases the buffer capacity of all scils and of kaolinite—Fe203
complexes. & considerable proportion of the surfaces of clay
fractions are covered by Fe203 which result in a decrease in the
negative charges on clays.

2. Swindale (1964) pointed out that cworphous mineral-colloids have
pH-dependent charges. The C,d.C., measured at pH I, for instance,
differs widely from that determined at pH 7.

3. Soils containing cartonates are known to present problems in the
determination of exchangeable calcium and maznesium. The reason
is that calcium- and magnesium- carbonates are only sparingly
soluble in water, but higzhly soluble in the ammonium acetate used
for the leaching of the exchangeabls bases. This results in too
high values for these cations. Hence an alcohel ammonium-acetate
mixture at pH 8.2 was used for the leaching of the exchangeable
cations. It is thought that the solubility of carbonates are
restricted, though not prevented, at a pH of 8.21.

4, &t conspicious correlation exists between the pyroxene content of
the sand fractions and the amount of exchangeable magnesium of some
horizons. wccording to F.4. van Zaren (personal communication
and 1963) this correlation may conceivably be caused by the release

of magnesium from the surfaces and lattices of sand- and silt-
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size grains. Similar observations were made with regard to the amount
of calcium released and the presence of basic-plagioclase in sand
fractions. iicClelland (1950) reported on the release of bases from
primary minersls and found a correlation between the amount of bases

released and the type of crystal structure.

(iv) Organic latter

The percentage of carbon was determined according to the walkley

~——

Dlack method., American investigators found that the application of
this method to a number of soils from the USA resulted only in 77 per
cent of the carbon being oxidized. On account of this observation it
has become almost standard practice to multiply the percentage of.%% YC;’$
carbon by the factor 100/77. Whether this also holds for the carbon
occurring in the organic fractions of the soils of tropical, sub-
tropical and semi-arid regions is not certain1 Little is known about
the nature of organic compounds in the soils of these regions, espe-
cially the semi-arid regions (Pauli, 1964). It is considered that
sonme basic investigations into the physico-chemical nature of organic
cempounds in these areas and their variation with soil type, are of
eminent lmportance and lonz overdue,

The percentage of nitrogen was determined according to the Kjeldal

~——

method., The very low nitrogen content bears testimony to the high
degree of mineralization under the conditions which prevail in the
Highveld Region. From the literature (Droadbent, 1962 and Pauli, 1954)
it is clear that these conditions are singularly favourable to rapid

nmineralization.

(v) BElemental Analyses

Chenmical analyses of the clay fractions and the unfractionated

fine-carths (finer than 2 mm) were carried out with a Philips' X-ray

1. . . .
4.Muller (personal communication)

2



fluoroscence- spectrograph according to the procedure described by

Reynders (1964b).

(vi) Mineralogical inalyses

The procedure followed and the methods used for the determination
of the clay minerals are described under the heading "Clay Minerals',
Determination and counting of. the minerals of the sand fraction
proceeded according to standard methods (Kerr, 1959: Wahlstrom, 1960;
Milner, 1962 and Heidenrecich, 1965). One important aspect, however,
needs some comment, namely: the method whereby the fractions, for
bromoform separation and subsequent mounting on slides, are separated
from bulk samples. Mere pouring out from a container, of the amount
of sand or heavy-minerals required, introduces variations which
impair the diapgnostic value of mineral counts, Owing to differences
in size and specific gravity minerals in loose sands are apt to settle
selectively in containers. All samples were therefore cone-quartered
down to the amounts required for bromoform separation and preparation

of slides.
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VI, DISCUSSICN CF SOILS

A. General

The system o soil classification currently in use in the Republic
of South Africa is based on the S.F.I. system (D'hoore, 1964) which
does not differ substantially from the systen used by Van der Merwe
(1962) and Loxton (1962). Subdivision has only been to higher
categories and is based on morphology, physico-chemical properties
and genesis. S0il genesis is deduced from profile morphology in
terms of soil history, processes of development and the influence of
environmental- and parent- material factors (Takle 1).

Owing to landscape instability, gradual transitional changes
(catenas) concomitant with variations in relief, thickness and texture
of the asolian sand cover, petrography and texture of buried horizons
and the variation in soil climate caused by these variables, a
considerable spectrum of soils is included in each group. The
“morphological variables” represent transitional types which inter-
digitate laterally with the modal types.

The gradual transitional spectra have been differentiated only
in fhose instances where morphological variables have pedological
relevance. Justification and criteria for subdivison into lower
categories Dbased on differentise which have agronomic pertinence
are not relevant to this study,which considers the soils from a
genetic point of view only. The soil propertics used as basis for
differentiation were selected on the ground of their relevance to
soll genesis, and their natural recurrent propinquity.

Adhering to the procedure of making the most logical fit, the
soils were grouped into the categories defined by D'Hoore (1964)
and his collaborators, since it seems to reflect the present stage
of knowledge of the soils on the african continent. It may be argued

that too much emphasis has been placed on soil genesis and that the
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system followed (D'Hoore, 1964) is essentially & mapping legend,
lacking the precision of definition of soil categories which are
essential for the exclusive classification of soils., It should,
however, be borne in mind that the soils of aAfrica are not well known
and for this very reason soil scientists have to be content with a
irudimentary’ system., It permits a comparative way in which soils

may be regarded, and allows the communication of data, Furthermore,

the fact that it is based on soil genesis provides a working hypothesis
which acts as a stimulant for field and laboratory research. The
soundness of genetic classification may be disputed on the ground

that it leads to speculation and places soill science on an unsafe
basis. There is, however, a distinguished difference between speculation
and a working hypothesis if genetic inferences are based on soil
properties and morphological characteristics.,

In this study considerable evidence has been gathered from an
investigation of sand fractions, which indicates that the geographical
distribution of soils in the Highveld Region is largely attributable
to the layering of aeolian deposits or their absence. This does not
nullify the existing classification system because the morphology
and other properties remain the same, 1t will merely result in a
reappraisal or re-interpretation of the genetical factors; soil
genesis involves processes not properties.

In the discussion of the s0il groups the analytical and mor-
phological characteristics of each group is considered in the context
of the criteria and definitions given by Van der HMerwe (1962) and
D'Hoore (1964).

The possibility of finding a place in the U.S.D.h. system of
classification (7th iapproximation and supplements) is considered for
some of the soils. Such correlations should, however, be regarded

as tentative and of academic interest only.


file://'/frica

B. Reddish-brown Fersiallitic Soils - Jd

The geographical distribution in the Highveld Region of the soil
type was shown on the S.P.I. map as fersiallitic soils -~ Jd,
undifferentiated. The salient fezatures as well as analytical data
show it to denote a stage of soil formation which evolves towards
ferrallitic characteristice, It compares well with D'Hoore's (1964)
‘ferrisols but for the absence of structural © horizons with glossy
ped-surfaces. In all other respects i.e. clay mineralogy, colour,
base saturation and cation-exchange capacity it resembles the ferrisols
more closely than it does fersialitic soils as defined by D'Hoore, &
more appropiate taxa, according to the concept of 3ys (1959) would
therefore seem to be xero-ferrisol; the prefix denotes a drier
climate., Van der Merwe described it as “'reddish-brown ferruginous
laterites.

A1l profiles have an aAC type morphology and are complex. The
parent material usually comprises different deposits consisting of
well-sorted aeolian sand, aeolian sand redistributed by colluviation
or poorly-sorted aeolian sand affected by admixture of locally derived
detritus. Increase in clay with depth as has been pointed out by
Van der Merwe (1962) is mainly attributable to the weathering of
detritus of local origin, which has been incorporated in the aeolian
sand, or the weathering of buried hnorizons (see subdivisions: Grain-
size distribution of the sandfractions and surface textures of
minerals). The scil climate resulting from this ensemble of factors
and gocd internal as well as external drainage is the dominating
agent affecting the geographical distribution and genesis. In the
presence of yellowish-~brown fersiallitic soils the red soils are
exclusively situated on the crestlines of interfluves or on sub-
surface layere, which through their permeability, do not permit

prolonged periods of water stagnation. In such situations the yellowish-
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brown fersiallitic soils &re usually individualized on the lower
slopes.

Temporary stagnation and the conseguent mobilization of iron and
its segregation into iron concretions explain the variaticn in the

with depth. Some concretions, considering

molecular ratios 41.,0_/Fe. 0
23 23
their association with colluvium, may conceivably be of extraneous
origin. Accumulation of concretions between barchan dunes along the
Vaal River and on the floors of smaller pans (Harmse, 1963) shows that
aeolian deflation gives rise to extensive accumulations of concretions
as lag-deposits. furthermcre, water-transported concretions are a
prominent constituent of all fluviatile gravels in the area (3dunge
and Visser, 1937 and Von Dackstrdm, «t al., 1953). In general it may
be concluded that these soils exhibit a marked tendency for the
immobilization of iron. The presence of pseudo-sands is detectable in
the field., Concretions witﬁ low A1203/Fe203 ratios (Table 9) arc the
result of temporary water-stagnation, some are of sedimentary origin.
The characteristic features of the reddish-brown fersiallitic

soils (see profile descriptions 2nd analytical tables) consist of:

1. Colours of all horizons, excepting the C horizons of some pedons
1 by i ]

are dominated by reddish hues and fall in the 10R and 5YR range.

sy

N
>

A-horizons usually have lower values, hues, or chromas than
horizons, presumably owing to the presence of dispcersed humus. The
C/N ratio of 4 horizons are extremely variable and narrow, it ranges

from 6,0 to 15 and decreases rapidly with depth.

2. 411 pedons have textural 2 horizons; clay illuviation, as evidenced
mm——— e e et —

by the presence of clay skins, could not be ascertained in the

field and laboratory. Porosity is good and counsistence friable to
slightly hard., Structures, which are usually weakly developed, range
from fine granular to nut-like., a-horizons are usually aspedal.

3. The silt/clay ratios (20/,n), as a consequence of the complexity
’__.__—_..,-——'\ &

of the parent material, are extremely variable. Generally, it
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exceeds O.4 in A horizonsy T horizons in contrast, often have silt/
clay ratios of less than 15.

4, Molecular ratios SiOQ/AlZO% of colloidal fractions in all horizons

s

Si0 . . .

.exceeds two. The 2 ratios are, however, slightly below two or
R.O

just two, dependiné gn the degree of local admixture and sorting of

the aeolizn sand.

5. The exchange complexes of © horizons are less than 40 per cent

saturated (Ammonium-acetate method). Exchange capacities of clay f
fractions exceed 30 meq/100g and fall in the 30 - 55 meq/100g range.
6. Crystalline components of colloidal fracticns consist of comparatively

well-ordered kaolinite with subordinate amounts of halloysite,

hematite, goethite and detectable guantities of mica, mixed-layer
minerals and other 2 : 1 layer silicates, Gibbsite is absent. The
presence of allophane was confirmed in a number of profiles.
Colloidal fractions c¢f i horizons usually contain feldspar and larger
amounts of quartz than - horizons.

7. Weatherable-mineral reserves of sand fractions (250-20p) are low but

exceeds 2 per cent.

8. Soil reactions of 4 horizons are strongly acid to slightly acid

and fall in the 5.1 - 6.4 pH range. The pH increase with depth;
C horizons unvariably have neutral soil reactions. The pH values

in KCl solution do not exceed pH values in water.

The base saturation of 2 horizons ef=Llherizens cf less than 35 per
cent, presence of detectable quantities of 2 : 1 layer minerals and
allophane, low percentage of weatherable minerals in sand fractions and
moist colour-values of 4 or less in 4 and I horizons require these
soils to be classified as Rhodochrults. On account of the fact, however,
that 2 horizons do not seem to constitute argillic horizons they would
fit in better amongst the Inceptisols (Orthic fustrochrepts-—1960), |

although their genesis does not seem to comply with the central
& g

concept of Inceptisols.
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Profile number;:

Soil type
Location

Site

Rainfall s
Elevation :

Parent material

Sample

__No. =~ Horizon
73 A1

74 B11

75 TIB21
76 IIIC

73/76
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¢ Reddish-brown fersiallitic soil - Jd.
! '
: Lat. 26°51 , Long. 26°46 on the farm Hartebeestfontein

22, Klerksdorp district.

grass-covered featureless aggradation surface; less

than 2 per cent slope.

565mm;
1350m.

:0-147cm: aeolian sandj; 147-187cu: colluvial admixture

of pediplain drift and aeolian sandj; below 1871cu:

sediments

-

19-147

147-181

181-245

of Lower #cca Series (Karroo System).

reddish-brown 2.5 YR4/4 (dry) sandy loam;
friable; apedal; porous; abundant roots;

gradual boundary.

red 2.5YR4/6 (dry) sandy clay loam; friable;
weak tendency towards nuciform structure;

porous; frequent rootsj; abrupt transition.

reddish-brown. 5YR5/3 (dry) sandy loam;
slightly hard; weak nuciform structurej
pseudo sandj porous; hard iron concretions
scattered throughout horizon; scattered

chert pebbles; abrupt transition.

light-grey 2.5Y7/2 (dry) sandy loam;friable;

apedal; sandstone floaters.
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Profile
50il typ

Location

Site

Rainfall

Llevatio

nunber

e

n

e

Parent material:

Sanmple

110

112

113

II43

IIB11

IIB12

IIIB23

IVCen

109/113

Reddish-~

- 109 -

brown fersiallitic soil -~ Jd.

13 ]
Lat., 26%4 , Long. 28°18  on the farm Goedgedacht
445, Heidelbery district.

disturbed grass-covered verze of maize field (dominant

species

Tristachya (spp) ), on mid slope of long

pediment to outcrop of andesitic lavaj more than

6 per cent slope.

675mnm.
1600m.

O0=~-24cns

colluvium comprising a mixture of aeolian

sand and sedentary material: 24-149cm: colluvium and

aeolian

sand (probably more than one period of

accumulation); 149~212c¢cm: colluvium; below 212:

andesitic lava of the Ventersdorp System (apparently

not epidotized in this area).

Depth

0 - 24 dark-brown 75.YR4/4 (moist) fine sandy loam;

24~ 65

69107

107-149

149-212

212+

friable; apedal; abundant roots; indistinct

boundary.

dark-reddish brown 5YR3/% (moist) fine sandy
loans friable; apedal and porous; frequent

roots; gradual transition.

reddish~brown 2.5YR4/4 (moist) fine sandy clay
loam; friables; apedal and porous; few roots;

gradual transition.

red 10R4/5 (moist) fine sandy clay loan;
friablej; apedal and porous; some pseudo sand;
scattered hard iron concretions; few roots;

clear boundary.

dusky-red 10R3/2 (moist) fine sandy clay loam;
slightly hard; porous; weakly developed
nuciform structure; some pseudo sandj; fine
dark reddish-brown mottles; frequent soft

concretions; clear boundary.

dark reddish-brown 2.5YRZ2/4 (moist) some-what
undurated crust forming alveolar skeletons
around hizhly weathered rock fragments

(andesitic lava).
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Profile number
501l type

Location

Site

Rainfall

Elevation

Parent material:

Sample

No. Horizon

200 41
201 31
202 IIB2
203 ITIC
203r IVCR

- 110 -

200/203

Reddish~-brown fersiallitic soil - Jd.

Lat. 26016’, Long. 26014' on the farm Vlakfontein

4, Lichtenburg district.

grass-covered headland of maize fieldj on level
surface of gently undulating aggradation surface,
570mnm.

1514,

0.87cm: aeolian sand with slight admixture of detritus
derived from the underlying granite; 87-183cm: aeolian
sand intermingled with colluvium derived from the
underlying granite (more than one period of drift might

have been involved); below 183cm: granite.

0 -~ 15 dark. reddish-brown 2.5YR3/4 (moist) loamy coarse
sandj loose and friabley many roots; gradual

boundary.

15- 37 red 10R4,/%6 (moist) coarse sandy loam; friable;
weal fine granular structure; porous; scattered
hard iron concretions; many rootsj; clear

boundary.

87-162 dark. reddish-brown 5YR3/4 (moist) coarse sandy
loam; friazbles; porous, some pseudo sand;
moderately developed granular structure with
distinct nuciform characteristics; abundant
scattered iron concretions; some scattered
small quartz fragments; few roots; cleuar

boundary.

162-183 reddish-yellow 5YR5/6. (moist) gravelly sandy
loam; friablej apedal; porous; frequent hard
iron concretions; abundant angular to sub-
angular quartz and quartzite fragments and

pebbles; indistinct boundary.

182+ pink S5YR7/4 (dry) coarse gravel of weathered

granite.

Remark: Horizons a1l and B1 may also represent different periods of

drift.
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Frofile number
Soil type

Location

Site

Rainfall

ilevation

Parent material

Sample

__No,  Horizon
222 Q2
22% I1IB11
224 11812

225 ITICy

-

.
.

- 111 -

221/225

Reddish-brown fersiallitic soil - Jd.

Lat., 27045', Long. 26001’ on the farm Vrede 746,
Hoopstad district.

grass-covered verge of maize field (disturbed), profile
pit was situated on the upper slope of long pediment to
the flood-plain of Vaal River.

455,

1300,

three different ages of aeolian sandj; 0-63cm: younger
sarnet-bearing sandj; 63-138cm: aecolian-flat sands;

below 138cu: older garnet-bearing sand (Harmse, 1963).

Depth

0O ~ 15 yellowish-red 5YR4/6 (moist) fine sand; almost
single grainj; apedal; abundant roots; indistinct
boundary.

15- 63 yellowish-red 5YR4/6 (moist) fine sand; loose;

apedal; frequent roots; indistinct boundary.

63-109 red 10R4/6 (moist) fine. sandy clay. loam;
friabley apedal; porouss; few roots; indistinct

boundary.

109-138 reddish-brown 2.5YR4/4 (moist) sandy loam;
friable; apedal;-porous; fine yellowish-~brown
mottles; hard iron concretions (10YR5/8) and
soft Fe-ln concretions (10YR3/4)3 clear

boundary.

138-15¢ light brownish-grey 2.5Y6/2 (moist) fine sandy
clay loanmyj friable; massive; medium to coarse
yellowish~brown mottles, fine bluish-grey

mottles; scattered soft Fe-ln concretions.



Profile number : 235/244

Soil type ¢ Reddish-brown fersiallitic soil - Jd.

Location : Lat.27°07 , Long. 26%°47 on the farm Brakkuil 432,
Viljoenskroon district.

Site : upper slope (>1%) of gentle agzradation surface;
maize field,

Rainfall : 600mm,

Elevation ¢ 1360u,

Parent material: aeolian sand; only one period of accumulation.

Sample Depth

._Bo. Horizon _ cm,

235 ip 0 - 20 dark reddish-brown 5YR3/4 (moist) loanmy sand;
friable; apedal; abundant roots; gradual
boundary.

236 A3 20- 40 dark reddish-brown 5YR3/5 (moist) loamy sand
to sandy loam; porous; friablej; apedal; frequent
roots; gradual transition.

237 B11 40~ 60 dark-red 2.5Y233/5 (moist) sandy loam; friable;
apsdaly porous; roots rarej; gradual transition,

238 B12 60- 60 dark-red 2.5YR3/6 (moist) sandy loam; friable;
apedal; porous; roots rare; gradual boundary.

239 B13 80-100 durk-red 2.5YR3/6 (moist) sandy loaw; friable;
apedaly roots absent; porous; gradual transition.

240 Bl 100-120 dark-red 2.5YR3/56 (moist) sandy loams; friable;
apedal; porous; gradual transition,

241 B15 150+  dark-red 2.5YR3/6 (woist) sandy loam; friable;

apedal; some hard iron concretions.
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C. Reddish - brown Regosols = Bh

This soil type with (4) C profiles occurs along slopes mainly in
the "mountainous'' landscapes assoclated with pre~Cambrian formations.
The parent matevial comprises coarse textures colluvium. It is differen-
tiated from the reddish-brown fersiallitic soils -~ Jd, with which it
las been grouped in Table 1 on account of their propinguity in land-
.scapes, on the absence of any structure or signs of aggregation.
Erosion of the reddish-brown fersiallitic soils supplies the detritus.
These soils meet the minimum requirements of the great group Ultic

Quarzipsamments.,

Profile number: 63/65

Soil type : Reddish-brown regosol - Bh. ~

Location : Lat. 26°50', Long. 26°43' on the townlands of Klerks-
Site dorp, Klerksdorp district..

Site : grass-covered pediment, midslope of long pediment to

outcrop of quartzite (Main-lird Series, ¥itwatersrand System).
Rainfall : 565 mn,
Elevation : 1360 m.
Parent material: 0-153 cmj recent colluvium (different periods); below

153 cmy andesitic lava of the Ventersdorp System.

Sample Horizon
_No._ _ Horizon cm
63 A1 O - 18 reddish-brown 2.5YR4/4 (dry) sandy loam; loose}

apedalsj many rootsj gradual t;ansitipn.

64 c1 18-111 red 2.5YR4/6 (dry) sandy loam; loosejapedal

freguent roots; gradual transition.

65 ce 111-153 weak-red 10R5/3 (dry) gravelly sandy laom;
loosej apedal; very fine yellowish-brown.
mottles} scattered hard iron concretions;
lava, quartzite and gquartz pebbles; abrupt
boundary.

IIR 153+ hard unweathered andesitic~lava of the

Ventersdorp System.
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D, Eutropnic Reddish~brown Soil. ~ Hd

These soils are the equivalent of what has been described by Van
der Merwe (1962) as '"red soils" associated with sub-tropical black
clays. It more or less qualifies as a 'brown soil' of arid or sub-
tropical regions, not differentiated as to parent material, of the
S.P.I. legend (Loxton, 1962)., The fact, however, that the crystalline
constituents of the clay fraction consist primardly of poorly-ordered
kaolinite,as well as the aisence of carbonate precludes them from
being regarded as a "'brown soil' as defined by D'Hoore (1964). It is
associated in landscapes with reddish-brown fersiallitic soils - Jd and
its genesis is controlled by -practically the same factors. The exception
being that the detritus of local origin were derived from basic
igneous~rocks and buried verfisols - Da. In the Highveld Region it

is predominantly associated with the weathering products of dolerite

which became intermingled with aeolian sand or arenaceous sediments.
It forms either as a result of the direct weathering of aeolian
deposits on dolerite and, providing the run-off is not impeded, on
vertisols - Da or around dolerite outcrops. The last mentioned
situation arises from an intermingling of arenaceous sediments and
mass-wasted material of dolerite down the slopes of dolerite koppies1.

It is of most frequent occurrence in aeolian landscapes in which
the air~borne sands have been deposited on Karroo rocks, beceause of
the fact that the dclerite is most extensively intruded into these

well-bedded sedimentary formations.

South African word meaning hillock, which rises above pediplains
or upper slopes of pediments., It is of the geomorphic family of

inselbergs, monadknocks or mesas.
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The pedogenetic developiient is dependent upon the thickness of the

—

aeolian sand-cover, the proporticn of intermingled ingredients and
relief, The time factor couid be of preponderate importance. #as a
result of lateral variations in these variables catenary changes over
relatively short distances, without any concurrent variation in the
exogenic scil-forming factors, 1s one of the important considerations
which militates against the use of the external climate in =a
denominative function, With decrease in thickness of the sand cover it
merges into vertisols - Da or lithosols - Bb via phases which may,
barring for the absence of carbonate, coupare exactly with D'Hoore's,
"pbrown soils of semi-arid regions'., In topographic positions with
impeded external~-drainage the ensemble of factors described in preceding
paragraphs give effect to the formation of Highveld pseudo-podzolic
soils (Profiles 4/7 and 157/161).

Good drainage and aeration causes oxidation of unbound ferrous

oxides. The ferric oxides act as a flocculation agent under the hot
F_____/‘- .
climate, and stabilize soil structures (Mohr and Van Baren, 1954;
Van der iierwe, 19623 Jackson, 196i4; Maignien, 1964 and Pauli, 1964).

Stabilization of structures improves permeability and facilitates

the leaching of soluble cations. Depletion of the adsorption complex

in soluble cations enhances the hydroxylation of primary minerals.

Silicium is released and leached from profiles, resulting in an

e

enrichment of the colloidal fractions in oxides and hydroxydes of

Fet R

aluminium and iron (relative accumulation). Frecipitation of the

hydrous oxides of sesquioxides on the surfaces and interlayers of
layer silicates and on amorphous silica result in the formation of
chloritic intergrades, allophane and kaolinite respectively (Jackson,
1965). Precipitation of alumino-silicate gels on structural elements
imparts the glazed appearance on ped surfaces (see profiles

descriptions). . similar explanaticn has been given by Fripiat (cited
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by Maignien, 1964) for identical phenomena in ferriscls derived from
basic-~igneous rocks. The views expressed above do not signify a
categorical denial of the possibility that limited translocation of
clay has been involved.

The presence of considerable amounts of ‘tekto-allophene’ (feld-
spars depleted of bases, weathering products in the analytical tables)
in sand fractions as well as the presence of silicium~sesquioxides
gelé, explain the high cation-exchange capacities of C horizons
(Table 13). Furthermore, aluminium existing in fourfold coordinaticn
in the "tekto-allophane" could conceivably be held responsible for
the low pH values in KCl solutions, albeit the high base saturation
(see analytical tables). Aluminium in fourfeold coordination in such
structures (Fieldes, 1962 and Lgawa, 1964) has the tendency to obtain
octahedric stability through coordination of the oxygen of water-
molecules. This causes a lowering of the pK of dissociation of hydrogen
of the coordinated water molecules. »s a conseguence weak acids are
formed, these provide the bonding mechanism responsible for the
fixation of poctassiun,

Stratification of parent material in all profiles is manifested in
the heavy-mineral composition. Differences in clay content between
4 and B horizons are accompanied by concurrent increases in angular
non-opague minerals (Plate XIII). These (ilmenite and magnetite) were
exanined under reflected light to ensure that they do not comprise
material of katamorphic origin but primary constituents of dolerite.
Complete weathering of plagioclase and clinopyroxene (mostly pigeonite)
leaves no reliable trace as to the original rock in B horizons, other
thian the angular grains of ilwmenite and magnetite. Dolerite contains
no zircon, tourmaline, rounded non-ocpaque minerals or rounded grains
of quartz. Hence 1t could be inferred with reasonable certainty that
the variation in the molecular ratios (SiOz/AIEOB) of fine-earth

fractions as well as the clay content down the vertical axis of these
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pedons are, mainly, attributable to progressive admixture cf the
overlying &eolian-sand or colluvium with the underlying dolerite or

the trend at depth is caused

Fh

former vertisols - Da. The reversal o
by the presence of partly-weathered basic-rocks. Feriodic water=
logging, as wmanifested in the duller colours of C horizons, mobilization

of iron and its segregation into concretions, explains variations in

the molecular ratio A1203/F9203. e

Frofile 117/120 represents a notable exception. The colluvial
nixture of aeolian sand, arenaceous sediments and doleritic detritus
in this profile has been deposited on Harrco sandstone, D-horizons,
however, exhibit the typical angular blocky structure with glazed
ned surfaces.

Thz moderately to well developed, frizble to slightly hard, blocky
structure with glazed ped surfaces is the most diagnostic cliaracteristic
in the field. The coclour of B horizons ranges from red 10R, reddish-
brown 2,5YR to dark brown 10YR. Values frowm 3.4 to 5.8.

The structure and higher base saturation of exchange complexes,
exceeding 6C per cent, in all profiles anslyzed, are the criteria
whereby the reddish-brown fersiallitic soils -~ Jd are differentiated

from the eutrophic reddish-brown soils - Iid. The higher base ssaturation

has also be

@

n & determining factor in the problem of designzting these
s0ils, Butrophic reddish-brown soils seemed particularly appropriate
since it possesses many characteristics in cowmiton with the ferrisols.,
ficcording to D'Hoore (1964) the eutrophic brown soils occupy a stage
of evolution intermediate between lithosols and ferrisols.

The crystalline constituents of clay fractions consist of disordered

kaolinitic-minerals, hematite, goethite and guartz as well as mixed-
e -

layer minerals. The weatherable-mineral reserves of sand fractions
_——_—__/—_\-—'"—" .
(250-50p.) zre higher than those of the reddish-brown fersisallitic

s0ils - Jd. C-horizons contain important quantities of plagioclase

=l
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besides the 'tekto-allophanes'. Pigeonite is generally absent and the
more resistant grains of augite exhibit typical ragged outlines.
Exchangeable cations consist of magnesiui and calcium. 4 shar

1

increase in these cations in C horizons seems to correlate with

increases in the amount of pyroxenes, plagicclasce and ""tekto-allophanes',

Lo

Investigations with the aid of an electron probe showed that the
"tekto-allophanes” consist of basic and intermediate plagioclases in
various stages of decomposition. Some grains still have cores of
unaltered plagioclase, Release of cations from the primary minerals
(altered and unaltered) may explain the above mentioned increasc
concomitantly with increases in primary minerals (Van Baren, 1953%).

This soil could, be it with some hesitation, classified as a Typic

Hapludoll.



30IL TYPE: Eutrophic reddish-brown soil -~ Hd

Sample nrs. 12/15
- e e wm am we ew e mm Gh S Wa M e m G @m W W e GE Em e e MR W R em e R e T ER e As e N M R em W S ek e WR am e e ' ——————————————————————————— -
t ! Depth ! Particle size distribution : : Organic ‘ Cations adsorption complex
{ 1 1 a i G . . T
Sample , Hori- in Vs mmi ndzoop-' 5oiiltgou_ { clay ' pH 1 matter % i | meq./100 gram %
2
SRS S U b e e - - - - - - - = - e el L Vo o e e e e - & b e e e o e - m - 0 O |
13 1182 31~ 76 7.C 34.5 3.9 11.5 43.1 @.2 5.2 C.3 0.05 6.0 G.35 4.94 0.21 .02 14.1 15.0  94.0 0.13
14 IIIC 16-122 15.3 18.0 13.3 30.1 23.3 5.5 4.5 0.3 0.05% 6,0 5.18 21.50 0.64 0.32 27.6 42.8 64.5 0.75
15 IIR 122+ - - - - - - - - - - - - - - - - - -
_Chemical and mineralogical anzlyses_of the clay fraction L < 2 microns l’ ______________________________________
Sample Si0 41.0 Fe O, Ti0O Cao X.0 8ic, 510, sS40
{ 2 23 23 2 2 Total = 2 2 Clay minerals:
] - .
- ants s O o h
el WO . s e R S W S
12 43,7 28,2 15.8 0.65  0.51  0.50  89.36 2.63 7.33 2.07 c.x+‘” HL ML, Q Hem,
13 42.9 2?.8 17.1 0.66 0.40C 0. 36 89.22 2.61 6.64 1.88 dK+ H+; Hl++ Hem
14 46.7 28 .4 11.9 0.57 0.52 0+34 88.44 2.78 10.42 2.22 éK H Al? MY Hem
15 - - - - - - ~ - - - - - = = - -
Chemical analyses of the total soil sample (< 2 MM )e _ _ | | _ L L L L L L Ll h ol o e e e e e e e e
g ] . \ ~ Mg . a
ample \ 3102 A12 3 F6203 u132 Cal K20 Totar SJ.O2 5102 A1203
“um ! : s 4 PR qQ o ] 1
er o __ __lnvolght peroenteges ... MOy P Ml ...
12 78.0 10.2 6.1 0.52 0.20 0.20 95.22 13.24 33.76 2.57
13 66.2 lda.4 9,3 0.71 C.25 0.40 91.26 T.67 18.87 2.45
14 49.1 20.2 12.2 0.99 1.5%  G.T15 84.79 4.10 10.56 2.53
15 52.4 15.6 9.7 1.23 4.72  0.89 84.54 6.09 14435 2.52
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Profile nunber : 12,15

Butrophic reddish-brown soil - Hd,.

1 '
Lat. 25°49 , Long. 28°01 on the farm Smaldeel 633,

Soil type

Location :
Sasolburg district.

Site : upper erosion-slope (&%) of short pediment to dolerite
outcrop.

Rainfall : 550mn

Elevation : 1530m.

Parent material: 0-3%cm: colluvium comprising a mixture of aeolian
sand and the weathering products of dolerite; %1-76cwm:
dolerite with admixture of aeolian sand (mechaniswm of
admixture is apparently argillipedoturbeation); below

76cmy dolerite.

12 Ry 0- 31 reclish-brown 2.5YR4/4 (dry) fine saandy loam;
frizbvle to slightly hard; coarse granular struc-
tures scattered hard iron concretions, increase
in abundance with depth, sttain maximunm
abundance at 26-31cmy quartzite pebbles and
some artifaucts associated with concretions at

26-31cuy abundant roots; abrupt transition.

13 1182 31- 76 dark reddish-brown 2.5YR3/4 (dry) fine sandy
clay; slightly hard; well-developed anpgular
blocky structure; glazed ped surfacesyj porous;
few rootsy; indistinct boundary.

14 IIIC 76-122 yellowish-brown 10YR53/6 (dry) gravelly. loam
of weathered dolerite; friable; porous; fine
yelloviish-red mottles; many floaters of

hard dolerite; gradual transition.

15 IIIR 122+ hard, exfoliated loosely-packed dolerite.



S0IL TYPE: Futrophic reddish~brown soil - Hd
Sample nrs. 59/62r
“““““““ S O O
! ! Depth ! Particle size distridbution \ ‘ Organic . Cations cdsorption cowplex
{ i ! sand 3ilt clay - ; meq./100 gram
s fori~ in - - pH matter % z °q- gram
‘ample , lori-~ ' t 2 mm-  200p-! 50p- 20— ! : f ' ' , S
number !  zon | cm t 200u 50t 20 2p ' ¢ 2u ! 1,0 Xc1! ¢ N c/n Ca Mg K Wa ' T.8.B. C.E.C. Sat. E.8.7
_____ F WSO SV U UGN WU VRSO UUNPIUR I USROG ORI UG IS T Ut
5 a‘:hi: U“’ EC' .].604 4&.? 12«9 5-‘) 22'.1. 5n_‘) 4-“ {)67 ()oi}\s 14:0 ~L027 i 2504- 3140 O.Cl; 6¢\‘3 8‘08 76.0 O“l‘:b
60 Bl 20—~ 79 14.7 32.1 10.0 5.0 7.2 6.3 5.3 Q.3 Q.06 5.0 T.C2 1.7 0.21 Q.01 .0 10.6 85.0 0.09
61 }:-‘*:322 79"131 70‘; 1?o8 8.'\_ 11:2 ‘(')f‘).é 6.3 :.)04 002 QOC)C 3,;__5 10.6‘.\1 "-32 <)-5C’ OO(J?. 17-4 l:o_)) 90-0 0013
62 11¢y 134-169 a3 20.1 4.3 36.4 2G4 T.0 4.0 8.2 0.04 5.0 23.70 17.40 1.04 0.52 42.7 38.5 1CC.C 1.35
E2r TIC2R 169+ - - - - - - - - - - - - - - - - - -
_Chemical and mineralogical analyses ¢f the clay fraction (<2 iicrong l- _______ - _ _
Sample 510? AI?O\ "020% T102 Ca0 KZO 8102 510, 5102
t - - - Total = Clay minerals:
1 . .
number . in weight percentzges A1203 Fezow RQO
c9 418G e b & 1.2 noAe ) Ti 8 b ~ £ 2 PRI ,'-'+* a4 8 + o T
5 45.9 25,1 14.6 « 24 C.aG 1.00 i, 2 3,10 Ee3d 2a26 dh++ i, ML Qb Lem+
60 43.6 25e3 14.1 G. %49 Go4l .76 @5,10 2.92 g.21 2.16 &K¢+ H;+ ML Q Y Hom,
Ql 42.3 0.2 13.7 O.?D 0.55 C.T77 54.4% 2.73 .14 2.05 K, H_, 81, Q He
62 16.6 2hal 12.0 0.7 069  C.7 34.96 3.2¢ 10,31 2.52 dK 7 H T OAL? L @ G
£2r - - - - - - - - - - - - - - - - -
_Chemical analyscs of the total soil sample ( < 2 mm ). . - -
[5d " H 5 P 0 4 . $ "
Sample 310, A1,.G. Fe Ti0 Ca0 ¥.0 310 S510, Al,0
Total
aumber ! in weight percontages 51,0 Fe, 0, Pe,0
1 ¢ - 273 273 273 o B
59 8§1.0 6.¢ 4¢3 0.64 0.24 0.59 94437 20.19 44.84 2.22
O() 73'4 13"_5 bO{) C-L!:: O-Zd l&.di‘ {‘13:29 90 33 29-55 3119
61 56.5 15.6 9.2 C.68 .32 1.35% 653.65 .05 16,32 2.69
§2 57.0 22.0 11.2 0.80 0.92 G.65 92.57 4435 13,53 3.07
62r 5C.9 1541 9.1 0.54 2edt 0.59 30.09 5,35 14.86 2.7
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Profile number : 59/62

Soil type Zutropvhic reddish-brown soil - Hd

Location : Lat, 26019', Lons, 29030' on the farm Uitgedacht
278, Besthal district.

Site : disturbed grass-covered verze of maize field; on
nidslope (>2%) of slizht rise in gently undulating
agzradation surface,

Rainfall : 725num,

Elevation : 1650m.,

Parent waterial : 0-79cm: aeolian sand intermingled with pediplain
drift, which includes the weatherinsg products of
dolerite; 79-169cms: dolerite with adwmixture of aeolian
sand (mechanism of adwixture is apparently ar-illi-

pedoturbation); below 16Ycu: dolerite.

Sanple Depth

No. Horizon Cll.

59 A

0 ~ 20 dark reddish-brown 5YR3/3 (dry) fine sandy

o]

loamy friavle; apedals; porous; abundant

roots.

50 B11 20- 79 dusky-red 2.5YR3/2 (dry) fine sandy clay;g
friable; moderate angular blocky structure;
wlazed ped surfacesy scattered hard and soft
Fe-Mn concretions (attain meximun abundance. at
70-79cim), associated with quartzite pebbles;

porocus; few rootsj; abrupt transition.

61 IIB22 79-134 dark reddish-brown 2.5YR3/4 (moist) clay;
friable; moderate sub-angular blocky structure;
izlazed ped surfaces; porous; gradual

transition.
62 IIc 134-169 yellowish-red S5YR4/6 (moist) loam; friable;
fine granular structure; porous; coarse

vellowish-brown mottles; gradual transition,

Y

AN
Lo

IIIC2R 169+ 1l1lisht yellowish-brown 10YR5/4 (moist) grovel;
sranular structure of decomposed dolerite;

scattered floaters of hard doleritej; porous.



S0IL TYPE: Butrophic reddish-brown soil - Hd

f‘ Sample s, 90/93
[ e e em am e wR e e st A e e ES A Se S me S En ER R An S8 AR @R MR G AT R A S AR A GRS AR Ge e e e M SR e AR s s e A em e l ~~~~~~~~~~~ - - am s mm e S wen WR Sub A WA Sem o
5 t 1 Depth L Particle size distribution : : Organic ' Cations adjorption complex
' , t o . ! sand silt clay meq./100 gram
Sample , Hori- in | 2 mme  200p-! 504~ 20u- ! . pH \ matter % : : %
number t zon ! cm ! 200u 50u 1 20p 2p ' < 2u ! H,0 KC1 ¢ N ¢/N , Ca Mg K Nz j T,E.B. C.E.C. Sat. E.S.
_____ G YU T e e O o i - o - o — -
‘ 90 Al 0- 15 25.0  33.4 9.5 1.9  24.2 6.7 57
‘ 91 Bli 15~ 28 17.6 23.2 3.8 8.1 4240 6.2 5.6
: 92 I1B22C 38~ 95 17.5 21.5 9.0 11.0 4i.C GeH 5.5

e et wm  mE e e N B WS me et M E W Wt TaR e e SR W wa e TEE R M e N W W e v e MM e M M6 G R e MR M W e AW WS I we  w  we  mE AT MR %M e e sie AR e Am S sm an wm wm de wm mm e ww  wme  ave e e

v s A s A M v e e wms W Gae SH mer e s M S wes  AE  ehe  eme M e MM e e v e e v e MR R e W s ten et M A W el MR R aeh AR M M e e et GRS e W e e S me MR W e am e e e S e e e e e e

§
I 2 273 273 2 2 Total 2 e 2 lay minerals:
§ . . L
i R peTeen eSS .. MO o R ™% .
L , | .
1 50 50.0  21.9 15.7 1.73  0.36  0.93  90.62 3.87 8,45 2.67 oK. H) Ml @ Hem
91 43.2 5,8 18.4 1.14  0.30 C.63  89.47 2.82 6.22 1.95 ak’H T ML Q, Hem.
92 44.90 25.1 14.3 1.18 0.30 0.61 85.49 2.97 8.16 2.18 ax,  H H1 @ Hem,
93 47.3 24,3 14.1 1.10  0.29 0.87  87.96 3.15 8.93 2.42 dk"T T a1yt Q Hem'

s AT wms e e e o e e WM s e e TR mem e vl e A e wm  ms WIS WS G A M Ml ene G e SR M MR mm e e e e e M ee e et e e s wie e W . G e Ew B el wm ww W ew W ww e mm Mm e ee e W W e e e e

T oM R e mm s e WB G e T e M e MER e W B 3 e Gem B g R PWR e S e e AR A e AR B BT R M MW MR Ba MM R SR @ mm  TIT MW G e s Rme R W v e W TR e am we e W W e am am wme A% wm e e e e e

i min o)
Sample . 8102 A1203 szOS TiC, Ca0 KEO Total 8102 3102 . A1203
§ . PN P, .
i -ni:’m’zef o _l_n__wilfhf :Evivin?%%ei _________________ flgog _ __FiZSB_ _ _FiZEB _____________________
90 ?9-1 608 .")-8 0086 0025 Cc95 93076 19043 36‘1"1 1084
91 6.0 12.4 8.1 0.97 0.25 .83 88.55 9.03 21.58 2.38
9? €6.2 13.3 9.9 1.00 0.26 0.70 91.36 B.43 17.75 2.10
93 58.5 17.3 11._1 0.94 0.61 .85 89.40 Se73 14.01 242
93r 45.5 21.0 5.8 0.86 8.25% ©,82 86.23 .66 12.33 3.35
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Profile number
Soil type

Location

Site

Rainfall

Elevation

Parent material

Sanple

_-No._ Horizon
90 i1

91 B11

92 IIB22C
93 IIC

95r ITIR

.o

- 1217 -

90/93

Zutrophic reddish-brown soil - Hd.

Lat. 26022', Lonz. 29004' on Kwaggaslaagte farn,
Bethal district.

uncultivated grass-covered pediment to dolerite
outcrop; 3 per cent slope.

700w,

1650m.

0-38ci: colluvial admixture of sedimentary material
affected by aeolian sorting and doleritey; 38-132cn:
sedimentary material, affected by aeolian sorting,
ﬁborporated by arzillipedoturbation into the

weathering products of dolerite; below 132cm: dolerite.

Depth
0- 15 dark-brown 10YR%/3 (dry) fine sandy clay louin;
slightly hard; weak fine angular blocky

structure; frequent roots; gradual boundary.

15~ 38 weak-red 10R4/3 (dry) clay loam; slightly
hards fine angular blocky structure; zlazed
ned surfaces; scattered hard iron concretions;

distinct boundary.

33~ 95 reddish-brown 2,5YR4/4 (dry) clay loam; slightly
hard; moderate blocky structure; glazed ped
surfaces; fine yellowish-brown mottles; abundant
fe-¥in concreticnss isolated floaters of

weathered dolerite fragments; gradual boundary.

95-132 yellowish-brown 2.5YR6/4 (dry) sritty sandy
loam; loose; large amount of dark-stained

dolerite floaters; gradual boundary.

132+ hard pgravel of weathered dolerite.



30IL TYPE: Eutrophic reddish-~brown scil - Hd
Sample nrs. 117/120
e e e e e e e e e e m e e a— e m m e e e = e . = - - = m m e e e m e e e e e e e e e e e e s -
! ! Depth ! Particle size distribution : : Organic . Cations adsorption complex
{ t . { z silt p 3.
Sawple | Hori- in 12 mmigndQOOu-' 50z~l 20~ ! A ATEE - patier 5 : %eq-/100 gran %
number | zon | cm I 200p %0u | 20 2u v < 2u ! B,0 XC1 to¢ i ¢/ ' cCa Mg K ¥ ' T.E.B. C.E.C. Sat. E.S.P.
e e e e e e o] e - - - d o o o o o - e b o e o e e R U b e e e e e - e - o e e e - . e . e - -
117 Ap 0- 21 73.5 8.8 4.2 13.5 5.5 4.6
118 IIB21 21"'103 46-0 8-8 8-6 36.6 601 5.2
119 1IB22 103~125% 51.9 1G.9 8.7 28.5 6.1 5.3
120 IIIC 125+ - - - - - -
“bemical and mineralogical analyses of tho clay fraction g < 2 microns l‘_ e e e e o em e e -~ =
Sample t  Si0 41,0 Fe 0 Ti0 Cal K.C Si0, S1i0 530
1 2 3 23 2 2 Total 2 2 Clay mineralss
3 s - - .
e Tl Attt e S T S
117 45.0  26.5 14.1 1.21 0.89 1.01  88.71 2.86 8.48 2.15 a T H m” Q. Hem
118 42.4 29.3 13.7 0.87 0.55 0.86 87.68 2.46 8.24 1.89 daK' H, M . 9, Hem
119 45.1 27.6 i4.0 0.98 0.77 0.97 89.42 2.75 8.50 2.10 dx H MiI Mt Q Henm
. _“hemical snmalyses of the total soil sample { < 2mm ). _ _ | _ | L | _ L o o e e e - e
Samole ! 3 ko) . - . .
Sample \ 3102 A1203 L6203 T102 Ca0 K20 " 8102 8102 A1203
' otal
b9} 3 2‘ Y (; Y . o
e el memeemtaes . MOy el Tl ..
117 85.1 5.7 3.6 0.55% C.09 0.62 85.66 24.86 62.73 2.52
118 73.5 l1z.1 T4 0.66 0.10 0.63 94.39 10,30 26.39 2.55
119 13.0 12.1 6.0 0.72 U.10 .96 94.08 10.21 29.58 2.83
120 81.7 4.3 1.2 0.Cl 0.0% 1.60 38,86 36.18 203.10 5.61
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Profile number

501l tywe

Location

Site

Reinfall

Blevation

Parent naterial

Sample

__No._ ~ Horizon
117 Ap
118 IIB21
119 1IB22
120 IIIC
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117/120

Zutropnic reddish-brown soil - Hd,

Lat. 26046’, Long. 28027l on farm Zureka (sub-
division of Grootvlei #453) Heidelberg district.
disturbed grass-covered verge of maize field, middle
of long slope (4%) of pediment to dolerite outcrop.
670mn

1570m.

0-21cm: recent colluvium, comprising a nmixture of
aeolian sand and the weathering products of
dolerite; 21-125cn: colluvial mixture of aeolian
sand, sediments derived from Karroo sediments and
the weathering products of dolerite; below 125cm:

sandstone of Middle Ecca veries.

0 - 21 dark. reddish-brown 2.5YR3/4 (dry) fine sandy
loamy slizhtly hard; weak angular blocky

structure; abundant roots; abrupt transition.

21-103% dark reddish-brown 2.5YR3/4 (dry) clay loam;
slightly hard; medium blocky structure;
glazed ped surfaces; scattered hard iron

concretions; abundant roots; clear bouncdary.

103-125 red 2.5YR4/6 (dry) fine sandy clay loan;
friable; weak tendency towards. angular blocky
structure; zlazed ped surfaces; scattered
hard iron concretions; fine yellowish-red
mottles; few roots; some frapsments of
weathered sandstone on lower boundary;

abrupt transition.
125+ reddish yellow 7.5YR7/86 (dry) loose gritty
sandj weathered sandstone of the Middle

Ecca Stage.
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o

E. Yellowish-brown Fersiallitic foils -~ Ja

D'Hoore (1964) defined fersiallitic soils as - "Soils with ABC

profiles of which some have an horizon and a textural 3 horizon

.5;2
showing nuciform or weakly prismatic structure. There is frequently
observed a marked separation of free iron oxides, which riay either be
leached out of the profile or precipitated within the profile in the
form of concretions.,......... Their clay is mostly kaolinite but
often contains small amounts of 2 : 1 lattice clays. Gibbsite is
generally absent. The 5102/A1203 ratio is near 2 or slightly higher,
while the SiOZ/RzoB ratio is always below 2. The cation-exchange
capacity of the mineral complex is low but higher than of ferrisols
and ferrallitic soils having comparable (granulometric) clay content

esssesssocceColours are duller than those of ferrallitic soils, and
bt LY

fall in the 10YR and 7.5YR range, exceptionally in the 5YR range',

—

Van der Merwe (1962) classified type -~ Ja as fersiallitic soils
on sandy parent-material. This taxa has been adopted in the S.P.I.
legend and its geograghical distribution shown on the map. Strictly
regarded, however, the soils classified by Van der Merwe as
fersiallitic soils comply with the definition given by D'Hoore (1964)
with respect to colour, the tendency for the mobilizaticn of iron
and minimum requirements of the physico-chemical properties only.

Structures are vaguely sub~-angular blocky. The fact that th% Sié;\\

) REOB i
ratios of colloidal fractions usually exceeds two, could be

attributed to the parent material; aeolian sand. Although kaolinitic

minerals and quartz are the dominating crystalline constituents in

clay fractions, it is dubious whether the gquantity of 2 : 1 layer
silicates and mixed-layer minerals may be considered as small. As a
consequence, consideration has been given to the possibility of

classifying it as ""brown soils of the arid and semi-arid regions -~ Ga'.
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The fact, however, that it occurs in associétion with soils that are
clearly more evolved than the name fersiallitic as defined by D'hHoore
(1964) implies (compare profiles 200/203; 208/207; 208/211 and
212/216) would make them classifiable as 'brown-soils - Ga', an
unscientific choice. The sample sites are comparable as far as relief
and other exogenic factors are concerned. The parent material comprises
aeolian sands (compare the heavy-mineral composition of the above
mentioned profiles). #With regard to the last mentioned factor important
differences are, however, noticablesviz in the case of profile 200/203
deposition of aeolian sand took place on coarse~-grained granite and
some detritus derived therefrom were incorporated into the aeolian
sand (compare the grain-size distributions). This could be expected
to enhance the permeability of the parent material (Krumbein and
Sloss, 1951). In the case of the other three profiles mentioned the
aeolian sands are well sorted, have a finer texture, and deposition
took place on slowly permsable sub-surface layers. ss a consequence
it may be concluded with reasonable certainty that the internal
drainage (soil climate), is the major factor affecting the differences.
Impeded drainage and percolating waters rich in alkaline-earth cations
retards the development of well-ordered 1 : 1 layer silicates as
was pointed out by Leneuf (1960) and Jackson (1965). Incomplete
leaching of bases result in layer charges on 2 : 1 minerals being
neutralized, electric neutrality enhanées the stability of the minerals.
In view of the fact that these soils compare very well with the
extensive ''aeoclian sandy soils’ - Ja of Van der Merwe (1962) and it
also meets the minimum standards for "Fersiallitic soils on sandy
parent-material™ - Ja of the S.P.I. legend (excepting for the

molecular ration 8102 of colloidal fractions) the termyellowish-

R203

brown fersiallitic soils - Ja’" (Table 1) seews more appropriate than



- 125 -~

"brown soils of arid and semi-arid regions".

A11 profiles terminate at depth in pallid or bleached zones which
comprise the decomposed autochtonous rocks, or fossil crusts. although
no phreatic water has been encountered, it seems that the genesis is
influenced by hydromorphic conditions, as evidenced in the dull
colours, mottles and concretions. The extent of accumulation or
intensity of mobilization is a function of relief, permeability of
the decomposed clayey-products of buried horizons and the texture of
the acolian sands. Depth to the zone of accumulaticn usually exceeds
100cm, but may be shallower owing to truncation. The concretions are
scattered throughout this zone, normally there is & tendency for the
maximus accumulation to occur at lithological discontinuities. The
association of concretions with layers exhibiting evidence of water
transportation and colluviation,calls for restraint in interpreting
their presence in terms of a single c¢ycle of soil formation only.

Clay increases with depth, clay illuviation as evidenced by the
presence of clay skins could, however, not be ascertained in the
field, neither in the laboratory. The increase in clay is presunmably
only to a limited extent caused by illuviation, as the absence of clay
skins would suggest that the phenomenon is mainly the result of the
original stratification., ¥innowing of clay at the surface by contenmporary
wind deflation, considering the poor cohesion and structural stability
of A horizons, could be a complimentary factor. The tendency of sand
fractions of 4 horizons to be better sorted, seems to be an attestation
of this possibility.

Dominant hues of one of the B horizons are as yellow as 10YR,
others in the same profile may be as red as 10R. B-horizons usually
have weakly to imoderately developed blocky-structures,

Total organic matter content is loﬁ, C/N ratios are usually higher

than those of the reddish-brown fersiallitic soils and decrcase with
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depth is more gradational. Conegidering the higher base saturation,
which may normally be expected to stimulate biological activity, it
would appear that temporary anaerobic-conditions could be the factor
inhibiting microbial activity. No individualization of a horizon of
accumulaticn of organic matter coinciding with maxiwum iron content,
has been observed, Differential movement of iron with respect to

aluminium is appareant from the molecular ratios sl O3 of the fine
Fe. 0.
LezO3

Y

earths. Judging from these ratios there is a weak tendency for an

eluvial horizon to develop. In terms of clay content, structure and

colour it does, however, not gqualify as an AZ horizon. The 8102 and
re?O3
/Fe 2% ratios of the fine earths is considered an unreliable

indication of the true extent of iron accumulation. Iron concretions,
being usually hard, have been removed by sieving. In the hard

concretions Fe.O, is the dominating sesquioxide (Table 9.

273
The Sioz/“IZOB and 5102 ratios (molecular) of clay fractions are
Ieao3

above two, partly because of the presence of large quantities of quartz
of colloidal dimensions but also owing to the presence of 2 : 1 layer
silicates and mixed-layer minerals. Increases in the above mentioned
ratios with depth coincide with concomitent increases in 2 : 1 layer
silicates and mixed-layer minerals, This is caused by the weathering-
depth function and admixture, the relative influences of which could
not be ascertained,
Crystalline components of clay fractions consist of disordered

kaolinite, halloysite, goetnite, mixed-layer minerals, mica and quartz.

Hematite is conspicuously absent. Feldspar, of colloidal dimensions,

is occasionally present. The reserves of weatherable minerals in sand
fractions (250 - 50u) are appreciable. The content of primary

minerals is, however, too obviously dependent upon the sedimentary

.
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history of the acolian sands to be useful as & reliable criterium of
weathering.

The cation-exchange capacity (ammonium acetate method) is mostly
higher than that of the reddish-brown fersiallitic soils with a
comparable clay content. Base saturation of exchange complexes usually
exceeds {40 per cent. & notable exception, also with regard to colour,
is profile 30/3%3. This profile has obviously been affected by recent
agolian-sculpting and is at present developing under changed hydrological
conditions,

30il reactions of 4 and B horizons are strongly acid to neutral and
fall in the 5.2 - 6.6 pH range. The pH values in KCl solutions of
some C horizons are very low (Profiles 208/211; 204/207% 30/33). The
presence of a high content of "tekto-allophanes" (see euthrophic
reddish-brown soils - Hd) explains this phenomenon in the case of
profiles 204/207 and 208/211. In profile 30/33 it may be ceused by the
presence of allophane in the clay fraction. Owing to the occurrence of
halloysite, the presence of allophane could not be ascertained beyond
doubt.

4long slopes, in areas with impeded external-drainage, the yellowish-
brown fersiallitic soils interdigitate with mineral hydromorphic soils -
Na and with a decrease in the thickness of the sand cover with
Highveld pseudo-podzolic soils - Fa, The profiles selected as exanples
differ considerably in detail. This is largely attributable to diffe-
rences resulting from the complexity of the aecolian sand, variatiocn

in the type of buried rock or crusts and relief.
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(500p-501)

MINERALOGICAL ANALYSES OF THE SAND FRACTION

GRAIN SIZE DISTRIBUTION OF THE SAND

FRACTION (2000u-50u)

- n e e e e

Heavy mineral analyses.
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Profile number
So0il type

Location

Rainfall

Hlevation

.

material:

- 128 -

30/33

Yellowish-brown fersiallitic soil - Ja.

Lat. 26°56', Longz. 28°12' on the farm Vaaldam
Settlenment 1777, Heilbron district.

grass-covered slope (5%), agsgradation surface.

£25nm,

1526m.

0-25cm: rece?$£¥_¥§§ggyributed aeolian sandj; 25-124cm:
seolian sandjycolluvial mixture of aeolian sand and
pediment drift; below 153cm: arkosic sandstone of the

Middle Ecca Stage.

Depth

0 - 25 light reddish-brown 5YR6/3 (moist) loany fine
sand; friables; apedal; scattered iron
concretions increasinz in abundance with depth,
attain maximum abundance at 23-25cnm; abundant

rootsy abrupt transition.

25-124 yellowish-brown 10YR5/6 (moist) fine sandy clay
loany; friahle; apedal; porcus; rare soft Fe-Mn
concretions; fine yellowish-red mottles;
frequent rootsj; indistinct boundary.

124~153 red 10R4/6 (moist) clay; friables weak
angular blocky structure; porous; medium
reddish-brown (ocre) mottles; scattered large
(soft) Fe-Mn concretions; clear boundary.

153-183 brownish-yellow 10YRE/6 (moist) fine sandy
loamy friable; platy structure of weathered
arkosic sandstone; coarse dark yellowish-

brown mottles.



SCIL TYPE: Yellowish~brown fersiallitic soil - Ja

Sample nrs. 52/55
————————————————————————————————————————————————— ' W we AR s em e me N W e e Ak mm oM e Sr ap e e e an s mw eR e -
t t  Depth ! Particle size distribution : : Organic ‘ Cations adjorption complex
{ . . t sand s5ilt clay 5 . o meq./100 gram
Sample | Hori- in ! 2 mm—  200u~' 50p- 20u- ! | pH i matter % : %
rumbsr { zon | cm ! 200u 50p ' 20u ou ¢ 2u ! H,C KC1 V¢ N c/N ,  Ga Mg X Na ' ‘P.E.B. C.E.C. Sat. E.S.i
e e b e e} e . - - d e - m e - - e o e e o [ T L U e e e e e e e .
52 Al 0~ 18 18.9 41.2 1G.9 5.0 24.0 5.2 4.2 0.6 0.04 15.0 4.88 0.67 0.41 C.02 6.0 8.9 67.0 -
53 Bil 18- 94 13.0 33.5 10.2 6.6 35.7 5¢3 4.8 C.4 C.04 10.0 4.72 1.5%2 0.39 0.02 647 10.% 63.0 -
54 I1B22 94~140 11l.4 24.6 10.9 9.0 44.1 6.0 4.9 0.2 0.02 10.0 5.40 2.20 0.62 0.02 T.3 12.2 4C.0 -
55 I1IC 140+ 27.3 4543 10.0 11.0C 6.4 Ced 5.3 U.1 tr - 5.57 5.03 0.30 0.04 10.9 12.8 89.0 ~-
. Chemical and mineralogical analyses of the clay fraction ( ¢ 2 mieTons ) _ _ _ _ _ _ L L L o L e h e e e e e e e e e -
Sample 510 41,0 Fe 0 Ti0 €al .0 Si0 3410, S5i0
{ 2 273 23 2 2 Total 2 = 2 Clay minerals:
' - R tn T A
i S ettt s W M S
52 45.9 28.9 11.3 1.03 1.38  1.60 90.11 2.69 12,22 2.16 QK:[ B ML, Mi Q:
53 45.1 26.8 11l.2 0.94 0.43 1.53 88.00 2.63 1C.63 2.12 dK++ H; Ml+ Hi_ Q FG
54 2.4 29.3 11.9 0.5% G.35 1.50 86.00 2.46 3,49 2.02 6K H ML, Mi_ Q@ FG
55 5067 28.9 7.2 0.28 1.25 3435 91.68 3.06 18.60 2.57 dX M1 Hi
. Lhemical analyses of the toial soil sample { € 2 mm_ ). _ | _ L L L L L L Ll L
Sa; t : v i
ample \ 8102 A1203 FbQO\ T102 Ca0 KZO - S O2 9102 A].ZO3
; . ' otal =
e L. lmyesbpemomases .. Moy MO MO ...
52 NEY: 7.2 4.2 0.53 0.18 0.7C 90.21 18.51 48.91 2.81
5} ?%.5 13.2 5.5 0.64 0.20 0.85 92.89 9,31 24.82 3.83
54 60,1 14.7 8.1 0.70 0.21 1.1C 90.91 7:56 21.93 2.82
55 17.2 10.7 1.8 0.66 0.25 3617 93.58 12.20 114.29 3.2C

B PO U U U - NV

I
b




B e

(500p-50u)

MINERALOGICAL ANALYSES OF THE SAND FRACTION

GRAIN SIZE DISTRIBUTION OF THE SAND

FRACTION (2000u-50u)

Heavy mineral analyses.
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Profile
Soil typ

Location

Site

Rainfall

Llevatio

nunmber

e

n

e

Parent material:

Sample

—— - -

53

S4

55

B11

11322

IIIC

- 129 -

52/55

Yellowish-brown fersiallitic soll ~ Ja.

Lat., 26015', Long. 28050' on the farm Brakfontein 264,
Delmas district.

prass-covered slope (1-2%) of featureless aggradation
surface.

650um.,

1620m.

0-140cm: acolian sand (two periods of accumulation);
below 140cm: sandstone of the lower Middle Ecca Stage

(Karroo System).

Depth

0~ 18 greyish-brown 10YR5/2 (dry) fine sandy loam;
friable; apedal; porous; abundant roots; gradual

transition.

18- 94 yellowish-brown 10YR5/6 (dry) fine sandy clay;

friable to slightly hard; porous; frecuent roots;

scattered hard iron concretions; quartzite npebbles

on koundsary; clear boundary.

94-140 brownish~yellow 10YR5/6 (dry) sandy clay; slightly
hard; moderate anzular blocky structure; abundant

hard iron concretions which are scattered through

the horizon; scattered fragments of water

transvorted grit; clear boundary.

140+ white 5Y8/2 sandy loam of weathered sandstone,



S0TL TYPE: Yellowish-brown fersgiallitic soil - Ja
Sample nrs. 121/125
e e e e T T e e e e = = e m - - - - i e
1 t  Depth ! Particle size distribution : : Orgznic ‘ Cations adsorption complex
t . : 1 and silt cla - o /10
Sample , Hori- in ¢ 2 mmibp 200u-1 50p- 20u- ! ¥ ) pH ) natter % i meq./100 gram
number ! zon ! cm i 200u 50 ! 20p 2 ' < 2k ! H0 XC1 : c N c/x : Ca Mg X N ' T.E.B. C.E.C. Sat. E.S.P.
_____ S S O e s S P U U U
121 Ap 0- 26 21l.6 5449 8.6 1.8 12.1 5.2 4.3 0.5 0.04 12.5 2.41 0.88 0.13 6.01 3.4 3.6  135.0 -
122 Bil 26~ &9 19.2 45.2 9.3 2.5 23.8 6.2 5.4 0.6 0.0% 12.0 5.08 2.14 0.06 .10 1.4 1.9 62.0 -
123 Bl? 59ul43 17.C 40.5 9.2 4.2 29.1 6.6 5.6 .3 0.03 10.0 6.44 2.81 0.26 0.10 9.6 12.4 7.0 -
124 TIB23  143-179 17.0 38.8 11.7 8.8 23.7 7.2 5.9 €.l 0.01 10.0 T7.00 4.33 0.35 0.09 11.8  18.4 64.C -
125 IIIC 179+ 44.5 18.8 6.4 15.0 15.2 7.6 6.0 - - - - - - - - - - -
. Chemical and mineralogical amalyses_of the clay fraction ( ¢ 2 mierons ) _ _ | _ | _ L L L L L Ll o e e e e e
. o o .
Sample i 3102 AlEO Fe203 T102 €a0 K20 SlO2 u102 SJ.O2 o
| Total Clay minerals:
. L] . A -
i T bt o Ma%y MRl %y .
121 5040 26.0 11.4 1.05 0.53 1.10 90.08 3.26 11.69 2.55 4K it QT Fa
122 48.6  27.6 11.5 0.90  0.62 1.00  90.22 2.98  11.16 2.37 akT H, M oqQ, G
123 48.6 27.6 11.5 0.87 0.52  1.0% 90.14 2.98 11.16 2.37 aK,, BT ML, Q: G
124 49.9 26.5 12.0 0.98 0.51 1.05 90.94 3.17 11.16 2.43 dK  H o ML _Q
125 50.1 25.4 8.1 0.60 0.85 1.17 86.22 3.34 16.42 2.79 daX H i1 Q r
. Chemical analyses of the total soil sample L <2 Em-); _______________________________________________
1o i g3 2y 3 )! S4 34 )]
Sample u102 A1203 FL203 T102 Cal KQO Total 3102 b102 A1203
§ 3 3 4 s PraoNn Tt : s}
s S s s MOy PO TR ...
121 88.0 }.O 2.0 0.31 0.17 0.60 94.08 49.77 116.95% 2.35
1§§ 83.3 b.z 3.3 0.40 0.25 0.65 84.60 21,09 66,98 3,18
12 74.6 7.8 4.1 Cadid 0.26 .68 87.88 16.22 48 :
a4 P - ~ h : ¢ * 2« . 2. 7
faf og.& B.6 8.9 0.55 0.26 0.85 B2.76 12.62 20 gz 1 28
12¢
20 72.8 9.6 3.2 0.08  0.40 1.90  87.98 . ) ’ ‘
: . « 20 l:u‘}é_ 6C. 30 .69
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Profile number

S50il type

Location

Site

Rainfall

iBlevation

.

Parent material:

Sanple
No,

122

123

124

125

B11

B12

IIk23

ITIC

121/125

Yellowish-brown fersiallitic soil - Ja.

Lat. 26044f, Long. 28029' on the farm Irenedal
(subdivision of Grootvlei 453%), Heidelberg district.
disturbed grass-covered verge of maize field (dominant

grass-species Themeda triandra and Tristachya (spp),

featureless aggradation surface,

670mmn.

1560m,

0-143cn: zeolian sand (different periods of accumulation?);
143-179cms colluvium comprising a mixture of aeolian-
transported sand and the weathering products of Karroo
sedimentary rocks in the vicinity; below 179cnm:

arenaceous sediments of the iMiddle EZcca Stage.

0 - 26 dark-brown 10YR4/3 (dry) fine sandy loam;
locse; apedaly; abundant roots; zradual

transition.

26- 59 dark yellowish-brown 10Y24/4 (dry) sandy clay
loamy slightly hard; wezak sub-angular blocky
structure; porouss; frequent roots; gradual

boundary.

59-143% yellowish~brown 10YR5/6 (moist) fine sandy
clay loamj mediun. sub~-angular blocky
structure; porous; scattered iron concretions
(hard) increasing in abundance with depth,
attains maximum abundance at 140-143cnmy few
quartzite pebbles at this depth;. fine
yellowish-red mottles; few roots; abrupt

transition.

143-179 lisht olive-brown 5Y6/2 (moist) fine sandy
clay loamj friablej weak blocky structure;
medium yellowish-brown mottles; scattered
soft and some hard Fe-¥n concretions;

clear bhoundary.

179+  light-grey 2.5Y7/2 (moist) sandy loam of

weathered sandstone.



SOIL TYPH: Yellowish~-brown fersiallitic soil - Ja
Sanple nrs. 204/207r
————————————————————————————————————————————————————— l e e e A e e I i A I I A
! ! Depth t Particle size distribution : : Organic : Cations adjorption complex
t ! . t sand silt clay . . o meq./1C0 gram
‘ Sample , Hori— in \ 2 mm— 200p-! 50u- 20u- ! i pH 1 matter % : %
number ! zon { cm ! 200u 50p ! 20p 2p ' <2p ! HO KC1 t ¢ N c/N . Ca Mg K Fa ' T.B.B. C,E.C. Sat. H.S.P.
[ U TOUU VU NG U, fow v ce am e | R T L U
205 Al2 15- 62 16.2 53.8 10.6 4.1 15.3 6.6 5.3
206 £33 62-107 21.0 4.9 12.3 6.7 15.1 6.7 5.6
207 IIB2en 107~143 - - - - - - -
207r IIICg 143+ 25.9  21.1  10.6 19.7  22.7 7.2 4.9

- am ma we wED B e M emr GwA mm s G W e M it W e mm mar  amw Y e e mme  Gea WM e mm  mae G AR e AEs  WE e mae e e A MR M MR e eat ML e e e MmN BE G e me G M M Y WP e a e am e e v we e e e e e

. e e me wm ee e e em e @m eue R e A we s e am e

Sample ¢  Si0 A1,0., ¥e 0 710 Cal X0 S30, 810 $i0
| 2 273 , 2.3 2 2 Total 2 2 2 Clay mineralss
' Py s m . . { ~ -
e N RereemtaEes . Mo TS Sy ..
204 8.1 24.1 15.5 1.05  0.29 1.13  80.17 2.68 6.53 1.90 aK’ T H] M wit Q"o
205 41.4 24,0 13.1 0.92 0.41 1.02 80.8¢C 2.91 8.42 2.18 4K, H Ml Mi @ &
206 41.5 28.1 13.0 1.02 0.21 ©.97 85.05 2.51 8.32 1.92 dK' H M1 Q &
207 - ~ - - - - - - - - - = - - - - -
207r 45.0 23.8 15.9 0.50 0.37 1.02 86.64 3.20 745 2.25 Ml(Mi»Mthm}+ Mt*+b
. _Chemical anmalyses_of the total soil sample (< 2 mm_)e _ _ _ _ o L o L L L o e
Se H 0 . o
ample 810, AL,0, Fe, 0, T1i0, Ca0 K,0 Total 810, $10, A1,04
Y b t 3 N 3 . Y
e et memeemtages .. MOy P TR .
204 87.5 3.4 3.5 0,42 0.16 0.38 95.36 43.66 66.45 1.92
209 83.0 5.4 4.3 0.46 0.30  0.45% 93.91 26.18 51,30 1.95
206 74.2 5¢d 6.6 0.23 0.17  0C.45 87.05 23,31 29.87 1.28
207 61.1 5.6 28.8 044 0.11  0.44 96.49 18.51 5.63 0.30 (total crust)
207> 62.6 11.2 12.7 1.02 0.65  1.63 84.80 .9.48 13.13 1.38 : -
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MINERALOGICAL AWALYSES OF THE SAND FRACTION (50Cu~50u) GRAIN SIZE DISTRIBUTION OF THE SAND

FRACTION (2000u-50u)
Heavy mineral analyses.
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i
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!
1
!
L
i i ' 1 1 ! t .
i i i i . 2 m N t ) Sieve ) Sample numbers
Sample ! ! ° ! ' o ! rA R ! @ ! appertures f= — - = - « = ~ — - - - -
! ! m | o , o ! s 7! 3 1m wu ! o ! a m i in mm. i 204 205 206 207 207r
1 { - L +* @ A | ) n ¥ o @ N ® [<YON | + [T | i
number < S g + 2 A I | o 3 £ e 1 —~ 1 - Nl [ R e
i 2t o© g Qo A A4 Il a1 n e ~ | ¢ i o) 0 [T TN a V& 3 1
o °o g = < ° $ 3 : g g 894 w g g g 3 o ® o
1t a8 § 5 w i @ o) ol S < L | et I s B B oY S 1 o+ o f
i ed ) ) =3 £ M ord +2 ) Am 4 o ~t o 4 R O 4 Q
¢ 1 ' ! t \ i ' t ° : ) Z°
204 160 120 40 1 ¢ 5 - - ~ 4 5 = 13 4 8 2 4 tr - 4§ - - ; 2 tr , 1.000 ' 3.7 3.7 3.8 3.1 6.7
205 ”m '3 30 1 ' 4 - 1 ~%v8 1 11 ' 2 2 3 2 Vv o _ v _ _ 8 !
1 H { 1 ! ! 1 L84 v . . v :,
206 470 431 34 - ;5 - - =~ 4 1 16 | 3 - - - -, - - tr 1 0.840 _ 1.8 1.8 1.9 2.8 4.2
207 18 125 3¢ 7 V10 4 4r tr t 7 tr 12 i 3 - 6 1tr - & 14 Vvir 4 ! 0.590 t 4.0 4.1 2.3 4.1 6.8
s 1 ' 1 1 ! i t i
R T e T T 0.500 2.7 2.9 2.8 3,1 5.8
1 (! t i 1 1 ! 1 i
R S A R R SR I R | 0.420 1 1.7 1.9 1.3 2.8 4.6
i { '
Light wineral anelyses. ! Accessories: ¢ 0.290 to3.6 4.2 3.9 5.3 8.2
i [ i
i e R - - rumber 204: Chloritoid 0.210 P 4.1 4.3 4.8 3. 7.2
1 t
t ! I per 206: Sillimanite ! ¢ .
_ . 2. . . , Tumber 2063 Sillimanite 1 4356 | 6.6 6.6 5.9 6.2 8.2
Sample | @ 2 @ 3 a a mm, , pumber 207: Diaspore \ ¢
A ﬂmw h .MW an‘mw nMV— ..m%..w 1 § OIHOO i th\“ mmvvw N.WOW MMow. w‘qu
nunber i S o 8 [ mm n_qw .mm o t f i ]
) & < L a & 0 W ) o~ » g £ 0.074 32.3 32.9 29.0 17.6 21.4
'8 L 5 34 ES BT 3 3% 8 ! ! !
1 & 8 2 an 4 47 H 28§ : ! 04050 '"14.4 10.3 17.1 9.6 6.8
B B R I - - - e e - — - = i t
204 Y90 5 - tr - - - tr 5 I 1 ‘.
' t } 1
206 132 9 - - - - - 1 8 ! t 1
L4
207,65 1 1 5 2 - - 5 11 , ; )
20Tr v 44 2 1 1 5 - 1 48 - t { §
? | i 1
! 1 $ 1

e AN e R e wme M B e me e e e e e e e




Frofile number

30il type

Location

Site

Rainfall

Blevation

.o

Parent material:

205

206

207

207r

a2

11812°

IIICg

n

- 131 -

204/207

Yellowish~-brown fersiallitic soil ~ Ja.

Lat. 26011', Long. 26013' on the farm Rietgat 111,

Lichtenburg district.

grass-covered headland of maize ficld; featurcless

agszradation surfacej less than 1 per cent gbpe.

5501,

14G60n.

0-107cm: aeolian sand (different periods of accunulation?)
107-143cm: fossil-crust, colluvium and aeolian sand
(mechanism of admixture wmay be due to falling of aeolian
sand into cracks in the fossil crust):; below 143cm:

Dwyka shale.

0 - 15 dark-brown 7.5YR4/2 (dry) loamy fine. sand;
friable; apedal, almost single zrainj scattered
hard iron concretions; frequent roots; gradual

boundary.

15~ 62 dark-brown 7.5YRi/2 (dry) fine sandy loam;
friable; apedal; scattered small, hard iron

concretionsi frequent roots; gradual boundary.

62-107 yellowish-brown 10YR5/6 (dry) sandy loamjslightly
hard; weak angular blocky structure; freguent
hard iron concretions: fine yellowish-red
mottles; few small chert, tuff, quartz and

quartzite pebblesy abrupt, thousgh wavy, boundary.

107-143 yellowish-brown 10YR5/6 (moist) variegated
ferruginous crust, indurated; well developed
pisolitic structure (dark yellowish-brown
10YR5/8) cemented by softer earthy ferruginous-
material (yellow-ocre 2.5YRG/3); abundant fine
sub-anguler chert, tuff, lava, quartz and
gquartzite pebbles; the horizon is warped,
presumably caused by swelling and shrinking of
the underlying montmorillonite clay; abrupt,

though wavy, boundary.

143+  brownish-yellow 10YRS6/6 (moist) loamj;friable;
inassive; coarse brownish-black and yellowish-

brown mottles; shale fragments.



50IL TYPE: Yellowish-brown fersiallitic soil -~ Ja
Sample nrs. 2087211
_____ T e e e T T T T T T T T T T TS T TS TTTTT TS TS s s s s e s s e e e e =
t I Depth { Particle size distribution : : Organic : Cations adsorption complex
{ ‘ ‘ L2 d. i t £ .5 . Hi . 2 '
Sample | Hori-  in | 5 8%, 5oiil 20~ ! clay | PH 1 matter % ' neq./100 gram .
number | zon | cm i 200u 50u ' 20p 2 V< 2u : H,0 KC1 : ¢ N c/u : Ca Mg K Na ; T.BE.B. C.E.C., Sat. E.S.P.
e e em o e o m sa} m . o - d e e o e e - lee e oo o o L T Uy
208 Ap 0- 28 75.8 5.9 3.8 14.5 6.4 5.7 0.2 0.03 6.7 2.93 1.36 0.33 0.03 4.7 7.9  59.0 -
209 Bll 28- 79 635 7.8 4.3 24.4 6.3 5.2 0.3 0.03 10.0 4.71 3.37 0.16 0.01 8.3 12.5 66.0 -
210 1IB22 79-131 £6.4 9.1 9.7 24.8 6.6 5.6 0.2 0.03 6.7 T.49 5.82 0.29 0.14 13.7 20.8 6.0 -
211 IIIC 131-152 42.2 19.5 18.0 20.3 7.5 4.3 0.1  tr -~ 41.5C 23.70 0.29 0.73 66,2 61.8 100.0 1.18
_Chemical and mineralogical amalyses of the clay fraction (< 2mhoToms )o_ _ _ _ _ _ | _ _ L L L o e e e o
Sample Si0 41,0 e ,.0 TiO Cal X .0 8i0., Si0 3510
t 2 273 273 2 2 Total 2 2 Clay mineralss
' . . . , '
B T ettt MOy 2% % .
208 44.4  23.1 14.8 1.29  C.86 1.13  B85.58 3.27 7.97 2.31 Ak} H M1} wit Qv F o
209 40.2 23.4 13.2 0.97 1.03  0.85 79.65 2.86 8.10 2.14 aK, " B, M1, Mi Q a
210 38.6 21.7 1243 0.93 0.64 0.73 74.90 2,98 8.32 2.21 dK, H M ot Q G
211 46.5 13.9 16.0 1.03 1.63 0.68 19.74 5.7C 7.73 3.28 ax ¥1(Chl-Vm-Ht )
Chemical analyses_of the total soil sample ( € 2 WM _)e _ _ _ | _ L L o L L o o o o o o e e
Gample . 3102 A1203 Fe?.O3 T102 a0 1{20 Total 5102 8102 AIZOB
vy i 3 woigs . 3 3]
T . lmvwolsht pevcemtages . e W i S
208 88.1 4.2 3:5 0032 O-lo Ooa4 96066 42-42 6604J 1-88
209 5.4 4.8 5.2 0.43 0.12  0.55 86.50 24.60 38.54 1.44
210 66.0 10.4 10.9 0.53 0.22  0.60 88.65 10.75 16.85 1.48
211 55.2  11.6 12.7 0.54 10,10 2.22  92.36 7.9 12.38 1.41



GRAIN SIZE DISTRIBUTION OF THE SARD
FRACTION (2000u-50u)

(500u-50u)
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Profile number : 208/211

Soil type : Yellowish-brown fersiallitic soil - Ja,

Location : Lat., 26018', Long. 25046' on the farm Nooitgedacht
18, Lichtenburg district.

Site : grass~-covered headland of maize field (disturbed)s
featureless aggradation surface,

Rainfall : 500w,

Elevation s Y445m,

Farent naterial : 0'7%ﬁﬂf well sorted aeolian sandj; 79-131cm: acolian
sandV/colluvium derived from the underlying andesitic
lavaj; below 131cm: andesitic lava of the Ventersdorp
System (the lava has been epidotized).

Sample Depth

..No._ ~ Horizon _ cm,

208 Ap 0 - 28 dark. yellowish~brown 10YR4/4 (dry) fine sandy
loamy friabley. apedal; slightly porous;
abundant roots; gradual boundary.

209 B11 28~ 79 yellowish-~-red SYR4/% (moist) fine sandy clay
loam; friable; weak angular blocky structure;
porous; scattered hard and soft Fe-mn
concretionsy frequent roots; abrupt transition.

210 11822  79-131 yellowish~brown 10YR5/6 (moist) fine sandy
clay loam; friable; weak angular blocky
structure; porous; diffuse light yellowish-
brown mottles; abundant hard and soft Fe-Man
concretions; frequent sub-angular quartzite
and chert pebbles; clear boundary.

211 IIIC  131-152 1ligzht yellowish-brown 10YR4/6 (moist) loam;

friables massive; coarse yellowish-red
mottles; scattered, soft Fe-Mn concretions
and dark-brown speckles; many highly
weathered floaters of epidotized lavaj

gradual transition.

ITIR 152+ hard, partly weathered epidotized andesitic-

lava



50IL TYPE: Yellowish-brown fersiallitic soil - Ja
Sample nrs. 212/216
_____ e e T Tl il T
! ! Depth ! Particle size distribution : : Organic \ Cations adsorption complex
{ i t j < 7 .
Sample , Hori= in - mmiand2oop-* 50ii1t20u— \ clay \ oH . matter % ) meq./100 gram g
number ! gzon ! cm I 200u 50n ! 20p 2u ' < 2p ! HYO KClJ c N C/N : Ca Mg X No ! T.E.B. C.E.C, Sat. E.S.F
e e e em o o] e - e - F e - - - - b e o o e L e Uy D o e - - e - e - -
212 Bll 0- 50 72.2 6.1 2.3 19.4 6.0 5.3
213 B12 50"'103 6401 703 504 23.2 508 502
215 IT Cl 164-185 53.3 10.1 19.2 17.4 7.7 6.6
216 III C2si 185+ - - - - - -

- e W em wme W e AN G W e e mer A e A M e G em  wee M e R e AR W vmd  SE e e v A e e e e W A M ke M ew  wm et G em  wa e Gwe Gk M m W Wt S®  ma  ME e em G M M A v we G e e e e e e e

— W o A e M ear  sas  we e At e - e mm e A wme ar cew  ww e mm e mn e e e R e G e e WP W e ewr  aM M B e n e M e e MR e WE e min e e W mm  me G e e e e M ae S S mA e v e e e e -

Sample | 510 Al.O e, 0 Ti0 Cal X.0 5i0 3i0 530
1 2 23 273 2 2 Total 2 2 2 Clay mineralss
{ . .
T L e mereemtases .. MOy ™% ™% ...
. Chemical analyses_of the total soil sample (< 2mm_)e _ _ _ _ _ _ | L L L L L L L L L Lo e e e
P ) 3 ! . S
ample \ 8102 A*203 Fb203 T102 Cal KéO Total S:LO2 102 A1203
i . . _ :
Jrember | fmweisgeroontages U A S
212 85.6 5.7 3.4 0.39 0.07 045 255 67.8 2.61
213 82.4 7.4 4.1 0.45 0.11 0.38 18.9 54.3 2.81
214 1.3 7.7 5.8 C.53 0.19 0. 37 15.8 33,2 2.06
215 67.5 7.5 5.0 0.57 c.82 0.12 15.3 36.4 2.35
216 04.9 6.0 4.6 0.46 0.46 0.14 18.4 38.1 2.03
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Profile number 3

5301l type

e

Location :
Site :
Rainfall :
Elevation :

Parent material:

Sanmple ‘
_.lo._ ~ Horizon
212 B11

213 B12
214 I1(7)313
215 TICh

216 IIIC2si

- 133 =~

212/216

Yellowish-brown fersiallitic soil - Ja.

Lat. 26011', Lonz. 25047' on the fari Lushof 17,
Lichtenburg district.

bare patch caused by recent wind deflation; featureless
agzradation surfuace,

500mn.

1450,

0-164cm: acolian sand; 164-185cm: acolian sand with
admixed colluvium; below 185cm: duripan, counsisting
of hard microcrystalline silicious-crust (decalcified

calcareous crust - see Plate 111).

Depth
0 - 50 yellowish-red SYRL/6 (dry) fine sandy loam;
slightly hardj; weak angular blocky structure;

porousj few roots; gradual transition.

50~103 reddish-brown 5YR4/4 (dry) fine sandy clay
loamy slightly hard; weak anrular blocky
structure; porousi scattered hard and soft

Fe-Mn concretions; few roots, gradual boundary.

103-144 yellowish-brown 10YR5/6 (dry) fine sandy clay;
slightly hard; weak angular blocky structure;
medium yellowish-brown and yellowish-red
mottles; freguent hard iron concretions
(10YR5/8) and soft Fe-iln concretions (10YR3/4);

abrupt transition.

164185 greyish-white 2.5Y5/2 (dry) loam; friable;
apedal; frequent quartz, quartzite and
chert pebbles; large detached fragments of
microcrystalline silcrete; abrupt, though

wavy, boundary.

185+ whites; hard duripan of silcrete

(decalcified calcareous crust). -

Remark: Profile truncated by recent wind deflation,
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F:\highveld Pseudo~podzolic Soils ~ Fa and Intergrade - Fa!

The Highveld pseudo-nodzolic soils‘or "Highveld prairy soils"
(Van der Merwe, 1962) form one of the most extensive soil groups in
the Highveld Rezion. D'Hoore (1964) gave the following definition:
"Highveld pseudo-podzdélic soils are of the ABC type with textural
B horizons. The 4 horizons are generally loose andfriable and contain

less than 20 per cent clay. The 4. horizons are brown or dark grey

|
and the weakly developed AZ horizons are light in colour. Between
40 and 90 cm depth there is a clear or abrupt change to a textural B
horizon of blocky or prismatic structure often with a yellow-brow:
colour. The clay content of horizon B is more than double that of
horizon A..The zone of transition from A to B may present spots of
pseudogley sometimes associated with concreticns of iron and mapganese.
The saturation of the exchange complex exceeds 50 per cent especially
in horizon B. Horizon 4 is neutral or weakly acid and horizon B may
be weakly alkaline',

The genesis is mainly affected by the deposition of aeolian sand
or colluvium influenced by aesolian sorting on vertisols and the
truncated stumps of lighter-textured soils, as is the case with
intergrade Fa', Textural contrasts between a4 and 2 horizons often
depend on the degree of truncation of buried horizons. The consequent
hydromorphic conditions are responsible for the differsntial illuviation
of iron. 4 secondary maximum of C/N ratios, often, though not as a
rule, concide with a horizon of iron accumulation. 4s has been pointed
out by Bloomfield (1965) this does not necessarily signify a
causative relaticonship., Total organic matter content iz low, and
decreases less rapidly with depth than in associated well-drained
s0ils. As is the case in the yellowish-brown fersiallitic soils - Ja,
this is more than 1ikely caused by more frequent water-stagnation;

pernanent saturation is, however, atypical.
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Its distribution haszs, as far as could be ascertained, no climatic
relevance. ¥ith increase in the thickness of the sand-cover it gzrades
into the yellowish-brown fersiallitic soils ~ Ja. On slopes,
especially if the sand-cover is thin, it interdigitates with solcdized
solonetz - Na. In the event of the sand-cover being thicker, the only
indication of the former presence of a solonetz is the well-developed
columnar structures (Profile 43/47). In terms of ESP-values this
profile does not qualify as solodized solonetz.

With decrease in the thickness of the sand—cover it merges into
vertisols. In areas with impeded external-drainage it interdigitates
with mineral hydromorphic soils - Ma,

Generally regarded, the Highveld pseudo-podzolic soils have many
characteristics in common with the yellowish~brcwn fersiailitic
soils, especially intergrade Fa'. This intergrade has been differentiated
since it evolves towards the above mentioned type. This is brought
about by the deposition of seolian sand on underlying rocks or buried
horizons which are more permeable than the vertisols, The lithological
discontinuities are, however, always shallower than 100cim, resulting
in more frequent saturation., Transition to underlying textural B
horizons is more abrupt, and there are significant differences with
regard to clay development (Profile 143/146).

Highveld pseudo-podzolic soils are typically individualized at
the down-wind direction of seif dunes, sand sheets and between seif
dunes. Owing partly to the phenomenon that the thickness of aeolian
sands thins out in the direction of transport. The main reason is,
however, that the mean grain-size of sand fractions decreases as a
result of selective or progressive sorting in the direction of
transport. Eventually, at a mean grain-size of approximately 3 phi,
aeolian sand bhehave progressively more like loess, splays out and

tend to be deposited in a rather similar manner as loess (Haruse,
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1963%). Samples located more cast-ward, in the down-wind direction of
the prevailing north-western winds, have conspicuously high silt
content (Profiles 182/185 and 143/146).

Some profiles, especially those situated on slopes have lighter
textured and light coloured Aa horizons (FProfile 43/47). Clay skins
and coatings are usually discernable on ped surfaces of 3 horizons.
Micromorphological investigations, however, showed them to consist
wostly of stress cutans (according to criteria described by Bruwer,
1964 and A.Jongerius, personal communication) with only sub-ordinate
amounts of translocated clay. Comparison of the molecular ratios
SiOa/AZLZO3 of fine earthe, discounting the posgibility of weathering
in B horizons and pedoturbation, substantiate this contention. Hence
2 horizons in profile descriptions, were not designated as arpillic
horizons. Differential illuviation of sesquioxides, especially iron
and manganese, is apparent in the form of concretions at lithological
discontinuities and mottles deeper down. The high silica content,
mainly owing to the presence of guartz of colloidal dimensions, as
well as the high titatium oxide content of colloidal fractions of &
horizons complete the impression of a selective remecval of sesquioxides.
The phenonenon is, to =z considerable extent, attributable to the aeolian
sandj; or even lateral illuviation considering the impervious nature
of B horizons (Hallsworth, 1965). The strong mettling and gley colours
of B and C horizons may Be taken as reliable indications of their
genesis being mainly the result of hydromorphic conditions. On

.

account of the false podzol characteristics described above, the name
pseudo—podzolic soils seems Jjustified. The adjunct "Highveld™ is,
however, superfluous and eungenders the wrong impression that its
geographical distribution is unique and restricted to conditions
within the confines of this physiographic entity.

Horizonation is excellent, .., horizons are commonly very thick.

1
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S0il reaction ranges from strongly acid to slightly acid and falls

in the pH ranpge 5.1 - 5.5. Horizons 2 and C are neutral to moderately
alkaline, The exchangze complexes of one of the ¥ horizons are 50 per
cent saturated. The cation-exchange capacity of clay fractions is
usually above 40 meq/100g. Variations in these properties and in
rorphology seems to be larpgely attributable to variations in the
thickness of the sand-cover, relief and the nature of buriod horizons.
The time factor could be instrumental in generating some of these
variations. The type of underlying rock or buried horizons could be
useful criteria for subdivision into lower categories (compare
profiles 182/18%,. 4/7 and 143/146). Structures of B horizons especially
seem to vary with the type of underlying materiazl.

The weatherable-mineral reserves of sandfractions (250 ~ 50p) are
high. Clay fractions of .. horizons contain important quantities of
quartz besides random mixed-layer minerals, disordered kaolinite
and halloysite. Quartz is present in B horizons only as traces, Clay
minerals are mainly of the random mixed-layer types, giving weak
diffraction maxima at around 199, 17.2 - 17.82, 16.6%, 14.0 - 14.73,
13.3 - 13.82, 12.2 - 12.88, 11.2 - 11.82, 102, 9.2 - 9.5% and 7.15 -
7.8%, These have been shown by Jackson (1956) 5 Osada, et al., (1960);
Shimosaka, et al., (1960); 3mith (1960); Jackson (1963) and w¢ilson
(1966) to consist of intermediate spacings of coumplexly interstratified

upon heating
nminerals. Resistance against collapséyto SSOOC and broadened plateaux
forming frou 109 to larger d-spacinzgs suggest the widespread occurrence
of chloritic intergrades in these scils (Plates VIII and IX).

As for their possible place in the 7th Approximation (and
supplements), although strictly of academic interest only, the mor-
phology in general requires them to be classzified among the Mollisols,
In view of the periodic wetness and the doubtful argillic nature of

2 horizons it would seem to meet the minimum requirements of the




!
Y
A
co
1

suborder aquolls (Haploquolls)ifggapedons, qualify as mollic only
'with resvect to thicknes%,‘baée saturation and colour. Carbon/
nitrogen ratios are extremely narrow gnd the epipedons do not have

a strong structure. A second possibility, mainly in consideration of

the doubtful mollic characteristics of epipedons and argillic nature

of B horizons, seems to be Inceptisols,
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Profile number :

Soil type :
Location :
Site :
Rainfall :
Hlevation - :

Parent unaterial:

Sample
_No.  Horizon
4 i
|
|
5 a3
6 1132
7 ITICg

- 139 -

4/7

N

Hishveld pseudo-podzolic soil - ¥a,

0, ~! O .
Lat. 26°4% , Long. 27 50 on the farm Montrose 2131,
Sasolburg district.

poor Themeda— Cymbopopon Veld with scattered

occurrences of Imperata cylindricaj undisturbed patch

between low hummocks,.

550nm.

1465nm.

O-48cr: aeolian sand; 48-74cri: aeolian sand with sone
adnixed dolerite; 74-120cm: dolerite with some admixture
of acolian sand (mechanism of admixture is argilli-

pedoturbation); helow 120cm: dolerite (see Flate XIII).

O~ 48 light brownishegrey 10YRB/2. (dry) finc sand;
loose; apedal, single zraini frequent rootsy
indistinct boundary.

43- 74 derk reddishebrown 5YR3/% (dry) loamy fine
sandy slightly hard; weak sub-angular blocky
structure; medium yellowish-brown mottles;
fregquent hard and soft [Fe-¥n concretions
increasing in abundance with depth, attains
maximum abundance at approximately 70-74cm;

abrupt transition.

?4-120 light-grey 10YR6/1 (dry) clay; slightly hard;
| wedium to coarse blocky, breaking into fine
granular structure; zlazed ped surfaces; coarse
diffused yellowish-brown and bluish-grey mottles;
rare soft Fe-Mn concretions; indistinct
transition.
120+ yellowish-brown 10YR5/6 (moist) silt loam;

friable; mediuwn granular structure of weathered

dolerite; coarse bluish-grey rottles.



SOIL TYPE: Highveld pseudo-podzolic soil -~ Fa

Sample nrs. 43/47
wr wm e em ER wm e MM e R M SR s SR S GR SR R eSS TR SR S SR SR e T e R S e e e e e e B e e e e e e e (T T T T T T T omTsTEEESsm e e s
1 ! Depth ! Particle size distribution : : Organic | Cations adsorption complex
- f - N ! . ! i t - >4 - H
Sample , Hori- in - mmiand200u—’ 5023‘_1 20u- clay | pH i matter % ! meq./100 gram g
number { zon ! cm 1 200 50p ' 20n ap ' <2u!' HO KC1 : ¢ N c/N : Ca Mg K Na _; T.E.B. C.BE.C. Sat. BE.S.F.
e we o b oem o ou] e e e o - F o e e - - . - le o o e e o L o
43 Al O" 38 - '{?cl 1203 3’7 609 5.6 40(3 004 ()004 lO'Q 3o9l 0023 0-12 - 4-0,) 5.2 8200 -
4.4 A2 38‘ 60 81.1 10‘7 203 5-9 603 6.0 001 0002 5-0 3000 - 0.10 hd 3-1 3-3 9500 -
45 I-1I1B21 60 87 63.6 8.6 4.3 23.5 6.7' 5.5 0.2 (.03 6.7 9.16 3.38 0.52 - 13.1 10.5 1¢C.C -
46 11822 87-109 6.4 5.9 2.2 5545 6.7 5.3 G.3 G.0% €. §.81 0.96 0.73 0.27 10.8 19.2 56.0 1.41
47 I1823g 109+ 37.8 10.1 6.7 45.4 7.7 6.2 0.2 C.04 5.C 3.41 1.07 1.00 0.82 12.3 18.7 66.0 4.3
- _Chemical and mineralogical analyses of the clay fraction (¢ 2mieronms )e  _ _ _ _ _ _ _ _ _ _ _ _ _ o
Sample - Si0, Al 01 Fe,O TiO Cal K. 0 Si0 Sio 510
1 273 23 2 2 Total —2 2 2 Clay minerals:
i . . :
s I G Me%y M M ..
43 5.7  1B.5 8.0  1.68  1.34 1.72  87.04 5.07  18.5¢  3.93  aK' E MLTI MiQ L F
44 57.0  17.6 8.2 1.83  1.16 1.76  87.55 5.48  18.47 4.24 aK,, H M1 U MiqQ ~ F
45 52,5 22,2 8.9 1.29 1.16 1.77 87.82 4+00 15.65 3.2C dK+ H+ Ml++ Mi Q+ F
46 45.5 22.8 9.3 0.93 0.85 1.53 80.91 3.37 12.99 2.60 dK L H MLUT Mi g G
47 49.0 26.8 9.4 0.93 5.80 1.50 88.43 2,19 12.84 2.69 dKk  H H1L Mi Q
- Chemical analyses of the total soil sample (€ 2mm ). _ _ | L L L L L L o L L o e e e e e e e e e e e e e
o - H G530 B . 1 . .
Sample ' 0-02 A“203 F0203 T102 Cal K20 Total 8102 8102 Al203
— 1 iy e - ; s
(mber | inweigst gercemtages B0y POy POy ...
43 86.5 3.2 1.6 0.44 .08 0.87 92.74 45.82 139.30 3.04
44 95.0 2.6 1.3 C.44 0.01 .61 99.94 61.94 197.22 3.18
45 83.0 6.8 3.7 .52 0.11 1.0¢ 95.13 20.74 59.54 2.68
46 63.5 13.8 1l.1 C.66 0.21 1.21 90.48 £.63 15.20 1.94
47 65.0 16.6 6.8 0.59 0.156 1.00 90.15 4448 25. 38 3.82
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Profile number
S0il type :
Location :
Site :
Rainfall :
Klevation :

Parent naterial:

45 I-IIB21

46 IIB22

47 IIB23g
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43 /47

Hizhveld pseudo-podzolic soil - Fa.

Lat, 27006‘, Long. 28032' on :ilma farm 1247,
Frankfort district.

uncultivated Themeda triandra veld, lower slope (373)

of dissected pediplain.

5501 .

1534m,

0-60cm: colluvium comprising 2 mixture of aeolian sand
and the weathering products of selentary rocks; 50-87cm:
mixture of overlying and underlying material, mechanisn
of admixturey loose overlyinp material falling into
openings between siructural elenents; below &7crms
arsillaceous sediuments of the Middle Ecca-Stage (Xarroo

~

System).

Depth

Cli.

0~ 38 greyishebrown. 10YR5/2 (moist) loamy fine sand;
loose; apedals abundant roots; indistinct boundary.

-

36~ 60 lightezrey 10YR7/1 (moist) loany fine sand; loose;
apedal, zlnost single sraing; scattered hard iron
concretions; very fine and diffused yellowish-

brown mottling; frequent rootsj; abrupt boundary.

60~ 87 sreyish-brown 2.5Y5/2 (dry) fine sandy loai;
extreitely hard; coarse columnar, breaking to
mediun anzular blocky structure; sand coatings
and dark-brown stains on peds; preminent clay
skins (predominantly stress cutans); scattered
hard and soft Fe-iin concretionsy few roots which
are restricted to openings between structural

elenentsy; wavy boundary.

87~109 pale-olive 5Y5/3 clay; hzrd; moderate blocky
structures mediun yellowish-brown mottles;
distinct stress cutans (determined by microscopic
investigation); scattered soft Fe-Mn concretions;

wavy boundary.

109+  pale-olive 5Y5/3 (dry) clay; hard; medium to fine
anjgular blocky structurejcoarse yellowish-brown
and bluish-grey mottlingi;frequent soft Fe-iin

concretions,

N.B. Considerable admixture by argillipedoturbation, or sinmply falling

into cracks between the coarse structual =lenents, zare

The IIDR21T 4

ent in

I 1Z0ke



501IL TYPE: Highveld pseudo-podzolic soil - Fa

Sample nrs. 129/132
e e e amlem R ek me W W R m s SR e S = Em R T S ESsS eSS e - - s e - - e et
! ! Depth ! Particle size distribution : : Organic . Cations adsorption complex
{ t t i cla ; . ar
Sample Horl—‘ in q > mmiand200u~' 50iilt20p~ t tay i pH i matter % ! neq /100 gram . , %
number | zon ! cn i 200u 50 ¢ 20p 2p V< 2p ! H,0 XC1 i ¢ N c/H : Ca Mg K Na _; 7.E.B. C.E.C. Sat. E.S.P.
- e o o dp m em ea] e e e - - B e e . e - - = b e e md L e b i h b e Lk h e L e et et i e e e A e e m e 4 e e e e - -
129 Ap-Al Q— 35 9.0 68.3 9.3 4.0 9ed 5¢3 4.4 0.6 C.06 10.0 4.22 0.40 0.45 - 5.1 7.0 72.0 -
130 IIB11 35— 64 8.6 47.6 T.2 3.2 33.4 6.1 4.9 G.4 0.06 6.7 4.10 0©.58 0.50 C.40 5.6 11.6 48.0  3.45
131 IITB22 64-112 d4e7 31.7 6.3 3.9 53.4 7.4 6.0 Cc.2 0.05 4.0 15.10 11.50 0.84 0.37 27.9 20,5 100.0 1.80
132 IIIC 112"131 'Z.O 45.3 . 8'2 9.7 29«8 804 7.0 002 0-04 500 9'50 0.99 0042 - 10.9 16c6 6500 -
_ _Chemical and mineralogical analyses_of the clay fraction (¢ 2 microns )*_ _ _ _ _ _ _ L _ L o o C e e e e e e e e
Sample | 8io0 Al,.0 Fe, 0 TiO Ca0 K.O 5310 Si0 310
I 2 273 2’3 2 2 Total 2 2 2 Clay minerals:
i . . . 2
o T B e o e - MaOy - P% MO ...
129 46.7  23.9 9.5 1.42  0.41 0.97  82.90 3.31 13.05 2.65 ™ u mml Q" F
130 42.2 25.9 9.9 0.83 0.12 1.40 80.35 2.76 11.32 2.22 dX H Ml,+ Mi+ F
131 44.9 26.7 8.9 5.69 0.13 1.45 82.77 2.85 13.39 2.35 d¥X H Ml:+ Mi+ JAE
132 45.2 25.7 7.2 0.74 0.27 1.40 8C.51 2.98 16.66 2.52 dX H Ml Mi CF
_Chemical anslyses of the totel soil sample (€ 2 mm 3. | | | _ | _ L L L L L L e e e e e e e e
_ ] . , ﬁ . s 5
Sample X 5102 A1203 F’ezo3 T102 €al .K20 Total 3102 bJ.O2 A*in
number ! in weight percentages A1,0 Fo,0 Fe, 0
e A e e T e e e e A N N T
129 87.4 3.1 2.0 0.35  0.16 0.90  93.91 47.84 116.15 2.42
130 » (5.1 10.8 4.6 0.46 0.24 1.20 92.40 11.79 43,38 2.87
131 64.9 15.3 5.8 0.24 0.36 1.40 88.00 T.19 29.76 4.10
132 69.2 13.4 3.2 0.42 .55 2.75 89.52 8.75 5T7T.41 £.55
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Profile nunber : 129/132

30il type Highveld pseudo-podzolic soil - Fa.

o.."' o, ! .
at. 26 ong. 2873 on the farm Leeuspruit
Lat. 26 51 , Long. 2 s

Location :
601, Heidelberg district.
Site : disturbed grass-covered (Themeda triandra) verge of
maize fieldj; upper slope (<1%) of slight rize in slightly
undulating pediplain. ' '
Rainfall : 650un.
Flevation : 1560m.

Parent material: O-35cm: more or less uncontaminated aeolian sand; 35-6icn:
mixed colluvium, comprising aeolian sand and Lcca sedinents;
below O4cr: sediments of the Middle Icca Stage (Karroo

System)(see Plate XVI).

Sample Depth

No. Horizon cile

129 Ap=hl 0- 35 dark-grey 10YR4/1 (moist) fine sandy loamjfriable;
apedal; loose; abundant roots; indistinct

bounlary.

vellowish-brown 10YR5/6 (moist) fine sandy clay;

NY
ul
§
o
s

130 I1B11
firm; weak mediuiz blocky structure; fine yellowish-
red mottles, increasing to medium with depth;
frequent hard iron concretions increasing to
abundant with denth, attain maximum concentration

at 59-64cmy; frequent roots; abrupt transition.

131 1T1B22 64-112 dark yellowish-brown 10YX3/4 (moist) clay;
friable; moderate. blocky, breakin;; into fine
angular structure; shiny ped surfaces (stress
cutans or clay skins?) wedium to coarse light
yellowish-brown mottles (2.5¥6/4); scattered soft
Fe-lMn concretionsy few rootsj; clecar boundary.

132 II1IC 112+ very pale-brown 10YR7/3 (moist) sandy clay loam;
friable; weak platy structure of weathered

siltstone of the lMiddle Icca Stage.
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Frofile
So0il typ

Location

Site

Rainfall

tlevatio

nunber

e

n

.o

Parent material:

Sample
No.

144

145

146

Horizon

1IB21

II1B22

I11IC

- U2 -

143 /145

Highveld pscudo-podzolic soil, intergrade - Fa'.

Lat. 28OO7|, Lon.., 28°21"' on the farm Trenthan 470,
Sethlehem district.

cultivated maize field, level (>71% slope) of undulating
pediplain,

525mm.

15501,

0-57cin: fine sandy loess (two periods of accumulation);
57-105cn: siltstone Qf the Upper Beaufort Stage

(Karroo System).

Denth

O~ 25 darkebrown 10YR4/3 (moist) fine sandy loam;
frisble; apedal to weak blocky; abundant hard
iron cgoncretions at 20«26cm; dolerite pebbles;

abundant rootsj abrupt transition.

26~ 57 yellowishebrown 10YR5/6 (moist) fine sandy
loam; very friable; weak mediui blocky structure;
shiny ped surfacesj; diffused yellowish-red
mottles; scattered hard and soft Fe-rmn

concretions; abundant roots; clear boundary.

57~ 31 1light olive-brown 2.5Y5/6 (moist) loam; friable;
moderate blocky structurej; shiny ped surfaces;
diffused yellowish-brown mottlingj; few roots;
zradual transition.

81-105 pale-olive 5Y6/3 (moist) loam; friable; weak

platy structure of weathered sediments of Upper

Beaufort Stage.
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‘CRAIN SIZE DISTRIBUTION OF THE SAND

MINERALOGICAL ANALYSES OF THE

FRACTION (2000u-50u)

Heavy mineral analyses.
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frofile nuuber
Soil type

Locgtion

Site

Rainfall
Llevation

Parent material

Sample

~-No._~ Horizon
157 ap

158 IIB21
159 IIB22
160 ITIC

161 IIICR

|
|

.
.

- 143 -

157/161
Highveld pseudo-podzolic soil - Fa,
1 )
Lat., 26°35 , Long. 29°36  on the farm Klinfontein

422, Bethal district.

disturbed grass-covered (Theileda trisndra and Tristachya

hispida) headland of maize field, upper slope (2%) of
short pediment to minor structural »lain formed by
dolerite sill.

700nmm,

1670n.

0-27cm: colluvial drift, of material affected by
aeolian sorting and dolerite; below 27cm: dolerite

with admixture of overlying detritus (mechanism of

admixture is argillipedoturbation). Buried.vertisol - Da.

Depth

0- 27 very dark-zrey 10YR3/1 (dry) fine sandy loamjloose;

27~ 65

8i4=112

112+

scattered small Fe-Mn concretions increasing in
abundance with devnth, attains maximun abundance

at25-27cn (associated with dolerite pebbles at

this depth)j; abundant rootsjabrupt boundary.

light olive-brown 2.5Y5/4 (dry) fine sandy clay;
slightly hard; medium an:zular blocky structure:
nedium yellowish-brown nottlesjdark stained ped
surfacesj;scattered fine I'e-iHn concretions;roots

present; gradual transition,

dark. greyish-brown 10YRL4/2 (moist) cleyj;slightly
hardjmoderate prismatic,. breaking into fine
angular blocky structure; shiny ped surfaces
(stress cutans) ;frequent soft Fe-Mn concretions,
increasing in abundance with depth, attains
maximum abundance at 82-84cnj; clear wavy

boundary.

dark greyish-brown 10YR4/2. (moist) gravelly
loam of weathered dolerite;;firmjzranular
structurejmedium yellowish-red mottles;

sradual boundary.

light yellowish-brown 10YRSE/4 (moist) gravel of
weathered dolerite; abundant floaters of hard

dolerite fraguments.



SOIL TYPB: Highveld pseudo-podzolic soil -~ #a
Sample nrs. 182/18%
e me s ew e em ww e ma me ap e GE W R MR S AR W MR Sm Sm e A TR SR TR SR AR R AR ST ER S SR e R e s s S e e e e . l ———————————————————————————
1 ! Depth ! Particle size distribution : : Crganic ' Cations ad;orption.complex
g 1 | Ny t sand silt clay o o meq./100 gram
Sample | Hori- in : 2 mm~  200u-! 50p- 20u- ! 1 pH : matter % : o
 number t zon t cm 1 2001 58 ' 20 20 v < 2u b H,O KC1 c H c/N ' Ca Mg K Na ' T.B.B, C.E.C. Sat. E.S.P.
e e e e e o o - - d o= e e e e . - - fo m o e o S U S
182 . AI)"'A.]. O"“ 3;‘: 7414 15.4 306 6'6 5.'-‘3- 40-4 0;2 OCOB 607 3-40 7044 0018 - ll.O 500 lOOcO -
133 A2 33~ 48 5.3 16.1 4.5 14.1 6.3 5.0 C.3 0.04 7.5 4.43 0.49 0.27 -~ 5.2 6.2 84.C -
184 1182 48~ 70 19.7 To4 12.1 60.8 T2 55 0.3 0.07 4.3 1.12 12.60 0.46 0.75%  14.9 24.1 62.C 2.1l
185 IiCg 76-102 22.6 12.0 46.3 19.1 8.3 C.7 C.1 0.04 2.5 14.30 15.80 0.%8 1.21 32.5 30.6 10C.0 4.86
_Chemical and mineralogical analyses of the clay fraction ( ¢ 2 microns ) | _ _ | _ | _ _ L L o L ol e e oo
Sample | 8i0, 41,0 Fe 0 Ti0 Cal K.O 3i0 Si0 S5i0
t - 273 273 2 2 Total 2 2 2 Clay minerals:
' 3 '] *+ b 3] =3 t‘
PUmOST L Invelsktpeveembages .. MOy % W% ..
. +4 + S
182 57.C 22.1 6.8 1.48 0.91 2.05 90. 34 4.37 22.27 3.6€ dKk,  H M1 Mi++ Q,, F
183 51.0 23.5 8.2 132 .15  1.96 87.13 3.68 16,53 3.02 dK+~L HO ML, Mi G PG
184 477.5 2745 9.0 0.85 C.42 1.66 86.93 2.91 14.03 2.43 dK*_:’_ H+ M1 + i B G
185 48.5 26,8 8.4 0.83 0.46 1.83 86.82 .07 15.33 2.56 d¢  H M1 @ Mt Mi
Phemical analyses of the total soil sample ( < 2 mm_ ). _ | | L L L L L o ol e e e
e ) ! 3 Py
Sample \ 8102 A1203 F9203 T102 Cal KZO S102 S¢02 Alej
' Total
nm in wei ercentagoes fo
e L m e pereomtage . MOy Pl el ..
182 90.5 3.5 1.57  0.53  0.80 0.92  97.82 43.87  15%3.10 3.49
]_83 85-2 f,‘is‘ 2«50 0060 O.lo 1.0‘& 94-96 2()028 900 37 _)oi{»4
184 57.C 21.4 7.60 0.7C 0.22  1.64 88.56 4.51 19.93 4.C0
185 6C.1 19.1 7.10 0.68 0.30 1.78 89,00 5.33 22446 4.05




GRAIN SIZE DISTRIBUTION OF THE SAND

FRACTION {2000u-50u)

(5001-501)

N
)
&

TERALOGICAL ANALYSES OF THE SAND FRACTION
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Heavy mineral analyses.
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Profile nunber : 182/185

Soil type : Hisghveld pseudo-~podzolic soll - Fa,

Location : Lat. 28025', Long. 27022' on the farm Rictspruit
935, Senekal district. ‘

Site : cultivated land, less than 2% slope, undulating
pediplain,

Rainfall : 625mn.

Elevation : 1520m,

Parent material: 0-48cm: mixed aeolian and colluvial sand (nore than one
period of drift); below 43crm: mudstone of the Middle
m
-

Deaufort Series.

Sample Depth
182 ap-41 0~ 33 dark-brown 10YR4/3 (moist) finc sandy loam;
loose; apedaly. scattered hard iron concretions;

abundant roots; gradual boundary.

183 a2 33~ 48 dark-brown 10YR3/3 (wmoist) fine sandy loan; loose,
almost single grain; nard iron concretions,
increasing in abundance and size witn depth;
maximun abundance at 45-48cmy frequnet roots;

abrupt transition.

184 II32 48~ 7C dark greyish-brown 10¥YR4/2 (moist) clay; firn,
plastic; weakly developed prismatic, breaking
into angular blocky structure; medium yellowish-~
brown (2,5Y6/4) mottles; prominent clay skins
(mainly stress cutans); scattered soft and hard

Fe-Mn concretions; indistinct boundary.

185 IICg  70-102 light olive-brown 2.5Y5/4 (moizt) silt loam;
firm; moderate medium blocky, breaking into soft
equidimentional fine blocky structure; strong.
yellowish-brown and light bluish-grey mottles;

mudstone fragnents,
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(::} Pseudo Rendzina - Ca

These soils have been descrihbed by Van der Merwe (1962) as Kalahari
sand on lime. It is typically associated with the fossil calcareous-
crusts, the occurrence of which is restricted to extremely level
topography or areas with slightly impeded surface run-off and to the
western part with a mean annual-precipitation of less than 600 am.
The formation of the soils is associated with the deposition of a
relatively thin layer of aeclian sand on the crusts. The main prohlem
with regard to their genesis centers arcund the origin of the
indurated horizon or crust (richer in silicium than the underlying
powdery carbonate) which often demarcates the upper part of the crust
below the unconformably overlying sand. The fact that this indurated
layer is also present at the surface of exposed calcareous crusts
calls for restraint in regarding it as of contemporaneous pedogenetic
origin.,

A conspicuous feature of the landscapes in which these soils are
individualized is the presence of closely spaced clusters of low
transverse dunes of rather "dunetts'"., Calcareous crusts are often
exposed in the interdune areas.

Profile (28/220) represents an example of an exceptional case where
the siliciocus crust is absent, The fragments of carbonate in the A
horizon do not represent concretions but a residue of dissolved
carbonate intermingled with aeolian sand.

In view of the factors responsible for the genesis of these soils
they had better be regarded as pseudo rendzina. Regosols (Kalahari
sand on lime) would probably be equally appropriate for those
intergrades where no direct evidence could be found of the indurated
layer resulting from a dissolution of carbonate., In a taxononmic
classification such as the 7th aApproximation these soils could be
classified under Mollisols (Rendolls) and in those instances where

the indurated crust represents no clear evidence that the indurated
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crust is to be attributed to contenmporaneous pedogenesis (cambic

horizon) as a result of burial by aeolian sand, an appropriate taxa

could be Thapto

Profile number
501l type

Locztion

Site

Rainfall

Blevation

Parent materizal

Sample

_.No.  Horizon
218 A1
219 A12-
220 IIC:

Rerndollic Hapludent.

s

.

218/220

Fseudo rendzina - Ca

Lat.26012', Long. 26009' on the farm
Olivenhoutsfontein 56, Lichtenburg district.

on the side of limestone quarry; level surface of
ndulating agpradation surface.

570mnm

147%n

0-30 cmj; mixture of aeolian sand and fragments of
calcareous crust; below 30 cm fossil calcareous

crust.

0-15 dark~brown 7.5YR3/2 (moist) sandy loam; soft;
apedal jy roots present; rare carbonate

fragments; gradual transition.

15-30 dark-brown 7.5YR3/2 (moist) sandy loam; soft;
apedal; frequent carbonate fragments; abrupt

transition.

30+ variegated mixture of sand and large chunks

of carbonate.
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E?\Solodized Solonetz - Ma

D'Hoore (1964) gave the following definition of solodized solonetz:
"Halomorphic soils with a textural B horizon of columnar structure
in the case of solonetz, and with at least one of the B horizouns
more than 15 per cent saturated with sodium. The upper horizons are
generally alkaline except in the solodized solonetz',

Halomorphic soils or solodized solonetz, with characteristics as
defined above, occur on lower slopes in association with Highveld
pseudo-~podzolic soils. This soil type is also characteristically
developed on interfluves where it is individualized in patterns
which assume similar dimensions and a patfern of distribution as the
small deflation basins,

A<horizons are thinner than that of the Highveld pseudo-podzolic
soills. The coarse columnar structure and absence of iron concretions
or mottles at lithological discontinuities facilitates differentation
in the field, 211 profiles examined and sampled are complex, individual
horizons consist of stratified material. Van der Merwe (1962) came fo
a similar conclusion with regard to soils with solonetzic morphology
in the drier parts of the Orange free State. 4-horizons are light
textured, vary extremely in thickness and the exchangeable complex
contain no sodium. Transitions to B horizons, with typical coarse
columnar structures, are abrupt. Ped surfaces of B horizons are dark-
stained owing to the deposition of organic matter which are soluble
as a result of the high concentration of soluble salt (Seatz, et al.,
1964). Soil reaction of i horizons are neutral to slightly acid and
that of B horizons fall in the mildly alkaline to strongly alkaline
range.

On account of the presence of stratified parent-material it is
impossible to decide as to whether these soils are true solonetzes,

in a pedogenetic sense, or whether they merely possess solonetz-like
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morpholozy(acquired).

In the Highveld Region solodized solonetz are typically indi-~
vidualized on the lower slopes of the unattenuated ephemeral drainage-
courses along the escarpnents. Away from the escarpmenfs they do not
occur in extensive areas but are found in small patches., Typical
localities are the small deflation basins and the interridge corridors
of areas with less accentuated relief.

Columnar structural-elements of solonetz are contained in the
sediments filling ancient gullies along the escarpment. The genetic
theory and sequence of events which seems to fit the field evidence
is that the accunmulation of sodium took place during the periods of

—_—— —
formation of the calcareous crusts in the west (Table 6). During these

-
dry periods salt accunulated on the middle and lower slopes of the

——

drainage coarses of ephemeral streams (then wadis) along escarpments
and, in a more "intrazonal" sense, in the areas with less accentuated

relief, The colluvium which often comprises B horizons are reminescent

of desert eluvium. Consequently, the possibility that originally
solontchaks were formed does not seem too far-fetched. Neither is an
extraneous source for the salt excluded, considering the presence of
playa lakes formed by wind deflation to the west. The formation of
sterile solontchaks would have rendered the area particularly
susceptible to erosion; the gullies formed during subsequent wetter
periods. Large-scale incursion of aeolian sand in the form of sandy
loess, presumably during post Fauresmith times (Table &) caused the
gullies to be filled with sandy loess. That these conditions may have
taken place recurrently is clearly iliustrated by the occurrence in
superposition of three buried profiles with solonetzic structural-
horizons (Plate II). 4s a consequence of the inimical influence of
human activity or the vegetation cover, the loose sediments are at

present being removed by gulley erosion and the sterile B horizons
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of solodized solonetz are exposed by sheet erosion (Flate V).

In consideration of their morphology the solodized solonetz secem
to comply, with the exception of the doubtful argillic nature of 2
horizons and the absence of albic horizons, reasonably well with the
minimum reguirements of the subgroup Aquolls (Mollisols). The presence

of natric horizons would require them to be classified as Natraquolls.
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Profile
Soil typ

Location

Site

Rainfall

mlevatio

Saumple
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nunmber
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.
.

- 150 -

165,168
solodized solonetz - iia,

Lat. 28°15 , Lon-. 28°01 on the farm Grefeld 908,
Bethlehen district.

grass~covered lower slope(2%) of short pediment

hetween the Molteno structural plain and Cave Sandstone
mesa.

62000,

:1570mn.

Parent material: 0-23cm: sandy loessi 23-45cmscolluvium comprising o

nixture of doleritic material and sediments from the
Cave Sandstone Stagze of the Stormberyg Series (see heavy-
riineral composition Table 8); 45-75cm: colluvium
conprising a wmixture of doleritic naterial and sediments
derived from the Transition Beds; below 75cm: saandstone

of the Transition Beds.

Depth

0-23 pale~brown 10YRS/3 (dry) fine sandy loam;
extremely loose; single graing apedaly; abundant

roots; abrupt transition.

23-45 dark-grey 10YR4/1 (dry) clay loam; extremely
hardj; coarse columnar, breaking to coarse angular
blocky structure; rare soft dark-brown. l'e-in
concretions; dark-stained ped surfaces; few roots

(restricted to crscks); clear wavy boundary.

4575 pale-olive 5Y6/3. (dry) clay; hard; coarse anjgular
blocky structure; diffused yellowish-brown
mottles; scattered fine soft Fe-ikn concretions;
scattered artifacts, sandstone, dolerite and

ayate frazments; clear boundary.

75+ 1lirht srey 5Y7/1 (dry) weathered sandstone of the
Transition Beds of the Stormberjs Series

[}

(Karroo Systern).



@ Vertisols - Da, Db and Dj

+

(1) General

D'Hoore (1964, p. 78) gave the following generzal definition for
vertisols:

"Soils with an A1 horizon, at least 20 cm thick and /ark in
colour though the organic matter content is usually low. Calcareous
accumulations are frequent. Fermeability is slow and internal
drainage is poor at least at some depth, even though external
drainage may be favourable., Profiles show the effect of mechanical
reworking such as dry season cracks, slickensides and often by
gilgay microrelief, The structure is prismatic or coarse blocky
throughout most profiles. The surface horizons have a fine
structure. The reserve of weatherable minerals is appreciable.

The clay fractions usually consist of 2 : 1 lattice clays,
especially montmorillorite and mixed-layer minerals. The cation-
exchange capacity is high and is generally more than 50 per cent
saturated, mostly with bivalent cations',

In the Highveld Region soils designated on the map and
differentiated according to parent material have the following
characteristic properties, some profiles with lighter textured
Al horizons are included in unit Db as intergrades, since the Al
horizons present colluvium affected by aeolian sorting which
is too thin to exert a definite influence on the trend of
pedogenesis:

1. They have an & AC, C horizon sequence,

11
2., Clay minerals consist predominantly of X-amorphous mixed-
layered compounds. The clay fractions of Al horizons of type

Da contain important quantities of spherical amorphous-

material (Plate VI).

\n

. 301l colours are dark, values to a denth of 40 cm range fron
’ E g




10.
11.

12.

13.
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when dry to 2 when moist. The C/N ratios are not wider than 12.

Structure is prismatic or blocky and some dry-season cracks are

present., The forumation of gilgay microrelief is absent. Judging from

from the mineralogy of sand fractioans some more extensive churning

mizht have taken place in the past.

The clay content of genetic 4 horizons exceeds 30 per cent,

Cation-exchange capacities of genetic horizons is more than 30

meq/100z of air-dried soil for type Da and less than 30 meq/100g

for type Db in some instances,

The base-exchange complexes (ammonium acetate method) of all hori-

zons are nore than 50 per cent saturated, predominantly with

calcium and magunesiun, ,

No mottling was observed, iron concretions are normally absent.

Some procfiles, however, do have iron concretions but their presence

is clearly not attributable to contenporary gzesnetic processes.

lMost profiles are characterized by the presence of carbonate.

Internal drainaze is iupeded and permeability slow.

“ezatherable-mineral reserves are high.

Some surface horizons have & fine structure, which resembles self
.1

granulation .

although not a premise for generalization, since only two

sanples were subjected to differential dissolution of amorphous

substances, the presence of an excess of easily-extractable silica

and iron (Table 14) seems a characteristic feature. Zxtraction

does not modify the cation-exchange capacity apvreciably because it

only affects the aluminium content slightly. The pH dependent

1., . . . T .
From a semantic point of view the term"mulching, since no organic

matter is involved, is regarded as inappropriate to depict the

tendency of some vertisols to form a loose granular surface, or even
od] 7

the tendency of soils to form a granular surface when cultivated.
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charges (Table 14) are also indicative of the presence of amorphous
components in colloidal fractions. An interesting point of speculation
arises as to the properties of amorphous components forming as a

result of the co~precipitation of free silica and ferrous oxides
(Jackson, 1965). Judgzing from the importance attached to aluminium in
fourfold coordination by Fieldes (1962) and Egawa (1964), in explaining
the chemical and physical behaviour of allophane, it is certain that
these properties would not be vested in amorphous components formed
through a co-precipitation of free silica and ferrous oxides (or
manganese). Although highly speculative this aspect may justify further
consideration, especially‘with a view of establishing the origin of the

dark colours of vertisolss; in spite of their low organic-matter

content,

Table 14: (A) Percentages easily-extractable amorphous silicium and
sesquioxides of clay fractions and (B) Modification of
C.li.C. and pH dependence of C.%.C. (meq/100gz) of clay

fractions.

@ % . % g A
Sample no, 5 SlO2 X .1203 beao3
87 (profile 86/88 ) 8.3 0.9 61
154 ( 154,/156) 9.6 1.6 5.8
Bl
Sample no. CoelieCe before extraction CoelieCoe after extr.
pH7.3 oH8.2 pH7.3
87 (profile 86/88 ) 60.5 100 57.1

154 (profile 154/156)  80.7 99 70.3
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(ii)
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A review of the soils, described as black clay soils of tropical
and subtropical regions, by Dudal (1663) has once more stressed
the fact that the predominant factors determining their genesis
are drainage and parent material. The latter usually consist
either of highly arzillaceous sediments or igneous rocks with a
high content of ferrom&gnesium minerals.and plagioclase
(Haggnzieker, 1963 Kunze, et al., 19635 Raychaudhur, et al.,
196%; Reeve, et al., 19633 Bunting, et al,, 1962; Chu, 1962; Roy
and Barde, 1962 and Van der Merwe, 1962). The fact that all these
authors emphasized the importance of the factors mentioned above,
appears to represent impressive evidence of their significance.
From a thermodynamic point of view, as a result of the slow
permeability, these soils may be regarded as closed systems, As

a consequence response to the intensity factors (ectodynamorphic
factors) is extremely gradual. As is probable in the Hirhveld
Region some of these soils may predate more-developed

associated soils. Considering the principles elucidated by
Hjulstrom (1939) and Bagnold (1960) with regard to the influence
of texture on erodihility by water and wind respectively, erosion

is likely to have a minimum effect.

Vertisols, Sensu Lato, on Crystalline Basic Rocks - Da

The group of soils described by Van der Merwe (1962) as '"sub-

tropical black clays' show indistinct horizons with A AC and

1!
C sequences and originated from the weathering of basic igneous-
rocks; dolerite in the Highveld Region. They are clayey, plastic
and sticky when wet and extremely hard when dry. Organic matter
content, despite the dark colour, is low. Soil reaction ranges
from slightly acid in hl horizons to alkaline in C horizons.

The cation-exchange capacity of clay fractions is above 90 meq/100

g
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and 30 meg/100 g of air-dried soil. Base saturatibn of all horizons
exceeds 50 per cent. The exchangeable complex is predominantly
saturated with bivalent cations: mainly calcium and magnesium, The
structure is blocky with weak prismatic tendencies. The soils contain
free carbonate in € horizons, either as discrete concretions or white
specks of powdery carbonate.

The weatherable-mineral reserves are very high. The pyroxenes
consist mostly of pigeonite and the minerals of 1light fractions,
besides some admixed rounded-grains of quartz, are practically
dominated by the presence of labradorite and andesine,

Clay fractions contain nmixed-layer minerals which exhibit
characteristics of what has been described as carderite by MacBwan
(1954), though no. 1.533 line indicating the presence of trioctahedral
minerals has been observed. Sudo and Hayashi (1956) described minerals
with similar spacings as acid.clays. Wilson (1966) investigated the
mineral described by MacEwan (1954) and concluded that it behaves
rather characteristically like minerals regarded as chloritic
intergrades by Jackson (1963). G.F.Jalker (1654 - comment on the
paper read by MacZwan) reported the wide-spread occurrence of such
minerals in soils derived from hasic rocks in the north-east of
Scotland. Hayashi, et al., (1960) instanced a complexely interstratified
vermiculite~chlorite-montmorillonite mineral, occurring in the
amygdales of basalt, with similar properties.

The high silicium content, on account of the presence of considerable
guantities of easily-extractable amorphous silicium, of colloidal
fractions does not reflect the composition of the crystalline
components neither does the iron-oxide content (Table 14). The pH
dependent charge of the exchangeable complexes (Table 14) is
suggestive of the presence of allophane (Jackson, 1964 and Swindale,

1964). The clay fractions of the i, horizons of profile 154/155

1
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contain rounded particles (Flate VI) giving a weat diffraoction maxina
at 7.4ﬁ when heated to 35000. This maxima disappears when heated to
550°C (Plate VIII). This suzgests the presence of halloysite. Further
indications of the presence of halloysite and/or allophane is the
low-temperature exotherm at approximately 140 - 17OOC (Plate X). In
Cca horizons the low-temperature exotherm occurs at 200°C and the
differential~thermal curve is rather similzr to that of beidellite
(Plate X). The presence of weak diffraction maxima from 10.02 to
19.83, which do not collapse completely upon heating to R;'OOC and
the absence of =& 7.23 (Plate VIII) points to the presence of inter-
layer contaminants or chloritic intergrades (Jackson, 1963 and 19565).
i feature of the diffraction patterns is the strong hko reflections
in contrast to'very weak 001 reflections (Plate IX).

In general it may be stated that significant changes were apparent

in the degrce ¢f crystallinity of clay fractions with depth. Interlayer

contamination increases towards the surface,and the presence of
hallcysite was observed in Al horizons, The montmorillonite component
of the randomly-interstratified mixed-layer sequence increases with

depth (Plate VIII).

The molecular ratios bl02 of colloidal fractions are higher than

R 0

threes, Variation of the molc ular ratiocs Si0O / .1 of fine earths

2 3

N

with depth are mainly the result of contaminzstion with detritus of
sedimentary origin. These ratios of colloidal fractions indicate a
slight mobilization of silicium. The variation of l /Fo ratios
with depth is suggestiwve of limited mobilization of iron and its
accumulation in AC horizons.

This soil type wmeasures up to the criteria and concepts of
vertisols only as far as colour, base saturation, cation-exchange
capacity and clay content &re concerned. The structure, although the

sclum is subject to some expansion and the surface layers to some



granulation, does not comply conpletely with the requirements of
vertisolic characteristics as defined in the 7th 4Lpproximation(and
supplements); The obvious reason for £his is thg advanced stage of
weathering of the clay minerals. Similar observations were made
with regard to the clay fractions of vertisols in Tanganyika by
inderson (1963). Guerassimov (1962) instanced some allophanic regurs
in U.5.S.R. which formed on basic-igneous rocks.

In the event of the vertisols character of this soil group being
to sub-ordinate an alternative classification could be degraded
vertisols or black~élay éoils on dolerite.

hccording to the 7th approximation (and supplements) it seems
inevitable that these :.soils should be classified amongst the Hollisols and
vertisols, otherwise the weak horizonation would entail“a
classification as &ntisols. Considering the weak tendency to granulate
at the surface Grumestert seems the most logical suborder. Profile
19/21, owing to more intensive admixture, also mecets the mirimunm
requirenents of a Mollisol (Udolls) and could be designated a Vertic

Entic Hapludoll to denote the subordinate vertisolic characteristics,

Profile number : 19/20

Soil type : Vertisol, sensu lato, on crystalline basic rocks - Da.

Location : Lat. 27056', Long. 28005' on the farm Dankbaar
1242, Sasolburg district.

Site ¢ upper slope (3%) of slight prominence in gently
undulating pediplain, uncultivated Themeda triandra
veld.

Rainfall : 620mn

#levation : 1526m,

Parent material dolerite with admixture of pediplain drift;

below 17 cm: dolerite.



SOIL TYPE: Vertisol, Sensu Latc, on crystalliné basic rocks ~ Da

Sample nrs. 19/21r
- G e e de e i e et TR L MR S mE Ae A s P W wR s e R S Am R AR R e MR de Me G T En WS v Ae AR M Em R e e Y T e e am ‘ ————————————————————————————
! t  Depth ! Particle size distribution : : Organic . Cations adsorption complex
{ i ! and i 1e } 5q. :
Sawple | Hori- in Voo mmij‘nd200p—' 50?:_11;20“_ . O pH ( matter % . meq./100 gram "
number | zon | cm i 200u 50u ' 20 2p ' < 2w ' HO0 KC1 1 ¢ I} ¢/x Y ca Mg K ¥o ! T.E.B. C.E.C. Sat.
- e e e ] e = - - P oo e - - IO U U U U b e e et e et ot - - - d o e e e et e - . . -
19 AL 0- 17 10.8 27.3 10.3 13.1 38.5 6.0 5.1 2.1 0.19 211, 10.7 13.0 0©.81 0.23 24.7 30.9 80.0
20 1IA12 17~ 42 12.1 18.1 9.4 8.4 52.0 7.1 5.7 0.9 C.09 16.0 13.0 16.9 0.58 0.70 31.2  53.6  58.C
21 IICca 42— 60 41.9 20C.6 9.1 7.4 21.0 7.8 6.4 0.5 0.05 .0 10.7 17.3 0.27 0.46 28.7 24.5 100.0
21r  IIR 60+
_Chemical and mineralogical analyses of the clay fraction ( < 2microms )e_ _ _ _ _ _ _ _ _ . L _ _ _ L _ e e
Sample |  SiO 41,0 Fe 0 Ti0 €a0 K.0 $3.0 $i0 510
{ 2 273 23 2 2 Total C 2 2 Clay minerals:
] . . - 5 N -
PmReT o _ . Inwelsnbueresmtages .. Ma®y  M% ™% ...
19 56.5  19.4 10.2 0.94  0.85 1.15  89.04 4,93 14.72 3.70 B AL? 1(hl-Va-tteg) " Q"
20 5540 20.7 10.9 0.81 0.65 0.92 88.98 4.51 13.39 3.3% A1? M1(Chl-Vm-Mt) . Q
21 54.8 20.2 11.7 0.80 1.40  0.91 89.81 4.59 12.44 3.36 A1? M1(Chl-Vm-Mt) Mt Q
2lr
Chemical analyses of the total soil sample (< 2mm_ ). _ _ _ _ _ _ _ _ _ o ol e
Sa H ™ T a 1
amplc 8102 A1203 1'0203 102 Cal K20 Total 8102 SlO2 A_2O3
[ . o N o B"
B in veight peroemteges . e MOy % PO ..
19 72.0 9.4 5.6 0.68 1.25 0.82 89.75 12.99 34.02 2.63
20 64.5 13.0 7.7 0.66 1.65 0.81 88.32 8.41 22.06 2.63
21 56.0 14.2 C.2 0.99 6.55 0.66 88.60 6.17 14.5 2.17
2ir 52.5 12.6 11.5 0.94 5.75  0.42 87.71 7.06 12.12 1.70
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GRAIN SIZE DISTHIBUTION OF THE SAND
FRACTION (200Cu-~50u)

L

MINERALOGICAL ANALYSES OF THE SAND -FRACTION (500u-50u)

vy mineral anaiyses.
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20

21r

Horizon

ITa12

IICca

IIR

17-42

42-60

50+

- 158 -

very dark-brown 10Y¥YR2/2 (dry) clay loam; fine
angular blocky structure; mass loosely packed,
crumbles readily into fine hard granular fragnents
(may be regarded as granulation); weakly developed
cracks at lower end of horizoni abundant rootsy

distinct boundary.

black 5YR2/1 (dry) clay; hard; weak prismatic,
breaking into fine angular blocky structureg
weakly developed cracks; abundant fine dolerite

zrit; few roots; wavy boundary.

olive~-brown 2.5Y5/4 (dry) gritty sandy loam;
friable; weatherable dolerite floatersy white

mottles of soft carbonate; indistinct boundary.

hard, loosely packed, partly weathered dolerite,



JIL TTPE: Vertisol, Sensu Lato, on crysiailine basic rocks - Da
umple nrs 94/ 967
————————————————————————————————————————————————— ,
t {  TDepth i Particlie size distribution : : Organic ‘ Cations zasorption complex
.t ! , t - gand silt clay meq./100 zram
ample i ﬂorl—l in i 2 pm- 200”-1 50“_ 20“_ § g pH H matter % i - / = %
~mber ! zon 1 en ! 200u 50 ' 20n 2u v o 2p !t H?O KCi1t ¢ d ¢/H : Ca Mg K Na ' T.E.B. C.E.C. Sat. E.S.P.
- o - - - d o - - - e o = - - U, T
99 412 19~ 37 16.0 12.4 5.9 12.1 49.6 €.6 5.5
961 R 50+

L aar  ame wmn mee e smw wm e A wb Ge S R e e ey e e em AR R e e e W e e e e R e em S e me we o e e e WS e e S we me  tak s wEm e B G 3 e e e e m e e e aw M em e mh am eeD e e e e e

e er se MM e e eem e am ewp SR M e e e e e e G e R m MR WD e ME e A T mw e AN e Y e e e M M G em i i aee S eE e wmh R Ale e e R e e e G MR e em e wm e o we B e e mee e e e e

ample i 5i0 Al 0O, Fe, 0. Ti0, Cald K.C 3i0 310 Si0G
t 2 273 <2 < 2 Total 2 2 2 Clay wineralst
11 ¥ i < X Pl i contaoes & O N
O L e S e e o S T S
94 47,0 16.5 13.7 0.57  0.56 .52  78.95 4.80 9,12 3.14 #7417 ML{Chi-Vm-Mt) & e
95 51.0  17.2 12.0  0.59  0.60 0.4l  81.80 5.02  11.16 .49 417 M1{Chl-Vm-Mz}*" F
5 52.4  13.7 15.4 0.76  1.55 .0.9C  84.71 6.44 9,04 3,79 a1? mi(enl-vo-2:)t cnr o F
hemical enalyses of the total soil sample (< 2 mm ). _ | _ | | L L L L o L L o f e e e
RS | - m ~ 1 5 {
Zample ' 8102 A1203 FLZO“ 110? Cal KQO - ) sﬁOQ u102 A1203
Total
ambor ! in weight percentages 41,0 Fg,0, Fe,C
e o e L D L e e e e e e e e 23 _ 25 _ ] e e e e e e -
34 52.5 1il.1 79 0.93 2. 50 C.65 85.58 9.55 21.02 2.28
95 5%.3 12.8 9.1 0.89 2.86 0.60 B86.75 7.86 16.93 2.15
of 53.3  14.4 10.0 0.83  9.25 .80 88,58 6.28  14.16 2.25
Géy R2.1 4.1 9.7 1.07 9.66 0, 5% 87.18 6.24 14.27 2.28
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Profile number

Soil type

Location

Site

Rainfall

Elevation

Parent aaterical

Sanple

.-No._ = Horizon
o4 11
95 412
o6 Cca
96r R

- 159 -

94/ 96
Vertisols, sensu lato; on crystalline basic
rocks - Da.

Oy 0, ' . o
Lat.26°19 , Long., 28740 on the farm Nooitgedacht,
Nigel district.

uncultivated Themeda triandrs veld, on level top

of low rise formed by dolerite sill,

700m1,

16421,

finewgrained dolerite (thin sill) with distinct
horizontal jointing, intermingled with some

colluviun at the surface,

Depth

Ciil e

- -

0-15 black 10YR2/1 (dry) clays; hard; well developed
fine angular blocky structure which cruables
readily into hard granular fragments (may be

egorded as granulation); weak discontinuous

3]

surface cracks; many roots; indistinct

boundary.

15-37 black 5Y2/1 (dry) clay; hard; well developed

medium angular blocky structure; narrow
discontinuous cracks; no visible slickensides;

frequent roots; wavy boundary.

37-50 lizht olive-brown 2,5Y5/4 (dry) gritty coarse

sandy loan; friables; white syeckles of powdery
carbonate; fragments of unweathered dolerite
conprises more than 50 per cent of horizon;

indistinct boundary.

50+ very hard, loosely packed weathered dolerite,

distinct horizontal jointins still discernible,



SCIT TYPE: Vertisol, Sensu Lato, on crystalline basic rocks - s

Sample nrs. 154/156r
e e e L e e e e e e - = = . — T
! ! Depth ! Partlclc size distribution : : Organic ‘ Cations adﬁorption complex
a LT t sand 8ilt clay atter % meq./100 gram
Sample | Hori- in {2 mm—  200u-! SOp- 20u- ! ' pH i matter % : %
nuncer ! zon 1 cm i 200u 50} 20p 2p P o< 2ou ! H,0 X0 to¢ K C/¥ . Ca Mg K Na ' T.E.B. C.E.C. Sat. E.S.F.
e or o wm d we m me] e o o em s U e o e - T o b e ;e e e e m e e e e e . - = 0
154 Ap 0~ 20 37.1 10.9 15.% 36.5 6.2 5.0 1.7 0.16 10.6 12 7C 14.30 0.70 0.28 28.C 31.3  89.0 0.59
l’::':: A.l?.. 26"‘ 55 3005 10.0 21.0 38.5 7.3 5.9 Ci9 O,io 9,0 40 37 30 O 59 Oa48 6008 5\6-5 ICCoG 14‘«3‘
156 Cca 55-12% 1.9 Ted 6.4 14.3 8.2 7.1 0.2 0.03 6.7 18 70 20.20 0.26 G.46 39.6 22.8 100.C 2.02
1561 R 1254
Chemical and mineralogical analyses of the clay fraction ( < 2microns )e  _ _ _ _ _ | _ _ o _ L e e
Sample 1 3510, 41,0 Fe O Ti0 Cad k.0 510, 530, Sio
i < 23 23 2 2 Total = = 2 Clay minerzls:
. H -
sl S e Mo Fee% RO .
154 48.5 15.5 15.0 0.96 1.25  1.10 82,31 5 8,58 3.28 nt 17 Hl(Cbl~%m-u’):; Mt Q
155 £1.0 15.8 15.2 0.91 1.40 C.84 85,15 5, 4 8.90 3.40 Al Ml\chl-v—q-muH Mt
1%6 47.5 15.1 15.7 0.71 2.02  0.90 81.93 5.32 8.03 3.21 A1? ML(Chi-Vm-Mt) = Mt
1561
Chemical analyses of the total soil sample { < 2 WM_Jo _ _ _ | _ | L L L L o e
Sample '  8i0 A1,0 Fa,0 Ti0, a0  K,0 8§10, $i0, A1,0
: 2 273 273 2 2 Total 2 2 273
Jumber Ao welght percemtages AlpDy  Fep0y R0y
154 63.0 12.2 8.9 1,44 2.50 1.29 89.33 8.76 18.82 2.14
155 5T 5 13.4 10.8 1.29 2.70  1.2% 86.95 7.28 14.14 1.94
156 52.5 14.2 10.2 1.24 8.64 1,10 87.68 £.23 13.66 2.17
1561 519 14.1 10.1 1.03 8.8L 0.76 86.70 6.23 13.79 2.17

)
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.ltl.mll.ﬂl ..l ] { 1 1 1 T t - TT T Tt
i 1 i . ) 2 m 1 I ' Sieve ) Sample numbers
3ample ! ! ® P ' o oo, B! ! 9 1 appertures = - - — - = -~ ~ - -_—— -
t t 5 { o o 1 b £ x ,m ﬁ_ o | a m ] . !
L] 1 4 } +© o 1 @ w 1 o ] 0 1) (S | £ 1 P o 1 .in mm. {
aumber Q [ o + o 4 w© -~ o] + 3 42 e [ —~t ] o4 o 0 e e e e e e e e e e s e e e v e e e e e e e
t = 1 o g Q 1 2 N 3 £ ) w e wrd o 0 0O ! w > T I w 4 t
o O u 2 < O £ d 8 o g 0w 9 0 5 m. 3 @ o
f o 1 u M 1 [¢] o £ 1 d o g bt e wt N . | I o t '
o} - o = “.w m ort d vﬂv h (=0} o] o~ (o] -~ ..O [o] ~ (4]
e d O LN g D a8 < Bt M & LR N OE_ Q& s 1 =S 1.400 !
' i t i t t f ' f
- - - - - - 4 - - - - - -
154 . 11 ' tr tr 2 \ tr . , b , 98 . . tr . 1.000 .
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{ ] ] 1 t t |} 1 ]
' ' ! t ! i ot | 0.590 '
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! ! 1 t i 1 I 1 0.500 i
t t } ! 1 i | 1 1
S S N S [ S SENY N 0.420 !
t ] 5 i
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ey B it B B B R e | i 0.210 .
t t { i 1
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Sample a 2 < o & - i 1 1
] - —~ 3 e @ 0.100
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Profile number : 154/154

501l type

Vertisols, sensu lato, on crystzlline basic rocks -

DEW '
. \ O ! 04, " ”

Location : Lat.26°3G , Long. 29 34 on the farm XKlipfontein
422, 3ethal diztrict.

Site : disturbed grass-covered (Themeda triandra) headland
of moize field, upper slope (3%) of undulating
vediplain,

Rainf=ll : 700rmm

Ilevation : 1656,

Porent moaterizl

dolerite with slight admixture of surface drift.

Sanmple Denth

_Nee_ Horizom o cm.

154 Ap 0-20 black 10YR2/1 (moist) clay loam; slightly
hard; coarse angular blocky sfructure which
crumbles readily into coarse granular
structure; weak irregular cracks. extending
to the C horizon; abundant roots: gradual
boundarye.

155 412 20-55 very dark-grey 5Y¥Y3/1 (moist) clay loam; firm,

plasticy weakly prismatic, coarse angular

+  structure; mass crumbles readily intc firm
angular neds: weakly developed slickensides
on ped surfaces; cracks more evenly spaced

than in Ap 3 frequent roots; clear boundary,

156 Cca 55-125 light olive=brown 2.5Y5/4 (dry) gritty sandy
loams friable decomposed doleritey white
speckles of powdery carbonate; floaters of

hard dolerite,

156r R 125+ hard, loosely packed zravel of partly

<

weathered dolerite,
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(iii) Vertisols, Sensu Lato, on Calcareous Rocks - Db and Intergrades

(Profile 86,/38)

I'e
O

The group of soils, classified as vertisols - Db by Loxton (1962),
developed on slightly calcareous argillaceous-sediments of tlie Karroo
Systen. The problem which arises, and which is probably universally
experienced wherever sediuments are considered as a basis for the
grouping of soils, is the lateral variation within stratigraphic
units (facies changes) of lithological and petrographic aspects
as well as anisotropy along the vertical axis i.e. bedding. From
a consideration of the "Statement of Principles" by the International
Subcommission on Stratigraphic Terminology (Hedberg, edit., 1961) it
is apparent that, whatever kind of stratigraphic unit is used for the
subdivision of sedimentary strata,a considerable latitude of variation
is allowed in defining the dominating aspects on which separation
from adjacent strata is hased., Lithofacies changes within a specific
stratigraphic unit over relatively short distances gy, the rule rather
than the exception (Dunbar and Rodgers, 1953). Facies changesate a
function of local conditions. Igneous rocks, on the other hand, are
classified according to texture and petrography. These variables are
functions of the chemical and physical environment and are independent
of local conditions. Igneous rocks, being definable within narrow
limits, pernit more latitude in the appraisement of the effects of the
geographical variaztion of soil-foruing factors on profile development.

As a consequence, in a genetic classification, these soils can
only be incompletely compared with the soils of the rest of africa.

It seems, however, to meet the minimum requirements of a vertisol

as defined by D'Hoore (196i4), »nrofile 22/25 and 133/136 in particular.
Profile 86/88 evolves towards the Highveld pseudo-podzolic soils

and 1is regarded as an intergrade of vertisols - Db, Differentiation

from the Highveld pseudo-podzolic soils is based on the first
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appearance of concretions or spots of pseudo-gley at litholozical
discontinuities.

The All horizons of all profiles examined have been disturbed by
extraneous agents. Soil reactions range from strongly acid to medium
acid in these horizons. AC horizons are mostly moderately alkaline,

The cation-exchange capacity of horizons is below 30 meq/100g.

A 11
Base saturation of all horizons exceeds 50 per ceant, excepting All

horizons of the intergrades (Profile 86/88). The exchangeable complexes
are predominantly saturated with bivalent cations. Structure of 312

horizouns ranges from blocky to prismatic, All horizons often have

platy structures. ilthough some expansion is evident from the structure,
such as the loosely-packed structural elecments of dry soils in comparison
with the massive appearance when wet as well as the development of sone
dry-season cracks, no slickensides or gilgail microrelief has been
observed (Loxton, 1962). Free carbonates, either in the form of

powdery covers on ped surfaces or discrete concretions, are always
present at depth, S0il colours are dark, chromas of All horizons are
not higher than 2, values are commonly 5 or lower, Colours of A12
horizons are even darker with either values or chromas usually one

or two units lower than in All horizons. The percentage carbon and

the C/N ratios are similar to that of vertisols - Da,

The weatherable-mineral reserves are high, feldspar of colloidal
dimension is a comnmon constituent of clay fractions. Besides feldspar
and quartz, the crystalline components of clay fractions are dominated
by the presence of wmixed-layer minerals., The degree of crystallinity
of these minerals are comparable to the mixed~layer minerals occurring
in vertisols - Da. Mica is, however, uanvariably present as & constituent
in the mixed-layer lattices. The mica component increases with depth

concomitantly with a decrease in randomness. Qualitative estimation

of the relative quantities of mica (see analytical tables) was based
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. . s o AQ
on relative intensities of 5.0 peaks,

Variation in the molecular ratios 8iC,/Al of clay fractious
o

0
273
with depth sugzest mobilization of colloidal silica, This way, however,
alsc be caused by the weathering-~depth function. The clay fraction of

[ag ]

one horizon (Profile 36/88) has been subject to selective dissolution
of amorrhous material, It contained large amounts of easily-extractable
amorphous silica and iron (Tsble 14). Juartz is a prominent constituent

of clay fractions of All horizons. This could be taken as an indication

of sesquioxides beins mobilized or/znd of clay illuviation having

taken place. The latter,particularly, since A horizons commonly

12

have a higher content of clay than All and AC horizons. Comparison of

the molecular ratios of the fine earths, however, show it to be
unlikely.

Increases in clay in A horizons are, mainly, the result of

12
argillification (Scheffer, 1662), Variation of the above mentioned
ratios with denth in all profiles examined shows it to be principally
a consequence of layering of parent material. Meaning that 4
T
horizons are not strictly autochtonous'!origin. Owing to azrgilli-

11

pedoturbation the more friable material has been incoporated into

the underlying horizons. The heavy-mineral composition of sand fractions

supports this contention. The SiOQ/FeaO3 and A1203/Fe203 ratios are
suggestive of a slight mobilization of iron in A12 horizons.

Types Da and Db occur under comparable climatic conditions, in
fact often irn juxtaposition. Both soils are populated by zrass

communities in which Themeda Triandra is the dominant species.

Topographic positions are comparable as well as internal drainzage.
It may thus be inferred, with reasonable certainty, that parent
material is the contrelling factor.

These soils, owing to the absence of slickensides on ped surfaces,
gilgal microrelief and prominent cracks do not seem to measure up

(exactly) to the diagnostic criteria and concepts of
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a vertiscl as defined in the 7th Apnroximation (and supplements).
Owing to the presence of some cracking at the surface and the weakly
developed platy surface-crusts profiles 22/25 and 133/136 could be
regarded as a mininal Mazaquert (Udultic Mazaguerts). Profiles 105/108
and 86/88 would not qualify as vertisols. They meet the requirement of

Ustolls (iridic Haplustolls) more accurately.

(iv)Vertisols, Sensu Lato of Topographic Depressions - Dj

This soil type, described by Van der Merwe (1962) as "Highveld
Intrazonal Black Clay of Hydrogenic Origin', meets the minimum require-
ments of a vertisol of the 2.P.I. legend., It is predominantly
associated with the narrow strins of essentially level flcod-plains
with poor external drainage behind the sandy levels, aloapz major
drainage-courses, dismembered river-channels and unattenuated poorly-
defined drainage courses. In terms of map coverage it is only of
limited importance and no specific attention has been given to this

solil type.
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i i Depth t Particle size distridbution : : Organic | Cations adsorption complex
‘ . ‘ . ’ L. ‘! ' t Lo d € Yy i 1’3 . ¢ I
Sample , Hori- in v mmipnqzoop_, Sciil 20~ ! clay | pH i matter % | meg. /100 8?&" 1
sumber | zon ! om 1 200u 50p ! 20 2w ! < 2u! H,0 KCl ¢ I c/n : ¢a Mg X Nz ' T.E.B. C.E.C. Sat. BE.S.
- e e e A oom en sl e o o d oo o m o e = - b o o o - = [N S U o e e am e e e o e e o e e D e e e e e e
22 All 0- 20 29.6 19.4 18.6 32.4 5.6 4.7 1.4 0,12 11.7 11.3 . 3.89 0.47 - 15.7 18.8 83.0 -
23 IIAl12  20- 70 17.2 12.6 13.5 £6.7 6.7 5.6 1.0 0.11 9.9 18,5 12.90 0.51 1.20  34.2 29,0 100.0 4.14
24  TIAC 70-127 13.5 15.6 39.6  31.3 7.8 7.0 0.1 ©0.02 5.0  19.1 16.20 0.57 1.80  37.7 26.1 100.0 6.90
25  IICea  127-160 6.5 22.9 46.4 24,2 8.2 7.2 0.1 0.03 3.3  18.9 12,30 1.05 1.55  34.7 24.1 100.0 6.43
_ Chemical and mireralogical analyses of the clay fraction { < 2 mieroms ) | _ _ | L _ L L L L L Ll o i e e e e o
Sampie 3i0 A1.0G, Fe, 0. Ti0, Cal K., 0 8510, 510 S5i0
{ G <3 23 < 2 Total = 2 2 Clay mineralss:
, t 4 vrema orh T3 = T 0 3
e W T e e - MOy % M
22 56,5  17.2 8.2 1.13  1.43  0.99 85.55 5.56 18,10 4,28 M1 (Mt-Veui )T Wi, g R
23 54.5  20.9 8.0 0.71  1.26 2.9% §8.32 4.43 18.07 3.56 ML{M$-Ym-Mi) . . Mi_ ¢ F
24 57.0  17.8 7.3 0.69 1.45 3.25 87.49 5,42 20.73 4.33 ML(Me-Voelia ) ME. MiD QP
25 1.5  16.2 5.5 0.68 1.27 3.20 88.35 6.44 29,71 5.30 Mi{Mt-Vin-Mi) Wt Ni© g . E
. Chemical anmalyses of the tolel soil sample ( < 2.@M_J. | L L L L o e e e e e e e e
o ' Y : &% )
) H & (34 ¢S 3 £ O
sample y S O2 31203 FaQO. T102 Cal Y20 Totat 0302 8102 Alz 3
H Wﬂ' + erce x - A { 3 B
et SN e e e Doy el Ml e
22 77.5 8.4 3,8 0.63 G.36 1.57 32,26 15.64 ° S4.19 3.46
23 69.5 11.7 4,5 . 0.60 0.8% 2.27 89.43 10.08 41.04 4.08
24 69.7  12.6 4.6 .65 0.92 2.27 90.74 9.38 40.27 4.29
P 55.C 11.3 3.6 Q.41 4.50 2.26 T7.C7 8.24 40,66 4.92
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Profile nunbver

Soil type

Location :
Site :
Rainfall :
i“levation :

Parent material:

Sample

._No._ ~ Horizon
22 AN

23 IT:in2
24 IIaC

25 IICca

IIR
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22/25

Vertisol, sensu late, on calcareous rocks - Db,
Lat.27°58% | Long. 28°0¢ on,the farm Verdun 674,
Sasolburg district,

uncultivated Themeda triandra veld, upper slogpe

(3%) of slizht rise in =ently undulating pediplain.
520mm,

1522m.

0-20cm: pediplain drift; below 20cm: mudstone of the

Middle Ecca Stage (Karroc System).

Depth
0 - 20 dark-grey 10YR4/1 (dry) clay loam; slightly
hard; nmedium platy, breaking to fine platy
structure; weak irregular surface cracks;

abundant rootss clear boundary.

20 - 70 black 5Y2/1 (dry) clay; very hard; coarse
blocky structure; freguent roots which are
restricted to openings between structural

elements; gradual boundary.

70 =127 1light oclive~-grey 5Y6/2 (moist) clay loam;
hardy ccarse angular blocky structure;

gradual boundary.

127 =160 1lizght olive-brown 2.5Y5/4 (moist) silt loam;
slightly hard; weak blocky structure;
frequent carbonate concretions and pockets
of powdery carbonate; freguent concoidal and

platy mudstone fragments: pgradual boundary.

160+ pale olive-grey, loosely packed concoidal
mudstone fragments and pockets of

powdery carbonate.
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: Organic ‘ Caticns adsorption complex
H i matter % ' meq./100 gram. 4
¥c1' ¢ ¥ ¢/n : Ca Mg ¥ ¥a ' T.E.B. C.E.C. Sa%. B.S.P.
...... T o A N
451‘. loA \1012 lOvO 6011 3.02 0051 - 9-7 1709 j4ql 2-23
5.6 1.0 Q.11 7.5 22.40 9.12 0.95 1.34 33.9  33.9 100.0 3.37
6.6 0.1 ©.02 3.3  21.30 11.60 1.40 1.95 36.3  30.6 100.0 4,70
6.7 C.1 0.03 5.0 22.40 11.20 1.30 2.00 37.0  4l1.% £59.0 4.80
gees_of the elay fraction [ ¢ Zmierone Jo L L L L L e e
510, 510, 810, o
Clay minerals:
41,0, F9203 3203
S 3 : ~ 3% T Syt -4
5014 19.66 4+09 ax Ml(Chl-Jm—mt—M1)++ Mi At Q¥
4.17 15.39 3.26 dX ML(Chl-Vm-Mt-Mi) = Mi At @ F
4.65  15.89 3.60 ML(Chi-Vm-Mt-Mi) ~ Mi At Q F
d.idd 16.71 3.52 Mi{Chl-Vm-Mt-Mi) HMi At Q@ F
810, 510, 41,0
a1203 Ee203 -e203 ----------
21.55 6756 3.13
803.%3 28097 3055
8.18 31.09 3.80
6.48 25.94 3.75




GRAIN SIZE DISTRIBUTION OF THE SAND
FRACTION (2000u~50u)

MINERALOGICAL ANALYSES OF THE SAND FRACTION  (50Cu-50u)

Heavy mineral analyses.
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Profile number :

So0il type

Location

Rainfall

dlevation

Parent material:

106

107

108

ITanz

II.:Cca

IICR
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105/108

Vertisol, sensu lato, on calcareous rocks - Db.

Lat, 27005', Long. 27052' on the farwm Boomplaas,
Heilbron district.

disturbed headland of maize field (natural vegetation

Themeda triendra grass-veld), level surface of

extensive pediplain, somewvhat impeded surface run-off,
620,

1500m,

0-20cx: pediplain drifty below 20cm: mudstone of

Middle Zcca Stage (Harroo System).

Depth
0-20 greyish-brown 10YR5/2 (wmoist) fine sandy loam;
loose; structureless; abundant rootsy clear

boundary.

20-565 very dark-grey 10YR3/1 (moist) clays; hard;
coarse blocky with tendency towards prismatic,
structure; narrow irresular cracks; freguent

rootss; indistinct boundary.

65-128 1light olive-grey 5Y6/2 (moist) silt loam;
firm; medium angular blocky structurs;
irrepular cracks; scattered greyish-brown,
some with white powdery carbonate coatings,
hard silicious concretions; frequent concoidal
mudstone-fragments; indistinct transition,

128-160 pale~olive 5Y6/3 (dry) gravelly silt loam;
very hardj; loosely packed mudstone fragments
comprise more than 50 per cent of the horizon.

160+  pale-olive 5Y6/3 (dry) loosely-packed

concoidal carbonaceous-nudstone.
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Profile number : 86/89

Soil type ¢ Vertimol, sensu latc, on calcareous rocks - Db
(Intergrade).

Location : Lat.26022', Lonz, 29004' on the farm Kwaggaslaagte
91, Bethal district,

Site : uncultivated Themeda triandra veld, on level top
of slight rise in gently undulating pediplein,
less than 2 per cent slope.

Rainfall : 700mn

Elevation : 1660n.

Parent material: 0-1%cm: colluvium affected by aeolian sorting;
19-70cm: colluvium; helow 70cir: sediments of the

fiiddle Eecca Stege (Karroo System).

Samnle Depth
_Ho._~ Horizoen _ _cm.
86 A1 0~-1¢ greyish-brown 2.5Y5/2 (dry) fine sandy loan;

loose, almost single zrain; abundant roots;

abrupt transition.

87 IL4a12 19-44 very dark-srey 2.5Y3/1 (dry) fine sandy clay;
very hardj prismatic, breakin; into coarse
angular blocky structure; dark stained ped
surfaces; few roots, restricted to cracks

between structural units, wavy boundary.

&8 IICca 4i~70 sreyish-brown 2.5Y5/2 (dry) sendy clay;
firriy; coarse blocky structure; dark stained
ned surfaces; frequent hard iron concretions;
dolerite floater; soft powdery carbonate

concretionss; abrunt boundary.

<

89 IIIC: 70+ very. pile~brown 10YR3/3 (dry) loamy fine
sandy friablej; structurelessy highly

weathered argillaceous sandstone.



SOIL TYPE: Vertisol, Sensu Lato, on calcareous rocks - Dy

Sample nrs. ~  133/136
..... '-_——-—-—-—--——-—-—}—4——-————-————-—----—-—-—-—----——-—l—-—.-..--._...—---———;.-.‘..._...._____
1 t  Depth ! Particle size disiribution : : Organic : Cations ad7orption complex
i ! . i sand silt clay - ) meq./100 gram
Sample , Hori- in {2 mm~  200u-' SO0u- 20u~ ! ‘ i 1 matter % : . %
number t gon cn f 2001 5u | 20 20 v o 2p ! HZO KC1 : C N C/N ‘ Ca Mg X Ka. J T.E.B. C,E.C, Sat. KE.S.P|
e e m an o oem em ol e e e o - d o m e e e o - D . T e i, UV - mm e e e L e m e e - e -
133 All 0- 22 5&4 3202 14-3 ].5o6 32-5 504 4-4 lol O-ll 1000 9-24 3;51 - 0.02 12a8 l7o4- 73.6 \Jol.l.
134 ITA12 22~ 60 4.2 20.5 8.1  G.7 57.5 5.9 4.6 0.4 0.04 10.0 13.70 6.91 1.08 0.02 21.7 25.3 85.8 0.08
135 IIACca 60-103 1.9 17.5 9.3 16.8 52.5 8.0 7.0 0.2 0.05 4.0 21.30 13.50 0.47 G.42 35.7 24.1 100.0 1i.74
136 IICca  103-129 - - - - - 8.3 7.2 0.1 0.04 2.5 18.70 9.76 0.82 0.22 29.5 24.6 100.0 0.89
. Chenmical and mineralogical analyses of the clay fraction ( ¢ 2 miorons ) _ _ _ _ _ _ L L L L L L e e e e m e e
Sample | 510 Al 0 Pe, O Ti0 Cad K.0 Si0 5i0 Si0
1 2 273 273 2 2 Total = 2 2 Clay minerals:
H . .
mbeY . _Inreiehtopereemtages .. e W W N
,_Chemical analyses of the total soil sample { < 2 M0 )e _ _ _ L L L Ll o e e e e e e
1t . . . . L .
Sample \ 8102 A1203 FeaO3 1102 Cal KZO Total 8102 8102 A1203
pwmber 1 in woight peroentages B0y o0y W0y
133 13.17 9.1 4.9 0.74 0.41 1.58 90.43 13.73 39.97 2.89
134 63.2 1449 5.0 0.62 0.55 2.3 86.58 7.19 33.59 4.54
135 63.6 14.8 6.6 0.61 %.72 2.12 89.45 7.28 25.62 3.50
136 30.5 8.8 3.3 C.14 28,20 1.3% 72.29 5.80 24,56 2.69
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Profile number : 133/135

Soil type Vertisol, sensu lato, oun calcareous rocks - Db,
!

Lo !
Lat. 26055 ) Long.2605? onn the farm Hartebeestfontein

Location :

637, Heidelbers district.

Site ¢ uncultivated verge of maize field, covered with
practicually pure stands of Themeda triandra. Level
top of low rise in undulating pediplain.

Rainfall ¢ 650mi,

Glevation : 1550m,

Parent material: siltstcne of the Middle lcca Stage with large oval

blocks of septarian carbonate,

0

ample Depth

No. Horizon Cilie

133 A11 0 - 22 very dark greyish-brown 10YR3/2 (moist) clay
loamy; friablej. weak platy structurej; narrow
surface cracks; abundant roots; gradual

boundary.

134 IIA12 22~ 60 black 10YR2/1 (moist) clays; slightly hard,
plasticy; coarse bloucky structure; narrow

cracks; frequent roots; pradual boundary.

135 IIaCca 60-103 olive~brown 2.5Y4/4 (moist) clay; firmg
coarse blocky structure; scattered pockets
of soft carbenate; freguent small fragments
of siltstones; large oval blocks of septarian

carbonate; few roots; gradual boundary.

136 IICca 103-129 light~grey 10YR7/1 (moist) gravelly silt
loamy; abundant siltstone fragments cemented
by massive limes; large cval blocks of
septarian carbonate comprises more than 70

per cent of horizon.



by

J\ Mineral Hydromorphic Soils - Na

Considerable tracts of the iHighveld Region are characterized by
the occurrence of soils having free-water for most part of the year,
albeit a period of intense desiccation ranging from midwinter to
early summer., The hydromorphic soils are individualized in topcgraphic
depressions and unattenuated drainage ways resulting from the
inundation of fossil depressions by aeolian sand. There are, however,
no swamps. In view of the extremely level topography this is surprising.

The profusion on it of (Imperata cylindrica (L) Beauv var. Africana

(inders) and other water-loving plants is indicative of hydromorphic
conditions severe enough to exert inhibiting influences on plant
growth (Chippendall, 1956).

Besides the above mentioned properties, another extremely detrimental
characteristic is its susceptibility to wind erosion. 3and mobilized
by zmeolian activity is blown into small dunes, imparting a rather
hunmocky appearance to the topography and giving rise to the formation
of yellowish-brown regosoclic sands - Bq. 48 2 consegquence of recurrent
seasonal-disturbances at the surface by aeolian activity é horizoans,
besides being usually extremely variable in thickness, have little
diagnostic value. B-horizecns, in all profiles examined, consist
predoninantly of buried layers couprising either the weathering products
of autochtonous rocks or colluvium. Chromas of B horizons are commonly
around one. Anotiner feature is the presence of coarse mottles and
stains as well as iron concretions at lithological discontinuities.
Structures, like those in the Highveld pseudo-podzolic soils are
apparently dependent upon the type cf buried horizon. Both the Highveld
pseudo~podzolic soils - Fa and yellowish-brown fersiallitic soils -
Ja interdigitate into this soil type.

Correlation according to the 7th iLpproximation presents a decided

enigma owing mainly to the constant mobilization at the surface. The

el
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absence of diagnostic .1 horizons require them to be classified as
intisols. In view of thg evidence of wetness and sandy textures they

would seem to fall in the great group Psamments (aquipsamments).




$0IL TYPE: Mineral hydromorphic soil - Na

Sample nrs. 8/11
o e e e em e ok e AR R e TR e R S AT EAEESETSSEEESEEETTET YRR e - l —————————————————————————
i !  Depth ! Purticle size distribution i ; Organic { Cations adsorption complex
{ 1 . ' nd silt clag o neq. a
Sample | Hori- in i 2 mmia 200u~! 50pi 204~ ! A PH 1 patter % ! meq. /100 gr'm : %
rumber ! zomn ! cm i 200p 50u ! 20p 20 v o< ept H20 Kc1! ¢ H c/N : Ca Mg X Na ' T.E.B. €.B.C. Sat. BE.S.F.
. S e e am e e e e e e e = en o oo = b e - e T - o e e e e e e o et . . e . - - - - - - J ——————————————— —
oA
8 Ap 0- 29 91.1 3.2 3.8 1.9 5.1 4.4
9 A2 2G-124 - 87.8 2.6 1.2 T.4 5.0 4.4
10 IIB2G . 124-164 59.7 4.7 4.3 31.3 5.9 4.9
11 IT1ICG 164+ 41.8 16.0 23.8 18.4 6.3 4.7
Shemical and mineralogical amalyses of the elay fraction ( ¢ 2microns e _ | _ . _ L L L L L L L e e e e
Sample 1 810 41,0 Fe 0, T1i0 Cal K.O 5310, 2i0 510,
1 2 273 2 e Total = 2 < Clay minerals:
t o s it \
i S ottt e T S o S
8 e ” A B Q , . . . 44
)DQB 19-( 7-6 Oo88 1374 boUO »-6-22 4‘76 19-40 3.85 d3{++ h 1’:.}.. q‘++ G
9 44.2 26.2 1l.2 0.58 Z2.06 .85 85.49 2.81 10.42 2.22 dK+ H1 Ml++ G G+
10 41.5 25.2 10.0 0.35 1.04 0.76 719.35 2.178 11.03 2.24 dK+ H, Al? M1|+‘ G
11 42.0 27.1 9.0 C.70 1.10 0.66 81.36 2.61 11.37 2.14 dX H A1? M1© 3
J“hemical amalyses of tho total soil sample (< 2 ®W_)e _ _ _ _ | L L L L L L L L ol o e e e e e e
e U as
Sample b102 A1203 F9203 T102 Cal K20 Total 8102 SJ.O2 A1203
s . o | v .
e o _ . _ lnwolawtpeveemiages ... MOy Fo% MRS ..
8 89.5 27 1.46 0.31 0.09 Q.31 94.37 56.25 162.63 2.89
9 91.0 3.0 1.60 Q.42 0.05% 0. 34 96.41 1.42 151.16 2.93
10 75.6 10.6 . 30 C.56 0.12 0.46 93.84 11.86 31.63 2.63
11 53.3 19,2 23.1C6 1.04 l.44 0.62 88.70 4.68 16.73 2.28
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!
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Parent material

No, Horizon
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8/11 |
Mineral hydromorphic soil - Na.

Lat.26%46 , Lonz. 28°00 on the farm Wodderfoatein 1311,
Sasolburg district,

cultivated land; extremely. level aggradation surface
with isolated low humiiocks; recent wind-blown sand
accumulated against fence about 20 meters from sample
site.

650ma,

1500,

0-124cm: aeolien sand; 124-164cm: aeolian sand and
colluvium intermingled with dolerite (mechanism of
admixture is apparecatly argillipedoturbation);

below 164cm: dolerite.

Depth

Cill,

- -

0 - 29 greyish-brown 10YR5/2 (moist) fine sand; loose;

single graing abundant roots; gradual transition.

29-124 yellow 10YRZ/4 (moist) fine sand; loose; apedal;
frequent larse iron concretions, which increase
in abundance with depth; scattered quartzite
nebbles at 120-24cm; few roots; free water;

abrupt transition.

24-164 light-grey 10YR?/1 (woist) fine sendy clay loan;
friable; weak medium blocky structure; coarse
yellowish-brown and bluish-grey mottles and
stainsy scattered soft Fe-~in concretions;

gradual transition; free water,

164+  pale-olive 5Y5/3 (moist) silt loam; friable;
massive with weak granular structure; coarse
hluish-grey mottles and fine yellowish-

brown mottles; free water,


http://incres.se

S0IL TYPE: Mineral hydromorphic soil - Ha
ZJample nrs. 174/117
__________________________________________________ ‘
i ! Depth ! Particle size distribution : : Organic | Cations adsorption complex
I . ! and silt cla o 3q./1 am
Sample | lori~ in i 5 mm? 200u~1 50u- 20u- ! J i pH 1 matter % ' meq /*OO gram %
number | zon ! cm i 200k 50u ' 20p  2p ' < 2p ! HO KC1 : c N c¢/v : Ca Mg K  Na J ?.E.B, C.E.C. Sat. BE.S,P.
______ U U VU SO S U U U U U U OO e e e e e e e e e o e -
174 A 0= 30 84.8 8.7 2.3 4.2 5.0 4.3
175 AE 30"‘ &9 F&-:’ 9-2 103 105 5.2 456
176 I1B2G 59-107 43.1 15.5% 6.6 34.8 5.8 4.5
177 I1ICa 107+ T0.3 15.3 5.1 9.3 6.7 6.3
_Chemical and mineralogical analysses of the clay fraction (< 2misTons )e_ | _ _ _ _ _ _ _ _ _ _ _ _ o _ e
Saaple 510 41,0, Pe, 0, TiOO CaC K.0 S5i0 Si0 5i¢
\ 2 = a3 < e Total 2 2 2 Clay minerals:
) ' .
NSy lnwelewtwereombases . s S T N
, . ' +
174 48.0 23.5 1.7 1.10 1.30 2.10 83.70 2.5 16.6 2.87 dK: M1 Mi Q++
175 48.4 25.3 7.5 1.10 1.05  2.38 85.73 3.2 17.1 2.73 Ak Ml MiL Q.
176 47.0  27.1 10.2 0.91  1.01  2.13  88.35 2.9 12.2 2.37 K’ M1, Mi Q. G
17 51.0 24,1 5.5 G.82 1.69 2.53 86.64 3.0 24.5 3.26 M1 Mi o Q
Chemical analyses of the total scil sample (< 2 mm ). _ _ _ _ _ | _ _ _ L _ o e
o 1 . . . .
Sample ¢ 10 a0 AL,
ample \ SlO2 Al2\)3 Fb203 11L2 Cal K2O 8102 5102 A‘2U3
Total
e Inreeeeeemteses .. e B T
174 £8.0 4.2 1.05 Ce3d 0.08 1.16 94.81 35.52 22276 8.32
175 91.0 3.3 0.70 0.31  C.06 1.17  96.54 46.73  345.53 7.40
176 76,0 11.5 €.60  0.59  0.14 1.71 98.54 11.26 23.45 2.15
177 80.5 54 5.00 0.31 0.12 2.03 97.26 25 37 23.91 1.00

1/
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Profile number
50il type

Location

Site

Rainfall

BElevation

Farent material
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V247177

¥ineral hydromorphic soil - lNa.

1] L]
Lat, 28°15 | Long. 28°01 on the farm Grefeld SO8,

Bethlehen district.

grass-covered (Imperata cylindrica) hollow on the top

of nmesn formed by Cave Sandstone.
620mi
175011,

0-8%9¢cit: loess; 89-107cm: intermingzgled loess,

(6]

and colluviumg; below 17cm: sandstone of Cave
9

Stage (Stormbery Series, Karroo System).

Depth

cia

Sanple

No. Horizon
174 |
175 A2

With ouger

176 IIB2G

177 ITICG

0-30 yellowish-brown 10YR5/6 (moist) fine
loose; single grainji abundant roots;

transition,

sandstone

Sandstorie

sand

gradusd

30-89 yellow. 10YR7/6 (moist) fine sund; loose;

apedal; medium yellowish-brown mottles;

free water; abrupt trunsition.

e - o e e o L e e e (AR n ma A A e e M e A S o

89-107 light-grey 10YR7/1 (moist) clay loam;

firms; apedaly coarse yellowish~-brown
and bluish-grey mottles; free water;

indistinct transition,

107 + very pale-brown 10YR7/3 (moist) fine

sandy lcamy coarse yellowish-brown and

bluish-grey mottles; frae water.
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K. Yellow-brown Regosclic sand - Bg

The name is self-explanatory. This soil type with no diagnostic
horizons, except for some reddish-brown mottles at depth is associated
in the landscape with mineral hydromorphic soils - Na. The susceptibility
of the hydromorphic soils to wind erosion explains the association,
Included in this category are the relatively recent accumulations of
acolian sand alon;; the Vaal River.

Entisolic identity is éore clearly apparent than in the associated
hydromorphic soils. In view of thec sandy texture an appropriate sub-

order secems to be the Psamments (Luartzipsamment).



Profile number

Soil typ

Location

Site

Rainfall

Elevatio

Parent material

Sanple

No.

229

230

231

232

233

(S

n

Horizon

A’] 2

C11

13

C14

C15g

IIC16G

226/233
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Yellow-brown regzosolic sand - Bqg.

Lat. 27°

L r O ! , . .
30 , Long. 26730 on the farm Goede Hoop

227, Bothaville district.

lower slope (1.5%) of depression with impeded external

drainage; hydrophytic grass (Imperata cylindrica).

500mm,
13001,

aeolian

sand, recently redistributed; below 130cm:

Karroo nmudstone.

Depth

-

20~ 40

40~ 60

60~ 80

80-100

100-120

100-130

130-140

dark-brown 7.5YR4/4 (moist) sand; loose; apedal;

abundant roots; gradual transition.

yellowish-brown 10YR5/4 (moist) sand; loose;

apedal; abundant roots; gradual transition.

brownish-yellow 10YR6/6 (moist) sendj; loose;
apedalyj rare fine strong-brown mottles;

frequent roots; gradual transition.

o

brownish-yellow 10YR5/8 (moist) sand; loose;
apedal; rare fine strong-brown mottles;

frequent rcots; zradual transition.

yellow 10YR7/8 (moist) sand; loose; apedal;
rare fine strong-brown mottles; roots rare;

sradual boundary.

variegated yellow (10YR7/8) and white (2.5Y8/2)
(moist) sundy. frizbles; apadal; common strong=-
brown wmottles; rare soft ¥Fe-Mn concretions;

gradual transition..

variegated yellow (10YR?7/3) and white (2.5Y8/2)
(moist) sandj; friablej; apedal; common strong-
brown wottles; rare soft Fe~Mn concretions;

abrupt transition.

light brown-grey 2.5Y6/2 (moist) sandy clay;
very firmy plasticj; weak coarse blocky
structure; frequent soft Fe-Mn concretions;

many strong nmottles,
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L, Juvenile 50ils on Recent Sediments - 3o

The uniform, weakly stratified, rather well-drained alluvial
soils associated with the narrow strips of sandy levees along river
banks meets the minimum requirements as defined by D'Hoore (1964).
The limited areal-extent of these soils, however, does not peramit
them to be differentiated on even large scale maps. Of more ilmpor-
tance, though not of recent origin, are the rezosols associated with
sandy loess which covered the ancient gullies alony the escarpment
denarcating the transition from the ~frican surface to the remnants
of the Gondwana surface south of Bethlehem (Map 3, in pocket),

These soils may also be considered to belonyg to the Entisols,
and in view of the absence of features indicating impeded drainsage
as well as the fine texture (sandy loess) they seem to meet the
minimunm requirements of the great group of the Ustifluvents fairly

accurately.

w ™ L]

M. Lithosols and Litholic 3Soils - 3d, Bc, Be', Bd and Bd

411 soils with a depth of less than 30 cm to solid rock as well
as unweathered rock are included under this category. Differentiation

is according to rock type (Table 1).
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VIT SUMMARY

Soils of the Highveld Region are developed on landsurfaces formed
during the early-Tertiary, late-Tertiary and their Pleistocene
aggradational phases. heclian aggradation , formation of calcareous
crusts, deflation basins and accompanying periods of landscape
instability have been engendered by three periods of intense aridity.
A sequence of climatic events, as manifested in the superpositioning
of alternating aeolian and fluviatile depvosits in some local sections,
is given., The lack of fossils and fragmentary distribution of the aeclian
sands, however, did not allow a deciphering of the chronotaxial
relationship between aeolian deposits occurring in juxtaposition. Con-
sequently an attempt at evaluating the relative influence of the time
factor would have been mere speculation, Nevertheless, it could be
inferred with reasonable certainty that soils (mostly vertisols)
occurring on those tracts of country lacking aeolian deposits, may
easily date back to at least the early-Fleistocene,

Contemporary climatic-conditions do not appear to be a major factor
affecting the divergency in soils. Most variations and differences
between profiles are attributable to the superpositioning of different
layers of a@eolian sand, colluvium affected by aeolian sorting or their
absence. Textural contrasts between A and B horizons are largely
dependent upon the degree of truncation of buried horizons, its
petrography and the texture of burying layersf The stratification of
layers with different porosities created new environmental conditions,
Depending upon the thickness, texture and mineralogy of the sand cover
and buried horizons as well as relief, new pedological units developed
from the assemblage of independent layers. The genetic processes are
closely linked with the hydromorphic regime evoked by the above
mentioned stratification and relief. Clay enrichment of B horizons

accrue mainly from the vigorous in situ weathering of buried horizons



- 177 -

under the favourable soil-climate, rather than from an accumulation
by illuviation, #obhilization of iron and manganese is dependent upon
water stagnation evoking anaerobic conditions. Crganic matter content
is low, owing to the sparse vegetation cover and to conditions
favouring rapid mineralisation. C/N ratios are generally narrow. The
geographical distribution of floristic associations is determined by
soil type and »nrecipitation.

The close relationshin between soils, rocks, surface geology and
geomorphology is illustrated by a comparison of the soil map with
the accompanying geological, geomorphological and climatological
maps. In geneticsal studies, in order to determine the history of the
‘region within the timespan of the soils, it is deemed warranted that
5011l surveys should be sunported by parallel sedimentary petrological,
stratigraphical and geomorphical investigations,

Owing to the ever-present drift phenomena and recurrent periods
of aeolian activity, considerable attention has been apportioned to
mineralogical methods and techniques with a view to establish the
homogeneity or heterogeneity of s50il sections. The significarnce of
variation in heavy-mineral composition, grain -size distribution and
surface textures of minerals of sand fractions are discussed and the
factors affecting their stability reviewed, It is concluded that
the relative stability of thsse minerals are not predictable on the
basis of their persistence in the geological record.

Much attention was allotted to the miperalogy of colloidal
fractions. X-ray spectrographs, differential thermograms and electron
micrographs of representative samples of clay fractions of the main
soil types as well as of '"tekto allophane' occurring in sand fractions,
are given. The high frequency of occurrence of interlayer
contamination, formation of chloritic intergrades and their trans-

formation under conditions of intense leaching, via Z-amorphous
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rhases into halloysite, disordered kaolinite and kaolinite could be
verified. These observations &ppear tc be an attestation of the councepts
of Jackson, Sudo and Fieldes, with resard to the weathering of clay
minerals, internediate clay-minerals and the weathering of feldspars;
respectively.

The genetic significance of recurrent periods of acolian activity,
associated periods of landscape instability and discordant eluvial-
illuvial relationships is elucid=ated. Descriptions of 33 profiles and
analytical data of representative pedons of the main soil types are
included. The results of laboratory investigations»(chemical analyses,
elemental analyses, frequehcy distribution of sand-size particles,
prain-size distribution analyses and mineralogical analyses) are used
to confirm the distiuction of the main soil types and to illustrate
some of the variations in each. The results are also discussed in the
context of the definitions contained in the monojzraph accompanying the
soil map of africa. The possibility of finding; a place in the U.5.D.A.

system of classification for some of the soils, is considered.



- 179 =

IX. BIBLIOGRAPHY

Acocks, J.P.H,.
(1953) Veld types of South Africa. Mem. bot. Surv. S.Afr.,
28, Govt. Printer Pretoria. 182 p.

Acquaye, D.K.§ Tinsley, J.

(1965) Soluble silica in soils, 1265 - 148 in Hallsworth,
E.G., edit,, Experimental pedology., Butterworths,
London, 414 p.

Alexander, L.T.3; Cady, J.G.j %hitting, L.D,; Dever, R.F.
(1956) Mineralogical and chemical changes in the hardening

of laterites. Trans. 6th Inter. Congr. Soils Sci.,

E, 67 - 72.
Alimen, H.
(1957) The prehistory of 4Africa. Hutchinson, London, 438 p.
inderson, G.D.
(1963) Some weakly developed soils of the Serengeti plains,

Tanganyika, African Soils, v. 8, No. 3, 336,

Bagnold, R.A.
(1960) The physics of blown sand and desert dunes. Methuen, v
London, 265 p.

Barshad, I. Chemistry of soil development, 1 - 70 in Bear, F.E.,
(1964) edit., Chemistry of the soil, Reinhold Publ.,
New York, 515 p.

Bates, T.F.; Hildebrand, F.A.; Swineford, A.
(1950) Morphology and structure of endellite and halloysite.
Amer. Min., v. 35, 483 - 484,

Bates, TOF.
(1958) Selected electron micrographs of clays and other
fine grained minerals. College of Mineral Industries,

Pennsylvania State Univ., 20 p.

Bates, T.F.
(1962) Halloysite and gibbsite formation in Hawai, in

Clays and Clay Minerals, Pergamon Press, New York,

215 -~ 328,



- 180 -

Beater, B.E.
(1962) 30ils of the sugar belt. Part 3: Zululand.

Cxford Univ. Fress for Univ. Natal, 63 p and map.
b

Birrel, K.5.;5 Fieldes, M.
(1952) Allophane in volcanic ash soils. J. Soil Sci., v. 3,

156 - 1685,

Blackburn, G.; Bond, R.D.; Clarke, A.R.P.
(1965) Soil development associated with stranded beach ridges
in South-east South Australia. Soil Publ. 22, C.5.1.R.C.,

Australia, 65 p.

Bloomfield, C,
(1965) Organic matter gngd soil dynamics, 257 - 26& in
Hallsworth, k.G., edit., Lxperimental pedology,

Butterworths, London, 415 p.

Bond, G.

(1943) The direction of origin of the Kalahari sand in Southern V’
Rhodesia. Geol. Mag., v. 85, 305 - 313,

Bond, G.

(1954) Surface texture of sand grains from the Victoria Falls
area. J. Sediment. Petrol., v. 24, 191 - 185,

Bond, G.

(1957) Quaternary sancd at the Victoria Falls, 115 - 122 in

Clark, J.D., edit., 3rd Pan-African Congr. Pre-history,

Chatto Windus, London, 440 p.

Boocock, C.3; Van Straaten, 0.J.
(1962) Notes on the geology and hydrogeology of the Central v
Kalahari Region, Bechuanaland Protectorate. To be

published in the Trans. geol. So0¢. S.Afr., 47 p.

Bosazza, V.L.

(1953) On the erodibility of soils and its bearing on soil
erosion in South Africa. African Soils (Paris), v.2,
336 - 350.

X Berry, L.G.; Mason, B.
(1959) Mineralogy; concepts, descriptions, determinations.

San Francisco, Freeman, 612 p.



Bosazza, V.L.

(1857)

- 181 -

The Kalahari System in Southern africa and its
importance to the evolution of man, 127 - 132 in
Clark, J.D,, edit., 3rd Pan-Afr. Congr. Fre-history,

Chatto and ¥indus, London, 440p,

Bothelo Da Costa, J.V.; Azevedo, A.R.

(1960)

Brenzina, J.

(1963)

Brindley, G.W.;
(1947)

Brindley, G.W.

(1961)

Brindley, G.W.;
(1963)

Generalized soil map of fngola, 7th Intern. Congr.

Soil Sci., Madison, v. 8, 56 - 62,

Kapteyn's transformation of grain-size distribution,

J. Sediment, Petrol., v. 33, 531 - 937,

Robinson, K.
in X-ray study of some kaolinite fire-clays., Traas.

British Ceramic Soc., v. 46, 49 - 62,

Kaolin, serpentine and kindred minerals, 51 - 126 in
Brown, G., edit., The X~ray identification and crystal
structures of clay minerals. Min. Soc. London,

Jarrold and cSons, Norwich 544 p.

de Souza Santos, P.3; de 3ouza Santos, H.
Mineralogical studies of kaolinite-hallcysite clays.
I: Identification problewms. Amer. Min., v. 43,

897 - $10.

Brink, A.B.h.; Mason, R.J.; Knight, K.

(1959)

Broadbent, F.E,
(1962)

Br@wer, R.
(1964)

Pleistocene clinatic significance of calcretes and v

ferricretes. Nature, v. 184, 568 - 569,

Biological and chemical gspects of mineralization,
220 - 229 in Neale, G.J., edit., Trans. joint meeting V¥
of comm., IV and V, Intern. Soc., S0il Sci., Wright

and Carman, Wellington, 916 p.

Fabtric and mineral analyses of soils, John Wiley and

Sons, New York, 470 p.



- 182 -

Bunting, A.H.; Lea, J.D.
(1962) The soils and vezetation of the Fung, east central Sudan,

J. Zcol., v. 50, 52 - 558,

Burgess, P.3.3; McGeorge, W.T.

(1926) Zeolite formation in soils. Science, v. 64, 652 - 653,
Buol, S.W.
(1965) Present soil-forming factors and processes in arid and V

seni-arid regions. Soil Sci., v. 9%, 45 - 49,

Butler, B.iL.
(1958) Depositional systen of the riverine plain of South-East
Australia in relation to soils, Soil Publ. No. 10,

C.8.I.R.0., Austrelia, lelbourne, 35 p.

Butler, B.E.
(1959) Periodic phenomena in landscapes as a basis for soil y
studies. Soil Fubl. No.14, C.3,I.R.C., Australia,

Melbourne, 20 p.

Cailleux, A.
(1942) Les actions éoliennes périglaciaires en furope. Bull.

Soc. 5éol. France, v.5, 495 - 505,

Chepil, W.S.
(1¢46) Dynamics of wind erosion, IV: The translocation and

abrasive action of the wind. So0il 3ci., v. 61, 167 - 177,

Chepil, W,S5.
(1953) Field structure of cultivated soils with special
reference to erodibility by wind. Soil Sci., Soc.

Amer, Proc., ve. 17, 185 - 190,

hepil, W.S.; Yoodruff, HN.P.

(1957) Sedimentary characteristics of dust storms, II:
Visibility and dust concentration. imer. J. Sci.,

ve 255, 104 - 114.

Chepil, W%.S.
(1958) Soil conditions that influence wind erosion. U.S.D.A.,

Tech. Bull., 11385, Washington, 40 p.

Chippendall, L.K.4,
(1956) Grasses and pastures of South Africa. Part I, Central

New Agency, Johannesbur;, 771 p.



- 183 -

Chu, H.M,
(1962) Studies om black soils in Taiwan, I: The physico-
chemical properties of the black soils in East Taiwan.

Agric. Res. Taiwan, v. 11, 11 - 26,

Chukhrov, 8.,I.,; Berkin, 3,I.; Zrmilova, K.P,; Moleva, V.4.; Rudnitskaya,f.S.
(1963) Allophanes from some deposits of the U.3.8.R., 19 - 28
in Rosengvist, I.Th., edit,, Intern., Clay Confr.,

Stockholu, Pergamon Press, New York, 376 p.

Churchward, H.M.
(1961) 30il studies at Swan Hill, Victeria, Australia, I:

Soil layering. J. Soil 3ci., v. 12, 73 - 86,

Clark, J.D.

(1954) 4 provisional correlation of prehistoric cultures
north and south of the Sahara. 5. &fr, drch. Bull.,
ve 9, 3 - 17,

Clark, J.D.

(1962a) Carbon_14 chronology in Africa south of the Saharé,

30% - 311 in Mortelmans, G., edit., act. IVe Congr.
Pan Afr. Préhistoire, Ztud., Quatern. Sect. III, Pre-

£t Prohistoire, Tervuren, 505 p.

Clark, J.D.
(1962b) The Kalamba Falls prehistoric site, 195 - 201 in
" Mortelmans, G., edit., Act. IVe Congr. Fan Afr,
Préhistoire, ®tud.,, Quatern. Sect. III, Pre-Et

Prohistoire, Tervuren, 505 p.

Coetzee, C.3,
(1960) The geologzy of the Orange Free State Gold~fieldes.

Mem, geol. Surv. S. Afr., 49, Govt. Printer, Fretoria, 198p.

Cooke, H.B.S3.
(1940) 4 preliminary survey of the Quaternary period in South

Africa. Arch. Ser., No. 4, 60 p.

Cooke, HQBOS.
(1946) The developrment of the Vaal River deposits. Trans.
geol., Soc. S. Afr., v. 48, 243 - 259,




- 184 -

Cooke, H.E.S.

(1949) Fossil mammals of the Vaal River deposits. MHem. geol.
Surv. 3. Afr,, 35, Part III, Govt. Printer, Fretoria,

109 p.

Cooke, H.B,S.

(1957) The problem of Quaternary glacio-pluvial correlation 1/
in FKast and Southern Africa, 51 - 55 in Clark, J.D.,
edit., >rd Pan Afr, Congr. Prehistory, Chatto and

Windus, London, 440 p,

De Mumbrun, L, £.; Chester, G,
(1964) Isolation and characterization of soil allophane,

Soil Sci, Soc. Amer. Proc., v, 28, 355 ~ 359,

De Villiers, JoH. |
(1965) Present soil forming factors and processes in tropical

and subetropical regions, S50il Sci,, ve 99, 50 - 57.

D'Hoore, J.L.
(1955) Proposed classification of the accumulation zones of V
free sesquioxides on a genetic basis, African Soils,

V. 3, 67 - 81‘

D'Hoore, J,L,
(1964) S0il map of Africa, scale 1:5,000,000: Explanatory Y
monograph, Comm, for Techi Cowop, in Africa; Publ,

NO. 93 [ 205 p.

Dixon, J«3,; Jackson, H.L,

(1962) Properties of intergradient chlorite-expansible layer
silicates in scils., Soil Sci, Boc. Amer. Proc,, ve20,

358 - 362,

Doeglas, D.J.
(1946) Interpretation of the results of mechanical v

analysis. J. Sediment. Fetrol., v. 16, 16 - 40,

Dudal, R.
(1963) Dark clay soils of tropical and subtropical regions. v
Soil Sci., v. 95, 264 - 270.

Dunbar, CsC,3; Rodgers, J.
(1958) Principles of stratigraphy. John Wiley and Sons,
New York, 356 p.




- 185 -

Du Toit, A.L.
(1954) The geology of South Africa, 3rd ed., S.H.Haughton, ed.,

Oliver and Boyd, Edinburgh, 611 p.

Edelman, C.H.; Van Beers, ¥.f.d,
(1939) On mineralogical soil investigations, with special
reference to the Netherlands Indies. Soil Research, 6

(reprint).

Ehrlich, R.
(1964) The role of the homogeneous unit in sampling plans for

sediments. J. Sediment. Petrol., v. 34, 437 - 439,

Zrhart, H,
(1947) Les caracteristiques des sols tropicaux et leur
vocation pour la culture des plantes. Cleagineux, v. 2,

293 - 3033 v. 3, 1 - 12,

Bgawa, T.
(1964) A study on coordination number of aluminium in

allophane. Clay Sci., ve 2, 1 « 7,

Fieldes, M.; Swindale, =R.K,
(1954) Chemiecal weathering of silicates in soil formation,. v

New Zealand J. Sci. and Tech., v. 3638, 140 - 154,

Fieldes, M.
(1955) Clay mineralogy of New Zealand soils, part 2: Allophane
and related mineral colloids. New Zealand J. Sci and

Tech., v. 37, 336 - 356,

Fieldes, M,

(1962) The nature of the active fraction of soils, 62 -~ 78 in
Nezle, G.J., edit., Trans. joint meetin; of comm. IV
and V, Intern. Soc. Soil sSci., vright and Carman,

Wellington, 916 p.

Finch, V.C.; Trewartha, G.T.; Robinson, A.H.; Hammond, E.H.

(1957) #lements of Geography. McGraw-Hiil, New York, 693 p.
Flint, R.F.
(1959) Pleistocene climates in Zastern and Southern Africa.

Bull. geol. 3oc. Amer., v. 70, 343 - 373



Folk, R.L.
(1962)

Folk, R.L,
(1968)

Fridland, V.W,.;

(1964)

Friedman, G.H,.

(1962)

Gastuche, M,C,
(1964.)

Gillispie, C.G.
(1951) '

Glika, K.D,
(1227)

Griffiths, J.C.
(1955)

Griffiths, J.C.
(1962)

Of skecwness of sands. J. Sediment. Fetrol., v. 32,

145 = 146.

A review of the grain-size parameters., Sedimentology,

Ve 6’ 74‘ - 93'

Dorokhova, K.Y.; Zkitkova, A.I.
Hature of the structure of humid tropical soils (North

Vietnam). Dokl. Akad. Nauk, 154, 707 - 709.

Cn sorting, sorting coefficients and the lognormality
of the crain-size distribution of sandstone. J. Geol.

v. 70, 737 - 756,

The octanedral layer, in Clay and Clay Minerals,

Pergomon Fress, New York, 471 - 453,

Genesls and geology. iarvard Univ. Press, Cambridge,

315 po

Dokuchaiev's ideas in the develonnent of pedology and
oD

cognate sclences, Acad. of Science, Ul.5.5,R., Russ.

Fedol. Invest., 1, Leninjrad, 32 p.

Sampling sediments for the measurement of zrain-size

il g

and shape. 3Bull. Geol, Soc. Amer., v. 55, 41 - 76,

Statistical methods in sediwmentary petrography, 565 -
617 in liilner, H.B., edit., Sedimentary PFetrography,

4th ed., Mc Fillan, New York, 643 p.

ki

Grim, R.H®.3; Rowland, R.3.

(1942)

Differential thermal analyses of clay minerals and
other hydrous material, part 2. Amer. Min., v. 27,

0 [¢] o]
501 - 011G,



- 187 -

Grim, R.E,; Johns, ¥.D,
(1954) Clay mineral investigation in the northern Gulf of
Mexico, in Clay and Clay Minerals, Natl., A4cad. Sci. -

Natl. Res. Council, Publ. 327, 81 - 103,

Gruner, J.4,
(1948) Progress in silicate structures. Awmer, Min., v. 33,

676 - 691,

Guerassimov, J.P.
(1962) Latérites actuelles et sols latériques. Bull., Inforu.
Ac. Bci. ULR.3.5. Série Géopr. No.2, (cited by

Maignien, 1964).

Hagenzieker, ¥,

(1964) The tropical grey and black earths of the accra Flains,
Ghana; their environment, charecteristics and air-
nhotograph mapping., Netherlands J. agric. Sci., v. 12,

123 - 131.

Harnse, H.Jd. von M,
(1963) The sedimentary petrology of the aeolian sands in the
north-western Crange Free State. MeS5c. Thesis, Univ.

Fotchefstroomn, 101 p.

Harris, S...
(1558) Probability curves and the recogniticn of adjustment
to depositional eunvironment. J. Sediment. Petrol., v. 28,

164 ~ 174.

Haughton, S.H.
(1963) The stratigraphic history of africa South oi the Sahara.

Oliver and Boyd, Gdinburgh, 365 p.

Hayashi, H.J.; Inaba, 4.3 Sudo T,
(1960) Complex clay mineral mixtures occurring in amygdales

of basalt. Clay Sci., v. 1, 12 -~ 18,

Hedbers, HoD. (edit.)
(1961) Stratigraphic classification and terminolopy. Rep

21st Intern. Geol. Congr. Nordean, XXV., 38 p.

Heidenreich, I,%n,
(1965) Microscopic identification of minerals. McGraw-Hill,

New York, 4174 p.



- 188 -

Hendriks, 8.B.3; Teller, E.
(1942) X-ray interference in partially disordered layer

silicates. J. Chem. Fhys., v. 10, 147 - 167,

Hénin, 3.; Pedro, G.
(1965) The laboratory weatherings of rocks, 29 - 3G in
Hallsworth, .G, and Crawford, D.V., editors,

fxperimental Pedology, Butterworths, London, 414 p.

Higashi, T.; Aomine, 3.
(1962) Weathering of montmorillonite in soils. Soil Sci. and

Plant Nutritiom, v. &, 7.~ 13.

Hjulstrom; F.
(1939) Transpnortation of detritus by runninz water. Amer.

Assoc. Petrol. Geol., Tulsa, Okla., 5 - 31.

Hollingworth, S5.#.
(1962) The climatiec factor in the geological record.

Quart. J. geocl. Soc. London, v. 117, 1 - 22.

Holmes, A.-

(19565) Principles of physical geolozy. Nelson, London, 1288 ».

Hooykaas, R.

(1959) Natural law and devine nmiracle. B.J., Brill, Leiden, 237 p.

Hseung, Y.3 Jackson, M,L.
(1952) Mineral conmposition of the clay fraction, .III: Cf some
main soil groups of China. Soil Sci., Soc. Anmer. Proc.,

v.e 16, 294 - 297,

| Iler, R.K.
(1955) The colloid chemistry of silica and silicates.

Cornell Univ. Press, Ithaca, 324 p.

Jackson, M.L.j; Tyler, S.4.; ¥illis, A.L.; Bourbeau, G.A.; Pennington,R.P.
(1948) Yeathering sequence of clay-size minerals in soils and
sediments, J. Phys. and Colldd Chem., v. 52,
1237 ~ 1260.

Jackson, M.L.j; Hseung, Y.; Corey, R.B.; fZvans, &.J.; Van der Heuvel,R.C.
(1952) Weathering sequence of clay-size minerals in soils and V

sediments. Soil Sci. Soc. Amer. FProc., v.5, 3 - 6.



- 189 -

Jackson, M.L.j Whittig, L.D.3; Van der Heuvel, R.C.; Kaufman, A.3;Brown,Z.kE,

(1954)

Jackson, M.L.
(195%)

Jackson, M.L.

(1959)

Jackson, M.L.

(1963)

Jackson, M.L.

(1865)

Jackson, Marion,

(1964)

Janmart, J.

(1953)

Jessup, R.i.
(1960)

sorie analyses of soil montmorillonite, vermiculite,
mica, chlorite and interstratificed layer silicates,
in Clays and Clay Minerals, Natl, Acad, Sci, - Natl,

Res. Council, Publ. 327, 218 - 240.

Soil chenical anslyses - gdvanced course. Manuscript, \/

¥isconsin Univ., 991 p.

Freguency distribution of clay minerals in major great
so0il groups as related to the factors of soil formation,
in Clays and Clay Minerals, Pergamon Fress, New York,

Ve 6, 133 - ’l"’f‘—’o

Interlayering of expansible layer silicates in soils
by chericzl weathering, in Clays and Clay Minerals,

[ ]

11th Conf., FPergamon Press, New York, 29 -~ 46,

Clay forwmation in soil genesis durin; the Quaternary, V

Soil seil, ve 99, 15 - 22,

Cheniical composition of soils, 71 - 141 in Bear, I.E,,
edit., Chumistry of the soil, Reinhold Fubl., Hew York,

515 p.

3

Kolahari sands of the Lunda (N.E. fngola), their earlier
redistribution and the Sanjocan Culture. Diamang. Mus.

bundo, Publ. Culturais, No.20, Lisbon, 65 p.

An introduction to the soils of the south-eastern
portion of the Australian arid zone. J. So0il Sci.,

ve 11, S2 - 105,

Kanehiro, Y.3; Sherman, G.D.

(1956)

nffect of dehydration-rehydration in cation-exchange
capacity of Hawaiin soils. Proc. Soil Sci., Soc. Amer,,

Ve 20 1 54‘1 - 3""""""‘-




Kanehiro, Y,;

(1662)

Kanno, I,
(1959)

Kerr, r. Fa

(195%)

King, L.C,.

(1962)

King, L.Ce
(1963)

—~

Koen, G.M,

(1956)

N

Kokubun, !
(1957)

Krumbein, ¥,.C,

(1851)

Kubiena, W.L,

(1950)

Kubiena, W.L.

(1962)

Whittigz, L.D.

Amorphous mineral colloids of soils of the pacific
Repion and adjacent arcas., Facific. Sci., v. 15,

477 - ue2,

Clay minerals of volcanic-ash soils and pumices in

Japan, Hendokapgaku no Simpo, ve. 1, 212 - 233,

Optical mineralogy, 3rd ed., McUraw-iHill, Hew York, 422 p.

V

Geomorpholopy of the earth., Oliver and Boyd, &dinburgh,

699 p.

South African scenery, 3rd ed., Cliver and Boyd,

fdinburgh, 308 p.

Heavy minerals as an aid to the correlation of sediments
of the Karroo System of the Northern part of the Union Vv
of South Africa. Trans. geol. 8oc. S. Afr., v. 58,

231 - 355,

1

Itakawa, HH.; Nemoto, X,

Wind erosion from the point of view of soil manure. I:
Yroperties of easily erodible soils in Kanto. J. Kanto-

Tosan agric. &xp. sta., no.10, 107 - 113,

sloss, L.L,
Stratigraphy and sedimentation., W.H.IFreeman, San

Francisco, 497 p.

von

Zur mikroriorphologie der braunen und roten Tropenerden, "

in Trans,., 4th Intern. Soil Sci. Congr., v.l, 304 -307.

von

Taxonomic importance of the type and formation of
iron~hydroxides minerals in tropical soils. Z. Vv

Pflirnghr. Dinz. 98, 205 - 213,



- 191 -

Kuenen, Ph.H,

(1960) Experimental abrasion, 4: Aeolian action. J. Geol.,
Ve 68, L"zl? - 449.

Kuenen, Ph.H,3 Perdok, ¥W.G,
(1962) Experimental abrasion, 5: Frosting and defrosting of
quartz grains. J. Geol., v. 70, 648 - 658,

Kunze, G.W.; Oakes, H.3 Bloodworth, M.E.
(1963) Grumusols of the coast prairie of Texas, Soil Sci. Soc.

Amer, Proc., v. 27, 412 ~ 421,

Leneuf, N,
(1962) Weathering of calco-alkaline graniteg of the Ivory Coast. {
Publ., O.,R.5.T.0.M., No.2 (reprint).

Loxton, R.
(1962) Soil survey of Kroonstad. Soil Res. Inst., Dept. iAgric.

Tech, serv., Govt., Printer, Pretoria, 63 p.

Mabbutt, J.A.
(1957) Physiographic evidence for the age of the Kalahari sand
of the Southwestern Kalahari, 123 ~ 126 in Clark, J.D., V/

edit., 3rd Pan-Afr. Congr. Prehistory, Chatto and Windus,
London, 440 p.

Mactwan, D.M.C.
(1949) So0il clays. J. Soil Sci,, ve. 1, 90 - 103,

MacEwan, M.C.
(1954) UCarderite'' a trioctahedral montmorillonoid derived
from biotite. Clay Min. Bull., v. 2, 121 - 125,

MacEwan, D,M,C.

(1956) Fournier's transform method, I: A direct method of
analysing interstratified mixtures, Kolloidzschr,,
V. 149, % - 1Q8.

MacEwan, D.M,C,§ Ruiz Amil, A, Brown, G.

(1961) Interstratified clay minerals, 393 - 437 in Brown, G.,
edit., The X-ray identification and crystal structures v
of clay minerals, Min. Scc. London, Jarrold and Sons,

544 p.

MacKenzie, R.C.3; Walker, G.¥F.; Hart, R,
(1941) Illite occurring in granite at Balltor, Aberdeenshire,
Min. mag., v. 48, 704 ~ 713,

MacKenzie, R.C. (edit.)
(1957) The differential thermal investigation of clays. Min.
Soc. London, Clay Minerals Group, 456 p.



- 192 -
Maignien, R,
(1958) Le cuirassement des sols en Guinée. Mem. Carte Géol.

Alsace Lorraine, Wo. 16, 23C p.

Madi
(1961) The transition from ferru.ginous tropical soils to
ferralitic soils in the south-west of Senegal (Sencegal

Republic). African Soils, v. & (Nos. 2 and 3), 113 -

228,
Maiznien, R,
(1964.) Survey of research on laterites. Humid Tropics Research

Programme, UNESCC/NS/HT125, 135 p.

Malan, J.D.
(1943) Some problems of the 3tone fHge in South sfrica.

8. Afr. J. 3ci., v. 39, 71 - 87,

=
»
0]
s
to
L]

—
—
0
Ul O
(@)
~—

Principles of gjeochemistry. John Wiley, Loandon, 310 p.

Mason, R.
(1562) Prehistory of the Transvaal. Witwatersrand Univ.

Press, Johsnnesburs, 488 p.

Marshall, C.E,
(1¢64) The physical cheumistry and mineralogy of soils, Vol.Il: \)

Soil materials. John Wiley, New York, 338 p.

(1965 Laterite and lateritic soil in coastal Natal, South

Africa. J. Soil SBci., v. 16, 60 - 72,

McClelland, J.@.

(1950) The effect of time, temperature, and particle size
on the release of bases from common soil forming V

minerals of different crystal structure. Soil Sci.

Soc. Amer. Proc., v. 15, 301 - 313,

McIntyre, D.D.
(1959) The hydraulic equivalence and size distribution of
some mineral grains from a beach. J. Geol. v. 37,

278 - 301.



- 193 -

Milne, G.

(1947) A soil reconnaissance journey throuzh parts of
Tanganyika Territory, Dec. 1935 - Feb. 16356, J. lcol.,

ve 35, 192 - 265,

Milner, H.3. (editor)

(1962) Sedimentary petrography, 4th ed., Thomas Hurby, vel.,
543 p.o3 ve 2, 715 Do

Mitchell, R.L.

(1964) Trace elements in soils, 320 - 368 in Bear, F.E., edt.,

Chewistry of the soils, Reinhold Publ., Wew York, 515 p.

Mohr, m.C.J.3 Van Baren, F.A.

(1954) Tropical soils. #. van Hoewe, The Hague, 493 ».

Mortelmans, .
(1950) Vue d'ensenmble sur le Quaternaire du basin du Cono,
Congr. Intern. des Sci. Préhist. et Protohist., ..ctes

e 1a ITI° Sess., Zurich 1950, Zurich City Druck.,
1

1953, 134 - 139.

C

Nel, L.T.3; Jansen, H.
(1957) The geolozy of the country around Vereeniging. Zxpl.
Sheet 52, Geol. surv. 5. Afr., Govt. Printer,

Pretoria, 90 p.

Nel, L.T.; Verster, ¥.,C.

(1962) Die geologie van die gebied tussen Bothaville en
Vredefort. Toelijtinyg Blzaie 2726 B (3othaville) en
2727 & (Vredefort), Geol. surv. 3. Afr., Govt. Printer,

Pretoria, 50 5.

Nicholls, G.D.
(1963) Snvironnmental studies in sedimentary geochemistry.
~

3ci. Pro_ress, v. 51, 12 - 31,

Oades, J.M.
(1963) The nature and distribution of iron compounds in soils. \/

Soils and Fert., v. 26, 69 - 80.

Oertel, 4.C,
(1961) Pedogenesis of some red-brown earths based on trace- \/

element profiles. J. Soil Bci., v. 12, 242 - 258,



Osada,
(1960)

Mo s

Pauli, ¥.

(1964)

Pauling, L.C.

(1930)

Pauling, L.C.

(1960)

Pedro, G.

(1962)

Pettijohn, F.J.
(1957)

Poldervaart, A,

(1951)

Poldervaart, A,

(1957)

Radoslovich, &%

(1563)

Rausell-Colom, Je...; Swedtnan, T.R.; tells,

(1965)

- 194 -

Sudo, T.

fiineralogical study on the clay rich in chlorite

the gypsun deposit of the Iwami mine,

- 40

associated with

Shimane FPrefecture. Clay 3ci, v. 1, 28

5011 fertility problems in arid and semi-arid lands, \/

Nature, v. 204, 1286 - 12388,

The structure of chlorites. Proc. Hat. Acad. Sci.,

16, 578 - 532,

Ve

The nature of the chemical bond, 3rd ed., Cornell

Univ. fress, 644 p.

Bxperimental research on the weathering of crystalline

rocks and the geochemical characterization of pedogenetic

phenonmena, 50 - 54 in Neale, G.J., edit., Trans. joint

meeting comm. 4 and 5, Intern. Soc., S0il Sci., ¥right

and Carman, Wellington, €156 p.

Sedimentary rocks, 2nd ed., Harper, New York, 713 p.

Hess, H.H.
Pyroxenes in the crystellization of basaltic

J. Geol.,v. 59, 472 - 489,

nagma.,

Kelzhari sands, 106 - 114 in Clark, J.D., edit., 3rd \I
Pan-4fr. Congr. ¥Frehistory, Chatto and ¥indus, Loundon,

_E,

'} D

Some relations between composition, cell dimensious

and structure of layer silicates, 3 - 8 in Rosengvist,

I. The, edit., Intern. Clay Confr., Stockholm,

Pergamon Press, New York, 376

Do

C.B.,5 Norrish, K.
Studies in artificial weathering of mica, 40 - 72 in
Hallsworth, D,V.,, edit.,

xperinmental pedology, Butterworths, London, 414 p.

£5.G., and Crawford,



Raychaudhuri, S5.P.; Roy, B.B.; Gupta, S.P.; et al.
(1963) Biack soils of India. Nat. Inst. Sci. India Mono:r.

3, 47 p.

Reeve, R.; Isbell, R,¥.3 Hubble, G.D.
(1963) Soil and climatic data for the brigalow laads, eastern
.ustralia, C,5.I.R.C,, Australia, Div, Soils divl.

Rep. 7/51, 66 p.

Reynders, J.S.

(1664) A pedo-ecolozical study of soil genesis in the tropics
from sea level to eternal snow, Star Mountains,
Central New Guinea, 4.J.Brill, Leiden, Doctors Thesis,

Univ. Utrecht, 159 p.

Reynders, J.J.
(1664b) Toepassing van roantgenspectrografie in de bodemkunde \!

en geolorie. Chemisch Weekblad, No.2, deel 60, 13 - 26,

Rittenhouse, G.
(1943) Transportation and devosition of heavy minerals.,

Dull. Geol. Soc. Amer., v. 54, 1725 - 1780.

Rogers, A.¥.
(1936) The suriace geology of the Kalahari. Trans. Royal N/
Soce S, Afr., v. 23, 537 - 80,

Ross, C.5.3 Kerr, I'.F,
(1534) Halloysite and¢ allophane. U.3. Geol. Surv., Prof.

Faper 185-G, 135 - 143.

Roy, B.B.; Barde, HN.K,
(1962) Some characteristics of the bluck soils of India.

SOil l)‘Cio, Ve 93’ 142 - 1LI1"70

Rozanov, A,N.
(1951) The serozems of Central .sia, Translation of
"Serozemy Svedel Azil", Moskva, 1951, Israel »rog.

for Sci. Transl., Jerusalen, 1961, 541 p.

ocheffer, ¥,

(1962) Holocene weathering intensities and weathering
sequences of rmineral species and clay in soil
developin;; from loose sediumentary parent material in
the teomperate humid zone of Middle dfurope, 55 - 61 in
Neale, G.J., edit,.,, Trans. joint meeting of comm. IV

and V, Intern.Soc.0il Sci., tricht and Carman,
Wellin.:toz, 916 .



Schulze, R.R.

(1965) Climate of South Africa, FPart §, Govt. Printer, \/

Pretoria, 330 .

Schwarzbach, M,

(1963) Climates of the past. Van Nostrand, London, 328 p.

Seatz, L.T.; Peterson, H.B.
(1664) Acid, alkaline, saline and sodic soils, 292 - 319 in
Bear, F.i., edit., Chemistry of the soil, Reinhold

Publ,, Hew York, 515 p.

Sehlke, K.H.L.3; Van der lierwe, S.W.

(1659) Die steenkoolvelde van Standerton: State van boorgate 1
tot 13. Geol. surv. 5. Afr., Bull, 30, Govt. Frinter,

Pretoria, 63 p.

sherman, G.D.

(1962) Weathering and s0il science, 24 - 32 in Neale, G.d., V
edit., Trans. joint meeting comu. IV and V, Intern.

Scc. 50il Seil, dright and Carman, wellington, 916 ».

Shimosaka, K.j; sSudo, T.
(1960) liineraloyy of Tertizry iron sand beds, Niiharu-mura,

Tonegun, Gumman Prefecture., Clay Sci,, v.e 1, 19 - 29.

Smirnova, L.F.
(1960) Jind erosion of light textured soils in the Puvlodar

Region. Soviet Soil Sci., No. 2, 174 - 17G.

Sumith, W.i,
(1960) Some interstratified clay minerals from basic igneous

rocks. Clay #in. Bull., v. 4, 182 - 150,

So0il Survey Staff, Soil Conservation Service. (United States Department
of Agric.), 7th Approximation (and supplements), Soil classification,
& comprehensive systen.

(1960)

30hnge, F.G.; Visser, D.J.L.
(1937) The zeolozy and archaeology of the Vaal River basin.

Mem. Geol. surv. 3. Afr., 35, Fart 1, 5 - 59. Govt,

Frinter, Fretoriz, 131 »p.
sombroek, W.G.
(1566) fsmazon soils. Doctors Thesis, Wageningen, 303 p.



- 197 -

1663) The interpretation of grain-size distribution curves of
clastic sediments. J. Sediment. Petrol., v. 33, 180 -

1¢0.

S.P.I. (Inter-ifrican Pedolowxical Services)

(1961) List of magpping units and definitions. So0il map of
Africa, 185,000,000, C.C.T.A/C.S.A., Joint Project 11,
Mimeographed report L(16), 204 p.

Steinmetz, R.
(1962) Sampling and size distribution of quartzose pebbles

from New Yersey gravels, J. Geol., v. 70, 57 - 73.

Stephens, C.G.
(1965) Climate as a factor of soil formation throuzh the

Quaternary., S0il Sci., v, 99, 9 - 14,

Sudo, T,
(1¢51) Minerals from pumiceous tuff in Japen. Science, v.

113, 265 - 267,

Sudo, T.; Cssaka, J,
(1952) Hydrated halloysite from Japan. Japanese J. Geol. and
Geogre, v. 22, 215 « 229.

Sudo, T.
(1954) Clay-minerazlospical aspects of the alternation of

volcanic zlass. Clay HMin. Bull., v. 2, 95 -~ 100,

Sudo, T., Takahashi, H.
(1956) Shanes of halloysite particles in Japanese clay, in
Clays and Clay Minerals, Nat. scad. Sci. - Natl. Res.

Council, Fubl., 456, 67 - 7S.

Sudo, T.
(195€) X-ray and thermal data for clay minerals formed by
alternation of volcanic materials. Sci. Rep. Tokyo

Univ. of #duc., Sect. C. Ho. 43, 46 - 47,

Sudo, T.3; Hayashi, H.
(1956) Types of mixed-layer minerals from Japan, in Clays and
Clay Minerals, Natl. Acad. Sci. - Natl. Res. Council,

Fubl., 456, 38 ~ 412,



Sudo, T,
(1957)

- 198 -

The discovery of mixed-layer wminerals and its contri-
bution to clay science., J. Min. Soc. Japan, v. 39,

286 - 259.

Sudo, T.; Hayashi, H.j; Shimoda, S.

(1962)

Sumner, M.3,

(1963)

Sys, K.
(195¢%)

Sys, K.
(1961)

Swindale, L.D.,

(1964)

Mineralogical problems of the intermediate clay minerals,
in Clays and Clay Minerals, Monogr. 11, Pergamon Press,

New York, 378 - 392,

Effect of iron oxides on positive and negative charges

in clays and soils. Clay Min. Bull., v. 5, 218 - 226,

Cartography and regzional classification of Congo

soils. 3rd Inter-African Soils Confr. Dalaba, 32.

Het verband tussen morfolosie en genetische opbouw van
het bodemprofiel in de Hoge Katanga. Doctors Thesis,

Gent Univ., Belgium, 234 vp.

The properties of soils derived from volcanic ash,
82 - 83 in Meeting on the classification and correlation
f zoils from volcanic ash, UNiSCC, FAC, Publ., 14,

S n.

&

O

Qo
1

Tamura, T.3; Jackson, HM.L.

(1953)

Tanner, W.F,

(1964)

Thorp, J.
(1965)

Toth, S.J.
(1964)

Structure and energy relationships in formation of
iron and aluminium oxides, hydroxides and silicates,

Science, v. 117, 3817 - 383,

Modification of sediwment size distribution., J. Sediment.

Petrol., v. 34, 156 - 16L4.

The nature of the pedolozical record in the Juaternary.

Soil Sci., ve 99 , 1 - 8.

The physical chemistry of soil, in 142 - 162 in Bear,
F.E., edit., Chenmistry of the soil, Reinhold PFubl.,

Hew York, 515 p.



- 189 -

Turner, ¥,J.3; Verhoogen, J.
(1960) Isneous and metamorphic petrology, 2nd ed., iMcGraw-
Hill, New York, 694 v.

Van Andel, Tj.H.
(1650) Provenance, transport and deposition of Rhine sediments,

it. Veenman and Zonen, Doctors Thesis, Wageningen, 129 p.

Van Baren, F.A.
(1963) The importance of soil and plant leaf analysis for \
tropical agriculture. World Con.r. of agri. Research, VZ

Rome, (reprint) 9 p.

Van Bemnelen, R.W.
(1661) The scientific charzcter of zeology. J. Geol., v. 69,

453 - 463.

Van der ¥Ferwe, C.R.
(1962) Soil groups and subgroups of South Africa, Dept. of \/

agric. Tech. serv., Sci. Bull., No. 356, 355 v.

Van Dijk, D.C.
(195&) Principles of s0il distribution in the Griffith-Yenda
district, New South Wales. Soil Publ., No. 11, C,5.I.R.C.,

Australia, Melbourne, 24 p.

Van feden, O.R.
(1637) The zeology of the country around RBethlehem and Kestell.

fem. geol. Surv. 3. Afr. 3%, Govt. Frinter, 68 p.

Van Eeden, U.R.; De Wet, N.P.j; Strauss, C,A.
(1963) The geology of the ares around Schweizer-Reneke, ixpl.
sheets 27248 and 2725i, Geol. Surv. 3. ~fr., Govt.

Printer, Pretoria, 76 v.

Van Riet Lowe, C.
(1937) The geolojy and archaeology of the Vaal River basin,.
Mem. geol. Surv. 3. Afr., 35, Part II, 671 - 131,

Govt. Printer, Pretoria, 131 p.

Van Riet Lowe, C.
(1952) The Vaal River chronology an up to date summary. S.

Afr. Arch. Bull., v. 7, 135 - 149,



- 200 =

Van Schuylenborgh, J.
(1965) The formation of sesquioxides in soils, 113 - 125 in
Hallsworth, E.G: and Grawford, D.,V., editors,

Experimental pedology, Butterworths, Londor, 414 p.

Van Zinderen Bakker, #.M,
(1957) A pollen analytical investigation of the Florisbad
deposits, 56 - 67 in Clark, J.D., edit., 3rd Pan-afr.

Congr. Prehistory, Chatto and Windus, London, 440 p.

Vine, H.
(1949) Nigerian soils in relation to parent material. Coumm. \/
Bur. Soil Sci., Tech. Bull., 46, 22 - 29.

Visser, H.N.j; Krige, L.T.; Truter, #,C.
(1949) Die geologie van die terrein besuide Ermelo. Toeligting
van Blad 64, Geol. surv. S, Afr,, Govt, firinter,

Pretoria, 118 p.

Von Backstrdm, J.W.; Schurman, F.%¥.; Le Roex, H.D.j; Kent, L.%.3;Du Toit,s.L.
(1953) The geology of the arcea around Lichtenburg. fxpl.
Sheet 54, Geol., surv. 5. Afr. Govt. Printer, Pretoria,

70 .

Von Backstrom, J.W,

(1962) Die geologie van die gebied om Ottosdal, Transvaal.
Taeligting van Blaaie 2525D (Barberspsan) en 2626€C
(Cttosdal) Geol. Surve. 5. Afr., Govt. Printer,

Pretoria, 63 p.

Wahlstrom, E.X.

(1960) Cptical crystallography. John Wiley, New York, 356 p.

Wardaugh, T.G.

(1960) A comparative petrological study of some sedimentary
rocks from South Africa and the surrounding continents
and the significance of their heavy mineral contents.
M.S5c. Thesis, Univ. of the Crange Free State,

Bloemfontein, 71 p.

Watson, J.P.

(1965) A soil catena on granite in Southern Rhodesia, IIIs
Clay mineralss; IV: Heavy mineralss; V: Soil evolution. V
J. 30il 3ci., v. 16, 158 - 169,



“« 2071 -

Wayland, E.J.
(1954) Outlines of prehistory and stone age climatology in \/
the Bechuanaland Frotectorate. Mem. Acad. ray. Sci.

Colons, Sect.s Scis Nat. et med., 25, fasc. 4, 1 - 46.

Wislon, M.d,
(1966) Weathered biotite from Strathdon, Aberdeenshire.
Nature, 210, 1188 - 1189,

Zeuner, F. E.

(1959) The pleistocene period. Hutchinson, London, 447 p. Vv

d——z,é-a, | 12\




CURRICULUM VITAE

The writer was born at Wolmaransstad, Transvaal on March 26th
1934. After being educated at Klerksdorp High School he entered the
University of Potchefstroom in 1953, devoting his undergraduate
years to a study of geology and chemistry. In the years elapsing
from 1956 to 1960 he performed geological and pedological fieldwork
in Central Africa. In 1960 he returned to university and received
the B.Sc.Honns. degree in 1961 and the M.Sc. (with distinction) in
1963. He then worked as Research Officer with the South African
Government. During february 1965 he registered at the State Univer-

sity of Utrecht (Holland).



