A
THE SIS
entitled

INVESTIGATION OF IiIE SECONDARY DISFERSION OF
NICKEL IN RHODESIA AND ZALDIA

Submitted for the
degree of
DOCTOR OF PHILOSOPHY
in the
FACULTY OF SCIZNCE OF THE UNIVERSITY OF LOXDON
oy
IAN GE®ORGE PROCTOR WILDING

Royal School of lMines,

Imperial College. Hovember, 19G65.



ABSTRaCT.

Geochemical investigations aimed at obtaining
a better understanding of the secondary dispersion of
nickel under conditions encountered in thodesia and
Zambia were carried out in the vicinity of nickel -
copper sulphide deposits, a nickel arsenide deposit and
non mineralized ultrabasic rocks.

Significant nickel anomalies related to
mineralization in rocks other then ultrabasics occur
in freely drained soils. Nickel anomalies in soil over
mineralization in ultrabasic rocks are very weak in the
singularly high local background. There is no difference
in the character of the nickel dispersion train from
mineralized and barren serpentinite.

Investigations have been biased towards differ-
entiating geochemically between sulphide and silicate
nickel. The secondary dispersion of nickel is predomin-—
antly controlled by chemical factors, which affect both
sulphide and silicate nickel in a similar manner,
though not necessarily at the same rate.

Dispersion in high rainfall areas in Zambia
is almost entirely saline whilst in semi-arid parts of
Rhodesia dispersion is dominantly mechanical. The
amounts of nickel moved vary with climate, pattern of
distribution of ground water, topography and geomorpi-
ological historye.

The distribution of nickel in soil profiles is
related to soil pH, iron, percentage clay size material
and organic matter. PFProfile distribution in weathered
bedrock is different over barren and mineralized rocks.

Nickel readily enters the biochemical cycle and
the presence of biogeochemical anomalies has been
established in some areas.

Study of the form of nickel in some geologic
materials has been carried out. GCreater amounts of
exchangeable nickel have been found in weathered bedrock
over depositse of nickel sulphide minerals than in
corresponding material over barren rockse.

Preliminary investigations into the distri-
bution of elements associated with the nickel ore depos-
its have indicated that copper, eelenium and/or arsenic,
can be employed as pathfinders in geochemical prospect-
ing for sulphide and/or arsenide nickel.
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INTROJUCTION.

Nickel is Inown to occur in the lattices of some
rock~forming minerals, notably olivines and serpentines,
where it is thought to replace magnesium or iron. Bodies
of ultrabasic rock such as peridotite or serpentinite, rich
in the above mentioned minerals, freguently contain up to
0.4% nickel. Under favourable conditions the weathering
products of ultrabasic rocks can be enriched in nickel.
I'aterial containing more than 1% nickel may result. Such
deposits are not considered to be likely to occur
in Central Africa in economic tonnages. The main alternatils e
sources of nickel are the deposits of nickel sulphide
minerals, e.g. nickeliferous pyrrhotite and pentlandite.
several such deposits have been discovered in Rhodesia and
Zambia, most of them in or adjacent to ultrabasic rocks to
which they are believed to be genetically related.
additional sulphide deposits may well exist and are being
actively sought.

The object of the rresent investigation has been
to study the distribution of nickel in rocks, products of
weathering and erosion, natural waters and vegetation in
order to obtain a better understanding of the secondary

dispersion of nickel under the conditions encountered in



Rhodesia and Zambia. This fundamental knowled:;c is

required with a view to improving:~

(i) The interpretation of nickel soil and drainage
anomalies and

(ii) Geochemical prospecting techniques.

Field studies were carried out during 1963 and

1964 in both Rhodesia and Zambia. These territories were

Southern Rhodesia and Northern Rhodesia respectively until

October 1964 when Northern Rhodesia became the independent

country, Zambia. Southern Rhodesia is now known as Rhodesia.

The bulk of the work has been carried out in Rhodesia,

that undertaken in Zambia being confined to one area in

the North Jestern Province. A wide range of climatic and
topographic conditions were encountered in the eight

study areas chosen for investigation which were :-

(1) The Darwendale section of the CGreat Dyke of Rhodesia.
This part of the Dyke,which has been drilled,contains
no known deposits of sulphides. The area is gently
undulating and experiences temperate conditions with

a mean annual rainfall of between 38 and 48 in. per
annum and a temperature range of 40~ to 90" F.

(ii) Dalmainy TFarm near Umvuma in the Rhodesian i.idlands
where a serpentinite mass devoid, as far as can be
ascertained, of sulphide minerals forms a well
pronounced topographic feature under climatic
conditions comparable to those prevailing at Darwendale
and in the other study areas in the ilidlands of
Rhodesia.

(iii) The Terseverance prospect ; the first of four
mineralized study areas in the Rhodesian Ilidlands.
Nickel-copper sulphides occur in serpentinite which
outcrops as a strong topographic feature. The area is




10 miles from the village of Chakari.

(iv) The Laritzani area ; on a farm of the same name a
few miles south of Perseverance. Nickel-copper sulphides
ocecur in and adjacent to serpentinite which outcrops
on a gentle slope to a vlei.

(v) The Empress prospect,which is the third deposit of
sulphide minerals studied, ani where nickel-copper
sulphides occur in an amphibolite body.

(vi) Bare Bottom Hill, which is situated only one mile
from the Impress prospect, comprises greenstones in
which occur disseminated nickel-copper sulphides.

(vii) The Noel Nickel Mine ; in the extreme south of
Rhodesia where the conditions are semi-arid. Nickel
arsenide minerals occur in fault zones in and around
serpentinite in the mine and it's environs. The
rainfall in the area in the last three wet seasons has
not exceedgd 8 in.oper annum. The temperature range
is from 35~ to 100° F. This is greater than the
average range in the Midlands.

(viii) The Kalumbila area in Zambia which cineriences
temperatures comparable t8 those in most of the
Rhodesian study areas (40° to 90°F) but with higher
rainfall (approximately 55 in. per annun). The
secondary dispersion of nickel from a deposit of
nickel~copper sulphides in carbonaceous shale has been
examined.

Company data.

Prior to the 1963 and 1964 field seasons geological
and geochemical investigations were carried out at
Darwendale, Perseverance and Maritzani by Rhodesieu1(kou: anA>
Selection Trust Ixploration Limited, at Kalumbila by
Rhodesian Selection Trust Mine Services Limited (now

Roan Selection Trust Technical Services Limited),



at Dalmainy Farm, Empress and Bare Bottom Hill by Mineral
Search of Africa Limited (now Rio Tinto (Rhodesia) Limited)
and in the environs of the Noel Nickel mine by the
Southern Rhodesian Geological Survey. The above mentioned
companies and the Geological Survey generously made their
results available to the project. These results provided
very useful information. In addition to data . RST
bxploration Ltd., RST Mine Services Ltd. and the
Southern Rhodesian Geological Survey provided some sample
material which supplemented the rock, soil, stream
sediment, water and vegetation samples collected by the

writer.

Analvytical work.

Some analytical work was carried out in the
laboratories of the Geology Department at the University
College of Rhodesia and Nyasaland in Salisbury, where
the writer was based when in Africa. The bulk of the
analyses were nade, however, at the Applied Geochemistry

Research Group laboratories, Imperial College, London.
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Chapter 1. DESCRIPTION OF THL STUDY AREAS.

Lack of time has prevented the writer from
carrying out geological mapping and detailed petrological
and mineralogical examinations. The information about
the geology and mineralizations has been taken,in the
main, from published literature and company data (Appendix
I).

A. Locations of the study areas.

Studies were carried out in seven areas in
Rhodesia and at one locality in Zambia (Figure 1). The
most northerly of the Rhodesian study areas is a few

miles south of the village of Darwendale. This village

is situated on the Great Dyke approximately 40 miles
west of Salisbury, at 17° 43' south latitude, 30° 33!

east longitude. Dalmainy Farm is 17 miles west of Umvuma

at 19° 22' south latitude, 30° 18' east longitude. Both

the Perseverance and Maritzani study areas are in the

same Exclusive Prospecting Area (No. 85). The Persever-—
ance prospect is approximately 10 miles north west of
Chakari. The locality is latitude 18° south, longitude
29° 48' east, abaut one mile north of Madakwe beacon

6
(Figure #). The Maritzani area is centered eight miles
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south of Perscverance, seven miles west of Chakari. The

Empress procpect and Bare Bottom Hill are in the Ngondomo

region 30 miles west of the town of Gatooma. The Empress
prospect is at 18° 28' south latitude, 29 25' cast
longitude. Bare Bottom Hill is one mile north west of
the Empress prospect. The Noel Nickel mine and it¥s
environs constitute the southernmost study area, approx-
imately lOO_miles south of Bulawayo at 21° 19' south
latitude, 28° 34' east longitude. Kalumbila is the
northernmost study area being located at latitude 12°

20' south, longitude 25° 30° east, approximately &0

miles south east of the settlement of Mwinilunga in the

North Western Frovince of Zambia.
B. General geology of Rhodesia and ‘ambia.

The broad geological structures of Rhodesia
and Zaombia are similar. In both countries vounger
sedirents rest on a basement of very old rocks which form
the stable Central African Shield. Thesc younger sedimceat:
have been subjected to varying degrees of metamorphism.
The two countries are, however, separated by the Zambesi
rift valley and stratigraphical correlation between the

two is difficult. Accordingly the general geology of



the two countries can be conveniently described

separately.

1. Rhodesia.

The greater part of Rhodesia's 150,000 square
miles of surface area is underlain by btatholiths and
stocks of granite and granite gneiss. These batholiths
and stocks, although shown on Figure 2 as a single mass,
are of widely differing ages and were intruded into
extrusives and sediments at stages during a long period
of time. The intruded Archean volcanics and sediments,
the oldest rocks in Rhodesia (Table 1), have been
intensely metamorphosed. Erosion has been severe and
today only relics of these metavolcanics and metasediments
remain. They are of great interest in that they contain
most of the country's gold mines, a fact which has led

them to be called the 'Gold Belts't. Many of the

1Many of the rocks of the 'Gold Belts are schistose and
some geologists prefer the term 'schist belts' to describe
collectively the rocks of the Basement Complex. The

term 'schist belt' is used in this context in this

thesis.
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metavolcanics have a greenish hue about them when veen

Table 1. Table of geolcgical formaticns in Rhodesia.
(after Tyndale-Biscoe (1960) with a recent
modification proposed by Bliss and Tennick

(1964) .
Afe System Series/Lithology
Recent Recent surface soil and e2llu iuv::

. Pleistocene {Kalahari sand and vpper

. » \gravels

. Pliocenc Lower Kalahari beds
Cretaceous (Cretaccous) (conglomerates, grits

( system ) (and marls

POST KARRCO GRANITE AND RING COMPLEXES

Jurassic ( ) (bogsalt and —hvolitic lavas
( Karroo ) (sandstone
N ( system ) (coal measures
Cevbonifercus ( ) (glacial conglomerate

(tillite?)
CREAT DYKE AND DOLZRITE INTRUSIONS

( Unkondo system sediments
¢ (Piriwiri serics
Later ( Lomagundi) (Argillaceous scries
pro- ( system ) (Arenaceous serieg
Cambrian { Dewerss 'Tormation' (Deweras series
S (Bliss and Tennick)

i Iontier system sediments
MAIN GRANITES

( Shaomvaian

(Magnesian series

pre~Cembrian)( Sebakwian
(sediments

( system

) (Phyllitc serics
Bascment ( system ) (Conglomerate serics
Complex ( Bulawayan ) (Upper series
(early ( system g (Lowar series
)
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in hand specimen and have come to be called collectively ‘
'greenstones'.

Intercalated serpentinites, together with talc
and actinolite schists are also considered to be of early
pre-Cambrian agc.

A series of younger sediments have becn laid
down on the eroded Basement Complex and older granites,
and subsequently metamorphosed to a greater or lesser
degreec. In the western half of Rhodesia they ere disposed
in open folds and they crop out successively westwards,
culminating in a blanket of Cretacecous to Recent strata.

In addition to the early pre-Cambrian ultramafic
intrusions into the Basement Complex from which serpentinite
has been derived, intrusive rocks are represented by the
Great Dyke, abundant doleritc dykes and sills of varying

ages and other minor intrusions, notably a number of ring
complexes with which are associatcd scrpentine rocks.
The distribution of nickel in and around ring complex
serpentinite has not been studied during the coursc of the
present investigation but examination of the distribution
of the metal in areas of Archean and Great Dyke

serpentinites has formed an important part of the projecte.

2. Zambia.
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The oldmat vrocke krown in this country are
the schists and gneisses of the Basement Complex (Table
2). The Basement Complex is exposed mainly in the east
of Zambiae.

In the south west; west and north west younger
sediments overlie the ecarly pre-Cambrian bascment and
oldar granite (Figure 3 and Table 2).

Intrusive gabbros occur in the north west of
Zambia. Their ege is not known with certainty but they

probably post Upper Roan.

C. Geology and mineralization of the study
areas.

In five of the cight study arcas thec most
importaint rock type is serpentinite (ultramafic) and in
two of the other three areas mafic rocks (amphibolite and
maf. ¢ greenstones; are important. The geology and
mineralization of each study arca is described below;
those wherein ultramafic rocks are dominant being
yoointed first. The rocks of the Darwendale and
Dalmainy Farm areas contain no known sulphide or arscnide
nireral deposits. All thc other arceas include dcposits

of sulphide and/or arsenide minerals.



KABOMPO DOME .

G GABBRO

YOUNGER ROCKS
(KATANGA SYSTEM ?)

BASEMENT SCHISTS

+ GRANITE

Not to scaie: A~B several tens of miles

Diagrammatic geological sketch map to illustrate
the setting of the Kalumbila area.




13.

1. The Darwendale section of the Great Dyke.

The location and broad configuration of the

Toble 2. Table of geological formations in Zambia.
(after Recve (1960)).

Age System Series/lithology
Recent alluvium and eluvium
rliocene Kalahari system Kalahari beds
DOLERITE
(Stormberg serics
Karroo) (Lower Beaufort series
system) (Ecca series

(Dwyka series
YOUNGER GRANITE

(Kundelungu series
(Mwashia series

(
(
( (
(
(
(

Later GABBRO (
pre-- - e (
Cambrian Katanga) (Upper Roan series

( system) (Lower Roan series

BASIC INTRUSIVES AND OLDER GRaANITE

Basem 2t ( Muva ) (quartzite, schist
Complex ( system) (Kafue and Rufunsa
(early pre- ( (volcanics
Cambrian) ( Lufubv system Lufubu schists

Great Dyke is indicated on Figure 2.
It is a layered intrusion made up essentially

of serpentinite, pyroxenite and gabbroic rocks. Gravity
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differentiation has nlayed a part in the layering of
the dyke rocks. Lithologically it has similarities with
the Bushveld Igneous Complex of the Republic of South
Africa. The cross sectional shape of the Dyze is not
known with certainty and discussion of a nunber of
hypothetical shapes appears in the literature (Weiss,
1940 ; Worst, 1960 ).

Near Darwendale serpentinite, thought to be
derived from dunite, underlies by far the largest part
of the Dyke surface (Figure 4). According to wWorst the
most common serpentine rock of the Dyke here is a fine
grained granular rock containing two to three per cent
chromite by volume. Relict olivine textures are clearly
evident. Worst has suggested that these olivine outlines
indicate that the original minerals underwent very little
(if any) increase of volume during the process of
serpentinization.

The pyroxenite in the area is generally
unaltered. It is a coarse grained anchi-monomineralic
rock made up of orthopyroxene with very subordinate
olivine and very occasicnal plagioclase and chromite.

Worst terms the rocks made up of varying

rroportions of plagioclase and pyroxene, gabbroic rocks.
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He refers to those in which orthopyroxene is dominant
as norites and those wherein clinopyroxenes predominate
as gabbros; the term gabbroic rocks thus includes both
types. The only outcrop of gabbroic rocks in the area
under discussion is the norite south of the Hunyani

river (Figure 4).

2. Dalmainy IFarm.

The Dalmainy Farm serpentinite mass is a typical
example of the serpentinite bodies occurring within
a number of schist belts ranging in age from Sebakwian
to Shamvalan. In general they are more or less
conformable but they do have intrusive features. The
country rocks are commonly greenstones, tremolite-
chlorite schists, banded ironstones (magnetite - quartz
~ goethite schists) and other interbedded metasediments.

The body is thought to be intrusive into the
rocks of the Umvuma schist belt (Figure 5). It is
poorly exposed but clearly more resistant to weathering
and erosion than the enveloping tremolite - chlorite
schists in that it forms a low ridge.

Large scale faulting has affected the body

(Figure 5) but there is no obvious cleavage or fracture.
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I'resent knowledge is based on a study of
the rather poor exposures and drill hole data.
Serpentinite appears to be encasing a dunite core. The
writer has had no chance to exauine the rocks in thin
section but Bliss (1962) found textures which he
thought were relics of olivine pseudomorphs and has
suggested that the entire body was once dunite.

in hand specimen the serpentinite is a grey-
green colour, fine to wedium grained, possibly
dominantly serpentine and talc. There is, however,
some quartz and limonite. The siliceous, ferruginous
boxwork observed in many outcrops is probably a
secondary feature and has little significance in terms
of the chemistry of the serpentinite itself. liss
has found evidence to suggest that Xarroo rocks once
covered the area and he thinks that silicification at
the base of the Karroo succession might have extended
into the underlying serpentinite now exposed after

erosion.

3. The Perseverance prospect.

The Terseverance prospect is within the

Exclusive Prospecting area (D.F.A.) No. 85, The T.P.A.
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covers part of the Lower Umfuli schist belt in which
occur lenticular pods of serpentinite similar to those
of the Uavuma schist belt. The study area includes one

of these serpentinite bodies.

(a) Geology.

The rocks enveloring the serpentinite are
metavolcanics, locally altered lavas and sheared and
metamorphosed agglomerates and tuffs. These rocks
strike approximately north east and are generally verv
steeply dipping. They are possibly of Shamvaian age.
spidiorites, probably belonging to the Bulawayan
system crop out to the east of Perseverance (Figure ).
Deweras lavaes lie unconformably on the Basement rocks
to the west of the prospect.

No prominent cleavage has been observed in
the serpentinite but it exhibits a blocky fracture. it
is thought to be a metamorphosed sill of ultrabasic rock,
probably granular peridectite (Dobeil, 1938). Like the
Dalmainy Farm serpentinite it is grey - green and
reported by Dobell to be, in common with other
cerpentinite bodies of the Lower ULmfuli schist belt,

"a fine grained felt of microscopic laths and fibres
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of crysotile and antigorite".
(b) Nineralization.

llassive and disseminated sulphides occur in
a shear zone which is vertically disposed and slightly
obligue to the serpentinite - metavolcanics contact
down to 100 ft. Below this depth the mineralized
shear zone flattens and follows the serpentinite -
metavolcanics contact. The paragenic problem of sulph-
ide mineralization in relation to shearing has not
been satisfactorily solved.

The principal ore minersals, which occur as
disseminations, fracture fillings and along shear planes,
are pyrrhotite, pyrite, and chelcopyrite. Other
minerals are pentlandite (flame-like exsolution bodies
in pyrrhotite) and sphalerite together with magnetite
and ilmenite, the latter in parts altered to leucoxene.
Gersdorffite, maucherite, ullmanite and chloanthite
have been noted locally in one drill hole.

The depth of the oxidized zone is not
known with certesinty but it is reported that oxidation
is incomplete at 65 ft. below surface (Woodward, 1962).

. : . .01
The secondary nickel minersl garnierite™ has been

lThe term is used here to denote nickel - magnesium
hydrosilicates, probably of variable composition.
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aobserved in the area. It occurs, together with fibrous
crysotile and antigorite, in fracture planes in the
serpentinite away from the mineralization. There is a
well developed gossan over the ore horizon and a blue
encrustation in this gossan may be an hydrated nickel-

iron minergl.

4, The Maritzani area.

This study area is centered on a second lent-
icular serpentinite body of the Lower Umfuli schist

belt.

(a) Geoclogye

The serpentinite mass outcrops on laritzani
F'arm, some eight to ten miles south of Yerseverance.
The geological setting is analagous to that at Perse-
verance and the rock types are the same. The Ilaritzani
serpentinite is, however, elongate in an sast-west
direction (the direction of the trend of the Lower
Umfuli schist belt and the strike of the schistosity
locally). The serpentinite is flanked to the south by

metavolcanics and to the north by metasediments and
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other rocks. Whereas the Perseverance serpentinite
mass outcrops as a strong topographic feature the
Maritzani body crops out on a gentle slope to a vlei.
The blocky fracture observed in the serpentinite at

Perseverance is less prominent at Liaritzani.

(b) Mineralization.

Nickel-copper sulphides occur in a shear zone
at and slightly oblique to the southern margin of the
serpentinite. The mineral assemblage and fabric is
also essentially the same as that at Terseverance. There

is however, no gossan at lMaritzani.

5. The Region of the Impress Frospect and the
adjacent Bare Sottom HIilI,

(a) Geology.

The following description is based on data
published by Sharpe (1961), and on company data (l.S.a.

(Pvt.) Ltd.).

The region is for the most part underlain by

rocks of the Basement Complex but attention has been
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focussed around a dioritic stock, ovoid in shape and
surrounded by pre-Cambrian greenstones of the Bulawayan
system. At the south west margin of the stock there

is an amphibolite body between the diorite and the
Basement rocks (Figure éé.

The stock terminates sabruptly against the
greenstones but the contact between diorite and amphi-
bolite is a transitional one (the 'mixed zaone') con-
sisting of alternating leucocratic (dioritic) and melan-
aocratic (amphibolitic) bands. The gradation from the
stock to the ampiiribolite takes place over a maximum of
450 ft., the number and width of the amphibolite bands
increasing with distance from the diorite. In the
mixed zone the individual rock tyres range from one
inch to several feet in thickness., The general direct-
ion of banding is parallel to the periphery of the
stock as is the strike of the amphibolite-greenstone
contact,

Crossing the area are two andesitic dykes.,
They strike north to north north east.

The amphibolite at the Empress praspect
suboutcrops on fairly level ground but the greenstones
comprising Bare Bottom Hill form a pronounced topo-

graphic feature.
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(b) Mineralizatione.

The Empress prospect mineralization is a zone
of disseminated nickel-coprer sulphides within the amphi-
bolite body sandwiched between the dioritic stock and the
greenstcnes. On average, the ore zone has a true thick-

ness of 50 ft. and a surface strike of the order of
2000 ft. which is reduced to 500 ft., 2000 ft. below
surface.,

The principal ore minerals are, in order of
abundance, pyrrhotite and pentlandite, chalcopyrite,
pyrite, violarite and some chalcocite. Tentlandite,
intimately associated with pyrrhotite, is the most im-
portant nickel bearing mineral.

Wilidespread pyrrhotite and chalcopyrite miner-
als also occur erratically in the mixed zone.

At Bure Bottom Hill nickel — capper sulphide
minerals occur as disseminations in the greenstones.

The oxidized zone extends to 80 ft. below

surface.

8, The Noel Nickel mine and environs.

(a) Geology-.
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The Noel Nickel mine is in serpentinite
and schists which form part of the Lower Gwanda schist
belt. Serpentinites, actinolite rocks and talc schists
forming a 'serpentinous group' have been intruded into
hornblende schists (Thaup, 1933). The rocks of the
serpentinous group are thought by Phaup to be derived
from peridotite and the hornblende schists are considered
to be derived from basaltic lavas. lietamorphigm, fold-
ing and faulting have been severe, There has been inten-
sive carbonate rerlacement.

The Basement Complex in this area includes
pure crystaliine magnesite, banded ironstones, mica
schists and quartzites ac well as the serpentinous group
and the hornblende schists (Figure %Q.

There is an early set of faults trending
between north north east and north north west and dipping
westwards at 35-60%. A second fault system trends east
north east roughly paralleling the strike of the rocks.
Thie latter fault system is almost vertical but dips of
faults, where obvicus, are to the north north west.

Most of the faults in the area have, as far as can be
ascertained, a small throw and both sets aifect all the

rocks of the Basement Complex.
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(b) Liineralization.

The mineralization is the only known arsenide
nickel deposit in Rhodesia or Zambia. It is closely
related to and controlled by the structure, the main
features of which have been described in the previous
paragraph,

The principsl ore minerals are chloanthite and
niccolite. The best mineralization accurs as massive
and dissemingted arsenides in the fault zones. It occurs
in the main in the faults of the younger system (stiriking
east north east) and ore shoots pitch westwards paral-
leling the dip of the early fault system into which the
mineralization has extended where faults of the two
systems intersect. The fissures containing the mineral-
ization are slickensided and zlong the fault lines are
zones of dark green, fine grained chlorite schists in
whicli conspicuous octahedral crystals of black magnetite
have been developed.

The oxidigzed zone is thought to be shallow but
no guantitative data about this zone is availuble. The
zone 1is chq_;acterised by green blooms - probably
garnierite. In addition there are black powdery mater-—

ials, thought to be mixtures of limonite, pyrolusite and
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cther oxides. Calcite and silicsates occur as veinlets

and interstitial gangue minerals.

7. The Kalumbila area, North ¥Western Province, Zambia,.

(a) Geology.

The area lies between the kombhezi and Kabompo
domes, the granites and gneisses of which are represent-
atives of the Basement Complex in the North VWestern
Trovince ({rghle 2). Younger rocks in the Kalumbila
area are quartz-mica schists, sericitic-specularitic
quartzites and & carbonaceous shale (Figure ).

The data availaeble to the writer is insufficient
to permit any attempt at correlation between rocks of the
North Western Province and those of the Copperbelt.
Westwords from the Copperbelt there are marked facies
changes as the degree of metamorphism increases, thus
complicating correlation, especially in a country so
poorly endowed with outcrops.

The carbonaceous shale is the mineralized
horizon at Kalumbila. It is a highly contorted shale or
phyllite having a maximum true thickness of 1500 ft.

It dips north-westwards at angles of 30-60°. It is
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schistose and foliated throughcut, compositionally
banded, variegated in texture and colour and intensely
folded and fractured.

Samples of the shale have been examined by
Zurbrigg and Podolsky (1963) acnd in their descriptions
they have used the terms "banded graphitic schist",
”kyanitqﬁuscovita schist" aond "corundum-kyanite gneiss",

The shale is composed of quartz, mica (sericite,
muscovite, chlorite) and kyanite with minor guantities of
tourmaline, graphite, phlogopite and traces of green
spinel ard corundum. Secondary quartzocse material is
common in stringers either discordant or parallel to the
bedding. Carbonate (principally calcite) accurs in
small amount, perticularly near the base of the sequence.
The shele does outcrop in parts and the outcrops at the
north castern end of the strike are silty in character.
Gibsorn, (pers. comm., 1962), has suggested the possibil-
1ty of surface silicification to explein the silty
naturc. However, a more likely explanation is that there
ig a gradation from a graphitic shzle in the south west
to a silty shale in the north east.

The hanging wall, footwall cnd interlensed
schists are all rather similor and composed essenvially

of quzxrtz, sericite, muscovite and tale. Thesc rocks



27 s

are less resistant than the shale. They are similar
in attitude and extremely schistose but not fractured

to the same extent as the shale.

(b) Mineralization.

Nickel-copper sulphides occur within the
carbonaceous shale. There are lenses, pockets and
bands of mineralized shzle. The principal ore minerals
are pyrite, chalcopyrite, pyrrhotite and nickeliferous
pyrrhotite and m"nor pentlandite and siegenite. These
minerals are present as anhedral, massive grains and as
fracture fillings in some of the silicate mincrals.
There is some limonite staining in the hanging wall
mnargin of the shale.

Sparse disseminations of sulphide mincrals co
occur in the interbedded and adjacent schists but it

is not known whether they are nickeliferous.
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D. Geomorphological and drainage features.

A number of erosion surfaces have been
identificd in Southern Africa. They have been recognised
end described by several authors, notably Dixey (1944)
and King (1951).

The oldest erosional surface is the 'Gondwana’
surface, (Xing). It is evidenced in Rhodesia by the flat
topped hills and peaks and in Zambia by monadnocks of
resistant strata which rise, to an approximately common
altitude, out of the main 'African' surface. A third
tycle of erosion is represented today by the broad
valleys carved into the African surface. Dixey has
described this third surface, the Late Tertiary, asa
valley form pencplain®.

The extensive African surface is the dominant
geomorpnological feature. In rhodesia this surface
Torms the main watershed which runs in a broad arc from
Bulawayo through Que Que and Inkeldoorn to Umtalil
(Figure 10), and which divides the lakarikari depression/
Zambezi basin on the west and north from ths Sabi/Limpopo
basin in the south east.

The average altitude of the African pediplain
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(ing) in Rhodesia is a little greater than it is in
Zambia. It is possible that there has been flexing along
a line parallel and close to the Zambezi river in Recent
times and that as a result Rhodesia has been fractionally
uplifted relative to Zambia. Along the watersheds in
Rhodesia the average altitude of the African surface is
close to 4500 ft., in Zambia, it is nearer 4200 ft.
There is some evidence to suggest that this surface in
Zambia has been warped in parts.

Practically the whole of the western half of
zambia is drained by rivers flowing, ultimately, into
the Zambezi. The main watershed extends from Broken Hill,
through Kapiri Mposhi and the Copperbelt, to form the

Zambia - Congo border (Figure 10).

1. Relationship between topography and geology.

The terrain in both countries can be described
ac undulating, more gently so in Zambia than in Rhodesia.
In the latter territory the undulating land surface is
punctuated by local features of sharp relief.

In Rhodesia; the topography largely reflects

the gecology. The higher ground, the hills and ridges, is
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commonly rocky and indicates the presence of the more
resistant rocks. Larger river valleys may follow contacts
and fault and fracture zones. Shallow depressions devoid
of trees but frequently supporting a good grass cover
are also often found to be developed over contacts
between different rock types.

In the North Western Province of Zambia, as in
Rhodesia, the more resistant formations form the
topographic high features and short steep valley slopes
occur where streams flow close to the higher ground. Low
lying, well grasscd treeless areas are also prominent
features of the Zambian landscape (see below).

The sharper topographic features result from Tecent

te== incisionsinto the African and Late Tertiary surfaces.

2. Vleis and dambos.

In Rhodesia the low lying, open, well grassed
areas refcrred to above are termed 'vleis', in Zambia
thcey arc known as 'dambos', The typical vlei is not
common in large river valleys but is best dcveloped in
tributary valleys. They may or may not have a definite

watercoursc,
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In the Copperbelt area and North Jestern
Province of Zambia there are two distinct types of
dambo, viz:-—

(i) The hcadwatcr dambos.
(ii) The riverinc dambos.

The headwater dambos are level or very shallow
basin shaped dambos wherein many streams have their
origins. The riverine dambos, occurring at slightly
lower altitudes, have a ribbon like configuration and
flank the watcrcourses for many miles. Opcn watercourscs
afe present in most riverine dambos. Betwecen
headwater and riverine dambos the drainage way is
commonly incised.

Both types of dambo are commonly swempy,
scasonally at lcast, and there is a flow of water from
the higher to the lower parts. In some areas of Zambia
dambos may dry out during the dry season but in the
Kalumbila area most dambos rcmein moist, if not
saturated, all year. DMost vleis are swampy during the
rainy scason. They dry out on the surface during winter
but the dccper horizons may be still damp at the end of
the dry scason.

The various shapes and sizes of dambos and

the pattern of their distribution are reclated to geology



32.

and weathering. Garlick (1961), writing about the
Copperbelt arca of Zambia, has summarized the
characteristics of dambos. He says; "The sizcs and
shapes of the dembos reflect the type and depth of
wcathering of bedrock. Dambos over granite are long,
wide and gently curving, following major fractures.

Over Basement schists they are commonly small, spatulate,
and arranged ona r.ticulatepattorn, Over well drained
arcenaceous beds they are rare, whereas over carbonate
formations they may be wide and discontinuous, with
heavy bracken and shrub growth, poorly defined margins
and occasional sink holes and standing ponds." Garlick's
summary 1s also applicable to the dambos in the

Kalumbila area.

E. Soils

The soils of the Rhodesian study areas:
contrast markedly with those at Kalumbila. Of all the
factors affecting soil formation and deciding the soil
characteristics that playing the dominant role in
Rhodesia is the nature of the parent material. The
factor exerting the most influence in the North Jest

f Zembia is the climate (see below).

llany types of Rhodesian soils have shallow
profiles and, inasmuch as the degree of chemical
weathering and profile development are not well

advanced, can be regarded as being immature. The
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possibility of uplift of Rhodesia in Recent geological
times has been suggested. With such uplift considerable
erosion nust have taken place and the present cycle
of soil formation is thought to be developing on the
recently expesed bedrock or the C horizon of an
ear_ier cycle of soil formation.

The soils in both countries are forming under
a mzrkedy seasonal climate (Section F). In the general
case two types, (1) the freely drained soils and (2)
soils dz2veloped under conditions of impeded drainage,

can be distinguished.,

1. The freely drained soils.

There is a gradation in the character of the
s0ils from well developed latosols in the Kalumbila
area, southwards through the chernozemic soils of the
Rhodesian Midlands to a lithosolic soil in the environs
0of the Noel Nickel mine,

Lotoscls cover much of the North Western
Province of Zambia and they are, due to the high rain-
fzll, severly leached and low in alkali and alkaline

carth elements. They are, consequently, more often than



84ﬂ

not of acid reaction. Accumulations of iron and
alunminium hydrozides are usually present in a reasonably
well defined horimon a few feet below surface. This
horizon, commonly called the laterite layer, is usually
composed of unconsolidated, predominantly ferruginous
nodules and other angular rubble. ‘Jhere the profile

has been trunceted by erosion the laterite layer is
indurated and often forms small scarps coverlooking the
streams. The near-surface horizons are characteristically
sandy and the profile as a whole often of considerable
depth (Figure 11).

Many of the freely drailned soils of the
Rhodesian study areas are characterized by a darker
coloured A horizon overlying paler coloured parent
material. The Ay horizon often includes detrital raw
organic matter (leaf and twig fragments and plant roots)
and probably some humic substances but there is no true
surface humus layer. The upper layers of the profile
sre often varying shades of red-brown thought to be due
to ferruginous and possibly, in some instances,
calcareous compounds. The reaction is frequently weakly
ecid or alkaline. There is not always a B horizon.

In many profiles the A horizon soil grades with depth

into fractured and weathered bedrock (the C horizon).
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The soil profiles in Rhodesia (Figures 12 and 13) are
generally very much shallower than in Zambia.

There is considerable diversity in Rhodesian
soils which is believed to reflect the different
nineralogical compositions of the parent materials.,
For example, over the extensive areas of granite and
franite gneiss the soils are sandy. Over the green-
stores of the schist belts red loams prevail. Over
Archeon serpentinite the soil cover is extremely thin.
it is made up of a high proportion of physically

comminited mineral particles and profiles are very shallow

el

n

'
joeie

ced, rarely exceeding five feet from surface down to
the € horizon.

The soils in the environs of the Noel Nickel
mine, however, have the characteristics of low rainfall
erea (desert) soils. The skeletal profile is extremely
shallow. Chemical weathering is retarded and the soils
ace poor in clay minerals. As a result of the limited
iecching the soils are relatively well supplied with

bases and are of alkaline reaction-

)

» ©0ils developed under conditions of
impeded drainage.

Whereas the freely drained soils are
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claseificd as zonal the soils developed under conditions
of impeded drainage are intrazonal. The soils of this
type are those that form in the low lying areas, the
vlieis and dambos. They are commonly grey or black,
the colouring probably being due to dark humus sub-
stences. The vlel and dambo soils are not well aerated.
Parts of some dambos may be saturated ali year and
others, and most vleis, are usually saturated for a
period each year. The pH is variable, commonly alkaline
in areas of low rainfall where calcrete nodules may be
present at a depth of a few inches, but acid in wet
climates,
Vlieis formed over Great Dyke serpentinite
in the Darwendale area are characterised by clay rich
s0il which forms wide cracks when it starts to dry out.
In the lowest parts of tﬁé dambos in the
Kalumbila area abundant organic matter in all stages
of decomposition has accumulated at the surface.
Becamse of the high organic carbon content the upper-
most few inches are black but pale in depth to a grecy
and sometimes rusty mottled zone. The iron is kept
in the ferrou. state in the essentially reducing
conditions although the mottling is taken to indicate

periodic changes to oxidizing conditions, possibly
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for a short time each year. The reaction iu the grey
dambo soil (glei soil) is acidic, frequently very

strongly so but the pH may increase with depth.

Examples of soil profiles are presented in
Chapter 4 where the distribution of nickel in the

profiles is discussed.

Fo Vegetation,.

The character of the vegetation over the
freely drained soils of the study areas varies from open
woodland and savanneah in the Rhodesian areas to denser
woodland in the Iorth Western Province of Zambia. The
trees of the deciduous woodland are well spaced and in
the north west of Zambia of fairly even density. a4t
Kalumbila the leafy canopy is almost continuous, being
interrupted only by the open, grassy dombos. In Rhodesia
the woodland is more open and less regular, broken by
the vleis znd tracts of rolling, grassy savannah. ILven
at Kalumbila the leafy canopy does not seriously exclude
light and there is an undergrowth of perennial grasses,

shrubs and herbs.

The woodland of Zaombiz is a Brachystegia-



(¥}
(64]

Isoberlinea (Jubelnardia) assemblage, so named after the
two most common genera. Brachystegia is also the
commonest genus over much of Rhodesia except in the
lowveld (low rainfall, low altitude regions) where
Colophospermum and Acacia abound and where the ground
cover is sparse compared to that of the Rhodesian
Brachystegia woodland. The trees of Zambia may attain
heights of 90 ft. in the North .Jestern Province although
40-50 ft. is nearer the average and they are finer and
larger specimens than their Rhodesian counterparts,
clearly thriving on the greater precipitation and
deeper soils. Some common trees of the deciduous
woodland of the North ‘Jestern Province of Zambia are
listed in Table 3 and comnon species of the Rhodesian
csavannah and lowveld in Table 4.

The unusual drainage conditions prevailing
in dambos are responsible for the special flora. The
absence of trees in the dambos has been reported as
being ascribed to lack of oxygen in the ground waters
of the dambos, (Tooms, 1¢55). This explanation may
also be applicable to vleis. Riverine dambos are,
however, frequently cheracterised by an extremely dense

growth of trees, shrubs and creepers along, and
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limited to, the stream banks. This dense foliage is

called 'mushito's

Table 8. Some common trees of the deciduous woodland,
North ilestern Province, Zambia.

Vernacular name. Botanical name.
Muputu Brachystegia spiciformis
liusamba Brachystegia boehmii
Muwombo Brachystegia longifolia
Mutobo Isoberlinea tormentosa
Mutondo Jubelnardia paniculata
luseshe lcarquesia macroursa
Mwenge Dipplorrynchus mossambicensis

Table 4. Some common trees of Rhodesia.

Vernacular name. Botanical name.

(a) Treegs of open savannah woodland.
Msasa Brachystegia spiciformis
Mfandaludzi (Mfuti) Brachystegia boehmii

(b) Trees of areas transitional between open savannah
woodland and lowveld.

Ikl ama Combretum apiculatum
Mplingo ¢
- Acacia (many species)
(c) Trees of the lowveld.
Mopani Colophospermum mopane
- Acacisa (many species)
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G. Climate,

Rhodesia and Zambia, despite being well
within the tropics, have a temperate, strikingly
seasonal climate with warm wet sumiiers and temperate
dry winters.

The rainfall varies from less than 10 in.
per annum in the southernmost parts of Rhodesia to
over o0 in. per annum in the North iVlestern Province of
Zambia (Figure 14). There is a distinct rainy season
lasting from about the beginning of November until the
latter half of April. In the Kalumbile area there are
some indications of a break in January-February (Figure
15). In the extreme south of Rhodesia where conditions
are very dry one cannot really speak of a rainy season.
During the last four years the annual rainfall at the
Noel Nickel mine has not exceeded 8in.

The study areas are plotted on Figure 14 and
the climatic data presented in Figure 15. This data
is important,agf%Tgag%ic differences between areas will
be made in later chapters. Climate is, furthermore,
Tundamental insofar that it influences the flow of
water in rivers and streams and ground water level.

IFFew Rhodesian rivers have a perennial flow whereas
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many rivers and streams in the Kalumbila area contain
water all year round.

Temperatures are high in the low lying parts
of the countries but are moderated over wide areas
by altitude (large areas of both countries stand above

3500 ft.).
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Chapter 2. FITLD AND LABORATORY TECHNIQUES.

Field techniques are described first followed
by a discussion of the analytical methods used and
other laboratory procedures followed. Analytical
methods employed during the course of the investigation
are reported in outline only, with a reference to
relevant literature, except in cases where the procedures
are unique or‘very important when they are more fully
described. Discussion of comrany analytical data is

included at the end of the analytical section.
Part I. MNETHODS OF SANMPLING,

The procedures followed in sampling are
described below. The discussion is divided into

sections according to the different materials sampled.

A. Near-surface soils.
(s0il sampling)

Company samples were collected betwecn
surface and 18 in. Commonly they were grab samples
from between 6 and 12 in. below surface.

Samples collected by the writer were vertical



43,

channel samples with a maximum length of channel of
1 ft. Soil sampling was not related to soil horizons
and in most cases the writer adopted the procedure of
taking two samples at each site, one above the other,
usually 0-3in. and 3-12in. respectively. In certain
instances maximum depth of sampling was extended to
18 in. in threec samples of varying channel length.

Generally speaking 2ll samples were from
the A soil horizon.

AlT semples were collccted in pre-numbered

kraft paper envelopes.

B. Sampling of the soil profile.
(Pitting)

In all pits vertical channel samples were
collected. The sample channel length was varied and
related to soil horizons, channels being cut up to but
not across the boundaries between the horizons. Ixcept
in the Kalumbila area the channels were confined to a

maxiaum length of 1 ft,

Co Seanmpling in the drainage ways,
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1. Stream scdiment sampling.

Samples of the stream sediment were collected
from the uppermost 3 in. of the sediment profile at
each sample site. At selected points where the
scdiment profile exceeded 3 in. in thickness samples
were collected from the different layers constituting
the profile. At a great many sites the sediment profilec
did not exceed 3 in. in thickness and the entire profile

was included in the sample.

2. Bank soilsg.

Materials of stream banks were sampled;
in some instancecs up to 9 in. in from the bank surfacc.
Where the channel contoined water the banks were scanpled

above and below water level.

3. Jater samples,

In addition to water from the open drainage,
ground water exposcd by pitting, artesian water and
water in underground workings was sampled. In all

cascs the procedurce followed was the samc. Two
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samples were collected at each site. For the first
sample the natural water was filtered through a
Vhatman 542 filter paper using a Buchner filter funnel
and flask that was evacuated using a hand operated
pump, and the filtrate stored in a cleaned polythene
bottle. Unfiltered natural water was collected in a
second cleaned polythene bottle to which was added oS

ml. concentrated hydrochloric acid in order to inhibit

precipitation of nickel.

D. Sarple represcentivity and error.

The content of spccific elements in any given
sample is urlikely to be truly represcntative of all thc
soil within a very large radius around thc samplc point.
This is especially truc in arcas of rapidly changing
Iithology or adjaccnt to mineralization. It is, how-
cver, to sorie extent compoensated for by the collection
cf a large number of samples.

In addition to the lack of arceal rcprcsent-
ivity therc is a sampling crror. That is to say that
it is improbable that two samples taken at the samc
site will give identical analytical results.

There arc crrors involved in actually taking
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the sanplc. (i.c., variation in the rclative proport-
ions of diffecrcent parts of the sanmple channcl), crrors
involved in sanplc preparation (in the processcs of
grinding and sicving) and crrors in the analytical
proccedurce (sce later). Tooums (1955), working on the
Copperbelt of Northern Rhodesia (Zarbia), concluded
thut sampli and prceparative crrors woere insignificant
compared with analytical cerrors and that they had no
cffcet on interprctation of the geochemical results.
In studies of the distribution of cobalt in Northern
Rhodesia, Jay (1959) found sample crror insignificant
in the A horizon but appreciable in the B horizon.
Govett (1958), also working in Northcrn Rhodesia,
found, in a study of copper in strcam sedimcent, that
the sawpling crror was similar in nggnitudc to the
cnalytical error. The writer has not made any
quantitative study of sample error but has kept a
constant check on analytical crror (scc below) as

1

crovious studice have chown the latter factor to be

the more important of the two.

B. Vegetation.

Leaves, twigs and bark werce collected and
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stored in the samce type of kraft paper ciuwvelopes as
those usced for soil and sedinent samples. The saopling
was standardiscd in that for any givcen specics, the
part of thc plant saupled at any one site was of
comparable age, sizc and position within the plant,
to that part sampled at other sites. The sites were
circles of radius 25 ft. with centres 100 ft. aparte.
Sanples (Lcaves, twigs or bark) from 3 to
S specimens of any given spcecics growing within cach
sitc circle werce placed in onc cnvelope to form the
site sanple.
Dctails of the sizes and physical
charactcristics of the plants samplced have becen rccorded

and variations in population dcnsitics noted.
Part II. SalPLE PREFPARATION,

A1l samples (soil,scdiment and vegetation)
were air driced in their containers. In the casce of
soil and sediment a represcentative portion of the dricd
sanplc was lightly broken up using a porcclain pestlc
an? mortar in order to disaggragatc the soil or scdiment
parsticles without crushing individual mincral groins.

The so0il was then sicved through 80 mesh bolting silk
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in a perspex frame and the ninus 80 mesh fraction was
rctained in a new envelopc.

The ninus 80 mesh fraction is used in ra
gcochenical prospecting prograimes and company data
is from the analysis of the ninus 80 nesh fraction.

In order to be able to comparce and contrast results
obtained during the investigation with the conpary data
this fraction was analyzed in the great wojority of
cascs. In addition, ccrtain anaclyscs wcere madce on
other size fractions scparatcd by scdimcntation. The
scdimentation rrocedurc followced was that described
by Piper (1850). Bricfly; a known weight of dricd
sample (conveniently 100 gm.) was placed in 150 ml.
of 1% Calgan (Sodium hcexametaphosphatc) in deionized
watcr and vibrated ulirasonicclly for 30-60 minutcs
to dispersc the soil particles. TFollowlng this dis-
persion the slurry was dilutcd to approximately 1000
ml. with dcionizcd water. It was then homogenized by
shaking in 2z onc litre stoppcred cylinder and allowced
to scttlc. Using o Bouyoucous hydrometcr the spceific
gravity in the uppermost 10 cm. was determined after
standing for five minuiecs as a mcans of cstimating
the content of silt plus clay sizc material. The

hydrometer rcading was repcatcd aftcer five hours to
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cnable the content of clay size material alone to be
detcrmined. Subsequent to thosc measuremcnts sand,
silt and clay sige materials were scparated by succcessive
decantations following scttling for verying lengths
of time as set out in thce tables by Piper.

In prcparation for aﬁalysis vegetation samples
were oshed in an clectric muffle furnace at 450 — 500°C
for four hours. Aftcr cooling a known wcight of ash

was uscd for thc analysis.

Part III o SAI\IPLB ATTACI:S o

Rociz, soil and stream sediment samples were
subjected to chemical attacks of varying strength. The
forms of the metals being extracted is briefly discussed.
The attacks are dealt with in order of decreasing

severity.
A. Hydrofluoric-Perchloric acid attack.

1. Procedure. 10 ml. of hydrofluoric acid, 2 ml. of
perchloric acid and 1 ml. of nitric acid were added to
the sample (0.5 - 1.0 gm.) in a platinum dish and
allowed to evaporate overnight on a water-bath or
sand-tray. After heating on a hot plate to expel
perchloric acid the residue was warmed with 15 ml. of
1N - hydrochloric acid and transferred to a 50 ml.
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beaker which was left on a water-bath until all the
salts had dissolved. The solution was then transferred
to a 150 ml. separating funnel containing 25 ml. of a
sodium citrate buffer of pH 10.8 - 11.0. The reacting
metals were extracted with successive 5 ml. portions

of 0.0158% dithizone in carbon tetrachloride. The

carbon tetrachloride extracts and washings were combined
and evaporated to dryness in a 100 ml. beaker on a
water-bath before 2 ml. of concentrated sulphuric acid
and 1 ml. 80% perchloric acid were added to destroy

the dithizonates. To do this the beaker was covered
with a watch glass and heated until colourless, when
the watch glass was removed and the solution evaporated
to dryness. The residue was taken up in 0.5 N -

I ydrochloric acid. aliquots of this solution were used
in the colorimetric determinations.

The attack, that set out in the Geochemical
Prospecting Research Centre (G.P.R.C.)(now the applied
Geochemistry Research Group (A.G.R.G.)) Technical
Cominunication No. 38, 1s based on a method proposed by

Stanton, licdonald and Carmichael (1962).

2. Discussion.

The attack is usually total and all the metal
in the sample is extracted and determined. :arden and
Tooms (1964) have reported that spectrographic and
hydrofluoric-perchloric acid results show an extremely
close agreement when determining the nickel, cobalt
copper and zinc contents of pyroxenes, amphiboles and

feldspars. The burn in spectrographic analysis can,
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therefore, also be regarded as a total attack.

'B. TFusion with potassium bisulphate (KHSO4).

1. Procedure, The weighed sample (0.1 - 1.0 gm.)

was fused with an excess of [IISO4 in a pyrex glass test
tube. Six samples were fused at a time, held in a
specially designed coronet attached to a primus stove.
The average fusion was complete in 4 minutes. The
melt was dissolved, with gentle heating, in 0.5N -
hydrochloric acid (5 or 10 ml.).

2. Discussion.

Fusion of rock, scill and éediment samples with
total amount of metal. Plant ash Was fused with KHSO4
in the same way but in this case the attack is believed
to be complete as no visible residue remains after fusion
and dissolution of the melt. In the attacks on rocks,
soils and sediments an insoluble residue is usually
left in the fusion tube after the melt has been
dissolved. 1In the attacks on pyroxzenes and amphiboles
described by Harden and Tooms a potassium bisulphate
fusion extracted only a limited portion of the nickel,
cobalt and zinc but almost all the copper and the

authors made the suggestion that the copper occurs in
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o different form to the other elements studied. It is
generally believed that the KHSO4 attack extracts only
certain forms of specific elements from rock, soil or
sediment samples,

Just what is being attacked is not known with
certainty but sulphides, sulpho - salts, the majority of
the clay minerals and some weathered silicates are
thought to be almost certainly attacked. In contrast,
it is thought that some oxides (notably magnetite) ar
fresh silicates are resistant to a potassium bisulphate
attack. Harden and Tooms believe that the efficiency
of the attack on rocks, soils and stream sediments is
a reflection of the mineralogy and degree of weathering
and alteration.

As Harden and Tooms point out the applicability
of the KHS 4 attack in geochemical prospecting is not
in question but it must be remembered that the attack

is not total.
Cos Scodium citrate - dithionate attack.

1. Procedure.
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Sodium citrate (75 gm. in 900 ml. water and 4 ml. Fe -
3 specific versene) is adjusted to pH 7.3 with 5 K
citric acid (approx. 10 ml.) and diluted to 1 litre.
The sample is attacked with a small quantity o% this
reagent in a conical flask in a water bath (85°C).
Sodium dithionate (1 gm./5 ml. distilled water adjust-
ed to p 7.3 by 10% NaOH) is then added. On completion
of the attack the filtered leachate is retained.

2 Discussion.

According to Aquilera and Jackson (1953)
secondary iron oxides are dissolved by this attack.
In the study described in this report the amount of
nickel in the citrate - dithionate extract was
determined and this nickel is reported as being
associated with secondary iron oxides. Strictly speak-—
ing this may or may not be the case. It is not known
whether all the nickel determined in the citrate -
dithionate leach is in fact associated with secondary
iron oxides. Sulphides, sulpho - salts and even some
clay minerals may be, at least partially, attacked.

The attack is, however, weaker than the KHSO4 fusion.

Do Leaching with ammonium acetate.

1. Procedure. 0.2 - 1.0 gm. of the dried sample was
weighed into a test tube to which was added 10 ml.
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N- ammonium acetate of pH 7.0, The tube was tightly
corked and shaken mechanicelly for 30 minutes. The
tube was then put aside and allowed to settle until
the supernatant liquid was clear. Alternatively, to
speed up the procedure, especially with samples rich
in clay size material, the soil- ammonium acetate
mixture was centrifuged for 5 minutes at 2000 r.p.m.
A 2 ml. aliquot of the clear supernatant leachate was
acidified with 0.2 ml. 5 N HC1 for the estimation
stage.

2. Discussiocn.

Agricultural scientists leach soills with
neutral, normal (molar), aqueous ammonium acetate of
pH 7.0 in order to determine the exchangeable cations.
The large, strongly charged NHéfions (ionic radius
1.43 A9) exchange places with other cations adsorbed
in the soil exchange positions. The metal cations so
displaced pass into solution and can thus be determined
in the leachate.

The writer used the ammonium acetate leach
as a means of determining the amount of exchangeable
nickel in rocks and soils. The procedure was based on
the technique of Bray and Willhite (1929) which is
used by soil scientists. IExperiment showed that a 30
minute shake is double the minimum time required for

complete extraction. When seven separate portions of
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a sample were shaken for periods of time varying from
one minute to one hour it was shown that no additional
extraction resulted with shakes longer than 15 minutes
(Figure 16)., The exchangeable nickel content was

determined directly on the acetate leachate.
Part IV. ILESTIMATION OF TiL LLTIENTS.

For any given element the estimation stage
has been independent of the sample attack and has been
based on a previously published method. The analytical
methods are only summarized here. The reader is
referred to the original papers for detailed analytical
procedures.

Control of accuracy has been maintained by
using the method formulated by Cravén (1953). Twelve
mixtures of a sample of high metal content and a
sample of low metal content were included at random
amongst batches of samples being analyzed and the

recults were interpreted statistically.

A. Colorimetric methods.

1. Nickel.,
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Nickel in O.SN- hydrochloric acid buffered
with ammoniacal tri-ammonium citrate of pi 10.3 was
reacted with a 0.3% solution of «- furildioxime in a
benzene - ethyl alcohol (9-1) mixture., The colour of
the resultant yellow nickel - =< - furildioxime complex
was matched with standards, the intensity of the
yellow colouration of the solvent phase being proport-
ionate to the amount of nickel in the original sample
(appendix ITI)

The method (G.T'.R.C., , Technical Commnunication
No. 28) is that developed by Stanton and Coope (1958).
It may be conveniently operated in the range 1- 18,000
ppm. This is adequate for geochemical prospecting
purposes. During the course of the investigations
described in this thesis constant control of the
accuracy of batch analyses using the method suggested
by Craven has been undertaken and an average mean
accuracy of'tES% at the 95% confidence level was
attained. 80 samples can be analyzed per man-day of
8 hours but with a suitable production line this could

be increased.

2. Copper,

Copper, like nickel was determined in Q.5.N-



57,

hydrochloric acid buffered with a solution of sodium
acetate, potassium sodium tartrate and hydroxylamine
hydrochloride of pH 5.9 - 6.2 by reaction with 0.2%

2 - 2' diquinolyl in amyl alcohol. The complex formed
between the cuprous ion and diquinolyl imparts a
magenta colour to the solvent phase. This colour

was compared with standards and the copper content of
the original sample calculated.

| This procedure (G.P.R.C. Technical Communication
No. 23) has been adapted from the method proposed by
Almond (1955). The range covered is 5 to 20,000 ppm
and results may be obtained within ¥ 25% at the 95%
confidence level and this range. As for nickel, 80
samples can be analyzed per man-day of 8 hours but it
is believed that productivity can be increased with a

suitable production line.

3. Cobalt.

Cobalt in 0.5N - hydrochloric acid was
buffered with a mixed sodium acetate — tetra sodium
pyrophaosphate - hydroxylamine hydrochloride buffer
inciuding potassium thiocyanate at a pH of 4.5 — 5.2
and shaken with 10% tri - n - butylamine in amyl alcohol.

The blue tri - n - butylemmonium tetrathiocyanatocobaltiate
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was formed, the colour intensity of which was compared
with standards.

The procedure is that described by Stanton
and Mcdonald (1961 - 62) and outlined in the G.P.R.C.
Technical Communication No. 14. Results within the
*20% limit at the 95% confidence level are commonly
obtained in the range 1 - 5000 ppm.

It is impc¢rtant to note that in the presence
of 5% or more calcium results may be low due to
coprecipitation of cobalt with calcium pyrophosphate.

Froductivity per 8 hour man-day is 60 - 80 samples.

4, Arsenic

Arsenic was determined only following a
potassium biswulphate fusion. The melt was dissolved
in 0.5 N — hydrochloric acid. An aliquot of the acid
solution was pipetted into a small quantity of 2.5k
potassium iodide solution which was subsequently
diluted with 0.75% stannous chloride. Zinc pellets
were added to this solution and the gascs generated
(amongst them arsine) were passed up a Gutzeit tube
and through a mercuric chloride paper at the head of

the tube. The interaction of arsenic and mercury
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produces a spot on the mercuric chloride paper
which is yellow at low concentrations of arsenic, brown
at high concentrations. The yellow - brown spot was
compared with artificial standards.
The range covered is conveniently 5 - 5000 ppm
with results within ¥25% at the 95% confidence level.
80 semples can be analyzed per man—-day of eight hours.
The method is a modification of the classical
Gutzelt test for arsenic and the procedure has been
that suggested by Stanton (1964) and outlined in the

G.P.R.C. Technical Communication No. 49.

. Antimonv.

The method chosen for the determination
of antimony necessitated a special sample attack. The
sanple was mixed with ammonium chloride and heated until
sublimation was complete. After cooling the sublimate
was dissolved in 6N - hydrochloric acid. 4An aliquot
of this acid solution was further diluted with 6N hydro-
chloric acid. A little sodium nitrite was introduced
before mixed sodium hexametaphosphate - brilliant green

aqueous reagent solution and toluene were added. After

shaking the entire mixture the intensity of the blue



60,

colouration of the solvent phase was compared with
standards. The colour is due to a complex between
chloro - antimonate anions and brilliant green.
Abbreviated operating instructions are given
in the G.,FP.R.C. Technical Communication No. 17 which
is based on the method of Stanton and licdonald (1961-
62) . The range covered is 0.2 - 2200 ppm with results
within ¥25% at the 95% confidence level. 100 samples

can be analyzed per man-day of 8 hours.

6. Selenium.

The selenium analyses were made using a
rrocedure recently developed by Stanton and lMcdonald
in the laboratories of the Applied Geochemistry Research
Group, Royal School of Mines, London. Their description
of the method (Appendix III) is in press (The Analyst,
1965) .

The sample is decomposed with a mixture of
nitric and perchloric acids. The selenium 1s co-
precipitated with arsenic and taken up again in the
same acid mixture. It is then reacted with 3 - 3l
diaminobenzidene to form a yellow complex extractable

in benzene. The yellow colouration of the solvent is
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compared with standards and the selenium content of the
original sample is calculated.

No data on the range or productivity is
available at present but the accuracy within batches of
analyses has been better than'tQO% at the 95% confidence

level in the range 1 - 100 ppm.

The iron content of selected samples was
determined after a potassium bisulphate fusion. An
aliquot of the leachate was added to a known volume of
an aqueous ammoniacal reagent solution containing
tartaric and thioglycollic acids which was then diluted
with deionized water. The reddish purple colouration was
compared with standards.

The method is a modification of that outlined
in the G.F.R.C. Tech. Comm. No. 40 which has been adapted
from the procedure described by Sandell (1959).

The range is conveniently 100 ppm to 2% but

can be extended by varying the dilutions and aliquot
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size. Results can be obtained within't25% at the 98%
confidence level. Productivity is at the rate of about
80 samples per man-day of 8 hours.

B. Instrumental analysis.

1. Spectrochemical.

A limited number of rock and soil samples
were analyzed spectrochemically by the staff of the
spectrographic laboratory of the a.G.R.G. The elemciits
determined were Ag, Bi Co, Cr, Cu, Ga, Ge, lig, Ln, lo,
Ni, Ib, Sm, Ti, V, and Zn.

The soil samples were ignited in a silica
crucible at 400 - 500°C for 3 hours to oxidize organic
matter and eliminate combined water. Rock samples were
not subjected to this preliminary ignition. The
samples were mixed with a 1:1 mixture of lithium car-
bonate and carbon with germanium added as an internal
standard. The homogenized mixture was burnt and the
concentrations of the given elements in the sample was
estimated by comparing the spectra of the sample with
spectra on a standard plate.

The specifications of thc instrument used



and conditions of the burn are summarized in Table S.

Table 5. Spectrochemical analysis; Instrument
specifications and conditions of burn.

Data supplied by Dr. I. Nichol,
Applied Geochemistry Research Group, Royal School of Hkines.

Source unit Hilger FS 131

Spectrograph Hilger Large Quartz FS 55

Arc stand dilger FS 56

Comparator dilger Ja Co L.90

Wavelength Range a 2800 - 4930

Imulsion Ilford N.30

Anode liorganite SG.305H - 5 mm. carbon,
2.91 mm. diam. crater, 5 mm. deep
crater

Cathode Morganite SG.305H - flat ended

Ixposure 20 secs.

Gap 3 mm,

Arc current 12.5 amps

S1it 15 u

Collimator Internal

Step sector Two steps giving three intensities

in proportion 1:1/4:1/16
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2. Mercury.

Selected samples were analyzed for mercury.
The analyses were made using the Mercury Vapour ileter
(James and Vebb, 1964). Although this instrument is
still being developed the preliminary data using RF
(Radio Frequency) induction heating has indicated that
previous results without this refinement are reasonably
reliable. Accordingly it has been decided to include
the results of some preliminary mercury analyses in

this thesis.

Part. V. LOASURDIENTS OF LISCELLANSOUS
PARAMETERS .

A. Dase exchange capacity.

Base exchange capacity was determined on
selected samples by displacing the adsorbed bases with
the ammonium ion from an aqueous ammonium acetate
solution according to the method of Bray and Willhite
(1929). Briefly; the technique involves the treatment
of a sample of soil with excess ammonium acetate and the

subsequent distillation of the adsorbed ammonia into
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standard acid which is back titrated with standard

alkali.

B. Total exchangeable bases.

The total amount of exchangeable bases was
determined from the ammonium acetate by taking up the
residue from an evaporated aliquot of the leachate in
standard acid and back titrating with standard alkali

(Bray and Willhite).

C. Soil pil.

The procedure followed in determining soil p:l
is described below.

1l gm. of the sample was weighed into a clean,
dry polythene bottle. 5 ml. of boiled, deionized water
was added and the bottle was immediately tightly
stoppered. The soil - water slurry was vigorously
egitated for 1 hour in a mechanical shaker after which
time a portion of the slurry was poured into the
electrode cup of a battery operated pH meter ( supplied
by Analytical lleasurements Ltd.) and the pH was read

from the dial.



D. pH of natural waters.

The pH of natural waters was recorded in
the field using a pH meter (detailed above). On
each day that readings were taken the pH meter
was standardised with buffer solution. At each site
the electrode was rinsed in the water being sampled
before the cup was put onto the electrode, filled

with water and the reading taken.

E. Bh of natural waters.

Zh of natural waters was also recorded in
situ using the pH meter but to which was attached a-
platinum electrode in the place of the glass electrode
used for the pH reading. The practical procedure
adopted was the same as that followed in taking pH

readings.

¥, Carbonate and bicarbonate in natural waters.

Carbonate and bicarbonate radicals in the
natural water samples were determined as soon after
the time of sampling as practicable (usually back

in the field camp a few hours after the time of
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sampling). To determine the carbonate content an
aliquot of the water sample was titrated against
standard hydrochloric acid to the neutral point

using phenolpthalein as indicator. Bicarbonate was
determined by continuing the titration to the end point
indicated by screened methyl red.

The detailed procedure followed was that
Geecribed in the G.F.R.C. Technical Communication No.
26 which is based on the method put forward by Scott
(1955).

Water with a pE of less than 8.35 does not
contain carbonate and will give a pink cclouration
with phenolphalein.

With a suitable adjustment of asliquot size
and acid strength the range in which bicarbonate can

be determined is very flexible.
G. Sulphate in natural waters.

Sulphate was determined by a turbidometric
technique. A solution of sodium chloride in
hydrochloric acid was first added to the sample of
filtered water followed by barium chloride crystals.

After a short shake the turbidity (caused by the
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formation of Barium sulphate) was compared with stan-
dards. The comparison was carried out against a dark
background. 1 to 200 mg. per litre can conveniently

be detected by this method.

Part VI. COMFANY DATA.

Widely different analytical techniques have
been used by the different companies and the levels

of precision differ considerably.

A. RST Exploration Ltd,

The analytical techniques employed by this
company are¢ basically the same as those used during the
course of the present investigation. The company
determined nickel, copprer and cobalt by colorimetric
procedures similar to those described earlier in this
chapter, RSTE Ltd., have controlled the accuracy
of their analyses using the statistical series principal
of Craven. luch analytical data made available by the

company has been included and interpreted in this thesis.
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B RST Technical Services Ltd.

Nickel and copper analyses have been made
using paper chromatography. In addition, data from
crpper analyses carried out colorimetrically using
dithizone was made available to the writer. Unfortun-
ately the accuracy of the analyses is unknown,

The data was, however, of considerable value
in guiding the field work but it was decided that it
was necessary to re-—analyse some of the company samples
with a higher precision than that required for the

company's purposes.

C. Rio Tinto (Rhodesia) Ltd., (i7.S.a. (Pvt.) Ltd.).

Analyses carried out by this company on
samples from Dalmainy Farm, Zmpress and the Bare Bottom
Hill areas were spectrochemical or by wet chemical
assay. No details of the techniques or degree of
analytical control are known. The reader's attention
is drawn to this unknown factor at the relevant points
in the text where data made available by this company

is presented,
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Chapter 3. TRI..xy DISPURSTION FHaTURES.

The secondary dispersion of nickel is controlled
to a considerable extent by the mineral fora of the
element in the unweathered rocks. . limited conesideration
1s presented below of the primary dispersion, at high
pressure and temperature, of nickel during the formation

and metamorphism of rocks.
. Geochemnical characteristics of nickel,

Ceochemically nickel follows magnesium and
iron. Goldschmidt (1954), in explaining the geochemical
behaviour of nickel, gives the ionic radii of the three
elements mentioned above and cobalt, in order of

increasing size, as :-

- — — s
-

e SIS

Mi g Co Fe o
0.78 0.78 C.82 0.83 (A7)

and states that it is this order that controls s...

"the sequence of crystallization of isomorphous mixtures

in sucii cases in which the electrostatic energy
constitutes the main force in the lattice". e goes on
to say tiat nickel and magnesium are, in conseguence,

concentrated in early differentiates of ultrabasic magma.
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Jogt (1923) has shown that nickel occurs in
the ferromagnesian roclk-forming silicates, esvecially
in olivines., He has also cbserved a corrclation between
the nickel content of the ferromagnesian minerals in
basic igneous rocks and the tenor of nickel in associated
nyrrhotite ores.

Olivine is one of the common rock-forming
silicaﬁes in whiéh nickél is knowﬁ fo bécur (méhfioned

above and Table 6). *™ickel is believed to replace

Table &, Some common rocik forming silicates that can
contain nickel in the crystal lattice.

Group Iiineral or series Chemical
composition
Qlivine forsterite - fayalite Qg28104 - Fe25104
Tyroxene enstatite - ortho- o
ferrosilite (hig,le )Si206
diopside - o
hedenbergite Ca(.g,Fe )51206
augite (Caizg,Fe?,a1) ,(51,41)
Vg
ica talc 128451 ,015(0l)
chlorite (Mg,Al,Fe)lg((Si,Al)S

; I
\)20) ( Urs s 16

Serpnentine antigorite -
crysotile h4H335i209

2
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magnesium in the crystal lattices of the silicates
(Nickel, 1959). Bgorova (1938) has found up to 0.41%
nickel in naturally occurring olivine minerals and in
1937 Grigoriev synthesized a nickel olivine. Ringwood
(1956) has shown that MgZSiO4 forms a complete solid
solution series with NiZSiO4o During the crystallizat-
ion of basic magma most of the nickel is incorporated
in the magnesium rich olivines and according to Wager
and Mitchell (1951) nickel shows a greater tendency
to enter the olivine structure than does magnesiume.
This is, however, not in accord with the lower melting
point of NiZSiO4 relative to MgZSiO4 and Ringwood has
suggested that the eniry of nickel into the olivine
structure in excess of the magmatic magnesium: nickel
ratio is due to the presence of iron in natural
olivines which lowers their thermal stability. Ring-
wood considers that the nickel goes into the structure
at the expense of ferrous iron rather than magnesium.
Nickel (1959) has reported a single phase Ni -
Fe elloy formed during the serpentinization of primary
olivine and orthopyroxene which contained approximately
0.2% nickel. Turther evidence of the association of
nickel and iron is found in the occurrence of the
mineral trevorite (NiFeZO4) which is also known as

nickeliferous magnetite. It is a nickel - ferric iron



73

spinel and contains about 30% NiO. It has been obe
served at one locality in the Transvaal (South

Africa) and at Mwahanza hill in Tanganyika. The
naturally occurring mineral is closely similar to the
synthetic nickel ferrite prepared by Longuet (1941)

in that it is strongly magnetic and has a black streak.
It will be shown later in this thesis that nickel and
iron can also be acsociated in secondary dispersion
patterns.

According to Ilickel (1952) there is a
redistribution of nickel during the alteration of
olivine (to serpentine, chlorite, talc, amphibole,
carbonates and iron oxides) but hec has concluded that
there has been no appreciable overall gain or loss of
nickel during serpentinization. Data obtained during
the present study (presented in detail in Chapter 4)
has shown progressively less nickel in the sequence
dunite, serrentinite to talc schist. One of the
possible interpretations of this distribution is
that there has been redistribution with an overall
decreace in nickel content during scrpentinization.
If, howcver, Nickel&g conclusion is correct the
distribution observed in the Rhodesian study arcas is
probably reflccting variations in the initiel primery

distribution in the unserpentinized rocke.
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Talec, chlcrite and scrpentine containing
nickel have sll been reportcd. Avias (1962) has found
antig ~““c from New Caledonia containing 7.78% Ni.
in the literature there is very little mention of
nickel in amphiboles but the pyroxenes can contain
nickel., The metal is more abundant in orthorhombic
pyroxencs than inclinopyroxcnes. Naturgl diopside
containing a substantial quantity of nickel is unknown.
The NiO content of the magnesium rich augitc is
generally about 0.1% but the amount decreascs as the
iron content incrcases,

In addition to the lithophile and siderophile
tendencies described above nickel also has a strong
affinity for sulphur. In a study of iron and nickel
sulphides from sulphide ores asscciated with basic
igneous masscs in the U.S.S.2. Betekhin and Genkin
(1951) suggested that during syngenetic magmatic cre
forming procescses nickel has a greater affinity for
sulphur than for oxygcn. Beoth iron and nickel form
a serics of sulphides. Iron oxides form abundantly
but nickel oxides rarcly.

Despite itls strong affinity for sulphur
nickel rarely forms it%s own sulphides, milleritc and
maucherite (Table 7). It is frequently found as

nickel-iron sulphides (such as pcntlandite, bravoite
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and nickeliferous pyrrhotite) and forms the complete
isomorphous series siegenite-linnaeite with cobalt.
Nickel also forms the natural sulpho salts gersdor-
ffite, niccolite and chloanthite and, together with
cobalt, skutterudite. These latter mentioned minerels
frequently occur in hydrothermal vein deposits of

which the Noel mineralization may be an example.

Table 7, Chemical compositicn of some nickeliferous
sulrhides, sulph-arsenides and arsenides.

Sulphides §Sulph-arsenides and arsenides
ilineral | Composition% Mineral | Composition
Millerite NiS gersdorffifey NiasS
maucherite Nill S8 niccolite NiAs
pentlandite | (Fe,Ni)4Sq skuttervdite] (Co, i) ABg

bravoite (NigFe)S2

siegenite — | Ni,S,-(Ni,Co),S
linnaeite 374 874

;(CO,N1)884—00354

The two dominant geochemical characteristics

of nickel are, then, it}s ability to occupy sites in
ferromagnesian silicate lattices and it's affinity for
sulphur. The weight of evidence suggests that it
should be included with the siderophile group of
elements (Goldschmidts' classification),

Another siderophile element closely assoc-

iated with nickel both in sulphide and arsenide ore
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minerals and in rock~forming silicates is cobalt. The
factor of enrichment for nickel in ultrabasic rocks
relative to the average for igneous rocks is similar to
that for cobalt but greater than that for copper. All
three of these above mentioncd elements arc preferent-
ially associated with ferromagnesian minerals is
silicate rocks but whereas nickel and cobalt are at
their maximum in ultrabasic rocks copper is concentrated
in basic rocks. Copper has a very strong affinity for
sulphur. It*s gcochemical association is chalcophile
in contrast to the siderophile associations of nickel

and cobalte.
B. Nickel in ultrabasic rocks.

Since nickel is included preferentially in
ultramafic minerals the nickel content of igneous
rocks genecrally might be expected to vary according to
the percentage ultramafic minerals and as far as can
be ascertained from the data of Tablec € this expcct-
ation is broadly confirmcd.

The first nickel and cobalt analyscs werc
madc on ultrabasic and basic rocks rich in nickcl
(dunitc, peridotite, pyroxcenitc and noritc in the

main) which were shown to have a cobalt: nickel
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Table 8.

The met-~1l

content of some selected rock types.

Rock type

)

Range and/or mean metal
content (ppm)
(mean values in

Location.
(Source of data
in parenthesis)

parenthesis)
f '
Ni v Co ¢ Cu
{ |
i i
Average : '
igneous (100) (18) (70) (Green, 1959)
Ultrabasic
igneous 650-3600 Germany (Goldschmidt)
Scotland (lNockolds
and nitchell)
Greenland (vwager
and ¥itchell)
(1200) | (200) (80 (Vinogradov, 1956)
Serpentinite| $00-3200; Basement Complex,

Basic
igneous

Intermediate|

igneous
Acid
igneous

Sedimentary
rocks

}
i

;

1200--2600

00-230

15-g80 !

2.5-20
(8)

(2-300)

| (0.2-50) (5-300)

(45) | (140)

(30)

Rhodesia (3RG3

and present study)
Great Dyke, Rhodesia

(SRGS), (present

study)

Germany(Goldschmidt)

Scotland (Nockolds
and Litchell)

Finland (Sahama)

Creenland (¥Wager
and Mitchell)

USA (Sandell and
Goldich)

(Vinogradov, 1956)

do
(Vinogradov, 1956)

(Krauskopf, 1955)
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ratio of about 1:12. For cxamplc in 1931 Vogt published
the figurcs 0.001% cobalt, 0.,010% nickcl, a ratio of 1:10.
Sandcll and Goldich (1943) rcportcd 0.0023% cobalt
0.008% nickcl for the upper 1lithosphere. GColdschmidtds
figures of 0.004% cobalt : 0.01% nickecl arc closcly
comparablc to thosc of Sandcll and Goldich but thesc
ratios (4:10 and 3:10 respcctiv.ly) arc substantially
differcnt to the carly figurcs bascd on analyses of
ultrabasic and basic rocks, given by Vogt (1931) and
Washington and Clarkc (1924). The rcason for the
diffcrence in the cobalt:inickel ratio is that rclative
to the average for the upper lithospherce nickel is
enriched in the ultrabasic rocks to a greater cxtoent
than cobalt.

Cobalt : nickel ratios in the Karitzeni and
Great Dyke serpentinites are 1 : 20 (150 : 3000 ppi)
and 1 : 13 (20C : 2600 ppu) respectively. These analyses
are in agreement with the published data discussed
above. Relative to nickel and cobalt, the copper
content of the serpentinite (70ppm at llaritzani, 1Oppm

at Darwendzle) is low.
C. lickel in other rocks.

As indicated earlier the data of Table 3 suggests



that the nickel content of igneous rocks decreases with
decreasing percentage mafic minerals. In metavolcanics
at faritzani for example, the ratio cobalt : nickel is
1 .38 (50 : 150 ppm). The level of the cobalt content
is not substantially higher than the copper content

(40 ppm). The nickel content is four times that of the
copper but the ratio copper: nickel in metavolcanics

(1 : 4) contrasts markedly with that in serpentinite

(1 : several 100).
Do Sulphide nmineralization.

There is a worldwide intimate association
between nickel sulphide ore deposits and basic and
ultrabasic rocks (Table 9). iany students have recognised
that in a crystallizing basic or ultrabasic magma rich
in nickel and sulphur the nickel is distributed in both
the sulphides and early formed ferromagnesian silicates.
it 1s possible that the Impress, Ferseverance and
Varitzeni mineralizations may have orisinated in this
way. It 1s believed however, that there has been some
redistribution during subsequent metamorphism, especially
in the two last mentioned areas. The T'erseverance and

lharitzani mineralizations could, alternatively, be



hydrothermal deposits.

30,

Table 9. List of some of the sulphide nickel deposits
of the world.
Denosit i{ost rocks [Genetically | Source
; associated of
; rocls information
WUltras- i Ultra-
!basic Lasic) basic | Basic
Sudbury, Ontario ! X llawley(1962)
Jumbo Mt., |

“iashinton I ox , 1.111s(1960)
ifackinaw mine, | !

+/ashington P ox Milton and

} 2Milton(1958)
dardy mine, Ontarid x }jlkiitchell and
: Liutch(1957)
—anat, Rumania b4 Petrulian ana
Steclaci(1954)
sebes Mts., Rumanig x do
Lastern metals,

Luebec x Pollock(1959)
Taimyr region, USSH x | Rogover(195¢)
Caraiba district,

Brazil X Schneider(1957)
S5aline county,

Arkansas X Sterling and

Stone(1961)
Jestern Tasmania X x |[Williams(1958)
T'acific Nickel

Prorerty, 8.C. X Aho(1957)
Quill Creek and

White Xiver, Yukon X x | Canpbell(1860)
erner Lake - Rex
Lakc, Ontario X x {Carlson(1958)
Sao Tedro da Cova,

Tortugal X Costa Fonseca

and thadeu(1948)
Thomson - loak

Lake, Wanitoba p'e Davies(1960)

Sannae mine, Lorea X iim and iluie
(1958)
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The origin of the sulphides at ¥alumbila is

not known. There are two alternatives:-

(i) The sulphides are of a syngenetic sedimentary
origin redistributed during folding and metamorphism
or

(ii) They are of epigenetic origin, possibly the result
of the introduction of hydrothermal emcnations
derived from the basic intrusives in the area.

The zones of highest grade nickel and copper mineralizat-

ion are not coincident, the highest grade copper

mineralization being two to three miles south west

of the area of highest gradc nickel mineralization in
the north east - south west striking carbonaceous shale
horizon. Tlie cobalt : nickel ratio is approximately

1l : 1.25 in the viecinity of the best copper mineraliz-
ation but along strike to the north east and nearer the
gabbroic and other intrusive bodies it increases to

1L : 2.75. This can be explained by postulating
migration of the elements from the north east to the
south west along the carbonaceous shale with copper and
cobalt being more mobile than nickel. Alternatively
the observed distribution of the metals could be due

to varying physico - che@ical or biological conditions

prevalent at the time of sedimentary denosition,leading
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to a separation into dominantly cupriferous and
nickeliferous facies.

During ore forming nrocesses thie rocks
immediately around the ore deposits may be enriched
in ore metals. Vogt&s correlation between the nickel
content of ferromagnesian silicates in basic rocks and
the tenor of nickel in related pyrrhotite ores being an
example of a syngenetic primary dispersion aureole.
opigenetic primary dispersion aureoles can result from
redistribution of the ore metals subsequent to their
initial deposition end may be effected by solutions
passing through the mineralized zone. The size of the
primary disnersion aureole will be dependent on the
temperature, pressure and concentration gradients in
the environaent, composition and physical state of the
solutions, composition of the wall rock and the attitude,
size and extent of available openings (Webb, 1854).

At Kalumbila there is no recognisable primary
dispersion aureole, ilowever, at Ierseverance and
Maritzani the main mineralization (highest grade)
occurs within a very much broad:-r zone of sparsely
disseminated sulphides. The ore minersls are concen-
trated in the fracture zone (the highest grade

mineralization) and only relatively sparsely disseminated



83.

in the adjacent more massive rock. On average this
aureole contains up to twice as much nickel as the barren
host rock but still substantially less than the highest
grade mineralization. idely disseminated sulphides in
the mixed zone rocks at the Impress prospect, like the
broad zones of disseminated sulvnhides at Terseverance

and Maritzani are regarded as constituting a primary

dispersion aureole.

I. Arsenide mineralization.

The loel deposit is believed to be a hydro-
thermal vein deposit and as such is epigenetic. No
infermation on primary dispersion in the wall rock 1s
available.

7. Irimary disrersion of associated
elements,

The similarity in geochemical tehaviour between
nickel and cobalt has been nmentioned and contrasted
with copper. It is thus, luaportant to relate tihe
distribution of nickel to that of copper and cobalt
in the lower temperature and pressure environment in
which secondary dispersion takes place place as this
relationship will have a bearing on the differentiation

of nickel anomalies related to sulphide and silicate
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minerals.

As mentioned earlier nickel not only forms
sulphides but also sulph-arsenides and arsenides., The
normal arsenic content of igneous rocks ranges from 1.5
(in average felsic types) to 3.0 ppm (in average ultra-
mefic types). In sedimentary rocks it can frequently
be present up to 225 ppm (in black shales). Comparison
of the distribution of arsenic and nickel in the
environnent of secondary dispersion could be an aid to
interpretation of secondary nickel anomalies.

Selenium is comuonly associated with epigenetic
sulphides. The averaze seleniuwm content of igneous rocks
is 0.9 ppam (Rankama and Sahama, 1950). In sedimentary
rocks this element can occur in amounts up to 1 ppm. It
occurs in almost &ll sulphides. ‘ineralized serpentinite
at ¥aritzani has been found to contain several ppm
selenium. This element is yet another with a chalcophile
association and it's distribution may be a furtiher help

in differentiating sulphide from silicate nickel.
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Chapter 4. OBSER/ED DISTRIBUTION

A considerable amount of company data has been
made available to the project. This data, together with
that obtained during the course of the investigation,
has helped to show how nickcel and associated elements
are distributed.

The distribution of nickcel is described first,
followed, for comparison, by a description of the
distribution of associated clemcents. Dispersion mcchanisms
will bce discusscd, on the basis of thc obscrved
distributions, in thc¢ next chapter.

For convenicncce in the remainder of this
thtsis potassium bisulphatc cxtractablc nickel will be
rcferred to as Ni. Similarly with other clements, that
is to say potassium bisulphate cxtractablc copper as
Cu, ctc. Nickel cxtracted in normal (molar) agucous
ammonium acctatc at pH 7.0 will be rcferrcd to as
cxchangcablc nickel or cxNi. Hydrofluoric-pcrchloric acid
cxtractable nickel and spectrographically determincd
nickcl w%ll.bc decsignated total Ni or Ni(HF/dCLOQ) or
Ni(:p;c.5° When the sample attack has becn other than
thosc mcntioncd above it will be reforred to in full.

Unlcss otherwise stated the doeterminations have bocn
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madc on the minus 80 mesh fraction of the samplc.

Part I. THE DISTRIBUTION OF NICKEL IN
SOIL AND SILOININT.

As indicatced carlicr the rcsearch has tended
to be concentrated on the ultrabasic rocks which normally
have a higher nickel content than other rocks and with
which nickcl sulphide mincralization is most commonly
associatcd. This is reoflcected in the division of the
following part of the chapter into:-
A. The distribution of nickel in arcas of non mincraljzcdl
serpcntinite,
B. Thec distribution of nickel in arcas of mincralized
sorpentinite and
Co The distribution of nickcl in arcas of nickel

mincralization in rocks othcr than serpentinitc.

A, The distribution of nickel in arcas
of non mincralizcd scrpentinitc.

Two unmincralized scrpentinitc masscs have been

1Tho term mincralization is uscd throughout this thesis
to describe dcposits of nickelifcerous sulphidc and/or
arscnidc mincrals of either cconomic or subcconomic gradce.
It docs not includc dcposits of nickcel silicatce or
nickcl oxide minerals.
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studicd; a scrpontinite body at Dalmainy Farm and thc
Grecat Dykc at Dérwcndalc° The Dalmainy Farm body has
becen drilled by linceral Scarch of aAfrica (Pwt.) Ltd.
(}i.3.4.(Pvt.) Ltd). Unfortunatcly the core was not
availablc to the writer. According to thc company
gcologists therc is no evidcence of any sulphide mincrals.
The CGreat Dykce scrpentinite is very much younger than
thosc of the schist bclts, of which the Dalmainy Farm
body is an cxamplc. The scrpentinitc massces of the
schist beclts are Archcan, the Great Dyke carly Falacozoic.
The Great Dykc scrpentinitc which has been drilled by
Rhodcsian Sclection Trust Exploration Ltd. (R.S.T.E.
Ltd.), is similarly dcvoid of sulphidcs although a fow
&rains have becn scen associated with vein mincrals in
fracture fillings (R.5.T.D. Ltd., pcrs. COmm.).

The older scrpentinite will be considercd

first,

1. Dalmainy Farm area.

A body of serpentinite crops out on Dalmainy
Farm as a strong topographic feature and is flanked
on the south by granite and on the other sides by

early Pre-Cambrian schistose metavolcanics.
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(a) Nickel in fresh serpentinite.

One diamond drill hole has been drilled into
the serpentinite. The location of the collar is
indicated on Figure 17. The hole, inclined at 450,
was stopped in serpentinized dunite after 1000 ft. of
drilling. Chemical assay of the core carried out by
M.S.A. (Pvt.) Ltd. showed the nickel content of the
ultrabasic mass to vary between 0.16 and 0.36% and
generally to increase with depth. The increase with
depth corresponds broadly with a petrological transition
from serpentinite to dunite. It is not known whether
the variation in nickel content observed reflects an
original variation in the primary distribution in
unsernpentinized dunite or is the result of decreasing
nickel content with serpentinization., The values are
within the ususl range for ultrabasic rocks but on the

whole a little above average (Chapter 3).
(b) DNickel in the weathered bedrock.
Above 48ft., (35ft, vertically) the nickel

content of the serpentinite increases slightly. Since

at least some of the serpentinite of the uppermost
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35 ft. will be weathered the increase would appear
to bé a secondary dispersion feature,

Rotten serpentinite (reached in pits and
trenches) contains nickel in amounts ranging from
034 to 1.31% with an overall mean, calculated from
67 analyses, of 0.68%. The distribution is, however,

patchy, with bands of weathered serpentinite of high

Table 10. Variation in nickel content of ultrabasic
rocks in the Dalmsiny Farm mass. (1)

Diamond drill hole inclined at 45°

Depth on incline Rock Nickel content(%)| No. of
below collar (ft) type Range Iean samples
0 to 48 Serpentinite - 0.32 1

48 ta 340 do 0.16-0,29( 0,23 49
340 to 449 Dyke - - -
449 to 578 Serpentinite}]0.20-0.36]0.30 26
578 to o881 Aplite - 0.04 1
581 to 592 Chlorite schist - 0,19 1
092 to 298 | Amphibolite - - -
oe8 to 745 Serpentinite [0,23-0.34[0.30 30
745 to 911 i Dunite 0.26-0.36|0.31 32
911 to 1001 Serpentinized {0.30-0.35/0.33 9

i dunite :

— no data available., (1) Data from M.S.A. (Fvt.) Ltd.

nickel content intercalated with lenses of similar

rock of relatively low nickel content (Figure 18).

This distribution can to some extent be correlated with
the variations in the fresh rock. However, the nickel

content of the weathered serpentinite and dunite is
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two to three-fold greater than that of the fresh rock.
(¢) Ni in soil and sediment.

The soil profile in the area is Jjuvenile,

especially aver the serpentinite. The N )content

i(spec°
of near-surface soil over the serpentinite varies from
2000 to 5000 ppm, 19 analyses being distributed
lognormally about a mean of 3500 ppm. There is
insufficient data to know whether the variations in
the nickel content of the soil reflect those observed
in fresh and weathered bedrock.

The so0il over granite contains conspicuously

less Ni ) than that over serpentinite. The

(spece.
contrast is more than one hundred-fold (Figure 17).

The distribution of Ni in a profile over
serpentinite midway between the two trenches (Figure
17 ) is indicated in Table 1l1l. There is no B horizon
and the Ni content is not significantly grecater at
the base of the A horizon than right at surface. There
is an appreciable increase in Ni content on passing
from the A soil horizon to the weathered bedrock.
The profile is sited on a gentle slope and it is

possible that the soil of the A horizon is transported

material from upslope. The profile is, however, close
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to the hill crest and there is no change in the soil
characteristics between the profile studied and the

hilltop other than a thinning of the A horizon. Vhat
is perhaps more important is that there has probably

been leaching of the nickel from the a horizon.

Table 11, Ixample of a freely drained soil profile
over the Dalmainy Farm serpentinite showing
the distribution of Ni.

Sample Depth Soil Ni
No. (in)  horizon Description (ppm)
712 0- 3 A Red-brown sandy clay,

dry, loosely friable,

with gravel size frag-
ments of weathered
serpentinite, 4000

713 3- 9 A Red-brown sandy clgay,
dry, loosely friable,
with rubble up to large
pebble sizec of silici-
fied, ferruginous rotten
serpentinite. 4200

714 9-24 C Yellow-ochre, weathered,
poorly schistose and
jointed serpentinite. 6700

The nickel is dispersed far beyond the
boundaries of the serpentinite. In the vlei parallel-
ing the serpentinite-granite contact south of the body
(Figure 17) there is an intermittent stream channel,
The near-surface soil in the vlei north of the channel

(or low point of the vlei where there is no channel)



92.

contains more Ni than the corresponding soil south of

the watercourse (Table 12.). Since the serpentinite

Table 12. Comparison of Ni content of near-surface
vlel soil north and south of a watercourse
over granite and downslope from serpentinite
on Dalmainy Farm (Figure 17).

Distance downstream Ni content of near-surface soil
of road (ft.) (ppm)
North of channecl South of channel

200 2295 49

800 1075 35
1100 360 70
1400 145 155

2100 80

2400 390 60
2700 210 70

crops out upslope to the north it is concluded that
much of the Ni in the vlei soil north of the watercourse
has originated from the ultrabasic rocks. Outcropping
granite in the area was found to contain 60 ppm Ni

and freely drained near-surface soil over granite 10

to 30 ppm Ni(speco) (M.5.4. (Pvt.) Ltd.) with a mecan of
13 ppm in 14 samples. The vlei soil is enriched in
nickel which is thought to have migrated from the

serpentinite. Sincc the Ni ) content of the near-

(spece
surface soil betwccn the vlei and the scrpentinite is
very much less than the Ni content in paris of the

vlei, it is concluded that much of the nickel has moved
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in the ground water and been deposited in the vlei
where the water tsble comes to surface in the wet

Ni content of the
season. The(near-surface vlei soil south of the
watercourse is greater in the lower reaches than near
the source (Table 12). This may be due to flooding of
the vlei in the wet season and the deposition of
nickel in the southern part at this time.

Much of the sediment in the drainage is
essentially eroded soil and collapsed bank material.
The Ni content of the sediment in a stream rising on
the serpentinite decreases from 4000 ppm to 170 ppm
in 5000 ft. (A-A', Figure 17), This is still greater
however, than the Ni content of sediment in streams
draining granite away from any serpentinite (40 to
60 ppm). The decay in Ni content of stream sediment
downstream is probably the result of dilution with
collapsed bank material and materisl brought in by
tributary streams (Figure 19(A)). In the upper reaches
the drailnage way is an intermittent channel cut into
the vlei soil. The vlel soil is residual except faor
a thin veneer of alluvium only a few inches thick
right at surface in the lowest point of the vlei crass-
section. Vhere there is no well defined channel it

is this alluvium (essentially eroded soil) that has
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been sampled as sediment. In the channels cut into
the vlei there are thicker accumulations of alluvium
and vlei soil collapsed from the banks.

Transportation of nickel in solution in ground
waters has already been mentioned as a possible mode
of dispersion. In addition, it is believed that run-
ning water plays an important role in mechanically
transporting nickel bearing soil particles into the
drainage ways. liechanical dispersion is believed to
be a major factor contributing to the observed

distribution of Ni in this study ares.

(d) Summary of the main features of the distribution
of nickel at Dalmainy Farm.

Analyses have shown that nickel is not
distributed uniformly throughout the ultrsbasic mass.
There is very tentative evidence of zoning around the
dunite core,

The nickel content of surface soil is higher
than the nickel content of the rock but the nickel is
even more concentrated at the base of the true soil and
in the weathered bedrock. The contrast between nickel

in rock (serpentinite) and soil is less than two-fold,
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between rock and weathered rock it is approximately
three—fold. The variations in primary distribution
persist in the weathered bedrock but it is not known
whether they are reflected in the nickel content of
near-surface soil. The metal is dispersed into the
vleis and stream channels considerable distances beyond

the boundaries of the serpentinite.

2. Darwendale area.

The Great Dyke serpentinite has been drilled
by RSTE Ltd. near Darwendale. No systematic
analysis of the core samples has been underteken but
analysis of samples of serpentinite from 208 and 274 ft.
below surface in drill hole PIa (Figure 20) gave values
of 2630 and 1700 ppm respectively. These results are
comparable to published anzlyses from other parts of
the Dyke which range from 1200 to 2100 ppm nickel
(Chapter 3). 1In nickel content Dyke serpentinite
and Archean serpentinite of Dalmainy Farm (1600 -

3600 ppm) are also comparable.

The distribution of the metal in near-surface

soil has been studied in detail. a soil survey

carried out along a line of traverse 3000 ft. in
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length and crossing the serpentinite/pyroxenite contact
showed the serpentinite soil to contain, in general,

the greater amount of Ni., The range of Ni content in
the freely drained soils is 1250 to 3700 ppm (Figure 20).
The low Ni content of soil over serpentinite 1800 - 1900
ft. from the northern end of the traverse may reflect

a variation in the primary dispersion pattern in the
bedrock similar to that at Jalmainy Farm. The differ-
ence between the Ni content of near-surface soil over
serpentinite and pyroxenite is thought to reflect a
differerce in primary nickel content. There is less
nickel in fresh pyroxenite than in fresh serpentinite
(Chapter 3).

The soil survey extended over the low lying
parts of the serpentinite where the soil in depth is
damp nearly all year round. This poorly drained soil
is generally black and rich in clay size material in
contrast to the loosely friable, freely drained, red
sandy soill on the gentle slopes underlain by serpentinite.
The near-surface vlei soil contains less Ni than itls
more freely drained counterpart but whether this is a
reflection of an initizl low nickel content in the
fresh rock or of drainage conditions is not known.

In order to get data for comparison with that
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from Dalmainy Farm, pits were sunk in freely drained
serpentinite soil. The soil profile, (Table 13) is

more mature than that at Dalmainy Farm. The true soil

Table 13. ZExample of a freely drained soil profile over
non mineralized serpentinite of the Great
Dyke showing the distribution of Ni.

Sample Depth Soil Ni content
No. (in.)  horizon Description (ppm)
1045 0-3 Al Dark red-brown clay

to medium sand, dry
and friable and
penetrated by fine
grass roots, 3000
1046 3-12 A2 Dark red-brown clay
to medium sand, dry
and friable. 3600

1047 12~-24 Ag Dark red-brown clay
: to medium sand, dry
and friable but
lumpy. 4200

1048 24-36 B Dark brown clay to
fine gravel, slightly
damp but still loosely
friable. Nodules
(probably essentially
iron oxide) of fine
gravel size gbundant
30-36 in-. 7200

1049 36--42 C Variegated grey-
yellow weathered
serpentinite. Relict
olivine texture clearly
evident at base of
pit. 7800

is very much thicker than it is at Dalmainy Farm and
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there is evidence of the formation of a B horizon in
that there has been precipitation of iron oxides in a
definite horizon within the soil. In all of nine pits
the Ni content increases with depth through the solum
(true soil of the A and B horizons) and in six of the
nine the increase continues into the weathered
serpentinife in which relict olivine textures are
clearly evident. In two pits there is indication

of a decrease further into weathered bedrock. In two
pits the B horizon contains more Ni than the under-
lying weathered serpentinite (Figure 21). Nodules,
probably ferruginous and poscibly manganiferous, were
found near the base of the solum. The nodules are
coarser than 80 mesh and were not included in the
material analysed. However, nodules separated from
the soil from »it No. 4 (Sample 1048) were found to
contain more than 4.3% ¥i compared to 0.7% in the
minus 80 mesh matrix.

In preparation of the weathered bedrock
samples for analysis there has probably been some
crushing of individual mineral grains since more
force was required to break down the texture of the
rotten and weathered rock than that needed to disag-

gragate soil particles. This may have contributed
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to the higher Ni content in the weathered bedrock.

It has, however, been noticed that in all four
profiles where there is no B horizon the horizon of
maximum Ni content is the top of the weathered bedrock
and in two of five profiles where there is a B horizon
the B horizon is the layer of maximum Ni content. It
is possible then, that the B horizon for nickel is
developed lower in the profile than the B horizon for
irone.

In only two of five pits put down into vlei
soil overlying serpentinite was there a pragressive
increase in Ni content with depth into rotten
serpentinite. In the remaining three pits the horizon
of maximum Ni content was higher in the profile but
at varying depths below surface. The soil is not
true glei soil. There 1is some evidence of profile
differentiation and in one pit nodules were observed
in the base of the solum just above the rotten
serpentinite. This layer containing the nodules is
regarded as a poorly developed B horizon. It contains
slightly more Ni than any other horizon in the profile
(Figure 22).

The drainage ways in the area are not well
defined and many streams lose their identity in the

low lying swampy ground. Sediment is essentially



e AN
AR N

'
o~

A horizon _<|B horizon \\] C horizon

ft.
Q [QO 200
O
in. 'ot
20- 9 Sogo /o oo‘
j M (epr.y
30- |
Distribution of Ni in vlies _;OT,. mfile; '(‘;\;;:-—--~—_-. .-] —_— ]
Great Dyke SeTPen'tl_n'ike, . P i 22

-~ .o —— —— e ~bw




100,

collapsed bank soil and in terms of Ni content is
closely correlated with the bank soil. For example,
sediment in an intermittent channel in a serpentinite
vlei contains 760 ppm Ni and the adjacent bank soil
820 ppm. In a more continuous channel over pyroxenite
the 111 content (720 ppm) of the sediment is also of
the same order of magnitude as that of the bank soil
(570 to 750 ppm). At this site however, half the bank
was above the level of the water in the stream. The
Ni content of the bank soil above the water line is
greater than that below the watcr line by 180 ppm.
This is probably due to leaching of nickel from the

stream bank below the water level.

Summary of the main features of Ni distribution over
the Great Dyke near Darwendale.

Litt. e is known about the distributiocn of
nickel in fresh rock in this area but it is very probable
that the amount of nickel varies with mineralogy as is
the case in general (Chapter 3) and at Dalmainy Farm
in particular (previous sub-section). A soil survey
has shown that the serpentinite soil is richer in ki
than pyroxenite soil and that the range in the freely

drained serpentinite soil is comparable to that in
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corresponding soil at Dalmainy Farm., Ancother second-
ary dispersion feature observed here as well as in
the older serpentinite is the increase in Ni content
from surface down through the so0il and in many profiles
.

on into the weathered bedrock. Soil profile develop-
mert is more advanced gt Darwendale than 1t is at
Dalmainy Farm. In the Darwendale area the serpentinite
forms the low ground whereas at Dalmainy Farm it forms
the high ground.

There is less Ni in the vlei developed over
serpentinite then in the freely drained soil but there

is little difiference in Ni content between bank scil

and stream sediment.

3. The non mineralized parts of the Terseverance and
Noel serpentinites.

The serpentinite in botii these areas 1is
intercalated amongst metavolcanics and metasediments
of the Archean schist belts. Although sulphide
mineralization at Perseverance and arsenide mineral-
ization at Noel occurs within the serpentinite there
are portions of the ultrabasic bodies in which there

is no evidence of mineralization and it is these
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portions that are considered briefly here., Unfort-
unately the Maritzani area cesnnot be included as the
barren serpentinite there is downslope of the mineral-
ization.

Both the TFerseverance and Noel serpentinites
crop cut as roclky hills. The soil is nearly every-
where only a thin covering, a few inches thick, over
weathered bedrocits There is no soil profile differ-
entiation. The areas compare mole closely with

Dalmainy Farm than they do with bDarwendale.

(a) Ni content of fresh serpentinite.

Company data shows that in 24 samples of
fresh, massive, non mineralized serpentinite from
Perseverance the Ni content varies from 1100 to 2800

pon (mean 1900 ppm). Schistose serpentinite contains

4

only 900 - 1600 ppm i with a mean of 1100 ppm and
talc schist, believed to be after serpentinite,
even less (850 ppm ; average of 10 deterxzinations
in the range 550 to 1050 ppm). As a possible
explanation of the observation that serpentinite

contains less nickel than serpentinized dunite or

dunite of the Dalmeiny Farm muss it was sugagested
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that there may have been a decrease in nickel content
with serpentinization. The Perseverance data lends
weight to the suggestion that there i1s a decrease in
nickel content with clteration of dunite to serpentin-
ite in that there appears to be & further decrease in
nickel content during the subsequent alteration of
serpentinite to tale., Although, in the opinion of muny
scholars, alteration has tcken place at temperatures
and pressures considercbly lower than those prevailing
at the time of the initial crystallization of the rock
the resultant redistribution of nickel is not = second-
ary dispersion feature in the context of this thesis.
The temperature =znd pressure at which alteration took
place was probably still quite appreciably higher than
that encountered in weathering snd secondary dispersion

at or near surfoce.

No datz on the distribution of nickel in

fresh serpentinite is avzilable for the lNoel area.

(b) Soil Surveys.

At the Persevercnce prospect RSTE  Ltd.

have sampled an area, approximately 12,000 ©t. by
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6,000 ft., at 80 or 100 ft., intervzals clong lines
500 ft. or less apart. The discussion here pertains
only to the bockground areas. The main features of
the distribution of Wi in near-surfzce soils in the
area of the prospect are describsd in the following
section which deals with anomalous distributions.
The Ni content of near-surface soil over
non mineralized serpentinite ot Perseverance rconges
from 1200 tao 4350 ppm. The values (50 analyses) appear
to be lognormclly distributed about o mean of 2250 ppm.
In the environs of the Noel Nickel mine nezr-
surface soil somples were collected by the Southern

Rhodesia Geological Survey at 100 ft. intervals along

lines 200 ft. cpart. Analysis of these scmples in the
Aapplied Geochemistry Research Group loboratories showed

that the range of Ni content of near-surface soil over
serpentinite (1200 - 3800 vnpm) is similor to that at
Perseverance. The mecn Ili content of 30 samples

collected over the serpentinite is 2000 ppm.

(¢) Distribution of ¥MNi in the draincge.

At Perseverance o moorly developed vlei

with an intermittent channel drains borren serpentin-
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ite. This vlel is developed oVer the contact between
gserpentinite and metavolcanics and the Ni content of
the near-surface soil decrecses across the vlei from
serpentinite to metavolcanice (Figure 23). The amount
of Ni in the vlei appears to be greater than that in
the immedictely cdjacent more freely drained soil and
is morkedly greater thaon thot in streom scediment.
This distribution is similor to that observed ot
Dalmainy Farm but different to the Darwendole arexn
where there is less Ni in the vlei thon in the freely
droined soil. The droinage ot Perseveronce is similar
to the Dalmainy Form drainnsge and the dispersion
mechanisme are belicved to be similar. In these twoe
cress the vlcis do not hold waoater like the vlei soil
developed over Dyke scrpentinite docs. This differcnce
in water relationships is probably relzted to the
differcnt Ni distributions and will be referred to
2gain 1later.

No draincge woy suitoble for studying the
disversion of nickel from borren serpentinite in the

environs of thce Noel Fickel mine could be locatced.
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(@) Summary of the features of Ni distribution in
non mineralized sections of the Perseverance
and Noel serpentinites and comparison with the
Dalmainy Farm and Darwendale areas.

Fresh, non mineralized serpentinite at
Dalnainy Farm, Darwendale and Perseverance contains
large amounts of Ni (Table 14). In the series dunite-
serpentinite~talc schist there is a decrease in :il

content. The Ni content of near-surface c0il is

Table 14, MNi content of fresh non mineralized serpen-
tinite of the Rhodesian study areas.

Area Ni content (ppm) Mo. of
Range lean analyses
Dalmainy Farm 1600-3600 2200 105
Perseverance 1200-2800 1900 24
CGreat Dyke (Darwen-) 1700-2630 2200 2
dale )

similar at Perseverance and Noel but less in these areas
than that at Dalmainy Farm and Darwendale (Table 15).
Despite the lack of development of a soil profile,

the rugged topography and lower rainfall of the Per-
severance and Noel areas, especially the latter, the
distribution of Ni owcr barren serpentinite in these
arcss is essentiaglly similar to the distribution in

the two non minecralized study areas (Dalmainy Farm
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and Darwendale). There are, however, differences in
level of local background (summarized in Table 15)
which may result not only from variations in primary
dispersion but also from the influence of diverse

topographic and climatic factors éan secondary dispersion.

Table 15. Ni ccntent of freely drained necar-surface
s0ll over barren serpentinite of the
Rhodesian study arcas.

Area i content (ppm) Ne. of

Range Mean analyses
Dalmainy Farm 2000~-5000 3500 19
Darwendale 1250~-3700 3000 10
Perseverance 1200-4350 2300 a0
Nocl 1200-3800 2000 30

The distribution of Ni in the unmineralized
Perscverance drainage is, to some extent, similar to
the distribution in the vlei at Dalmainy TFarm although
the level in the latter arca is very much lower than
it 1s at Perseverance duc to the vlel therc being
about 1000 ft, from the scrpentinite¢. Drainage con-
ditions in thesz two arcas arc differcent to those
at Darwendale and the dissimilerity is thought to
be a causc of thc different distribution of Ni at
Darwendalce where vliei soil contains less Ni than

freely drained soil.



108,

4, Interpretation of background data.

In the foregoing dcscription of the distri-
bution of mickel in areas of barren scrpentinite ref-
erence has been made to the fact that the distribution
is lognormal. Logarithmic plots have been used, there—
fore, in determining the upper limit of normal back-
ground variation (threshold) in thesc cases, e.g.
Figure 24. The upper limit of background was rcad from
the curve. For confirmation the threshold value was
also calculated, whcre the distribution approximated
to normality or log normality, as the mcan plus twe
standard deviations. The agreemcnt between the two
procaedures was good.

However, statistical trcatment af the data
has been ecmpnloyed only as an aid to presentation. It
has not becn used as a strict mathematical approach

to interpretation.

Local anomaly threshold for near-surfacc soll over
scrpentinitce rocks of the etudy arcas.

Attention has been drawn to the variations

in level of local background over serpcntinite in the
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diffcrent study arcas. The anomaly threshold varics
accordingly (Table 16). The variations may be due to

a number of rcasons, particularly :-

Tablc 18. Anomaly threshold for Ni in necar-surfacc
soil over scrpentinite of the study arcas.

Arca Ni content (ppm) Ne. of
samplces
Standard Anolialy 1
Fean deviation thrcshold
Dalmeiny
Farm 3500 700 . 4900 19
Darwendale 3000 300 3600 10
Pcrseverance2300 800 3800 50
Noel 2000 975 3100 30
1 ‘ . o oy s
by calculation. Lxception - Ml(spcc,)

(1) Variations in mincralogy, that is variations in
the originel primary distribution and

(ii) Differcnccs in soil type brought zbout by the
diverse climatic and topographic conditions in

the study zrcas,

B, Thc distribution of Ni in arecas of
mincralizcd scrpentinite.

Dcposits of nickel sulphide and/cr arscnide

mincrsls themsclves constitute a geochemical and gco-
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logical anomaly. Likewise, above average amounts of
nickel in the soils overlying such deposits comprise
an anomaly. In this section the distribution patterns
that have resulted from the secondary dispersion of
nickel from sulphide minerals in serpentinite are
described. The study areas involved are Perseverance

and Maritzani.

l. The Ferseverance prospecte.

Fresh non mineralized serpentinite at
Perseverance contains, on average, 1900 ppm Ni (Table
14) . Iineralized serpentinite has been found to
contain more than 0.5% nickel in the section along
line 12R (Figure 26). The contrast between the ore
horizon and barren serpentinite is then, in this section,
more than two and a half - fold at maximum. OSparse
disseminations of the sulphides occur in the serpentin-
ite. As far as can be determined the sparsely mineral-
ized serpentinite away from the shear zone contrasts with
the barren serpentinite by no more than two - fold at

the most.
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The Ni content of non mineralized metavolican-—

ics varies between 15 and 35 ppm.

(b) Ni in weathered bedrock.

Anomalous amounts of Ni indicate the outcrop
of the weathered orebody (Figure 25). Unlike Dalmainy
F'arm and Darwendale it is not clear whether weathered
serpentinite contains, on average, more nickel than the
fresh rock. At three of five randomly selected sites
the weathered rock contalns, in general, more nickel
than does the immediately subjacent and fresher material
(Table 17). The degree of enrichment is, however,
fractionsl and very much less than that observed at
Delmainy Farm. It must be pointed out furthermore, that
the data is from wagon drill holes inclined at 45° and
the variations in Ni content observed may be lateral rathe~
than vertical especially at the anomalous sites where the

Ni content can vary quite appreciably over a very
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Iimited distance.

(c) Soil Survey.

11z,

The intensive soil sampling pregramme carried

Table 17,

Ni in fresh and wcathercd ccrpentinite,

FPerseverance arca. (Data

: RSTZ Ltd.)

Physical Samples from randomly sclected wagon drill holces
condition|{ No. 78 ' 76 i o0 i 79 83
Depthiﬁi ' _epth] Vi DepthiNi  PepthjNi  PepthiNi
(fto)lppm (fto)|{ppm i (fto.) |ppm KLt.) ppm {(£t.) {ppm
—1
.
Wcathered 1 ’3700 3 13600 ! S 55001 S 38001 171 ¢500
do 3 2700 5 l2900 1 7 9000 7 3100} 19| 8030
do 7 13900 e 7800/ 9 3200 21 {12000
Iresh S 2600 9 13600 11 6300 11 2700 23| 9300
do 7 ;2000 11 |3700 13 5200 13 2900} 25 |15000
de 9 2800 13 13100 15 4600i15 270G 27 110300

out in this arcea has

The serpentinite
abundant outcrop

the ground riscs

been mentioned zlready (Section A).

is no vlei in the vicinity (Figurc 26).

bution of N1 in soils is

the geology

(Figure 26).

and a skeletal soil profile.

forms a well pronounced ridge with

Al though

Figure 26 represcnis a

rortion of the arca covered by the soil survey and

cither side of the mineralization therc

The predominant feature of the areal distri-

the manner in which 1t reflects
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includes the mineralized shear zone. The area covered
by the plan is typical of the study area as & whole and
illustrates the features described. The general tenor
of Ni in the soil over serpentinite is more than ten
times that in the soil over metavolcanics. The Ni
content of the soil over the mineralization has nowhere
been found to exceed 8000 ppm, the maximum nickel
content observed in the survey being 7400 ppm. Values
for Ni in near-surface s0il in excess of 3900 ppm

(the local anomaly threshold, Teble 186) by definition,
arey anomalous but the maximum anomaly over the mineral-
izaotion is less than two-fold. This contrast is less
than that in the fresh rock. It is probeably limited in
extent as a result of the topographic configuration.

In the low point of the gulley the amount of Ni in the
soil is not anomalous. There has probably been some
transportation of barren soil from upslope which has
accumulated in the gulley and dilution with barren soil
from upslope may olso account to some extent for the

poor contrasi between anomalous and background near-
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surface soil, Several hundred feet south of the gossan
anomalous amounts of Ni in the so0il may reflect another
patch of mineralization.

Elsewhere over the serpentinite patches of
soil containing anomalous czmounts of Ni have been
detected but they are of small extent and unrclated to
any known minerclizotion. The Ni content of the soil
in these small anomalous areas, which may be reflecting
slight mineralogiczl variations in the Ifresh rock, does
not exceed the mean plus three standard deviations
(4700 ppm, Table 16), Isolated values of less than
the mean plus three standard deviations do not, thus,
appear to have any significance in terms of mineral-

ization.

(d) Ni in stream sediment.

Since the initial drainage reconnaissance
carried out by RSTE Ltd., water from exploratory
underground workings has been pumped into the drainoge.
This will undoubtedly have contaminated the drainage to

some extent. In view of this the writer d4id not under-
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take any sampling in the drainage in this arca. The
rcsults of stream drainage reconnaissance carriced out
by thec company are precscnted in Figures 27 and 19.
In the strcam draining the mincralized arca (A - Al,
Figurc 27) the Ki content of the stream scediment 400
ft. downslope from thc gossan outcrop is 3100 ppm.
This decrcascs to 180 ppm in the Shagsri river Jjust
over a milc downstream.

Immediately boclow the points of entry of
right bank tributaries at 2600 and S000 ft. from the
source cnd dirceetly bolow the conflucence with the
Shagari river there ig a decrease in Ni content. Slight
incrcases in Ni contcnt of stream scdiment occur just
downstrcam from the junction with the lcft bank tribut-
ary at 1400 ft. from thc sourcc and Jjust downstircom of
the point of entry of thzs lclt bank tributary inte the
Shagari river (Figurc 27). These two last mentioned
tributarics drain barren or only very sparscly mincral-—
ized scrpentinite and mctavolcanics. The dccay down—
strcam is probably by dilution with matericl ef
recleotively low Nicontoent contering via tributary
strcoms and witn collapscd bank soil.

The distribution is very similar to that

in the strcam draining non mincralized scrpentinite at
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Delmainy Farm (compare (A) and (B) of Figure 19),

The 2600 ppm i in the sediment in the
Shagari river in thc extreme north of the area has been
checked and found correct. It is directly over a
small serpentinite outlier which straddles the river
at this point. Diamond drilling has revealed some
sulphide mincrals within the metavolcanics near the

serpentinite contact,

(e) Summary and discussion of Ni distribution ot
Perseverance.

The main mineralizaotion ot Perscverance is at
the metavolcanics/serpecntinite contuct but widely
scattercd sulphide minerals have been observed in the
serpentinite,

The contrast in Ni content between the main
mineralization and fresh non mineralized serpentinite is
2,5 = fold plus et maximum.

In the weathered bedrock the mineralization
gives rise to azn anomalous Ni content. In general
the weathercd rock contains fractionally more Ni thon
daes fresher rock except directly over minerclization
where the Ni content incrcases with depth through

uppermost 30 ft.
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The soil survey showed that the so0il over
mineralized serpentinite contains anomalous amounts of
Ni but that the contrast between anomalous values and
thresheld (less than two-fold) is lower than it is in
fresh or weathered rock. The so0il anomaly does not
extené?%eyond the limits of the primary dispersion
aureole. This limitation is thought to be due to the
topographical setting of the mineralized suboutcrop.

The distribution of Ni in stream sediment is
comparable with that at Dalmainy Farm. There is no
obvious difference in the distribution of Ni in the

stream sediment at Perseverance that can be correlated

with the presence of sulphide mineralization.

2. The llaritzani area.

In contrast to Ferseverance, the serpentinite
at Maritzani forms no pronounced topographic feature
but suboutcrops on a gentle slope to a vlei. There is
no gossan in this area. Soil profile development is
imcature and consiets usually of a layer of a horizon
soil grading with depth through a rubble zone to the
rotten and weathered bedrock. There are traces of B
horizon development in parts where apparently ferru-

g£inous nodules have been observed just above the top
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of the weathered bedrock. The scrpentinitc in this

area is downslope from metavolcanicss

(a) Nickel in fresh rock.

The main mineralized zone, as at Perseverance,
is at the contact betwecn serpentinite and metavolcanics
and cncloscd within a primary dispcersion aureolc of
sparscly disscminated sulphides. The content of sul-
phide nickel in the primary dispersion aureole decreases,
in generzl, with distance from the main mineralized zone.
A gcological section compiled mainly from diamond
drill hole data is included in Figurc 28 which shows
the distribution of Ni in the uppermost 30 fi. of the

section.

(b) Ni in Weathered bedrock.

Within the uppermost 30 fi. of section just
referred to the Ni contcnt decreases with depth, there

being more Ni in weathered bedrock ncar surface than
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in the fresher rock deeper down (Figure 29). The
enrichment occurs in both barren serpentinite and

barren metavolcanics. By contrast there is an

increase in Ni content with depth over the main mineral-
ization. The mineralized zone '%é& delimited by

the Ni content of weathered bedrock (Figure 30). The
maximum contrast between mineraslized and non mineralized

weathered serpentinite appears to be sbout three-fold.

(¢) Soil Survey.

Intensive soil sampling carried out by
RSTE  Ltd. within the Exclusive Prospecting area

No. 85 included the Maritzani study area. OSamples
were collected at 50 ft. intervals slong lines 200 ft.
apart within an area approximately 8000 ft. by 3200 ft.
The grid was not regular and in parts the density of
sample sites is greater then that described above, in
other parts of the area it is less.

As in the case of Perseverance the most
striking feature is the relationship of Ni distribution

to geology (Figure 31). Serpentinite soil is markedly
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richer in Ni than are soils derived from mectavolcanics
or metasediments. Near-surface so0il containing more
than 3000 ppm is rare, the meximum Ni content recorded
in the survey here being 3900 ppm. Values in excess of
2000 ppm may be anomalous but are by no mecans obviously
so although there is a continuousstrip of soil of more
than 2000 ppm along strike parallel to the mineralized
belt. Although the continuous strip of so0il of high
Ni content is displaced 100 - 200 ft. downslope from
the projected suboutcrop of the mineralized zone the
writer believes it to be related to the mineralization.
The displaccment is thought to be due to lateral dispers-
ion of thc soil downslopc. Soil of low Ni content
derived from barren mctavolcanics is believed to be
diluting the soil dircctly over the projected ore subout-
crop from which some nickel is being dispersed downslope.
The rcason for the broadening of the zone of soils of INi
content of morce than 2000 ppm is not known.

At the cdge of the vlei 600 ft. downslope from
the main patch of Ni rich soil discusscd above one

analysis revealced 3400 ppm Ni in the soil. This value
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is not considered to be related to any sulphide minerals.
As mentioned, the site is close to the vlei margin and
serpentinite crops out not more than a few feet awaye.

The difference in soil type is thought to be responsible
for this erratic high value,

The near~-surface vleil soil over serpentinite is
impoverished in Ni relative to the freely drained soil
over serpentinite, This is the reverse to the observed
distribution at Terseverance and is thought to be due to
dilution with material of low nickel content washed along and
across the gently sloping vlei. In addition, some nickel
may be leached by water passing along the vlei,

It is perhaps, useful to recall here, that at
Dalmainy Farm and Perseverance where the serpentinite
forms a topographic high feature and the vleil is
develored off the serpentinite the vlei is enriched in
Ni. Conversely, at Darwendale and Maritzani where the
serpentinite underlies low lying ground and the vleil
is developed over the serpentinite the vlei is impover-
ished in Ni relative to the freely drained soil. In
the two former areas nickel is accumulating in the vleis,

in the two latter mentioned areas it is being diluted and

leached.
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(d) Ni in the soil profile.

It is regretable that there is no barren
serpentinite upslope of the mineralization. DNevertheless,
the distribution of Ni in profile over metavolcanics has
been studied at three points (Figure 32). The different-
iation of the soil into horizons is very limited (Table
18). The level of Ni content is generally very low.
Nowhere in the profile over barren metaveolcanics does
the Ni content exceed 225 ppm. There is slightly more Ni
in the top 3 in. than in the material directly below
3 in. in two pits but the general trend is an increase in
Ni content with depth through the true scil. At two of
the three points studied this increase continues into
the weathered bedrock.

Over the main mineralization in both metavol-
canics and serpentinite (Table 19) there is a steady
increase in Ni content with depth but overlying the zone
of sparse sulphide disseminations and in the non minéral-
ized serpentinite downslope the Wi is at naximum at or
near the top of the C horizon (Table 20). In the
freely-drained profile over non-mineralized serpentinite
downslope of mineralization the upper horizons are
richer in Ni than the corresponding horizons in the

profile directly over mineralization. In the deeper
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layers of the two profiles the reverse is true. The

reason for this is believed to be that already given to

Table 18. Example of a freely drained soil profile over
non mineralized metavolcanics at liaritzani
showing the distribution of Ni.

Sample Depth Hori- Ni content
No. (in.) =zon Description (ppm)
822 0-3 A Pale brown clay to fine
sand, dry and friable. 115
823 3-12 A Pale brown clay to fine

sand, dry and friable, as
matrix to fragments of
weathered, poorly schist-

ose metavolcanics. Stained
red-ochre with iron oxides. 85

824 12-24 A do - but with & greater
proportion of red-ochre
stained rock fragments. 145

Ca

825 24-33 Variegated red, purple and
ochre, weathered, fine

grained, fractured and

schistose metavolcanics

heavily impregnated with

iron oxidcs. a0
826 33—45 C do - but more massive with

traces of talc and less
ferruginous material. 85

827 45-48 C Pale buff-pink talcose
schist, not debermined

explain the downslope displacement of the near-surface
soil of high Ni content. That is that there is effcctive
lateral dispersion downslope. Study of the distribution
of Ni in the two profiles confirms another feature

alrcady discussed, naemely the decreasc in Ni contcnt
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with depth into weathered barren serpcntinite in con-
trast to an increase with depth into weathered nincral-

ized secrpentinite.

Table 19. Example of a freely drained profile over well
mineralized serpentinite at Waritzani showing
the distribution of Ni.

Sample Depth Hori- Ni contont
No. (in.) zon Description (ppm)
841 0- 3 A Brown clay to grit, dry and
friable. 700
842 3-12 A Brown clay to grit, dry and

loosc, extending into rubble
zone which includes some
irregularly rounded ferrug-
inous nodules of up to

medium gravel sizce. 900
843 12-24 3 Zone of nodular lateritic
rubblc, 980

844 24-36 B  Variegated palec buff/red
brown rubble, dry and loose.
angular fragments of talcosec,
weathered basement schists,
nodular lateritic fraogments
cnd rounded and angular
fragments of weathered
gscrpentinite. 1800

Varicgated ycllow-brown-
black—-ochre, dry, rottcn
scrpentinitc intensely impreg-
nzted with iron oxides. Traces
of bluc—-grcen cncrustations

with the iron. 2500

846 48-60 C do - but somcwhat fresher
with fragments of wcathecred
scrpentinite covered with a
grein nickel bloom. 3200

Q

845 36-48

In the vlei soil the distribution of Ni is
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more erratic and the 3-12 in. horizon ccntains the
largest amount of the metal (Figure 32). Only 100 ft.

beyond into the vleil zcross the stream channel where the

Table 20. IExample of a freely drained soil profile over
- non mineralizced scrpéntinite of the Maritzani
mass showing the distribution of Ni.

Sample Depth Hori- Ni content
No. (in.) =zon Description (ppm)
848 0- 3 L\ Dark brown silt to sand, dry
and friablc. 975
849 3-12 A Dark brown silt to sand, dry
and loose, 1015

830 12-24 A Dark brown silt to sand, dry
and loosc¢ betwecen pale buff
fragments of weathered,
fracturced and shcarced scrpen-
tinite imprecgnated with iron
oxldecs. 1435

851 24-36 C Varicgated yellow-brown, finc
graincd, wecathcered, shcared
and fractured scrpentinite
impregnated with iron oxldes. 1665

852 36-48 C do ' 1710

853 48-60 c Yellow=brown, wcathcred fine
graincd, shecarcd and fracturcd
scrpentinite with consider-
ably less oxide staining and
with traces of talc. 923

typical black clay is scveral feet thick the tenor of Ni
in the profile 1s markedly lower. TFurther to the north,
both in thc vlei and in the frecely drainced profile over
cpidiorite the variation in N1 content in the profilce is

barcly perceptiblc but docs, i1f anything, incrcase with
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depth. The increase is morce regular in the frecly
drained soil than in the vlici. The Hi content at thc
basc of thc profilc No. 11 is 270 ppm, a valuc closely
comparablc to thosc at the bases of thec profiles over

mctavolcanics south of the scrpentinite.
(¢) Ni in bank soil and strcam scdiment.

Stream scdimcnt has boen sampled along o limited
stretech of a strcam channel in a vlci developed over the
contact between scrpentinite and other rocks. In addition,
the banks of thce open watercoursc were sampled at several
peints. The Ni content of the stream sedimcent was
found to vary bectween 145 and 1350 ppm. This Ni content
is highcr than that in a strcam draining mctasedimcents
and epidiorite from which valucs of 60-130 ppm Ni in the
scdiment were obtained.

In the study arca as a wholc the drainage chan-
nels are continuous cxcept necar the sources of strcams
wheroe they arc intermittent. Thé channcls arc cut into
vlici soil or, whore there is no vlei, arc rocky. The
Ni content of the banks diffcre littlc from that of the
adjzccnt ncar—-surfacc soil but is usually less than that
of the¢ decper horizons of adjaccnt profilcse.

Pits werce sunk in thc strcam channcl at
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regular intcervals from a point immcdiately downslope
from the orc subouterop (linec 136 W) as far as the
Carfax - Maritzani road (Figurc 33), a distancc of about
four-fifths of a mile. From thc point downslope of the
ore suboutcrop the strcam follows a westerly cogrsc for
approximately 2000 ft. No watcr was rcached in pits
(put down five fect into the strcam bed) in this
scction. In the lowcr half of the pitted section the
stream alters coursc from wosterly to southerly and in
the lowermost rcachcs, immcdiatcly upstrcam‘of the
Carfax - Maritzani road, watcr, if not prescnt in standing
open pools was met in the cxcavations only a fow feet
belaw the surface of the stream. Where the road cros-
ses the stream there is no vlei. The stream here flows
through a gap cut into an east-west striking belt of
relatively resistant rocks as evidenced by the locally
rugged topography. It is possible that these resistant
rocks (metavolcanics) may be to some extent impermeable
and acting as a dam to the ground waters. Directly
upstream of the resistant rocks where the water table is
relatively near the surface the Ni content of the

sediment, which in the main is aggraded soil, is higher

than it is further upstream s—Sowasdeeam (Figure 33).
The increase in Ni content of the stream

sediment in the area where the ground water table ap-
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proaches surface is regarded as more than coincidental
and it is tentatively suggested that the nickel has been
introduced into the stream sediment from the ground
water. There is, however, no evidence to link the
observed pattern of distribution with the mineralization
as the direction of ground water movement has not been
precisely established.

As mentioned above there is a close correlat-
ion in Ni content between bank soil and stream sediment
and it is believed that much of the sedimenf has been
derived from bank collapse. There is evidence of
dilution with material of low Ni content entering from
a tributary. stream draining metasediments and other

rocks to the north of the serpentinite (Figure 33).

(f) Summary.

The pattern of distribution of Ni in the area
has a number of features in common with other areas of
serpentinite, barren or mineralized. The enrichment of
Ni in unmineralized weathered rock relative to the fresh
rock is in contrast to the distribution in the mineral-
ized profile where there is more Ni in the fresh rock

than in the weathered. The increase in Ni content
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with depth through the solum in many profiles is a
noteworthy feature of the secondary dispersion pattern.
The contrast between the mineralized and non
mineralized parts of the serpentinite is small, espec-—
ially in the near-surface environment.
No features of the distribution of Ni in the

drainage can be related to the mineralization.

C. Distribution of nickel in the vicinity
of nickel mineralization in rocks
other than serpentinite.

The rock types dealt with in this seciion are
amphibolite (adjacent to a dioritic stock), greenstones,
carbonaceous shale (and adjacent quartz - mica schist
and specularitic quartzite) and metasediments. Local
backgrounds will be considered for ecach area in turn.
Areas where the orc deposits are nickeliferous sulphides
will be discussed first. There are two such areas in
Rhodesia and one in Zamnbia In Rhodesia deposits of
nickeliferous sulphides occur in amphibolite and green-
stones at the Tmpress prospect and at Bare Bottom Hill
respectively. In Zanbia,studies have been confined to
the Kalunbil® area where nickel bearing sulphides occur
in carbonaceous shale. A description of the distribution

of nickel in the environs of the Iloel Nickel mine, a
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deposit of nickel arsenides in metasediments, serpentin-

ite and metavolcanics, concludes the section.

1. The Empress prospect and Bare Bottom dill,

The Tipress deposit is in amphibolite at the
south west margin of a dioritic stock intruded into
greenstones (Figure 7). The same assemblage of sulphide
minerals as those observed in the ore horizon at this
prospect also occur in greenstones at Bare Bottom Hill
about one mile to the north west.

Sharpe (1961) has described the Lmpress prospect
and stated that the orebody is up to 90 ft. wide with
an average width of 48 ft. He reports an average of
0.33% nickel for an economic tonnage. The grade of the
nickel mineralization at Bare Bottom Hill is similar to

that of the main Impress ore.
(a) Soil survey.

The data of the geochemical soil survey
described in Sharpq&s paper were made available to the
writer. In the survey carried out by Li.S.A. (Fvt.) Ltd.,
soil samples were collected at 50 ft. intervals along

lines 200 ft. apart and subsequently analysed
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spectrochemically.

The Ni ) content in near-surface soil

(spec.
over non mineralized diorite ranges from 50 to 1000
ppm with a mean of 200 ppm and an anomaly threshold
of 350 ppm. Local background over greenstones is
slightly higher than it is over diorite. The corres-
ponding figures for greenstones are a range of 100 to
1000 ppm, mean 245 ppm and anomaly threshold 600 ppm.
No data from barren amphibolite is available. These

ranges of Ni content in near-surface soil over

(spec.)

diorite and greenstones are quite considerable. They

may result from one or both of the following factors:-

(i) The roclks underlying the sample sites may not be
entirely barren of sulphides and/or

(1i1) There may be some analytical error.

When sampling background one can never be entirely

certain about the absence of orc minerals as areas

chosen as background have,understandably, been subjected

to the least detailed geological examination. It must

be pointed out, in addition, that the statistics for

soils over diorite are based on the analyses of 40
samples and only one of the 40 is above the 350 PP

threshold (i.e. the sample containing 1000 ppm MNi

(specn))
Furthermore, the results are those of spectrochemical

analysis of unknown precision and there could be some
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analytical bias or error. It is possible, therefore
that the ranges of values given are abnormally wide.
This possibility is not thought likely to debase
interpretation.

Colorimetric analyses, following a potassium
bisulphate fusion, gave results closely analagous to
those shown by the spectrographic analysis but over a
slightly narrower range (TFigure 34). Tor example, the
range of Ni content in near~surface soil over non miner-
alized metavolcanics, determined colorimetrically, is
100 to 435 ppm with a mean of 250 and an anomaly
threshold of 425 ppm. The difference in level of Ni
content determined spectrochemically and colorimetrically
may be the result of the different sample attacks
(Chapter 2).

A grab sample collected over a very small
outlier of apparently barren amphibolite about a mile
south of the Empress shaft showed the near-surface soil
to contain 90 ppm Ni. This value is less than the mean
over greenstones.

fhe Ni ) content of near-surface soil

(spec.
over the mineralization was found to be as high as 1%.
Sharpe has said that the surface areaof the ore body

is closely defined by soils containing 3000 ppm or more

Ni(spec,) (Pigure 35). The maximum Ni (RASO4) content
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in near-surface soils is 8000 ppm. Viewed against a
local background of 90 ppmlfor near surface soil over
non mineralized amphibolite the contrast is eighty to
ninety - fold. Contrasted against 425 ppm (anomaly
threshold for near-surface soil over greenstones) the
ancmaly at Bare Bottom Hill is six - fold.

Whether contrasted against amphibolite or
greenstone background the anomalies in the Empress -
Bare Dottom Hill area are more conspicuous than those
over mineralization in serpentinite (less than two -~

fold).
(b) Ni in the soil profile.

The profile over non mineralized greenstones
near the Impress prospect contains 100 to 190 ppm Ni.
The barren greenstones at Dare BDottom Eill, however,
contain more Ni than their counterparts nearer to the

Zmpress prospect., The Ni content of weathered bedrock
and soil sampled in the pits on the Tlanks of Bare
Bottom 111 ranges between 140 and 660 ppm. These pits
were on the lesser slopes and level ground north of the

Eill and it is possible that the higher Ni content in the

lA single analytical result - not,strictly speaking,
background.
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greenstones here, compared to that in similar rocks near
the Dmpress prospect, is the result of the secondary
dispersion of nickel from the sulphides disseminated in
the rocks comprising the hill. On the other hand, there
are belts of soil and weathered greenstones of relatively
high Ni content intercalated with zones of lower Ni
content (ffigure 36). It is difficult to explain this
alternation in terms of dispersion from upslope
especially since the strike and schistosity are roughly
parallel to the topographic contours. The alternative
explanation is that the distribution of Ni is related
to variations in the mineralogy of the greenstones. As
pointed out earlier the term greenstones (metavolcanics)

is used to describe a collection of rock types, anongst
others altered lavas and metamorphosed agglomerates and
tuffs. D3oth felsic and mafic types are included. TIhe
more mafic rocks are usually the richer in nickel
(Chapter 3) It is thought that alternate bands of mafic
and felsic greenstones might be responsible for the
variations in Ni content of the soil profiles on the
lower slopes of Bare Bottom Hill.

In the soil profile in the study area generally

there is virtually no horizon differentiation visible.

However, in 14 of 19 pits over barren greenstones there

is an increase in i content with depth to an horizon of
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weathered and fractured greenstone fragments in a
matrix of finer particles which grades upwards into
the near-surface soil. Below the rubble zone the Ni
content decreases with increasing depth into the
fresher and less severly fractured greenstones. In
the five pits not exhibiting the characteristics de-
scribed the distribution of Ni is too erratic to
determine any trend.

The weight of evidence suggests that there
has been some differentiagtion of the nickel into
layers in the profile over the barren greenstones,

The distribution of Ni in profile varies
quite considerably in the vicinity of mineralization.

Over mixed zone rocke and diorite adjacent to
but upslope of *the mineralized amphibolite there is an
increase in Ni content from surface into the top of
the weathered bedrock. Deeper in the weathered bedrock
the Ni content generally, though irregularly, decreases
with depth. This pattern is similar to that observed
over barren greenstones.

Directly over mineralization the amount of Ni
is very high relative to the couantry rocks (a ten-
twenty fold contrast) but of the same order of mag-
nitude as that in the profile over mineralized serpen-

tinite at Maritzani. The profile distribution, like
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that in some background profiles, is erratic and it is
difficult to establish a trend.

Over greenstones Jjust downslope of the mineral-
ized suboutcrop the upper horizons contain unusually
large amounte of Ni while the deeper parts of the profiles
contain Ni in amounts well within the normal range in
profiles over greenstones in barren areas (100 to 680
ppm) . This distribution in greenstones downslope from
mineralization is almost certainly a secondary dispers-

ion feature. It is thought to be the result of the
dispersion of nickel, mechanically and hydromorphically,
from mineralization upslope (Figure 37).

At eight of the twenty sites in the study
area where thelprofile distribution was determined the
0-3in. sample contained more Ni than the 3-12in. sample
and in four of the eight was the horizon of maximum i
content in the entire profile. The eight profiles are
randomly distributed along the transect (Figure 37).
Some of the Ni in the 0-3in. horizon may have been
involved in the biochemical cycle, That is to say it
may have been taken up by plants only to be redeposited
at surface when the plants shcé their leaves or were
destroyed in some way, €.£. by bushfires. Nickel
moving in this way may have been important in forming

~

the distribution observed in the area downslope ZTerl
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the mineralized suboutcrop where there is markedly more
Ni in the upper part of the profile as a whole than there
is in the lower part. This is discussed in more detail
in chapter S. Three of the eight profiles in question
are from a trench dug several years prior to the writeqis
sampling and at these three sites there may have been
some leaching of nickel from the excavated material
dunped at surface. Some of this nickel may have been
redeposited in the topsoil.

On the slopes of Bare Bottom Hill the lateral
dispersion feature is aggain evident but less pronounced

(Figure 36).
(¢) Bank soil and stream sediment.

Stream sediment in the region is mainly commin-—
uted minersl fragments and eroded soil., Channels are
more or less continuous. There was no sign of water
anywhere in the drainage system during the second half
of the dry season. he water-table level in the flooded
shaft in July was 150 ft. below surface and this is
probably representative of the level of the ground water
table a short distance upslope from the stream channels
or vleis in the study area generally.

Unfortunately water from the mine workings
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has been pumped down the stream draining the prospect.
In addition ore and treatment plant residues have been
dumiped at surface in the catchment area. It was felt
that no useful results could be gained by investigating
the distribution of nickel in bank soil and sediment of
this stream draining the mineralized zone since the

materials will have almost certainly been contaminated.

(d) Summary.

There are conspicuously anomalous amounts of
Ni in &1l soil horizons over mineralization in amphibol-
ite at the Empress prospect and in greenstones at

Bare Bottom Hill,

In weathered greenstones and overlying soil
there is a variation in Ni content believed to be
reflecting the primary distribution.

There is some evidence of differentiation of
Ni in the youthful soil profiles over barren greenstones.
Over mineralization the profile distribution is erratic.

There is good eviderice of lateral dispersion

both at Lmpress and Bare Dottom Hill,
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2. The Kalumbila areca,.

At Kalumbila there is, compared to the Rhodes-—
ian study areas, very little outcrop and the geology is
not well known. Stratigraphical correlation, even from
one diamond drill hole to the next, is very difficult.
The diemond drill holes are widely spaced and the strata
highly contorted. Consequently any correlation can be
no more than tentative. Despite this there is no doubt
that nickeliferous sulphide minerals occur in the carbon-

acecous shsle horizon.

(a) Tenar of nickel in mineralization.

The tenor of nickel in the mineralized horizons
is highly variable. Anslyses of diamond drill hole core
samples from the ore horizon range from more than 3.0 to
0.1% nickel, Broadly specaking the decreasc is along

strike from north cast to south west.

(b) S0il Survey.

Only relatively slight variations in the back-
ground Ni content of freely drained near-surface soil

over different rock typcs has been obs¢rved., The Ni
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content of near-surface soil is lowest in soil over
carbonaccous shale and highest over gabbro (Table 21).
The local background not only varies over the different
rock types but also over the same rock type in differ-
ent parts of the study zarca. There is a decrease in the
Ni content of soils over non mineralized carbonaceous
shale and quartz-mica schist from the north east to the
south west. TFor example, anomaly threshold for Ni in
the 3-12 in. horizon over carbonaccous shale is 60 ppm
in block K1 but only 25 ppm in block 205 (Table 21 and

Figure 9). This is the same direction as the decreasc

Table 21, The Ni content of near-surface frecly
drained soil over variocus rock types encoun-—
tered in the Kalumbila arca.

Rock type - Ni content (ppm) . liNo° of
Range | MeanfThresholdisamples
H

!

; : I
: In block 205 (the south west) !

Carbonaceoué 1 !
shale . 5=15 (0- 3in.) 9 13 |9
13-25 (3-12in.) | 19 25 9
Quer Lz-mica ! g
schist 13-30 (0~ 3in.) | 16 25 12
16-45 (3-12in.) | 25 45 12
Gabbro 40-155 (0-6in.) ! 75 150 16
: In block K1 (the north east)
Carbonaoeoué ‘ :
shale  18-70 (3-12in.) E 40 60 62
Quartz-mica | !
schist i33-68 (3-12in.) 1 45 65 22

lby calculation
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in percentage nickel in the mineralized horizon. The
variation in local background is thought to be reflccting
differcnces in the nickel content of the fresh non
mincralized bedrock.

At Kalumbila,near-surfacc soil over or downslope
from the projectced outecrop of the nickel sulphide deposits
intcrsccted in the diamond drill holes contains no
anomelous nickel or copper (sce later). By contrast,
along strike to thc south west there is a strong Wi (and
Cu) anomaly downslopec from the projectcd outcrop of the
dominantly cuprifcrous sulphide deposit detected in the
diamond drill holes. Therc arc two possible explanat-
ions for this inconsistency. It is conccivable that
nickel from suboutcropping mincerclization in the north
cast has been centirely leached awsy. The alternative
explanation is that there never was any suboutcropping
nickcl at this site (in the north east), the mineral-
ization known to be prescnt in depth pinching out
somewhcere down dip from thic precsent land surfoce. his
latter explonation is considcored the most likely since
the abscnce of cmplacements of orce mincrals at points
within the shalc is not out of charactor and it is
furthermore, difficult to understond severe leaching
at one point and not at another closcly similar site

only a2 few miles awiye.
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The anomalous amount of Ni in the soil in and
just downslope of the clearing on line 12 of block 203
is displaced several hundreds of feet downslepe from
the projected outcrop of the mineralization (Figure 38).
That the geology is only poorly known has already been
mentioned. The possibility of the abnormal features
under discussion being due to another band of minerali-
zation cannot, therefore, be entirely ruled out. Diamond
drilling operations have been carried out in the clearing
but the anomalous concentration of Ni is considered
unlikely to be due to contamination. Nickel moving
in solution may be being precipitated where the ground
water table comes to or approaches surface where the
laterite has been trunceated by erosion. The anomaly

nay be o seepage anomalye.
(c) Ni in the freely drained soil profile.

bxamples of freely drained soil profiles over
barren carbonaceous shale and quartz-mica schist are
presented as Tables 22 and 23. In contrast to the
Rhodesian study areas the soils at and around Kalumbila
are very deep. Over barreﬁ carbonaceous shale and
quartz-mica schist in the Kalumbila area the variation

in the profile is not great. Wi is at a minimum in
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the 0-3in. horizon and in 14 of 16 profiles studied the
maximum Ni content was found to be in the zone of
unconsolidated nodular lateritic rubble. The nodules

are coarser than 80 mesh and were not incorporated in the
material analysed. Separated ferruginous nodules
contained 160 ppm Ni.

Analysis of samples from pits dug at 100 ft.
intervals across the carbonaceous shale suboutcrop in
the north east revealed no significantly anomalous Ni
contents, thus confirming the observations in the near-
surface soil for which an explanation has already been
put forward. In the anomaly downslove of the projected
outcrop of the mineralization in the south west (block
205) not only is the amount of Ni in the soil anomalous
but also the partition of the metal between the 0-3 in.
and 3-12 in. horizons. In background soil the top 3 in.
of the profile is the horizon of minimum Ni content.

In the soil containing above average amounts of Ni there
is more Ni in the 0-3 in. horizon than in the 3-12 in.
layer. No data appertaining to the distribution of

the metal in the deeper parts of the profile over the
carbonaceous shale and enveloping quartz-mica schist

in the south west is available. DPits were not dug in
this sector since the significance of the areal

distribution was not recognised until after the field
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work had been completed.

Table 22, ZIxample of a freely drained soil profile over
carbonaceous shale in the Kalumbila area
showing the distribution of Ni.

Sample Depth Hori- Ni content
No. (in.) =zon Description (ppm)

253 0~ 3 Al Tale grey-brown clay to fine
sand, loose and dry and nene-—
trated by roots. Leaf mould
O—Tlf ina (AO) [ 85

252 3-36 Ag Orange-brown silt to fine
sand, friable though slightly
damp. o0

251 36-84 B Ifainly uncolsolidated nodular

laterite, some quartzose
rubble. Coarse pebble bed

(stone line) at 36-42 in. 80
250 84-108 B Lateritized carbonaceous

shale, 60
249 108-132 C Carbonaceous shale with

lateritized bands. 35

248 132-144 C Pale grey carbonaceous shale., 80

(d) Wi in the drainage ways.

The distribution of Ni in dambos, bank soil
and stream sedimént is described here., The contrast
between the Ni content of dambo soil and that of adjacent
freely drained soil over the same lithological unit is
far more pronounced that the vlei/freely drained soil

contrast in Rhodesia. In near-surface soils there is a
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very marked if variable enrichment of Ni in the dambos
even well away from mineralization(Table 24). This

enrichment is found over all rock types.

Table 23. Ixample of a freely drained soil profile over
quartz-mica schist in the Kalumbila area
showing the distribution of Ni.

Sample Depth Hori- Ni content
No. (in.) zon Description (ppm)
275 0- 6 Ay, Pale brown siit to sand,

loose and dry, penetrated
by grass roots. Leaf mould

0-% in. (A). 35
274 6-18 Ag Orange-brown silt to sand,
friable, slightly damp. 495

273 18=-72 3 Zone of unconsolidated
nodular laterite and quartz
rubble. Alsoc pebbles and
boulders of weathered quartz-—

mica schist. 128
272 72-132 B do 88
276 132-144 C Partially decomposed quartz-—

mica schist. 70

Specularitic gquartzite occurs north east of
the Kalumbila fault (Figure 39). The distribution of
Ni over this sector of the study ares is illustrated on
the above mentioned diagram. The data has been obtained
from analysis of the minus 80 mesh fractions of soil
samples collected by RST lline Services Ltd. The Ni
content of near-surface soil over the specularitic
quartzites ranges between 35 and 135 ppm with a mean of

[

70 ppm and a local anomaly threshold of 105 ppme. That
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is to sagy that the background locslly over specularitic
quartzite is higher than it is over carbonaceous shale.

There is more Ni in the dambo over sericitic—specularitic

Table 24. Comparison of the Ni content of near-surface
soil from dambos and freely drained ground
over non mineralized gabbro and over barren
quartz-mica schist: Kalumbila area.

Underlying Dambo soils I'reely drained soils
rock type Ni content (ppm) Ni content (ppm)
Range Mean Range Lliean
Gabbro 45-175 120 40-135 75
Quartz-mica
schist 80—~ 95 75 20-45 35

quartzite (Maximum 475 ppm) than there is in the dambo
over quartz-mica schist awgy from any known mineralization
(50-95 ppm) and in the dambo underlain by gabbro (45-
175 pom) (Table 24). The large amcunt of Ni in the dambo
over specularitic quartzite may reflect either:-
(i) Accumulation of nickel dispersed from the
specularitic quartzites,

(ii) Nickel deposited following hydromorphic dispersion
from the known minerslization within the adjacent
carbonaceous shale, possibly via a fault or
fissure,

(iii) The presence of =2dditional ore, or
(iv) The presence of gabbroic rocks in an environment

favouring a greater degree of concentration in
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the dambo than in the area of gabbro already
referred to.

In order to investigate these possibilities
further, three trenches were dug across the dambo/
freely drained soil contact;

No. 1., over quartz-mica schist away from any known
minerslization or soils of high Ni content
was on the northwest (right) bank of the
stream at line 45, block K1,

No. 2., also over quartz-mica schist was downslope
from outcropping carbonaceous shale, on the
south east bank of the stream where it
crosses line 43, block K1 and

No. 3., at the south east margin of the dambo under-
lain by specularitic quartzites was in the
high Ni zone on line 39, block K1 (Figure 39).

The distribution of Ni in these trenches is illustrated

in Figures 40, 41, and 42. It is seen that the

materials close to and below the water table in all
three trenches contain the greatest amounts of Ni.

Above the water table the Ni content decreases towards

surface. It is thought that nickel is being deposited

from the ground waters as they approach surface. At
times the water table will almost certainly have been

higher than that observed at the time of sampling.
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The Ni in the soil above the water table may have been
deposited at the water table at a time when it was
nearer surface, In the more freely drained profile
further upslope leaching has been most severe in the
uppermost 3 in. Leaching by downward percolating

water may have played a part in the formation of the
observed distribution of Ni in these trenches. The
trench (No. 2) cut into the slope at the dambo margin
downslope of the carbonaceous shale outcrop has, on the
whole, a Ni content higher than that in the trench No.
1 which is downslope from unmineralized quartz-mica
schist but tlie samples from trench No. 3 have the high-
est Ni content of all three trenches. It is concluded
that in all three trenches the nickel is entering in
the ground water and being deposited at or close to

the ground water table as the ground water approaches
surface.

This being the case, the accumulation of Ni in
the dambo over the specularitic quartzites could reflect
dispersion from the rocks. It has been shown that the
freely drained soil over specularitic quartzites
normally contains more Ni than that over quartz-mica
schist and carbonaceous shale and this is taken to be
reflecting a larger proportion of nickel in the fresh

quairtzite., Since the quartz and mica of the schist
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appear to be carrying only very small amounts of nickel
the extra nickel in the quartzite is probably in the
specularite and it is possibly this nickel that is
accumulating in the damba.

Trench No. 2 has been found to contain, on
average, more Ni than trench No., 1. Since both trenches
are over quartz-mica schist the higher values detected
in No. 2 are probably the result of hydromorphic
dispersion of the metal from the nickeliferous sulphides,
known to be present in depth in the carbonaceous shale,
towards the dambo via the ground water. In the light
of this the possibility of the large amount of Ni in
the dambo over specularitic quartzite being due to
deposition following hydromorphic dispersion along
faults or fissures cannot be entirely ruled out but it
is thought to be the least likely of the possible
explanations,

Additional ore or gabbroic rocks in the area
upslope of the high Ni section of the dambo could be the
source of the metal. Gabbroic rocks are known to be
precent only < short distance up droinage of the section
under discussion.

The enrichment of Ni in near—-surface dambo
so0il comprared to freely drained soil has already been

referred to as o widespread and not unusual geochemical
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feature. DMore detailed study of the distribution within
the dambos reveals that the stream sediment and stream
bank materials of open watercourses in dambos in the
Kalumbila area contain the least amounts of Ni, the
swampy low lying parts the largest amounts of the metal
(Figures 48 and 44). The higher level dambo soils
contain Ni in amounts which differ little from those in
adjacent near-surface freely drained s¢il. The Ni
content increases sharply where the water table outcreps
or approaches very close to surface. This appears to
confirm the conclusion reached from a study of the
distribution of Ni in the trenches, viz., that the metal
is moving and entering the dambo in the ground water.
Nowhere in the Kzlumbila study area has the stream
sediment been found to contain more than 20 ppm Ni.

The maximum Fi content of stream bank soils is 65 ppm.
In the low lying swampy parts of the dambos the Ni
content can be as high as 475 ppm. The dambo low points
appear to be acting as a trap for nickel. Nickel being
moved mechanically may be held in the dambo when the
progress of the materials being moved is checked in
what is effectively a sediment trap. In the case of
movement in solution the special physico-chemical
conditions prevailinéZthe swampy dambo would seem to

have an important influence on deposition of nickel.



Ni {ppm)

2007

150 -

100

7 /\\.g/ \-——-"/.\5.31

od

le -]

WOODLAND [ bDAMBO |

quartz-mica schist

0 100 200 ft.
Ni (ppm)
2OOW
/\ . 150
— / \ . ‘ 100 -
j ¢ ammemen® SSn— , .
! 50
d O —
| - DAMBO »

51t.
approx.)

Z = LATERITE

gabbro I
(

IQ0 200 ft,

O

Sistribaticn ¢f Ni in rnear-surface daabo soils and 43
strewe sediment(rin-cel) ab falusbila.  (I)




Ni (ppm)
180

1007

MUSHITO

WOODLAND o em——————=DAMBO "l

e St et Sy — ———

WATER TABLE

, quartz-mica schist |
[an o 100 200 ft.

approx.)

4 = LATERITE

CARBONACEOUS SHALE
OUTCROP 2000 ft.

UPSLOPE
Distributicn of Ni in aear-surlace Jwalo soils and ‘1‘1
streus szdinent {(ringed) at aluwbila. (I1)




151,

In conclusion, then, it appears as though much of the
nickel, whether from sulphide or silicate minerals is
prevented from reaching the stream banks and sediment.
The distribution described here is discussed in further

detail in chapter 5.

(e) Summary.

Local background in near-surface soils varies
not only from one lithological unit to the next but also
over the same rock type in different sections of the
study area.

In the freely drained soils the horizon of
maximum Ni content is the D horizon comprising unconsol-
idated nodular lateritic rubble,

The contrast between Ni in dambos and freely
drained soils at Kalumbila is more pronounced than it is
between the vlei and freely drained soils of Rhodesia.
The sweampy parts of the dambos appear to be effective
traps for nickel which is moving in the ground water but
not reaching the bank soils and stream sediment in

which materials the Ni content is singularly low.
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3.The environs of the Neoel Nickel Mine,

The Noel Nickel mine itself is in serpentinite
but nickel arsenide mineralization also occurs in fault
zones in metasediments south west of the mine., Under-
ground exploration of the nickel mineralization in
fractures through metascdiments has been carried out at
Fairey's Clgims half a mile south west of the Noel Nickel
Mine (Figure 45). The ore in the Noel Hickel Mine is
very rich in nickel (as much as 8% in patches) and
highly arsenical.

The soil cover is extremely thin and over more
than half the area is absent, especially on the ridaes.
In the valleys where there is so0il cover much of it is
alluvium, in the main pbysically comminuted mineral
particles affected only by a minimum of chemical weather-

ing. There is no soil profile differentiation.

(a) Soil survey.

The immediate vicinity of the Noel Nickel mine
is heavily contaminated with dust from the crushing
plant and no geochemical soil survey has been carried
out there. However, an extensive area to the west of

the mine workings has been sampled. Soil samples collect—
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ed by the Southern Rhodesian Geological Survey at 100 ft.
intervals along lines 200 ft. apart have formed the basis
for the soil survey. The samples have been made avallable
to the project. Analysis of these samples at the
Applied Geochemistry Research Group has revealed that the
Ni content of the soil reflects the geology (Figure 45).
Over serpentinite the Ni content is higher than it is over
the metavolcanics (hornblende schist derived from basalt)
to the north and metasediments to the south although the
area of soil of high Ni content extends beyond the
boundaries of the serpentinite. The serpentinite forms
a rocky ridge and the spread of the near-surface 501l
of high Ni content may be due to dispersion of soil down
the hillsides by sheet wash and soil creep. Serpentin-
ite so0il containing more than 3100 ppm Ni (anomely
threshold, Table 16) is technically considered to be
anomalous, 3100 ppm being equivalent i€ the mean plus
two standard deviaticns. However, samples exceading this
figure are erratically distributed and nc sample
contains more than 3800 ppm (i.e. the mean plus three
times the standard deviation). Accordingly, these
samples are elso considered to be within the normeal
background population.
The local background for the metavolcanics

(north of the serpentinite) is higher than that for the
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metasediments (south of the serpentinite,) {Figure 45

and Table 23).

Table 25. Local background Ni coatent for soils cver
metavclcanics and metasediments in the
envircns of the Ncel Nickel mine.

Ni content (ppm)

Rock type  Ne. of
Range lean Threshcld samples

Metavolceanics 435~700 0435 665 20

lietasediments 90-330 170 285 30

Within the metasediments tc¢ the north and west of the
shaft cn Fairey's claims, ancmalous amounts of Ni cccur
in the scil. The trends of the ancmalcus areas (shown
by a Ni content of mere than 285 ppm, Figure 45) line
up very well with the directisns ¢f the two kncwn fault
systems (north nerth east/necrth ncrth west and west
scuth west) which have been mapped in the area and with
which the cre at Fairexig Claims and at the Ncel is
clcsely associated,

The nickel arsenide minerelization in the
fault systems in the area is reflected by the anomclous
Ni content of the overlying soil where the minersalized
fissures are in metasediments, It is not known whether
such minerclization can be detected in serpentinite or
metzvolcanics. There are no known mineralized faults

in the serpentinite away from the Noel Nickel mine
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itself.

Dispersion is believed to be predominantly
mechanical and the amount of nickel moved in solution in
the semi—-arid climate is thought to be small, Distribut-
ion of nickel in the drainage in the area has not been
investigated, Iiost of the drcinage from mineralized areas
is to the east through the sector of the study area which
has been contaminated as the result of mining operations.
The sediment in the gulleys and watercourses (which ore
dry nearly 21l year) is essentially soil washed in from
the high ground. The nickel content of the sediment can

probably be correlated with that of adjacent scilse.

(b) Summary.

The Ni content of the imuature soil of this
study area reflects both the geology and the mineral-
ization (where it occurs in metasediments).

Because of the dry climate dispersion is
believed to be limited and the anomalies are clearly

defined.
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D. General comments on the distribution
of nickel and itds relationship to
mineralization,

The most important observation to be made from
the data is unfortunately of a negative nature. It is
that anomalous features of the secondary dispersion
pattern related to deposits of sulphide or arsenide
nickel in ultrabasic rocks can not be readily
distinguished from high nickel values caused by high
concentrations of silicate nickel minerals in bands
or areas of ultrabasics.

The best contrast between mineralized and non
mineralized serpentinite (anart from the ore/ fresh host
rock contrast) is in weathered bedrock. Not only is the
amount of Niin weathered, mineralized rock greater than
it is in the weathered barren rocks but also the
decrease in Ni content with depth from the top of the
weathered bedrock, normally observed in weathered non
mineralized rocks, is often imperceptible, or even
reversed over mineraslization.

Generally the Ni content of sedentary soils
varies directly with the nickel content of the fresh
parént material. It is not unusual for soil developed
over non mineralized serpentinite to contain as much

as o000 ppm Ni in the near-surface horizons. In the
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deeper layers of the soil profile a Ni content several
thousand ppm more than this is not extraordinary.
Increasing Ni content from surface to the base of the
solum is a very definite and important characteristic
of the normal freely drained soil profile over all the
lithological units studied in Rhodesia and Zambia. In
the poorly differentiated soil profiles the pattern is
less conspicuous and sometimes irregular.

otrongly anomalous concentrations and
distributions of Ni have been observed over subout-
Cropping nickel sulphide mineralization in rocks other
than serpentinites. The lack of any anomaly in parts of
the {alumbia area, where interpretation is hindered by
lack of precise geological information, is ascribed to
the tentatively postulated absence of nickel
mineralization in the outcrop or suboutcrop.

Dambo soil is enriched in Ni relative to the
surrounding freely drained soil. This enrichment has
not been observed to the same degree in the Rhodesian
vleis. At Darwendale the vlei contains less Ni than the
freely drained ground as is the case at haritzani.

Stream drainage from ultrabasic masses is
abnormally high in Ni, reflecting the high nickel content
of the rocks and their overlying residual soil. Stream

sediment materials of Rhodesian streams are essentially
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eroded soils and their Ni content can be closely
correlated with that of adjacent soil. The Ni content
of sediment at Zalumbila is markedly lower than the

surrounding dambo and freely drained soil.

From the foregoing data it is clear that there
is a need for a greater understanding of the dispersion

of nickel from silicate and sulphide minerals.

Part IT. THl 0ISTRIDUTION OF NICKEL
o0ATRACTED Y VARIQUS SallPLE ATTACKS.

The preceding part of this chapter has been
given over to a description of the spatial distribution
of nickel without special concern about it*s form
within the materials tested. Attention ha been drawn to
the fact that the Ni content of soil and rotten rock
overlying nickel sulphides in ultrabasic rocks is little
different from that in the same materials over barren
ultrabasic rocks. Indeed this is a major prospecting
problem,

In order to learn more of the dispersion of
nickel from silicates and sulphides two aspects must be

considered. These are :-
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(i) The distribution of nickel extracted by various
sample attacks from specific size fractions and
(ii) The distribution of elements commonly associated

with nickel.

A. Preliminary investigations into
the form of nickel in weathered
bedrock and near-surface soil
over barren and mineralized
serpentinite,

To avoid unnecessary analysis initial studies

were confined to selected critical samples.

Four samples (Table 26) were each split into
three size fractions; minus 80 mesh plus silt (hereafter
designated 'sand'), silt and clay sizes. Two samples from
Maritzani are from a freely drained profile over
mineralized serpentinite. The two from Darwendale are
from a comparable profile over barren serpentinite.

The size fractions were analysed for exWi, nickel
associated with secondary iron oxides and nickel extracted
by fusion with potassium bisulphate (Ni). The exNi was
determined by leaching the sample with an aqueous,
neutral ammonium acetate solution (Chapter 2). The
secondary iron oxides were extracted by sodium citrate -

dithionate at pH 7.3 as proposed by Aguilera and
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Jackson (1953) (Chapter 2).
The 'sand' fraction of each of the four

samples was split into a magnetic fraction, a weakly

Table 26, Location and description of samples selected
for studies of the form in which nickel
is held in soil materials.

Sample No., Area Description Depth (in.)
841 liaritzani Brown friable clay 0-3
(over cre) to grit, dry.
847 do Variegated yellow- 48-60

ochre-brown-green,
rotten serpentinite
intensely impregnated
with iron oxides; dry.

1070 Darwendale Dark brown-black, 0-3
(background) Jlumpy but friable sandy
clay conteining some
grit and penetrated
by fine grass roots;
dry.

1075 do Variegated ochre-khaki—- 42-48
green fragments of
rotten serpentinite
of up to small pebble
size in matrix of
dark brown-black silty
claye.

magnetic fraction and a non magnetic fraction after
removal of the secondary iron oxides and Ni was deter-—

mined in these fractions.

l. Sample preparation,.

The size fractionation of samples 841, 847,



Table 27. The distribution of nickel in ‘'sand', silt
and clay size fractions of soil and rotten
rock over serpentinite of the Great Dyke (1075)
and over mineralized serpentinite at
llaritzani (847).
Form of nickel
Semple Associated with Potassium
No. Lxchangeable secondary iron bisulphate
oxldes extractable
(ppm) % (ppm) % (ppm) %
1075'sand’ 8 0.1 1310 23.9 5500 100
847 'sand’ 14 0.6 1050 42.0 2500 100
1075 silt 26 0.5 3850 67.0 5750 100
847 silt 50 1.2 2560 63.2 4050 1u0
1075 clay 120 2.4 1590 45.4 3500 100
847 clay 300 7.5 1940 47.8 4050 100

Table 28. The Ni content of magnetic, weakly magnetic
and non magnetic materials of 'sand' size
particles from rotten rock over Great Dyke
serpentinite (1075) and over mineralized
serpentinite at Maritzani (847).

l.agnetic Weakly magnetic Non magnetic
fraction fraction fraction
Sample No., 1375 . 847 1075 847 1075 847
wt. of
qnaterial
(mg.) 104 114 48 150 88 34
wt. of
material
(% total
fraction) 43.4 38.2 20.0 50.3 36.6 11.5
Ni content
(ppm) 3370 1270 4580 1230 2720 1180
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1070 and 1075 was by sedimentation following dispersion
in a 1% solution of calgon in deionised water by
ultrasonic vibration (Chapter 2).

In the further separation of the 'sand'
size fraction the magnetic fraction comprised grains
attracted to a hand magnet. Grains not attracted to
a hand magnet were separated into weakly and non mag-
netic fractions with a. Franz Isodynamic Separator
with a current amperage of 0.5, a 10° forward slope

and a 15° lateral tilt.

2. Results and Discussion.

Between the two deeper samples some small but

appreciable differences were observed (Tables 27 and

28). In the Maritzani sample the Ni content of the
silt and clay size material has been found to be the

same but apbreciably greater than that of the 'sand'.
By contrast, the silt fraction contained the most Ni
in the Darwendale sample, only very slightly more than
the 'sand' fraction but substantially more than the
clay size material. There is more Ni in the clay size
material at Maritzani than at Darwendale but the
position is reversed in the silt and 'sand'. The

difference is difficult to interpret but could be
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reflecting differences in the soil characteristics
unrelated to mineralization (see later, chapter 5).

In both samples there is an increase in exNi
content in the finer fractions but the Maritzani
material contains, in all three fractions, a greater
amount of ¢XNi than does the Darwendale material. This
difference is accentuated in the coarser fractions
when expressed as a percentage of the potassium bi-
sulphate extractable nickel. It should be remembered,
however, that nickel extracted as the result of fusion
with potassium bisulphate is generally not the total
amount of the metal present (Chapter 2).

In both the deeper samples the amount of
nickel extracted with secondary iron oxides is at
maximum in the silt. DBoth the 'sand' and clay size
fractions contain substantislly less nickel associated
with the secondary iron oxides but there is more nickel
extracted by the citrate~dithionate reagent from the
clay size fraction than from the 'sand'. In the 'sand'
and silt there is more metal associated with secondary
iron oxides at Darwendale than at Maritzani but in
clay size meterial the relationship is reversed.
ixpressed as a percentage of the Ni coﬁtent, nickel
associated with secondary iron oxides is greater at

Maritzani in both 'sand' and clay size material but in
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the silt the Darwendale szmple still gives the higher
value. It is not known whether the differences have
any significance in terms of mineralization.

The magnetic and weakly magnetic fractions
of the 'sand' from which exNi and nickel extracted
with secondary iron oxides had been removed were found
to contain more Ni than the non magnetic fraction both
at Darwendale and at liaritzani. All three fractions
in the former area contain appreciably more nickel than
their counterparts at laritzeni. This contrast between
the two areas is not one that can be explained in terms
of mineralization at Maritzani and not at Darwendale.
It is attributed to the different primary distribution
and mineralogy of the two areas. TFor example, chromite
abounds in the Darwendale area but is rare at llaritzeani.
It is possible that magnetite, and perhaps trevorite,
is assoclated with the chromite and that it is nickel
in these minerals that is being detected in the

magnetic fractions.

In the surface saemples the finest fractions

are the richest in Ni. AtrDarwendale there is a
progressive increase in Ni content with decreasing
particle size from 'sand' to clay size material. Al
Maritzani, however, there is very slightly less Ni in

silt than in 'sand' with a marked increase in the clay
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size material. The amount of nickel associated with
secondary iron oxides at Darwendale decreases with
decreasing particle size (glthough the values in 'sand'
and silt are essentially the same) but at Maritzani it
is similar in 'sand' and clay size material which
fractions contain very much less of this form of the
metal than does the silt fraction.

At Maritzani the ¢xi content increases with
decreasing particle size but at Darwendale it is at
maximur in the silt and at mininum in the 'sand'.

In the case of all the above mentioned attacks
the amnount of nickel extracted is, in &ll fractions,
greater at Darwendale than liaritzani (Table 29). This
is the opposite to the observed distribution of ¢xVi
in the deeper sanples. It is probably the result of
different climatic and drainage conditions and different
soil characteristics. For exaiiple the Darwendale area
has a slightly higher mean annual rainfall than
Meritzani and the water table in the former area was
at the time of sanpling (August - September), approx-
imately 10 ft. below surface conpared with a depth of
gbout 60 ft. at Maritzani. Visual observation suggests
there is more organic uatter in near-surface soil at

Darwendale as coupared to kiaritzani. Soil pH in the
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two areas is not the saie., The effect of these factors

is discussed in detail in chapter S.

The difference in ¢xXNi content in weathered

The form of nickel in 'sand®, silt and clay
size fractions of surface soil over Great Dyke
serpentinite (1070) and over mineralized
serpentinite at ilaritzani (841).

Table 28.

Torm of nickel

Associated with Totassium

mxchangeable secondary iron bisulphate
oxides extractable
(ppm) % (ppm) % (ppm) %
1070 "'sand 59 4.2 940 67.0 1400 100
841'sand’ 15 2.2 290 44.1 6350 100
1070 silt 240 12.5 935 49.3 1900 100
841 silt 28 4.4 449 70.6 625 100
1070 clay 140 4.2 870 26.2 3320 100
841 cley 34 3.1 260 23.7 1100 100

bedrock as determined in the prelininary study appears
to be a factor giving positive contrast between
nineralized and non nineralized serpentinite. This

contrast is believed to be related to a2 difference in

secondary dispersion of nickel from sulphides and
accordingly, been

silicates. Investigations have,

extended.
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B. Distribution of exchangeable nickel.

The distribution of exNi in the minus 80 mesh
fraction as a whole has been examined and the study has
been expanded to include rocks other than ultrabasics.

The exNi content, which in most instances
increases with decreasing particle size (Tables 27
and 29), has been determined on separated silt and
clay size material fron samples from two pits over
serpentinite downslope of mineralization (Figure 46),
from a pit in the vlei at Darwendale, a second pit in
freely drained soil at Darwendale and from a pit in
freely drained soil over serpentinite on Dalmainy Farn
(Figure 47). The results confirmed the observation
méde earlier regarding the increasing exNi content
with decreasing particle size. exNi is generally
greater in clay size naterial than in silt. In the
viei profiles the exNi content is on the whole, greater
than it is in the freely drained profiles although
nore irregularly differentiated in profile. Over
freely drained ground ot Maritzani and Dalmainy Farn
exNi consistently increases with depth. At Darwendale,
the relatively high exNi content in the near-surface

horizons and decrease with depth was confirmed in the

second profile.
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The profile distribution of exNi appears to
differ from one profile to another according to the
physico - cheniczal conditions at the site. These
physico~chenical conditions and their effect on the

distribution of exNi are discussed in the next chapter.

1. exNi in minus 80 mesh materigl.

The distribution of exNi in the :zinus 80 nesh
fraction of soil saples from profiles at Darwendale and
Maritzani was determined. In the upper soil horizons
the exNi content of the minus 80 iesh fraction is
greater at Darwendale than at Maritzani. In the lower
horizons the position is reversed (Figure 48). This
pattern of distribution is the same as that observed in
the more specific size fractions and confirms that there
is a contrast in c¢xNi in weathered bedrock between
varren and mineralized serpentinite. It also
substantiates the observation that there is a reversal
in the upper horizons at Darwendale which is believed
to be due to the local conditions.

The exNi content of weathered bedrock appears
to be greater where sone of the exNi detected has
probably been derived from sulphide winerals as opposed

to where it hcs been derived solely from silicates.
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Further investigation of the distribution
of exNi in wcathered bedrock collected at the basc of

pits at Darwendale has shown a very crratic variation

in the range 5 to 115 ppu (Figure 49). On average
the higher values were obtained in the more frcely
drained ground. The reason for the large and erratic

variaticn is not known but must be regarded as the

noriial background range in the area.

At Maritzani a maxinun of 16-30 ppm exNi in

material from the base of pits (usually in the upper

C horizon) can be correlated with the sulphide nineral-
ization., Away from the mineralized belt the exlii
content of rotten serpentinite is less than 12 ppn
(Figure 50). This observation is corroborated by a
sinilar correlation bctween exNi content of weathered
bedrock 15ft. below surfacc and the subjacent mincral-
ization. At this depth a maxinun of 10.0 ppn: comparcd
to con anonaly threshold of 3.5 ppm is indicative of
rineralization (Figures 50 and 51). The bedrock at

15 ft. is less weathered than that at the basc of the
pits. Therc is an incrceasc in exNi content frooi the
fresh rock in depth into the wcathered rock ncarcr
surface (Figurc 52). The Ni content increases frow
depth to the top of the wecathered bedrock in a sinilar

nanner (Figure 29).
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WJithin the Maritzani area there is a definite
contrast in the exNi content of weathered rock between
mineralized and unmineralized serpentinite., This contrast,
a maximum of three-fold both at 15ft. below surface and
at 34-6ft. below surface, is greater than the contrast
in Ni content (two-fold 15 ft. below surface, less than
two-fold nearer surface). DBy comparison the contrast in
the Ni content of near-surface soil is also less than
two-fold.

These differences in the exWNi and Ni contents
of weathered rock and soil over mineralized and non
mineralized serpentinite, no doubt reflect differences
in the dispersion of nickel originally present as a
sulphide and as a silicate.

At Empress and at Bare Bottom Hill (Figure 53)

also the exNi in weathered and rotten bedrock is greater
over and downslope from mineralization than over adjacent
non mineralized rocks. However, the proportion of the

Ni in the weathered rock which is exchangeable is less
over the mineralization than over barven rocks. This is
in contrast with observations at Maritzani.

In the environs of the Noel Nickel mine exli

has been determined only on the soils and not on the
weathered roclis. The background over serpentinite (anomaly

threshold 50 ppm) was found to be higher than the
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background over metasediments (anomaly threshold 20 ppm).
Anomalous amounts of exNi were found in the soil over
mineralization (Figure 54). One sample contained 3500
ppm exNi - an amount twenty-five times anomaly threshold.
Irn the study area generally the patterns of exNi and Ni
distribution are very similar.

exNi in the weathered bedrock at Kalumbila
is below the 1imit of detection (0.L ppm). This is
evidence of the intense leaching that is believed to
have taken place in the freely drained ground in the

Kalumbila areae.

2. SuUummary.

The distribution of exNi is radically differ-
ent in different enviromments. Itds distribution in
soils is believed to be readily influenced by varying
physico—chemical factors which can cvershadow any vari-
ations related to mineralization.

The distribution of exNi relative to varying
physico-chemical conditions is discussed in the next

chapter.

There is a positive contrast in the exNi
content of weathered serpentinite between mineralized

and barren zones at Maritzani which is greater than
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the Ni contrast. exNi in weathered bedrock at IZmpress
and Bare Bottom Hill is present in larger amounts over
mineralization than over barren rocks but the contrast
is not as good as it is in terms of Ni.

At the Noel exNi is distributed similarly to
Ni in soils. In the Noel study area exNi provides no
better contrast between anomalous and background soils

than does Ni,

Part III, THEZ DISTRIBUTION IN SOIL
AND SEDIMENT OF ZLEKINTS
ASSOCIATEZD WITH NICKEL

Cobalt is generally associated with nickel
in both silicate and sulphide minerals, both elements
being siderophile in character. However, copper, with
strong chalcophile tendencies, is associated with the
sulphide nickel to a very much greater extent than it
is with silicate nickel. All the sulphide mineralizat-
ions of the study areas are cupriferous. In contrast,
there is little copper associated with the arsenide
mineralization at the Noel. The distribution of copper
and cobalt in the study areas is described first.

Selenium is commonly associated with sulphur
in hydrothermal and magmatic mineralizations and its

distril ution has, accordingly, been investigated.
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Arsenides and sulph-arsenides have been
identified amongst the ore minersls in the Perseverance
and Maritzani mineralizations. Consequently a limited
study of the distribution of arsenic has been made in
the Bxclusive Prospecting Area No. 85 as well as the
more comprehensive investigation in the environs of the
arsenide deposits of the Noel Study area.

Antimony is known to be associated with many
mineralizations of the Rhodesian schist belts and a
preliminary look into the distribution of this element
has been carried out.

A few selected samples were also analyzed for

mercury.

A. Copper.

1. Dalmainy Farni.

No fresh rock samples from Dalmainy Farm have
been analysed for copper but a sample of weathered
serpentinite was found to contain 20 ppm Cu and granite
from an outcrop 25 ppm Cu.

The distribution of copper in the freely
drained soils has not been studied in this area but

analyses of near-surface vlei soils for Cu have becn
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made (Table 30). The vlei soil north of the watercourse
in the vlel running parallel to the serpentinite -
granite contact (Figure 17) contains more Cu than
similar soil from the vlei south of the channelway.
Nickel is distributed in a similar manner. The origin
of the copper 1is unknown. Some of the copper may have
migrated, along with some of the nickel into the
northern part of the vlei from the serpentinite upslope
to the north. Although the figures reported above show
more Cu in the acid rock it may not be the true pesition
for the serpentinite sample was extremecly weathered
rclative to the granite and some copper will have almost

certainly been lcached away.

2. Darwcndale Arca.

Fresh scrpentinite from a depth of 208 ft.
in diamond drill hole PIA contains 7 ppm Cu(spec°)°
The Cu content of weathered scrpentinite varies between
12 and 110 ppm, to some cxtent with Ni.

The Cu contcent of the scrpentinitc soil is
low and has nowhere been found to excecd 125 ppm. Cu
is distributcd more crratically than Ni but in eight

of the nine profiles througl frcely drained soil the
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horizon of maximum Cu content occurs at a higher level

in the profile than the horizon of maximum Ni content.

Table 30. Comparison of Cu content of near-surface vlei
soll north and south of a watercourse over
granite and paralleling the scrpentinite -
granite contact at Dalmainy Farm (Figure 17)

Distance downstream Cu content of near-surfacc soil
of road. (ft.) (ppm)

North of channel South of channel

200 30 10
800 ad 15
1100 25 10
1400 23 20
2100 10
2400 48 15
2700 29 20

In the cight pits the Cu is at maximum in the A horizomn,
in four of them in the uppermost 3 in. of soil (Figure
55).

The nodules obscrved in the B horizon werc
found to be very rich in Ni., The Cu content of the
nodulcs is, in contrast, low. The Cu content of minus
80 mecsh matericl from g samplce of B horizon soll was
found to be 45 ppm. The nodules, coarscr than 80 mesh,
contain 90 ppm Cu., Corrcsponding figures for Ni are
4,5% (in the nodules) and 0.7% ( in the matrix ). The
ratio Cu in nodulecs / Cu iy minus 80 mesh matrix is 2/1
in contrast to the samc ratio for Ni of 6.5/1.

Commcnt on the diffcrcnce in distribution
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between Ni and Cu in the soil profilc in this study
area is included in chapter S.

On the basis of Cu, unlike Ni, there is
little to distinguish between freely drainced soil and
vliels and therc is scensibly no significant difference in
Cu content between bank soil and strcam scdiment.

Throughout thc two arecas of non mineralizcd
scrpentinite (Dolmainy Farm and Dorwendole) the tenor
of copper in the arcas as a whole isseveral tens to
scveral hundred-fold less than nickel. The whole
icoppcr landscope' is subdued. In the mineralized
arcas there is very much more variation os described

below.

30 EOPOA. 850

Fresh scrpentinite of the E.P.A. 85 bodies,
devoid, as far as can be asccertained, of sulphide min-
crals contains 10 to 420 ppm Cu, 85 ppm onh average
(82 znalyscs). The Cu content of metavolcanics is
similar, the mean Cu contcnt being 100 ppm (32 analyscs) .
The orc at Perscverance contains copper in amounts
greater than 0.2% in the section along line 12R. The
maximun contrast betwecn barren and mineraolized scr-

pentinite at Perscverance is greater on the basis of Cu
; than the
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contrast between ore and barren serpentinite on
the basis of nickel. Similarly at Maritzani.

The distribution of Cu in the weathered
bedrock and soil of the uppermost 30 ft. of section at
both FPerseverance and Maritzani is very similar to the
Ni distribution in the respective areas (comparc Figures
56 and 87 with 25 and 28). The main mineralization is
well defined in both areas by the Cu content of weathered
bedrock,

The anomaly threshold for Cu in necar-surfacec
soil at Perseverance is 130 ppm over serpentinite and
115 ppm over metavolcanies. These values are a little
higher than that for non mineralized serpentinite at
Darwendale (75 ppm) but lower than that for barren
metavolcanics at Maritzani (175 ppm). Thesc diffcerences
may be resulting from variations in the copper content
of the fresh parent rocks. The soil survey rcvealed
anomalous amounts of Cu in the ncar~surface soil over
the mincralized zones with a contrast of the order of
sixteen-fold at Ferscvcrance but only three-fold at Mar-—-
itzani. (Figures 58 and 59). The difference is
believed to reflect the differences in grade of mincral-
ization and local background. Thcsc contrasts arc an
improvement over the Ni contrast of less than two-fold

in both study arcas. The widths of the Cu anomalies
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in the near-surface soil arc greater than those of the
Ni anomglics in the same horizon. This is attributed

to the more prominent primary dispersion halo for copper.
Sparse disscminations of cupriferous sulphides in
serpentinite sere glmost certainly more readily detccted
chemicolly thon similorly sparse disscminations of
nickeliferous sulphides since the background for Ni

in or over scrpentinite is thirty~fold more than that
for Cu.

The distribution of Cu in the soil profilcs
of the Maritzeoni area hos been determined and is
described briefly, in scquence from barren metavolconics
upslope of the ore zone, across the ore zone to the soil
over sparscly disscminated sulphides in serpentinite,soil
over barrcn scrpentinite downslope of the minerzlization
and ultimatecly to the vlci ond the metasediments beyond
it to the north (Figurc 32).

The distribution of Cu in the freely draoincd
profile over background metovolcanics is very similar to
the distribution of Ni in the same profilcs. There is
an increase in Cu content with depth through the truc
soil. The incrcasc continues, in two of the thrcc
prafiles, into thc underlying bedrock, Ovcer the main
mincrclization therce is a steady increasce in Cu content

with depth but over the sparscly disscminctcd sulphides
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the horizon of maximum copper contcnt is the top of the
wcathcered bedrock., Still further downslope, over non
minceralized scrpentinite and in the vlei, Cu is at
meximum in the B horizon. North of the stream channel,
in the vlei and frecly drainced soil, the Cu content is
uniformly low and there is very little differentiation
of Cu in the profile (Figure 32). In all thesc profilcs
the pattern closcly follows that for Ni,

The Cu content was found to vary betwecen
38 and 200 ppm in thc main Moritzani strcam draining the
mineralized scrpentinite. In a strcam draining mcota-
scdiments and other rocks the Cu content ranges between
35 and 80 ppm and immcdiatcely below the point of cntry
of this lctter strcom into the main strecm the Cu
content of the scediment is lower than ot most other
sitcs upstrcam and downstrcam in the main channcl.
Anomaly thrcshold for Cu in the strcecm droining meta-
scdiments is 90 ppm and in the strcom draining the
scrpentinite 160 ppm. In thc lowcr rcaches ¢f the
Maritzaoni strcam where the water table is closc to
surface the strcam scdiment at two scmple points con-
tains marginally cnomalous amounts of Cu (190 znd 200
ppm comparcd to an anomaly threshold of 160 ppm) .
This high Cu content is coincident with the highcst

Ni contcnt but it is not known whcther this coppcer
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is rclated to the mincralization half a mile away. It

is conceivable that some of the nickecl and copper found
at the sitc in question has travelled from mincralization
in the ground watcr but therce is no substantizl cvidcncc
to prove this hypothcsis.

The cnomaly threshold for Cu in strecam scdiment
at Pcerscverance, os adjudged from a strcom draining non
mincrzlizced scrpentinite, is 100 ppm (strccom B—Bl,
Figure 60). The Cu content of scdiment in the stream
draining the mincralization is clcarly anomalous. 400 ft.
from thce Perscverance gossan strcam sediment contains
580 ppm Cu. The Cu content gradually decrcascs down—
strcam to lcss than 100 ppm 3800 ft. from thc gossasne.

Theo values for Cu in strcam scdiment in the Shagari
river moy be unnaturasl as the river is contaminated
from tho producing gold mincs upstrceam. A valuc of
320 ppm Cu in strcam scdiment over the Shagari scrpen-
tinitc is higher than most other volucs obtaincd in
the Shegoari river scdiment. Despite the known contom-

ination it is belicved that this voluc is indicative of

the mincralization in the =225 === = mel:avolcon'.cs a.BJacenL

{:o ﬁl\e Se&loenkir\fée.
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4, Dmpress prospect and Bare Bottom Hill.

The average copper content of the ore reserves
at the Empress prospect is 0.68%, a little less than the
overall average nickel content (0,83%) (Sharpe, 1961).

The geochemical soil survey revealed a pattern

of Cu y distribution (Figure 61) very similar ta

(spec.
that of Ni(spec ) (Figure 35). Anomaly threshold for
Cu(spec.) in near-surface soil over greenstones and
diomite is 45 ppm and the maximum Cu(spec.) content of
anomalous so0il is 5500 ppm. Sharpe (1961) has made the
observation that soils containing more than 500 ppm
Cu(spec ) delimit the orebody suboutcrop, being nearly
coincident with the area of soils containing 3000 or
more ppm Nl(spec.)o The contrast between background
and peak anomaly at Empress is more than one hundred-

fold on the basis of Cu Two grab samples of

(spec.)®
near-surface soil over barren amphibolite of the small
body south of the shaft were found to contain 55 ppm Cu
in contrast to the maximum of 4200 ppm on a traverse
across the mineralized zone; a sixty-fold anomaly.

It is emphasized that this is a contrast with a single
background result not threshold. The corresponding
contrast for Hi is eighty to ninety-fold.

At Bare Bottom Hill the contrast on the basis
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of Cu ) is more than one hundred-fold and on the

(spec.
basis of Cu sixty-fold.

The profile over barren greenstones near the
Zmpress prospect contains 13 to 18 ppm Cu, appreciably
less than in similar profiles at Bare Bottom Hill. The
Cu content of weathered bedrock and soil on the lower
slopes of Bare Bottom Hill ranges between 45 and 235
ppm. There is a zonal variation in Cu content that is
correlated with the Ni distribution although the zones
are less readily distinguished by the difference in
Cu content (Figure 36), This may be due to the differ-
ences in copper content between the rock types compris-
ing the greenstones being smaller than the differences
in their nickel content. The distribution of Cu in
the soil profile is comparable to, but more irregular
than Ni. However, in 10 of 19 profiles the layer of
maximum Cu content is higher in the profile than the
horizon of maximum Ni content. In six profiles both
metals are at maximum in the same horizon leaving only
three sites where the Cu is at maximum at a point in
the profile below the layer of maximum Ni content.
On average, therefore, the Cu is at a maximum higher
in the profile than Ni. This distribution is the same
as that observed at Darwendale. Comment on this

observation is reserved until chapter 5.
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Over mixed zone rocks, adjacent to but upslope
from mineralized amphibolite, Cu, like Ni is more abun-
dant in the upper horizons than in the lower parts of
the profile. Directly over mineralization the Cu
content increases to more than 0.5% but is, again like
Ni, Crratically distributed in the soil profile. Over
greenstones downslope from the Empress mineralization
lateral dispersion of copper appears to have been closely
analagous to the lateral dispersion of nickel as is
also the case at Bare Bottom Hill (Figures 36 and 37).
That is to say that copper, again like nickel (page 136)
has probably been dispersed, mechanically and hydromor-
phically (and possibly via the biogeochemical cycle)
from the mineralization upslope.

The Cu content of bank soil and stream
sediment is correlated with the Cu content of adjacent
solls. As explained in the section on nickel the
drainage below the main mineralization has not been

sampled because of the probability of contamination.

O Kalumbila aresg.

At Kalumbila there is an increase in the
tenor of copper in the ore from north east to south

west. This is the reverse of the variation in nickel
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content. The best copper minerslization occurs in
block 205 (Figure 9).

Local background in near-surface soil is
slightly higher over carbonaceous shale than.quartz-
mica schist and, over the respective rock types, is
greater in the south west than in the north east
(Table 3L). These variations are, in all aspects, the
reverse of the variations in nickel distribution.
The fundamental reason for the difference in distribut-
ion between nickel and copper is thought to be the
difference in the primary dispersion pattern, which,
as indicated in chapter 3, is thought to have formed
at the time of ore deposition.

In the so0il in and just downslope of the
clearing crossed by line 12, block 205 there are
clearly anomalous amounts of Cu (Figure 62). The Cu
is present, in the 3-12 in. horizon for example, in
amounts exceeding 400 ppm compared with an estimated
local anomaly threshold of 75 ppm for carbonaceous
shale. The contrast is six-fold in both the 0-3 and
3-12 in. horizons (Figure 62). By comparison the Ni
contrast is eight-fold in the 0-3 in. horizon and
two-fold in the 3-12 in. horizon (Figure 38). No
anomalous amounts of Cu have been observed in the

freely drained soils in block K1, i.e. in the area
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where nickel sulphides have been detected in drill holes

(Figure 39).

Teble 3l. Copper content of near-surface soil over non
mineralized rocks, Kalumbila area.

Rock type. Sample Cu content (ppm) No. aof somples
Depth Range Mean
(in).

Carbonaceous

Shale (S8W) 3-12 35-90 60 7
Carbonaceous

Shele (NE) 3-12 15-25 20 5)
Quortz-mica

Schist (SV) 3=-12 10-30 17 12
Duartz-mica

Schist (NE) 3-12 5-25 13 12
Gabbro 0-6 10-15 14 10
Sericitic-—

Speculearitic

Quartzite 3-12 o=10 6 7

In the dombo downslope from outcropping
carbonaceous shale in bloeck K1 there is more Cu on the
carbonaceous shalebide of the streom chonnel than there
is on the opposite, quartz mica schist, side (Figure 63).
This distribution could be explained by the geology.
Some of the copper in the south east part mzy have
originated from the carbonaceous shale. It has been
shown that the soil over the carbonaceous shale normally
contains more Cu than that over quartz-mica schist.

The Ni comtent in this dombo is slightly anomalous but
a8 pointed out ecrlier it is not clear how much of the

nickel has been derived from the sulphide mineralse.
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In the trenches cut into the dambo/freely drained soil
contact Cu, like Ii, is, in most parts, more abundant
close to the woter toble than it is above and below
(Figures 64 to 66). The trench downslope of the out-
cropping carbonaceous shale is richer in Cu thaon are
either of the other twa trenches (downslope of% quartz-
mica schist and sericitic—specularitic quartzite). The
copper in the first mentioned trench may have originated
from the carbonaceous shole itself or from the nickel-
copper sulphide minercls known to be present at depth
within the carbonaceous shale horizon, having moved
via ground water towards the dambo. Some of the nickel
in this trench downslope of the shale outcrop is
believed to have moved in the same way. In the case
of nickel, however, the soil over the carbonacecus shale
contains less of the metal than does the soil over
quartz-mica schist (Table 21)., The slightly anomalous
i values (i.e. anomclous for quartz-mica schist) coin-—
cident with the highest Cu values in dambos are
probably duc to dispersion from minerzlization but the
hypothesis is difficult to substontiate without precise
knowledge of ground water maovement,

The materials of the trench on line 39
contain very little copper (TFigure 66). 4 marked

predominunce of Ni over Cu is an abserved geochemical
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characteristic of the soil over gabbro in the study

area (Table 32). It is, thus, very probable that the

Table 32, Nickel and copper in near-surface soil over
gabbro in the Kalumbila area, Zambla.

Sample Fo. Ni  (ppm) Cu (ppm).
140 120 15
1473 155 15
142 110 15
143 110 10
144 135 15

part of the dambo containing relatively large amounts

of Ni just upstream of the downslope projection of the

carbonaceous shale outcrop (Figure 39), reflects the

presence of a gabbroidal body beneath, adjacent to or

up drainage from the section of the dambo in question.
ithin the dambos, as for Ni, the bank soil

and stream sediment contain less Cu than the swampy flats

on either side (Figure 63).

6. Noel.

The minerslization at the Noel is not
cupriferous and there is nothing in the distribution of
Cu in the soils that can be related tomineralization.
There is, furthermore, no clear correlation between
the Cu content of so0il and the underlying geology.

Soil richest in Cu is that over serpentinite on the hill
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crest and the material in the valleys over metavolcanics
(north of the serpentinite) and over metasediments
(south of the serpentinite). This distribution would
suggest that there is more copper in serpentinite than
in other rocks of the study arégzgf which has been moved

=== and redeposited in the swales and valleys.

7. Summary of the main features of the distribution of
COppEer,

In background areas of ultrabasic rocks Cu
is uniformly distributed and generally in small amounts
(Less than 100 ppm). Relative to Ni the contrast in
Cu content between freely drained vlei and dambo
environments is small,

In the profile away from mineralization there
is a tendency for copper to be fixed nearer surface than
is nickel.

The pattern of the relationship of copper to
mineralization is similar to that between nickel and
mineralization but in the serpentinite environment it is
more conspicuouse.

There is a greater contrast between the
copper content of barren and mineralized serpentinite,

overlying soil and related stream sediment than there
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is between the nickel contents of the same materials.
In areas of rocks other than ultrabasics there
is little difference in the contrast between anomalous
and background materials based on nickel or copper
except at the Noel (where the mineralization is net

cupriferous) and possibly in the drainage at Kalumbila.
B. Cabalt.

Investigation of the distribution of cobalt
has been confined to the Exclusive Prospecting Area No.
85 where, in a soil survey, the Co content af near
surface scil overlying mineralization was shown to be
no greater than that over barren serpentinite. Like
Ni, the Co content of near-surface soil reflects the
geology in that there is noticeably more Co in the soil
over serpentinite than there is over metavolcanics.
(Figure 67). As in the case of Ni the degree of differ-
entiation between serpentinite and greenstones is about
ten~fold. It is of interest to note the slightly smaller
cobalt ccntent of the soil on the ridge compared to that
of the soil on the lower slopes. This may be reflecting
a primary dispersion feature — the zoning of cobalt
content around the core of the serpentinized peridotite

intrusion. Alternatively it may be & secondary dispersion
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feature related to weathering and depth of soil.

Weathered bedraock samples from wagon drilling
at Perseverance have not been analysed for cobalt but
those from Maritzani have. The results, some of which
are presented in Figure 68, illustrate the clear
contrast in Co content between serpentinite and metavol-~
canics. The mirperalized serpentinite is a little richer
in cobalt than the non mineralized rock. Downslope
from the mineralization there is more Co in the soil
than in the underlying bedrock but it is not clear
whether this is normal enrichment in the soil over
serpentinite bedrock or dispersion downslope from the
mineralized zone (Figure 68).

In stream sediment at Perseverance the samples
400 and 800 ft. from the gossan contaim 90 and 85 ppm
cobalt respectively. Values of 60-80 ppm Co are attained
in all streams in the drainage system and a Co content
of 115 ppm has been recorded at one point unrelated to
any known mineralization (Figure 69), 90 and 85 ppm can

not, thus be regarded as particularly anomalous.

C. Arsenice.

The semples collected by the Southern Rhodesian

Geolagical Survey in the environs of the Noel Nickel
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mine have been analysed for As. The As content of the
s0il over barren serpentinite, metavolcanics and meta—
sediments is very low (less than 5 ppm). In contrast

scveral hundred ppm of As is present in soil overlying
probable mineralized fissures (Figure 70).

The soil containing anomalous amounts of As
is that which also contains anomalous amounts of Ni,
Like Ni, anomalous arsenic values form a reticulate
pattern, the linear trends of which line up very well
with the directionms of the two known fault systems
(NNE/NNW and WSW) which have been mapped in the area
and with which the minerzlization is associated. The
width of the anomaly is greater than that of the Ni
anomaly.

Nickel arsenides and sulph-arsenides alseo
occur in the mineralization in the Ixclusive Prospecting
.rea No. 85. In mineralized serpentinite 30 ft. below
surface Z& the smss= mineralized zone at Maritzani there
is 2600 ppm As while 400 ft. away downslope there is less
than 2 ppm aAs in serpentinite at thc same depth below
surfacc. In the gossan outcrop at Pcrseverancce the As
content is 25 ppm comparcd with an As content of 2 ppm
in the weathered bedrock 600 ft. uphill to the cast.

The distribution of As in rock and weathered

rack 15 ft. below surface was determined along onc line



| BO+ppm

40-80ppm

- 20-40 ppm

10 ~20 ppm

<|O ppm

0 500 1000 ft. /

2500 Height gbove
e sea level

—— " Gpproximote ____
geological contacts —north

to south; metavolcanics,
serpentinite, metasediments.

r
M= \

' —~
Distribution of As in near-surtace soil in the environs of the 7
NOEL Nicke! mine. °




192.

of wagon drill holes at Maritzani. Over the main
mincrelization the aAs content is as high as 900 ppm

but only 150 ft. cway, still within the zone of sparsely
disseminated sulphides, it decrcases to 10 ppm (Figure
71). In barren metavolcanics upslope the As content
varies between 25 and 70 ppm and if the upper limit of
normal background fluctuation is taken as 70 ppm then
the maximum contrast is thirteen-~fold.

In wecathered bedrock 33-6 ft. below surfaoce
at the base of eleven pits over barren scrpentinite
(but downslopc from mincralization) the 2;;%;2;; variecs
bectween 2 and 25 ppm. The amount of As in weathcred
bedrock over the minerzlized zonc varies between 10
and 180 ppme. (Figure 71). The contrast appears to be
about seven-fold but the distribution is ver; crratic
in an anomalous zone 400 ft. in width.

The erratic distribution of As in wecathered
bedrock may be the result of a patchy primary dispersion.
Alternatively it may reflccet irregular weathering and
lecaching. There is cevidence to sﬁggest that As is being
removed from the enviromment since a maximum of 2600 ppm
As at 30 ft. rcduces to 900 ppm at 15 ft. and te 180 ppm
at 3% ft. beclow surfacc although the varistion could
also be explained by a patchy primary distribution.

This precliminery investigation was not taken
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any further. There is a necd for a more detailed
investigation of the primary distribution of the arsen-—
ical minerals and the secondary dispersion patterns since
there is a suggestion in these preliminary results that
ssociated As may help in diffcrentiating sulphide and

silicate Ni.

D. Antimony.

The Rhodesian schist belts contain gold-
arsenic—antimony mineralizations. Since arsenic is
associated with threc known nickcl mineralizations
within rocks of the carly Pre-Cambrian schist bclts
analyscs were made to find out whether antimony wos sim-
ilarly associated.. The results of the preliminary
survey are given in Table 33.

At Tcrscvcrance the antimony content rangces
botween I cnd 6 ppme A maximum of 3 ppm antimony was
dctceted in soil over barren mctavolcanics comparcd with
a maximum of 6 ppm in soil over thc gossan. Thc contrast
between mincralizced and non minceraolizced materials is
thercefore two-fold. At Maritzani the ﬁigggéééeﬁ of
antimony is highcr (8 - 35 ppm ). Mincralized wcatherced

scrpentindte contains 35 ppm, non mincrolized
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weathered serpentinite 13 ppm, a contrest just less
than three-fold. It is interesting to note that the
tenor of antimony (as far as can be ascertained from
the limited data) is, like As, greater at laritzani
than Ferseverance. In serpentinite at Darwendale and
in weathered serpentinite and soil over serpentinite
at Darwendale and Dalmainy Farm there is less than
1 ppm antimony. At the Empress prospect in soil over
mineralized amphibolite and barren metavolcanics and
in weathered mineralized amphibolite and non mineralized
greenstones there is less than 1 ppm antimony.

The distribution of antimony was investigated
a little further at Maritzani where the greatest differ= .
ence between mineralized and barren serpentinite in
terms of the antimony content was attained. The
contrast between barren and mineralized serpentinite
of two to three-fold was confirmed. There appears to
be more antimony in serpentinite than in metavolcanics
as adjudged by the antimony content of weathered
bedrock 3% - 6 feet below surface (Figure 72).

Antimony, associated with the nickel - copper
minerslization only at Maritzani (where the contrast
is barely larger than the Ni contrast) appears to have
no special general association with the mineralizations

of the study areas.
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Table 33. The antimony and selenium content of selected
samples,
Sample Study area Material Sb Se
No. (ppm) (ppm)
8002 Perseverance gossan 1 17.0
3875 do do 3 9.0
957 do weathered metavolcanics 1 0.2
975 do weathered serpentinite 6 0.1-
3888 do soil over metavolcanics 6 3.5
263 do do 1- 0.1~
956 do do 3 0.5
974 do soll over serpentinite 2 O.1-
983 do do 1- 0.2
8003 Maritzani massive sulphides 16.0
2214 do weathered serpentinite
cver ore 35 0.5
2323 do weathered serpentinite 13 Js 1~
1870 do weathered metavolcanics 8 J.2
4041 do rotten serpentinite over
ore 23 0.7
4037 do soil over mineralization 23 0.5
8004  Darwendale serpentinite 1- 0.1-
1056 do weathered serrentinite 1- 0.1
1053 do soil over serpentinite 1- 0.1-
9403 Dalmainy Farm weathered serpentinite 1- 1.0
5401 do soll over serpentinite 1- 0.8
4829 ompress weathered greenstones 1-
4827 do soll over greenstones 1-
4879 do weathered mineralized
amphibolite 1-
4872 do soil over mineralized
amphibolite 1-
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E. Seleniume.

The association of sulphur and selenium is
well known. The selenium content of gossaas and
residual soils has been used as a pathfinder for epi-
genetic sulphide minerals (Hawkes and Webb, 1962).

Mineralized serpentinite at Perseverance
contains 4 ppm selenium., This is very considerably
higher than the normal selenium content of rocks. The
average for igneous rocks quoted by Rankama and Sahama
(1950) is 0.09 ppm. The association of selenium with
the sulphide mineralizations in the Perseverance and
Maritzani areas has been confirmed by further analyses
(Table 33).

The weathered serpentinite and overlying soil
at Dalmainy Farm contain appreciably more selenium than
similar barren uaterials at Perseverance and Maritzani.
10 analyses of soil over serpentinite from the Darwen-
dale area had a mean selenium content of 0.33 ppm and
in 8 analyses of s0il over non mineralized serpentinite
at Perseverunce the mean selenium content was 0.30 ppm.
The mean selenium content of soil over the Dalmainy
Form serpentinite is 0.80ppm (10 analyses) (Figure 73).

This is considerably higher thon in the other arecs
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where sulphides are absent ond is considered to reflect
an aobnormally high content in the Dalmeiny Farm
serpentinite. There is no evidence from other arecs
that the climcte or soil conditions at Dalmainy Farm
have resulted in cn cccumulation of selenium in the soil.

In both the Perseverance and Mcoritz:oni creas
the background level over metavolcanmics 1s higher than
it is over serpentinite. Sparse disseminations of
pyrite are known to occur in the metavolcanics and it 1is
possible that selenium associated with the iron sulphide
is responsible for the relatively high background over
the metavolcanics.

Selenium is associated with the sulphide
deposits of the Perseverance and Maritzani areas.
Selenium must be moving out of the environment in some
way since there is very much less of the element in
soil over mineralization than there is in underlying
bedrock. Nevertheless there is more selenium in the
s0il over mineralized serpentinite than over non
mineralized serpentinite at Perseverance (Figure 74).
Here, against an estimated upper 1limit of normal
background fluctuation of 0.6 ppm the maximum contrast
is seventeen-fold and the anomaly is more sharply de-
fined than the Ni anomaly. On the other hand at

Maritzani there is no recognisable anomaly. This is



o 3¢5L8
A Surrmce SsoiL - 1.0 7
\“""' 0.5
. Se
{ppm)
T '—\ llog scalel
¥ 0.1 -
o] feet 2000
MIGHEST GRADE _E——-«__‘__;j_sporsely‘ disseminated
MINERALIZATION = sulphides
metavolcanics serpentinite
Scale. ;5000
1.0
B s5-/2 /. F . / :
-Oos L] L] '—'/\ [ TEV TSN
Se i
(ppm)
flog scale]l |
o\.v 7
-O.1

200 O 200 400 600 800

w

sparsely di sscminote&—%— HIGHEST GVADE

sulphides ——pF—— MINERALIZATION

serpentinite metavolcanics

Distrioutiocn of gelenium in s0il at Perseverance

(A) aid &b Mariteani

(B, 74




198.

surprising because a sample of massive sulphides
contained 16 ppm selenium. It would seem that
selenium is being leached to a greater extent at
Maritzani than at Terseverance, This supposition is
in accordance with the fact that soil formation and
s0il profile differentiation at Maritzani is more
advanced than at Perseverance,

wWeathered, mineralized amphibolite at the
Empress prospect contains 5.5 ppm selenium. Fresh
Carbonaceous shale containing coarse grains of the
sulphide minerals and massive arsenide from the Noel
contain 3.0 and 1.0 ppm selenium respectively. There
is more selenium in the soil over mineralization at
the IEmpress prospect than there is in soil over
adjacent barren rocks (Figure 75). Similarly the soil
in the environs of the Noel Nickel mine contains quite
variable amounts of selenium. Soil containing
anomalous amounts of Ni and As contain, as might be
expected, the largest amounts of selenium (Figure 76).
At Kalumbila the distribution of selenium is more
complex and irregulear (Figure 76). There is no appar-
ent correlation between the selenium content of soil
3-12 in. below surface and the Ni and Cu content
although two samples collected downslope of the copper

clearing, on line 12, block 205, and which contain
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anomalous amounts of Ni and Cu contain 1.0 and 0.8 ppm
selenium respectively. These values are slightly above
the overall mean of 0.4 ppm. Viewed broadly there is
more selenium in the soil over carbonaceous shale than
in the soil over quartz-mica schist. However, one sample
collected over quartz-mica schist assayed 1.8 ppm
selenium. The reason for this is not known.

The amount of seleniur in weathered bedrock
near-surface is generally greater than in overlying
residusl soil and in underlying weathered bedrock
(Rable 34).

The profile distribution of selenium was exam-
ined in two pits at the Impress prospect. In a soil
profile over mineralization the selenium content
increases with depth through the soil down to 12.0 ppm
in a layer of rubble and weathered rock fragments
16 - 30 in. belaw surface. Deepcr down, in fractured
and weathered amphibolite showing a palimé%st equi-
granular texture, the selenium content is 6.5 to 7.0
pp. In a profile over non mineralized greenstones the
maxinu seleniun content 1s 27-32 in. below surface in
fractured weathered metavolcanics in which the schist-
osity can bé still clearly seen. The selenium content
increases nuch more rapidly with depth in the barren

profile than in that over mineralization and thcre is
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no evidence of any decrease in the selenium content with
depth into the bedrock in the former profile. accordingly
the maximum contrast in the selenium content of the two
profiles is in the upper horizons (Tables 35 and 36).

his is consistant with the results obtained at Perse-
verance.

These introductory studies have shown that

selenium is associated with all the nickel mineralizeations
that have been the subject of the investigation described

in this thesis in amounts grcater than the average in

rocks. There is less selenium in the soil than in

Table 35, Typical profile through the soil overlying
mineralized amphibolite at the Empress
prospect showing the distribution of selenium.

Sample No. Depth s s Se content
(in.) Description (ppm)
4871 0-3 Brown-ochre clay to
grit, hard and lunpy. 3.0
4872 3-16 Brown-ochre clay to

gravel, sone gravel
quartz rubble and
irregularly rounded

ferruginous nodules, Oed
4873 16~-30 do; including frag-

ments of weathered

amphibolite. 12.0
4874 30-48 Rotten amphibolite 6.5
4875 48-64. Vlcathered amphibolite

showing palimpest equi-
granular texture. 7.0
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weathered rock but sufficient to enable soil containing

Table 36, Typical profile through the so0il overlying
nen nineralized metavolcanics at the Empress
prospect showing the distribution of selenium,.

Sample No. Depth Se content

(in.) Description (ppm)

4830 0-3 Brown clay to fine

sand, dry and friable. 0.2
4831 3=15 Brown sandy clay dry

and friable as matrix

to greenstone frag-

ments and quartz rubble

to small pebble size, 0.2
4832 15-27 do 0.2
4838 27-39 Variegated weathered,

fractured greenstones
with schistosity clearly
evident. - 0.0

anomalous quantities of ore metals (Ni and Cu) to be
distinguished from background soil in the Perseverance,
Lmpress and Neel study areas. Neo selenium soil
anonealy was detected at Maritzani or Kalumbila. There

is need for further rescarch.
F. Mercury.
During the course of investigations sclected

sanples were analysed for mercury to determine whether

this clement is associated with the nickel sulphide
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Table 37. The mercury content of selected samples
collected in Rhodesia and Zambia.

Sample Study area liaterial Hg content
No. (ppb)
(1) (2) (3) Mean
8002 Perseverance Gossan 175 220 180 192
257 do weathered
metavolcanic 70 120 70 87
975 do weathered
serpentinite 38 70 60 &6
3888 do soil over gossan 248 340 240 276
963 do soil over
metavolcanics 90 120 60 90
556 do do 185 120 120 145
974 do soil over
serpentinite 100 90 70 87
933 do do 170 140 120 144
8003 Maritzani sulphide ore (1100)160 180 170
2214 do weathered serpen-
tinite over
mineralization 235 240 130 218
2323 do weathered
serpentinite 138 120 120 126
1870 do weathered
metavolcanics 95 120 100 105
4041 do rotten serpentin-
ite over ore 95 120 100 108
4037 do soil over
mineralization 120 140 120 127
3833 do soll over serp-
entinite 70 90 80
8004  Darwendale serpentinite 70 60 60 63
1056 do weathered
serpentinite 200 140 50 130
1053 do soil over
serpentinite 1350 75010001033

(Continued overleaf)
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Table 37, (Continued)

Sample Study area Material Hg content

NO, (ppb)

5403 Dalmainy I"arm weathered

serpentinite 30 30 50 37
5401 do soil over

serpentinite (5-)90 &0 75
o414 do do 60 90 75
4879 Lmpress weathered

mineralized

amphibolite 60 70 63
4877 do soil over

mineralization 120 120 120
4884 do soil over

mixed zone 60 60 060
4520 do soil over

diorite 30 60 45
4827 do soil over

greenstones 30 90 60
6051 Noel arsenide ore 50 120 85
1w36es do solil over

mineralization 300030003000
437355 do soil over

metasediments 70 140 105
2925 Kalumbila sulphide ore 60 90 75
2872 do 801l in copper

clearing 60 100 80
2988 do soil over

projected outcrop

of mineralization 30 136 83

(1), (2) and (8) replicate analyses.
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deposits. The rcsults of the analyses made using the
Mercury Vapour Meter (Chapter 2) are presented in Tables
37 and 38.

In the Persevcrance, laritzani, EZzpress and
Noel areas the mercury content of sanmples known to
contain anomalous amounts of ore metals is greater than
that of corresponding background materials. The degree
of contrast is similar to the Ni contrast.

In all arcas except Maritzani the mercury
content of the soils is greater than that of the
underlying bedrock. The mercury content in the Derwen-
dale area is unusually high., No explanation can be given

for this.

Table 38, Surimary of the data of Table 37.

Area Range Contrast betwcen anomalous and
(ppb) background samplos (Ratio
anomalous: background)
Iin wcathcred In
rock Soils
Perscverance 38-340 2o'7 2.4
L.aritzani 70~-240 1.9 1.6
Darwendale o0~-1350
Daimainy Farm 30-90
wupress 30-~120 2.2
Nocl 50-3000 29.0

Kelumbila 30~-136
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Part IV, NICKEL IN VEGETATION.

Plants obtain thcir nutricnts from the soil
and s0il watcr. Ions that arc cither dissolved in the
soil watcr or held by the soil particles in an cxchange-
able form arc 'available' for uptake by the plants.
Nutricnts (and toxicants) can bc absorbed by the root
tips cither dircctly from solution or from thc soil
particles by complcx exchangc reactions. Thze ions
subscqucntly cnter the circulatory system of the plants
and may stimulate or hinder growth. Zlements may be
rcquired for a spocific function in plant mctabolism and
arc often concentrated in the growing points (buds,
shoots). In many spccies a given clement is often present
in the lcaves in amounts greatcr than it is in the twigs
or bark. dowcver, the content in the lceaves is also
generally more crratic than that of the bark and twigs.
Plants of a givcn specics may rcact differcntly to
different ions and plants of diffcrcent specics can differ
in thcir bchaviour towards a given ion.

Despite the many variables the amount of metal
taken up by a plant will be to somce cxtent depcndent on
the amount of 'available' metal in the soil. This has

been demonstrated for nickel by Mitchell (1944-45)
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working on the soils of north cast Scotland. He has
rclated soil infertility to rcadily soluble nickel
(nickel solublce in 0.5N acctic acid) rather than to the
total nickel content of the soil. It is suggested that
nickel 'available' for uptake by plants may be identi-
fied with tht concentration (amount) of nickel in
solution and c¢xNi. It has boeen shown that cxWNi in the
deceper parts of the weatherced profile is greatcr over
mincralization that it is over non amincralizcd rocks

in a given arca. Flant roots arc not limitcd to the
near-surfacc cnviromment. Many plant root systems do
in fact pecnctrate to somc depth. It scems possible,
nercfore, that the plants may pley an important rolc
in thc dispersion of nickcl from sulphide and silicate
mincrals. This possibility was investigated by
determining thc nickel content of plants growing over
mincralized and non mineralizced scrpentinite as well as
thosc over other lithological units, again both barrcn
and mincralizcd.

Whilc corper, in small amount, is rcgarded as
an c¢sscntial plant nutricnt, nickcl is not. However,
nickcl may wcll be cusscential to plant growth in amounts
bclow the limit of dctceetion of prescnt analytical

methods. Copper availablc to plants in large conccen=—
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trations is toxic. Clcarings, like the one in block
205 at Kalumbila occur cover copper aincralization
elscwhere in Zambia and arc attributced to the poisoning
of the young plants in the copper rich soil. Such
clecarings arc called 'copper clcarings',

Nickcl has been found present in plants in
large amounts. Some plants growing over scrpcentinite
in Rhodcsia contain more than 1000 ppm nickcl in ash of
lcaves and twigs. The plants are, however, ofton visibly
discased. Hunter and Vergnano (1952) have dcscribed
oat plants with longitudinal stripcs of whitc necrotic
tissuc on their lcaves and have rclatced this dcformity
to the high concentrations of nickel in the soil. In
Rhodesia scrpentinite soils arce known to be infertilc.
Poor yeilds from maize crops and stunted and otherwisc
deformed plants growing on scrpentinite soil at Dalmainy
Farm havc been attributed to nickel toxicity (O.3. Mackay,
Pers. Comm. ).

The vegetzl cover has somctimes been observed
to be thinncr over scrpentinite than it is over adjaccnt
rocks. As a part of thc vegctation sampling technique
dectails of the sizes and physical charactcristics of the
plants sampled werce recorded and variations in population

density noted. It was found, for oxamplc, that the
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numbcor of specimens of the genus Brachystegia per unit
arca at the Pcrscverance prospect was lower over
scrpentinite than over other rocks (Figurc 77 ). The
density of population of specimens of this genus is,
furthermore, still less over the sulvhide mincralization
but it is possible that this has resulted from trec
felling during prospecting opcrations. A similar vari-
ation in population density has becn obscrved in the
casc of scveral specics (notably Combretum apiculatum)
at thc Impress prospect. The number of plants of a given
specics por unit area is again lower over mineralization
than over the surrounding barrcn rocks (Figure 78 ).
Density of population appcars inversely proportionate
to tho cxchangeablc nickel content of the soil. These
obscrvations appertaining to the indigenous flora confirm
the conclusions obtained from a study of cultivatcd crop
plants (Hunter and Vergnano (1952), Litcholl (1944,1945),
namcly that nickel is not an csscntial plant nutricnt and
dous, in fact, have an overall toxic effcect on the plants
when proscent within the limits detected (sce below).
Studics have becn confined to four arcas,

Perscverance, llaritzani, Smpress and Kelumbila.
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A. Perscverance Arca.

Investigations were carricd out in this area
so that the effect of sulphide mincralization in
serpentinitc on the uptake of nickel by plants could
be cxanined. Two speccies werc sampled at 100 ft. inter-
vals along a traverse extending from metavolcanics,
across nineralization and scrpentinite to core metavol~-
canics. Two further species were sampled along a more
limited length of traverse centered on the suboutcropping
mineralization (Table 39 and Figures 77 and 79).

Species of the genus Brachystegia are in greater
abundance over metavolcanics than over serpentinite and
are particularly rare over the mineralized zone,
Diplorhynchus condylocarpon and Pseudolachnostylis
maprouneifolia show less of a contrast between serpentin-
ite and metavolcanics and what contrast there is, is in
the opposite direction but these species are similarly
very sparsely distributed over the ore suboutcrop.
Possible interference in the natural distribution follow-
ing tree felling during prospecting operations has been
mentioned above. However, since all species are
similarly affected and since the amount of felling has,

as far as is known, been limited the distribution is

considered to be natural.
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All four species appear, as far as can be

judged from their nickel content, to behave similarly

Table 39. Details of plants sampled in the Perseverance

area.
Vernacular name Generic and Parts of species
(Chishona) specific name sampled

Mufuti Brachystegia Second leaflet on twig
boehmii and second year twigs.

Msasa Brachystegia Second palr of leaves
spiciformis and second year twigs.

lItowa Diplorhynchus Second pair of leaves
condylocarpon and second year twigs.

\lusonzag Pseudolachnostylis Second leaf on twig
maprouneifolig and second year twigs.

towards the metal. The amount of nickel in the ash of
leaves and twigs is greater over barren serpentinité'than
over barren metavolcanics reaching a maximun (in
Brachystegia boehmii and Jiplorhjynchus c.) on the upper slopes
of the hill. The reason for this is not clear. One
possible explanation is that because of their relatively
exposed position the rate of transpiration in the plants
on the upper slopes ie high. To compensate for this loss
of moisture the plants might take up an above average
volume of water if it is available and the amount of
nickel in the plants might be expected to increase
proportionately. Alternatively it may be that the plants

on the upper north western facing slopes receive more
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sunlight than those elsewhere and that this factor is
influencing the uptake of nickel.

In all species the leaves and twigs of the
plants growing directly above the best mineralization
contain more nickel than thaose immediately adjacent.

The maximum nickel content in a given plant species grow-
ing over the mineralization is, however, less than the
maximum nickel content of plants of the same sﬁecies
higher up the hill over non minecralized serpentinite.

Only isolated specimens of the species sampled
at Perseverance are to be found at Maritzani where the
bush is sparse. DPlants of one species (Bauhinia
punctata) were sampled along one line of traverse crossing
the serpentinite and mineralization suboutcropping on
the gentle slope to the vlei. Here the nickel content
of the leaves of plants growing over mineralization is
greater than that of leaves of plants growing over
barren serpentinite albeit the barrcn rocks are downslope
of the mineralization (Figure 80).

The leaves and twigs present thc same distribut-
ion pattern although the level of nickel content in the
leaves is plainly greater than thc tenor nickel in twigs.

There is a singular lack of variation in the

copper content of the ash of lcaves and twigs of plants
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growing in the different parts of the Perseverance area.
An indication of a difference in behaviour between nickel
and copper in the biochericeal cycle lies in the obser-
vation that there is more copper in twig ash than leaf
ash in all but one of the Diplorhynchus condylocarpon

zand all Pseudolachnostylis maprouneifolia plants sampled.
Six out of nine speciiiens of Brachystegia spicifornis
contained more copper than nickel but non of the Brachy-

77+73
stegia boehmii specinens did (Figures#=58),

B. Impress prosmpect.

Although six species were sampled in the area
only Cor.brctur apiculatun: was found present at all points
along the line of traverse selected. Since all four
species examined at Terseverance were found to show
similar patterns it was decided to confine analyses at
the Tupress prospect to a single species. Combretun
apiculatw:, occuring, as it docs, throughout the area,
was selected. Leaves and twigs were ashed and the ash
analysed for nickel and copper.

Anonalous amounts of nickel were found in the
ash of specimens growing in the vicinity of the ore

suboutcrop where the density of population of the spccics
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is well below average (Figure 78). As was the case
at Perseverance the pattern of distribution of nickel
ie girilar in both lecaves and twigs but the level of
nickel in the twigs is below that in the leaves.

There is only fractionally more copper in
leaf ash over the ninerclizetion contrasted with the
coprer content away fron nincralization. Twigs of
maxinun copper content are those off plants srowing over
nixed zone rocks upslope froo nineralization. The
reason for this is not known. Copper, dissinilarly to

nickel, is nore abundant in the twigs than the lcaves.
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Co Kelumbila arca.

At Kalumbila, threc specics growing along a
linc of traversc crossing the projectced suboutcrop of
the best coppcr mineralization, the coppcr clcaring and
the arca of soils containing anomalous amounts of Ni cond
Cu werc collected. The aim was to lcarn something of the
distribution of nickel in vcgetation under climatic and
gcomorphologic conditions radically diffcrent to thosc
prevalling at Perseverance and Zmpress. Brachystegia
bochmii and Jubelnardia paniculata commonly rcoch heights
of scveral tcns of fecoct and conscquently sampling of
lecavees and twigs is impractical. Dipplorrynchus moss-
ambicensis, however, is a plant of lesscr hcight and the
lecaves and twigs are morc rcadily accoessible and were,
accordingly, sampled (Tablc 40 }. A prcliminary
survey rcvealed little variation in the density of
spacing of the trces in the woodland. Variations in
population Jcnsity of the individual specices was not
determined in this arcea.

The nickel content of the bark of Brachystcgia
bochmii and Jubclnardia paniculata showcd only littlce
variation along the lince of traversc but the maximum

valucs woere rccorded in the area of the suboutcroppling
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carbonaccous shale at pegs 15 and 19 respectively
(Figurc 81 ). The amount of nickcl in the bark of
Dipplorrynchus mossambiccnsis is markedly greater than
that of the taller specics. Apart from & valuc of
just over o500 ppm in plants growing at the cdge of the

copper clcaring ncar pcg 23 the valucs further upslope

Tablc 40. Dctails of plants sampled in the Kalumbils
orCie
Vernaculaor name Generic and Ports of specics
(Bemba) specific name sampled

Mwenge Dipplorrynchus Third pair oflcaves on
mossaombiccnsis twig ond bark.

Musamba Brachystegia Bark,
bochmii

l;utondo Jubclncordia Bark,

paniculata

over the carboncccous shale near pecgs 14 and 16 are the
highcst rccorded. Lecaves, generally with o higher
proportion of nickcl than is the casc with bark, of plants
growing around thce upslopc cdge of the copper clecring
ncar peg 23 ondé over the projected suboutcrop of the
mincralized horizon within the carbonaccous shale at site
15 contain greater amounts of nickel thaon do specimins at

other samplc sites,
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The uncertainty surrounding the goology in this
study area has bcen discussed carlier. Doubt has been
cxpressced about the precisc naturce of the anomalous
conccntrations of nickel and copper in the copper clcaring
and in thc soils dircectly downslope. Vwhether they arc
duc to o lcns of suboutcropping mincr-oligation or arc the
rcsult of o laterel secepoge wnere the laterite has been
truncated by crosion must, for thc prescnt, remain
unanswcered. There is, however, good geological cvidence
to suggest that at least onc band of mincralization might
suboutcrop upslopc of the clearing between pegs 14 and
19. Betwecn these two last mentioned sites therc is a
partizlly indurated latcrite shect o fow feet below surfacc.
It is belicved that some plant roots pentrote the laterite
laoycer and toke up moisture from the rotten bedrock below
the laterite. The rclatively large amounts of nickel in
the ash of some plants growing in the area bctween pcgs
14 and 19 suggests an abnormal concentration of available
nickcel belew the latoerite, possibly originating from
suboutcropping minor;lizationn As mcntioned carlier the
soil zbove the laterite is very scndy, severcly lcached,
and of acid rcaoctione It is conceivable that any nickcel
derived from the underlying suboutcropping mincrclizotion

by upward moving solutions, or zny nickcl that wes



218,

originally prcsent, has becn lcached from the upper
loyers, thus accounting for thce lack of Ni in znomclous
amount in ncar-surfacc soil botween pegs 14 and 19
(Figurc 38 ).

Further downslopce the nickel content of both
vegetation and soil around the copper clecaring rcflects
the prescnec of cither a sccond band of suboutcropring
copper-nickcl mincrclization or o scepage anomaly from
the suboutcropping minerclization upslopc. The Copper
Flower (Beceium homblei de Wild), known to grow in
mineralized arcas clscwhorce in Zombia, has been observed
in thc clearing.

The copper content of tie bark of Brachystegia
bochmii and Jubelnardic paniculata showed cven 1less
variation in plants along the line of troverse than did

the nickel content. In both spccies the plants growing
on the bordecrs of the clcaring are the richest in copper.
Copper in thc ash of lcaves of Dipplorrynchus mosscmbiccnsis,
which is, on average, higher than the proportion of
copper in the bark of plants of the same specices, shows &
similar pattern of variation to the copper content in the
bark of thc two tallcr spccics clroeady mentioned. Copper
content of bark of Dipplorrynchus niosscmbicchsis docs,

howcver, vary to a much greater cextont and follows
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closcly the pattern of distribution of nickel in the

soame material (Figurc 82 ).

D, Sumasry of conclusions on the
distribution of nick:l in vegetation.

All specics sampled appcar to bchave similarly
towards nickel. Diffcrent specics do not all rcact the
samec woy towards copper. For cxomplce, Brachystegia
bochmii ot Persceverance contains morc copper in the leaves
than in thc Bark whilc in other specics growing in tha
arca this diffcrence is reverscd.

In any given specics lcecaf ash gencrally contains
more nickel thaon docs the zsh of twigs or bark. All
three parts of the plants, when anclyscd, reveal a similar
nickel distribution pattern which is, however, o little
better defined on thoe basis of nickel in lcoves than in
twigs or bark.

The amount of niclkel tcoken up by plants is
beliceved to be dependent on the cmount of the metal
avaoilable in the soll and soil moisturc. In viecw of thc
high concentration of cxzchangeable nickclous ions in
certain norizons overlying zoncs of oxidizing sulphidcs

it had bcen postulated that the nickel content of the
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plants would be cxpected to vary cccordingly. The data
prescentcd has substantiatcd this premisc. The amount of
nickcl in plants growing ovcer mincralization undcer a
varicty of climatic and geomorpinologic conditions is
anomalous comparcd to that of plants over adjacent non
mincralized rocks,

The nickel content of plants growing over non
nincralized scerpentinite is greater than that over
similarly barrcn but lcss basic rocks. The cmount of
copper in plant matter, ot similar concentrations over
the various rock types within o given study zrea, is
(if at all) only fractionclly higher over mingeraolization
than over non mincralized rocks. It is possible that
plants can regulatce the centry of copper morce rcadily than
they can nickel. Over mincrcliZation in Rhodesia copper
has bcen successfully prevented from cntering the plants
and therce is no acnomaly. In part of the Halumbila arcec
the copper has goined access but proved 1lcthal - hence the
coppcr clearing. It appcars aze though plants generally
have a greater tolercnce towards nickel than towards
copper when the metals are aviilable in amounts very

much in cxccss of the optimum nutritive requircments.
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Chapter 5. DISCUSSION QF S3CONDARY
DISTERSION Off NICKEL,

Having presented the data it is important
to consider the mechanisms whereby the distributions
were formed. A discussion on the secondary dispersion
of nickel based on published literature and viewed
from a theoretical aspect is presented first. The
main features of the secondary distribution of nickel
in Rhodesia and Zambia will be explained in terms of the
secondary dispersion mechanisms outlined. Where relevant,
the discussion will, for comparison or contrast, include
comments appertaining to copper or other associated

elements,

PART T. TiiZOolY OF SZCONDARY

JISPERSICN

Secondary dispersion can conveniently be
considered in three stages:-
(i) 1llobilization during weathering,
(ii) Transportation and
(iii) Fixation.

Fixation is temporary and results in the distribution
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patterns. The distribution of an elemcnt as deternined
by the analysis of natural matcrials portrays the
dispersion process (& dynamic system unlikely to be

at cquilibriun, exccept perhaps very locally) as if it

were 'frozen' at a given time (ths tinc of sampling).

A. eathering and :robilizaotion.

Corrronly sulphides have o grecter suscepti-
bility to wcathering than silicates. Olivinc, the
ost inmportont silicate host to nickel (Chapter 3), ic,
according to Goldich (1938), one of the lcast stable of
the rock forming silicates and, other things being equal,
uight be expocted to be onec of the first silicate
rminerals to decomposc zs weathering sets in. Hewever,
as & generalisation, the order of decreasing suscepti-
bility of minerals to weathering is sulphides > carbon-
atcs> silicates> oxides. Olivinc is, thus, usually
relatively stablc comrared to nickel bearing sulphide
rinerals such as nickeliferous pyrrhotitc, pentlandite
or millerite, In thc wcathoercd bedrock ot Moritzaoni
and Tersezveorance palimpest olivine crystcls have been
obscerved but thore is no fresh sulphide. The naturc

of the bonding in sulphides is gencrelly different to
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that in silicates as is the erystal structurc. It is
partially becausc of thesc diffcrences that there is a
difference in susceptibility to cherical attack between
the two categorics of ninerals.

This difference in susceptibility to weath-
ering could lead to a difference in the rate of dispers-
ion of nickel from sulphides and silicates. Furthermore,
it is possible that there are differences in the form
of nickel in solution and in the form of nickel tempor-
arily fixed, dependent on whether the metal has been

derived from sulphide or silicate minerals.

1. Vegthering of ore minerals.

In decomposition of sulphides and arsenides
oxidation is the most important process. In general
oxidation tends to transform metal sulphides and
arsenides to oxygen calts and native metals. Simple
sulphides are very slightly soluble in water at 13°c.
Lindgren (1933) gives the following order of decreasing
solubility:-
¥Mn, Fe, Ni, Cd, Zn, Cu, Fb, As, Ag, Bi, Hg.

‘0es on to say that in 0.IN sulphuric acid pyrrhot-

0

He

ite and chalcopyrite (among other sulphides) are
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readily dissolved while pyrite is attacked to a lesser
degree. He adds that decomposition or solution is
often hastened in the presence of ferric sulphate.
This is because the sulphide minerals decompose during
the reduction of the ferric sulphate to ferrous sul-
phate. according to Stokeg (#907) the action of ferric
sulphate on pyrite proceeds as follows:-

Fey(80,) 5 4 FeSy ———=x 3FeS0 ,~+~ 25
Fey(S0,)34 28 —————=> 8H,0 4 12FeS0, 4 8H,S0,
.Similarly the action of ferric sulphate on pyrrhotite
can Ge represented as:=-

FenS8g+ 6Fe,(80,) g HyS0,—=> HyS -4 19FeS0, +- 78
(Grout, 1313).

Pyrite readily loses one atom of sulphur
which is available to combine with oxygen and hydrogen
(from the water) in the zone of oxidation to form
sulrhuric acid (48 4-4l1,0 —>>1,80, + 8,8 ). This
acid will azccelerate the dissolution of the sulphide
minerals especlally after formaticon of ferric sulphate
(above) .,

Hickel and copper releascd from the sulphides
form oxygen salts (oxides and sulphates) but some of
the metal is removed in solution. Selenium associated

with the sulphides goes to form selznates and arscnic
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of sulph-arsenides and arsenides alters to arsenates.
The amounts of any particular clement that will be
removed in solution will be dependent on a complex

set of factors such as the conccentration of the element
(and others) in solution, stebility of the secondary

minerals (oxygen salts), ©h ond pH (sce later).

2. Dissolution of nickclifeorous silicates.

There ie no reeson to dispute the widely
accepted tenct that naturcl water, principally that
charged with carbon dioxide, is& the meost important
agent of weathcring of minerals end largely responsible
for the solution snd transportation of constituent
elements. It is important to know something of the
manner in which rock-forming silicates, ¢livincs and
secrpentines in particular, can be attacked by the
naturcl water and orf tihe factors that influence the

rate of their weathering.

(2) Theorectical coursc of wcathering of rock-forming
eilicates,

Mfuclh haeg been written about weathering ond
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most authors agree that weathering and decomposition
of silicate minerals is accelerated in cnvironments
of high acidity such as thosc cexpected in zoncs of
oxidizing sulphidcs,.

Kcller (1958) haoe mode the interesting
suggestion that in somc instances in the natural con-
viromnment minerals may develop high pH values at their
interfaccs and that aluminium ond eilico are taken into
solution at this timc. This high pl was first obscrvced
when common rock-~forming silicates worce ground under
water and it hoas becn termed 'abraosion pil' by Stevens
and Corron (1948). The importancce of this process
under naturcl conditions has becn questionced by
Grovenor and Gavett (1958). They say that pH velucs
of greatcer than 8.5 are uncommen in meost open geolozgic
systcme and that rock-forming silicates wecether nuch
aecre rapidly under the acid conditions of the A and

B horizons thon in the more clkaline C horizon, Vhilc
these obscrvations regarding the soil horizone orc
undoubtedly truc it must be borne in mind thot the
conditions within soile orc comrlex ond it is concciv-
cblc that othor factors, such as the chelating cction

of organic acids, may be partly responsible for the

increascd weathering in the uppcer horizons of the soil
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profile,

There 1s, however, no doubt that the concen—
tration of hydrogen ions in solution influcnccs the
rate of dissolution of silicatc mincrals. Gravenor
and Govett believe that the rote of dissolution of
silicote mincrols in noture vorics dircetly with
"the availability of hydrogen ions in the weathering
systcm". The two authors, concurring with the widely
held opinion regording the acccelerction of weathering
in cnvironmcents of ~bove average cidity, have
suggested the following theoretical course of weath-
ering.

They envisage initially, oxygen ions,
exposed at the surface of a freshly broken silicate
ninerel in water, immedictely attracting hydrogen
ione from the water thereby causing the water at the
crystal surface to be slightly allkaline due to the
presence of the (0H) groups. Cations, (amongst
others Nﬂ"F), close to the surface of the mineral in
question are said to migrate into the surrounding
water cresting sn electrical imbalance subsequently
adjusted by hydrogen (or hydronium) ions entering
the wineral lattice. Loss of hydrogen from the water

creates a gsurplus of hydroxyl ions further



228,

increasing the pH. This is the azbrasion pi of
Stevens and Carron. The high concentration of hydroxyl
ions would facilitate removal of aluminium as a
coemplex ion in sclution. after removal of most other
ions silice in the outer layerc of the mineral is
probably unctable and ic thought to go into solution
as Si(OH)4 or small polymers. With the breakdown of
an outer layer of the silicate mineral in this way
the cations now brought near to the nesr—curface of
the minersl can nigrate inte the water thus initioting
further breaXkxdown of the mineral. Gravenor and
Govett emphasize that hydrogen ions in excess of those
available through simple displacement of cations are
necesscry to the dissolution process,

These nrostulates made by Gravencr and
Govett have been sunnarized here as it is believed
that they are theoretical foundaticns pertinent to
the ensueing discussion. Keller, in reply to the
comments of Gravenor and Govett points out that he
does recognise the importance of hydrogen ions at low
pH values and that his theme merely broadene the range
of pH in which hydrogen ions sre effective in weather-
ing.

Other things being equsl, then, it would
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appear from the foregoing hyvothesis that the nore
acid the ground waters the more effective is the
brealtdown of rock-forming cilicate minerals and the

soluticn of constituent elements.
(b) Rock weathering.

In the early stages of weathering of cny
given rock mass ground water enters clong fractures and
fault plones. The chemical reactions described zbove
commence. - .right and Salazaor (1955) thinl that in
ultraobesic rock magnesium begins to dissolve, (that
is to say that it begins to migrote from the wminerals
into the ground waters as Mgzﬂkions) early. The writer
has Found evidence of loss of Mognesia in ithodesia.

In serpentinite of the llaritzani rmase the Ligd content
(determined spectrochenic:lly) 30 f£t., below surface
ie 25%. at 7 ft. below surface the g0 éontent has
decreased to 20% cnd in the soil the kg0 content
is only 8%. Aae chenical decay continues pereeity
develops thus increasing the surface area of the rock
forming minerczls expesed to the lecching sclutions.
The content of nickel (diadochically

substituting for magnesium or iron in the virgin
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lattice of ultramafic minerals (Chapter 3)), iron and
silica in the decaying rock increases slightly at first
due to the early loss of alkalies and magnesia..

lietals in solution (e.g. ©i%t, cu®) will, in
part at least, be removed from the environment. The
anount removed will to some extent be dependent on the
velocity at which the circulating water is moving as well
as on the pii of the water (see below). Some nickel (and
Other elements) can be sorbed by colloids (those of
silicic acid for example (Barth, 1948)) and, depending
on prevailing conditions, iay be removed from the

environment along with these colloids.

3. Summary of factors affecting the rate of solution of
nickel(and associated elements)from rocks and minerals.

It is concluded from the foregoing theoretical
considerations that four major factors can affect the
rate of removal of nickel from rocks and minerals.

(i) il of the leach solution. Large concentrations
of hydrogen ions accelerats weathering and
dissolution.

(ii) The exposed surface area of the minerals. The
larger the surface area exposed the greater the
rate of solution.

(iii) The atomic (crystal) structure of the minerals.
Under a given set of conditions minerals of
different structural configuration will break
down at different rates.
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(iv) The rate of movement of the leaching solutions.
Rapid circulation of ground water favours quick
removal of soluble products.

Nickel can be removed from the zone of weather-
ing in three ways:-

(i) Mechanical movement of nickel-bearing mincral
fragments,

(ii) In true solution (including entry into the biochem-
ical cycle), and

(iii) as, or sorbed by colloids.

B. Transrortation of nickel.

1. lechanical dispersion.

Nickeliferous materials can be moved mechanic-
ally. Agencies of mechanical dispersion are running
water, gravity and wind,

In Rhodesia and Zambia running water is the most
active agent of erosion. The bulk of the rainfall in the
study areas falls as heavy, sudden showers and there is
a lot of surface runoff. Iany of the soils (near-surface)
are loosely aggragated and such material is more
readily dispersed than soil with a more coherent texture.
Wwhat is more, the vegetal cover at Ilalumbila is denser

than it is in the Rhodesian study areas. Vegetation
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helps bind the soil and reduce erosion. Lrosion is, thus,
more svere in Rhodesia than in the Kalumbila area of

Zambiag.

In the southern territory slopes,are, generally
speaking, steeper and the rate of runoff consequently
faster. Steep slopes encourage gravitational collapse
of so0il downhill (soil creep) and (where the soil is
affected by water) solifluction. The pattern of ground
water distribution, that is the position of the water
table and the amount of soil moisture, can affect
solifluction by the varying degree of the lubricating
effect.

Nickel associated with small particles of low
specific gravity could become separated from nickel
carried by larger particles or particles of higher
specific gravity.

The amount of material moved by the wind in
Rhodesia and Zambia is very small and unimportant in
most parts but in very arid areas such as the Noel
Nickel mine some of the finer particles of the topsoil
may be moved in the wind. Aeolian dispersion is not
however, of any quantative importance.

In mechanical dispersion there is no reason

for any separation of nickel (or any given clement)
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from other elements except where one metal is
predominantly in the finest fraction and another in the
coarser material. A separation could also be effected
when one metal is associated with particles of a
different specific gravity to the particles bearing

another metal.

2. Dispersion in solution.

Santos~-Ynigo and Isguerra (1561) showed that
divalent nickel is highly soluble in dilute carbonate
solutions rclative to Caz+, Fe2t and Co2™, and suggested
that it is removed fairly early in the weathering of
ultrabasic rocks. Eh - pil stability diagrams presented
by Garrcls (1960) show that nickel with a valency
greater than two cannot exist in nature and that nickel
ions (N12+) are stable over a wide range in acidic to
neutrgl solutions (Figure 83). The range of stability
of the cupric ion (Cu2+) is rather narrower.

Commenting on Sh and pii measurements in natural
media Garrels expresses the opinion that the measurement
of Th is difficult and he says that there are very few
useful Th readings available from systems not in
equilibriuwa with the aimosphere. Even in environments

in equilibrium with the atmosphere the measurements can
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easily be erroneous as a result of contamination of the
platinum electrode used for the determinations. He
considers pH readings more reliable, particularly those
from open water in contact with the atmosphere and
especially if made in situ. e goes on to say that in
systems in equilibrium with thc atmosphere pH and Th are
to some extent interrelated according to the equation

Lh approximates to 0.70 minus O. 06 pH .
Measurements made on natural waters in the Rhodesian
study areas (Table 41) illustrate this relationship
between pH and Th (Figure 84). The plot of observed pil
against observed Th of waters in open drainage ways is,
within the limits of experimental error, linear. As far
as can be interpreted from the limited data the pH |
arpears lower in ground waters exposed by pitting. The
values for these waters do not plot on the lineation
referred to above. The watecrs from pits seem not to have
attained cquilibrium with the atmosphere. Lack of
e¢quilibrium is even more pronounced in the waters from
underground workings,

The measurcments fall within the field of

stability for ionic nickel as determined by Garrels for
the system nickel - water at 25°C and one atmosphere

total pressure, with the total dissolved sulphur species

at 107° (Figure 83).
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Clear waters from the flooded underground
werkings at the Perseverance and Lmpress prospects and
water from the 4th. level of the Noel Nickel mine were
found to contain appreciably more nickel than any other
waters sampled. Unexpectedly these waters were found to
be neutral to weakly alkaline (pH 7.0 - 7.5) within the
Ih range +0.135 to +0.165 volts. The reason for this
is unknown.

The waters all contained bicarbonate (HCOS-) at
a concentration in the range 600 to 800 mg./litre. The
sulphate (804_-) content showed a massive variation, the
Noel Nickel mine water being surprisingly rich in this
radical (675 mg./litre) compared to the 180 mg./litre
at Dmpress and only 17.5 mg./litre at Ferseverance., The
high sulphate content of the water from the Noel mine is
possibly due to water flowing into the worlkings through
actively oxidizing ore. In contrast both the Empress
and Ferseverance prospects are flooded and there is no
flow of water through areas of sulphide ore exposed to the
atmosphefev This difference may account for the high
sulphate content of the Noel water relative to that of
the Empress and Perseverance waters. It does not however,
explain the low level of sulphate in water at Perseverance
relative to Impress. This latter difference can only

be attributed to the fact that there is a greater volume
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of water in the smaller and younger exploratory mine
workings at Terseverance. The large volume of water is
thought to have diluted the dissolved sulphate species
which may not be present in the same amount in the
Perseverance area as the DUmpress as there may have been
less solution in the shorter time that the sulphides
have been exposed.

At Talumbile,in Zambia, artesian water flowing
from diemond drill holes is of acid reaction (pH 6.2)
and carries very much more nickel than any of the
surface waters tested although some of the latter are
also acid (Table 42). The amount of nickel carried in
water is not solely dependent on pH although in a given
environment the amount of nickel in solution may vary
with pH. Tor example, in a stream draining barren
quartz-mica schist water of pH 6.85 contains 1.5 - 2.5
ppb nickel compared to 1.3 ppb nickel in clear water of
PE 7.9 - 8.0 in a second stream draining unmineralized
rock (gabbro, Table 42).

Nickel can e deposited from solution in a
number of ways, e.g. adsorption, precipitation, (see
below) and the amount of nickel travelling in solution
at any given time is dependent on the environment
through which the water has passed prior to sampling.

nrca ltula.fe_
To =eeae, it has been shown by direct analysis
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of natural waters from Rhodesia and Zambia that nickel
is moving in true solution. Garrels has shown that

nickel in solution as N12+'is stable over a wide pH

Table 42. pH and nickel content of some natural waters,
Kalumbila area, Zambila.

Sample Location Date of Thysical pPH Ni
Mo, sampling condition (ppb)
We Stream water

over quartz-

mica schist 30/10/63 clear 6.85 2.5
12 do 29/10/63 clear 6.55 1.5
Wl Dambo ground

water over
quartz-mica
schist 30/10/63 cloudy 5,85 3.5

W3 Stream water

over gabbro 30/10/63 clear 7.90 1.3
23 Ground water in

dambo draining

gabbro 2/6/58 cloudy 5.80 28.5

18 Ground water in

dambo over

quartz-mica

schist down-

slope from

mineralization 2/6/63 cloudy 5.40 16,0
Wa >tream water

downslope

mineralization

(over quartz-

mica schist) 1/11/63 clear 8.00 1.3

13 Artesian water

(Drill hole

Liia 134) 30/5/63 clear 6,20 155.0
14 Artesian water

(Drill hole

I0: 172) 30/5/63 clear 6,20 55,0

and Bl range. The data presented suggests that pH is
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controlling the amount of nickel in solution but only
within a given environment, the amount of nickel travel-
ling at any one time being dependent on the environment
through which the water has previously passed. This is
referred to in more detail later. The positive charge
of the 1i cations in solution is balanced by HCOB_ and/

or 504 anions.
Nickel in the biochemical cycle.

l:etal entering the biochemical cycle is moving
in the sense that it is leaving one environment for
another., iiickel in solution in water can be absorbed
by the root tips of plants. Nickel can also, along with
other cations, take part in complex exchange reactions
as a method of gaining entry to plants. pH at the
surface of the root tips is reported by aegricultural
scientists as being below 7.0. The low pH, thought to
be caused by the hydrolysis of escaping 002, is very
local but the high hydrogen ion concentration is
believed to set up exchange reactions. Ni®* and other
cations in exchange positions, and possibly in certain
positions within crystal lattices, are displaced by the

hydrogen ions from the root tips. The freed cations

migrate to the root tips where, as they enter the plant,
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they can release more hydrogen to continue the process

of cation exchange. It must be emphasized that while
exchangeable nickel is certainly available to plants it is
not the sole form of the metal available. Once in the
plant the nickel enters the circulatory system and is

carried upwards to the parts of the plant above ground.

3. Dispersion as a colloid.

In the weathering of minerals nickel (Nf2+)

can be adsorbed by colloids, notably those of silica and
magnesium as well as organic colloids, and these

colloids may be carried away in susrension in natural
waters. I1lost waters sampled in the near-surface envir-
onment in Rhodesia and Zambia were cloudy and discoloured
and somre were still cloudy after filtration. The

cloudiness and turbidity is thought to be caused by

suspended colloids. lio clear surface water analysed

contained more than 10 ppb but some unfiltered waters
contained nickel in excess of 200 ppb. This is teken as
direct evidence that nickel is also moving as a colloid
in the study areas. The quantitative importance of this
mode of transportation is not known.

Jovement of colloids will be affected by factors

influencing both mechanical and saline dispersion as
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outlined above. TFor example, colloids will be more
readily removed from a given environment the faster the
rate of flow of the transporting solution. At the same
time pH of the ground water can influence the stability
of the collcidal suspension and flocculation is often

induced by the presence of an electrolyte (see below).

C. TIFixation.

1. Deposition from solution.

Nickel travelling in solution in natural waters
can be deposited in a number of ways, principally by
sorption (adsorption and absorption) and chemical
precipitation (including coprecipitation). Deposition
in a given environment is unlikely to take place through
the mechenism of only one of the above mentioned
processes although one may predominate. However, below,
each mode of dispersion is considered separately.
Pertinent theoretical considerations and experimental
data are presented first followcd by a discussion of the
factors influericing deposition in the natural environ-

mente.



(a) Adsorptiocn.

Adsorptiocn can be reversible. ickel cations
(N12+) can take part in cation exchange reactions and can
be detected as being in exciange positions when replaced
(desorbed) by other ions (e.g.ammonia, NHi*). Reversibly
adsorbed nickel, (hereafter also designated exchangeable
nickel or exNi) is held on the surface of particles as &
result of a positive charge balancing a negative one and
not as a result of any intrinsic property of the element.
Adsorption thus depends to some extent on the surface
area exposed. Material with a high surface area / unit
weight ratio, that is the finest particles, will have the
greatest exchange (adsorption) capacity.

In &1l environments the finest fraction of a
given sample has been found to be the richest in exNi
(Tables 27 and 29 and Figures 46 and 47).

Factors influencing the adsorption of nickel by
hydrous nickel - magnesium silicates have been reported
by Liueller (1¢54). applying his conclusions to the
general case the major factors are:-

(1) The concentration of nickel in solution,
(1i) The pl of the solution and
(iii) The physical state of the adsorbant.

For example, the zmount of nickel adsorbed is,
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other things being equal, proportionate to the concen-
tration of nickel (relative to other elements) in
solution. Adsorption is favoured at high pHd values

but it is reported by Mueller that adsorption can take
place at pil's as low as 4.5. Intensely weathered
minerals with many broken bonds and consequently many
unsatisfied charges will have a higher exchange capacity
than less severly weathered minerals.,

Ginzberg and Tonomarev (1939), investigating
the adsorption of nickel and other metals by the hydro-
silicates of iron, came to realize the exchange
character of the sorption process. They concluded
that the quantity of adsorbed nickel is proportionate
to the amount of exchangeable bases in geologic mater-
ials. The amount of exchangeable bases is said to
increase proportionately to the weathering of the rock.

Organic materials, particularly decaying plant
fibre, have a high exchange capacity and in the

natural environments are effective adsorbants.

(b) Absorption.

Absorption differs from adsorption only in
degree and the fact that absorption is irreversible,

Absorbed nickel is not exchangeable in that it can not
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+
4

solutions of ammonium acetate or barium chloride. It

be replaced by such ions as NH or Baz+'from agueous
is held by the absorbant in a complex manner, probably
in voids within the lattice, dependent on the chemical
configuration of the element. It is for example,
believed that nickel can enter some of the lattice
positions of mafic silicates normally occupied by
magnesium (and iron) but vacated during weathering,
This is made possitle by the close sinilarity in ionic
radius between magnesium (0.78 A% and nickel (0.78 a9).
Other ions (such as NH4+(1,43 A9) or Baz+(l,43 A°)) are
too large to occupy these positions. The positive
charge on the NH4+ or Bazﬁ'ions is also considerably
different to that required for the lattice positions.
Hence the inability of aqueous ammoniun acetate or
barium chloride solutionc to desorb the absorbed nickel.

Ng Siew Kee and Bloomfield (1962) have made a
rigorous study of nickel - plant relations and have
concluded that the metal is irreversibly sorbed by the
fibrous constituents of plants. According to them the
sorption of nickel by plant fibre decreases the
mobilization of the metal under anaerobic conditicns
but the nickel thus fixed is said to be liberated once
oxidizing conditions supervene.

The factors influencing deposition of nickel
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by adsorption spply equally to the absorption process
but the ionic radii and charges on ions concerned are
important in deciding the amount taken up by a given
absorbant. For instance, nickel would be more readily
absorbed b weathered magnesium silicates than would
copper since the ionic radius of Ni€™ is more closely
similar to Mg2*¥than is Cdﬂ70,80 A%). The increase in
nickel content of weathered bedrock from depth to sur-
face can be related to the increased weathering of the
rock as adjudged by the decreasing magnesia (kig0)

content (Table 43).
(c) Chemical precipitation.

Apparently amorphous materials varying in
colour from grass green to yellow ochre have been
observed in small amounts at many sites in Rhodesia in
the base of the solum and top of the weathered bedrock
(in many profiles the horizons of highest Ni content).
lueller has prepared precipitates from the system
nickel - magnesium - silica - water. His precipitates
were gelatinous, amorphous, translucent and differing
shades of green according to the magnesium conient,
They are believed to be the laboratory equivalent

of the natural materials described above which are also
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regarded as the equivalent of similar materials,
identified as hydrous nickel - magnesium silicates, from
Brazil (Pecora, 1947), the South Urals (Ginzberg and

Tonomarev) and Wew Caledonia (de Chetelat, 1947).

Table 43. The distribution of exNi, Ni and magnesia in
thie weathered mantle over serrentinite at
liaritzani.t

Sample Depth exNi content Wi content lig0 content

Moo, (ft.) (ppm) (ppm) %
2062 1t £.5 1300 8
2066 7 6.5 1750 20
2070 13 7.0 1400 21
2074 19 6.5 1125 24
2078 24 1.3 950 21
2082 29 2.5 900 25

lFreely drained soil

Mueller has studied the physico - chemical
factors controlling the formation of the hydrous nickel -
magnesium silicate precipitates which, he rcports,

comprise miztures of two or more of the following

substances;
Ni5104. 3,0, 1g5104. 33,0, HoNiSi,04,
H,ligo1,04, Ni(OH), and Hg(JH) 5.

liis precipitates were prepared from mixed nickel and

magnesium sulphate solutions interacting with a soluble
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sodium silicate having an NagO/Sioz ratio of 1.0.

Molecular ratios Ni plus Mg/SiO8 and iXg/Ni and pH were

varied over a wide range and experiments were carried

out at the lowest practical concentrations under a range

of pressure and temperature conditions normal for the

surflace and near-surface environment. The precipitation

of the substances listed above was found to be dependent

on;

(i) The concentration and ratios of nickel, magnesium
and silica in solution and

(ii) The pH.

Tueller has concluded that natural ground waters in which

the Mg and SiOB components (particularly silica) are at

a relatively low concentration will precipitate products

richer in nickel than those with high concentrations -

other factors being equal. .e believes, furthermore, that

around waters with pH close to 7.0 on the basic side will

precipitate products richer in nickel than will those of

higher (and, by implication, lower) pH value.

The natural hydrous nickel - magnesium silicate
material, although of variable composition, is often
referred to as the mineral 'garnierite',

Metals are generally more soluble in the lower
or acid pH range. Lioving in solution they can foram

insoluble hydroxides and be precipitated as pH rises.
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Hawkes (1957) records that Ni hydrolyzes above pH 6.7.
The reaction in the general case is reversible, thus:-
i (OH), + 2&*4——2%-—9 ni2t 4 2 50
Cupric ions hydrolyse at a lower pH, 5.3 (Hawkes).
The experiments from which these figures were derived
were carried out using metal salts in solution in
concentrations ranging from 0.025 M to 0.0025 il
Although these laboratory conditions are different
from those of the natural environment they provide a
basis for the explanation of the varying behaviour of
difrferent elements. IFor example nickel and copper in
soiution as Niz*'and Cu 2+’ions in ecid ground water
leaving a zone of oxidizing sulphides could be to
some extent separated in the precipitation oif the
respective insoluble hydroxides. In an environment
becoming inecreasingly alkaline copper would precititate
earlier than Ni,

Chemical precipitation from natural waters
seldom, if ever, results in pure precipitates and
elements of different hydrolysis pH's can occur together
although there is usually one present in amounts very
much greater than any of the others. Ilements whose
ions have similar properties (other than hydrolysis

pH) are often precipated together.
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According to Hawkes and Webb (1962) the
mobility of copper is limited dominantly by pH and
generally is less mobile than nickel. On the other
hand nickel like cobalt, is of moderately high mobility
but limited by coprecipitation with limoaite (and in
the case of cobalt with wad (Mn02)). Nickel and
cobalt have been found to be enriched in nodules relat-
ive to weathered bedrock and minus 80 mesh matrix in
samples from the Dagrwendale area to a very much
greater extent than is copper (Table 44), 4all these
metals are likely to precipitate along with iron
from ground waters entering an oxygenated environment.
The general mobility of arsenic is low, being limited
by the coprecipitation of A5033~ with limCnite but in
environments of low iron content it is more mobile
(Havkes and ‘Jebb).

Unlike the ore metals selenium is reported
to be immobile under acid, oxydizing conditions. It
probably moves in solution as the Seog- ion. Following
field studies in Wyoming, Lakin and Trites (1958) have
made the observation that the selenium released during
the oxidation of seleniferous sulphide minerals tends
to be concentrated in the oxidized zone. The form of

the selenium in this zone is reported to be elemente=

selenium and basic ferric selenite (m Fe,050 1 SeOz),
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the latter mixed with hydrous iron oxides. In Wyoming,
a violet-pink colour characterises the haloes surround-
ing the seleniferous pyritic lenses. However, the pur-

plish-pink colours observed, for example, in the gossan

Table 44, Comparison between metal content of nodules
and weathered bedrock from a freely drained
profile over Great Dyke serpentinite at
Darwendale.

Nodules Bedrock
nickel 4, 5% 1.35%
copper 90 ppm 35 ppm
cobalt o000 ppm 900 ppm
iron 26.0% 12.0%

at Perseverance are unlikely to be caused by high
quanties of selenium.

Selenium, in agreement with the published data,
has been found to accumulate in the oxidized zone at the
Perseverance and Impress prospects and in the environs
of the Noel Nickel mine.

Selenium has an outstanding and important
relationship with certain plants. Some plants can tzake
up and concentrate large amounts of selenium and some
(converter plants) can return the sélenium to the soil
in a more soluble form than that in which it was origin-
ally czbsorbed so that it becomes available for uptake

by other species.
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References to nickel~crganic matter associat=
ions are common in the literature. As well as being
sorbed by plant fibre, orgarp-nickel compounds can form
from organic substances and nickel in solution and be
deposited but the quantitative importance of such

reactions is unknown.

2. Physico—chemical factors inducing flocculation and
deposition of suspended colleids,

Flocculation of colloids suspended in water
is induced by the presence of dissolved salts (electrolytes).
Colloidal particles are rendered crystalloidal; that is
to say they are aggragated into an ordered structure
and may be deposited. Chemists do not understand the
exact mechanism but electrical charge is thought to be
important.

Where the rate of flow of circulating ground
waters is slowed down suspended colloids may settle and
with time, dehydration, diffusion and recrystallization,
these settled colloids, as well as the crystalloidal
flocculates mentioned above, can solidify to amorphous
or crystalline substances. Settling and reconstitut-
ion in this manner may also be initiated where water is

evaporating, e.g. in standing ponds in the open drailnage.
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In nature it is thought that nickel-silica
colloids resulting from the scrption of nickel by the
colleids of silicic acid ¢an attach themselves to other
gelatinous, amorphous materials which may subsequently
flocculate as impure hydrous nickel silicate materials.
Reconstitution of these flocculates may result in the
formation of material allied to the hydrous nickel-

magnesium silicates precipitated from solution.

3. Deposition of mechanically transported materiale.

Material being moved mechanically is dominantly
under the influence of gravity and deposition takes
place when freedom of movement is hindered. To take a
case in point, clay size particles may be washed down
through an essentially sandy soil profile to a layer
where the intergranular spaces are too small to permit
the passczie of the fine particles and where movement is
effectively arrested and the particles deposited. In
other profiles large and dense particles can gravitate
downwards through a finer and less dense matrix.

In the surface enviromment mechanically moved
particles tend to accumulate in topographic low points
where gradients and the velocity of running water are

reduceds
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Part II. FORMATION OF THE OBSERVED
DISTRIBUTIONS.

In discussing the formation of the observed
distribution patterns it is convenient to first consider

the Ni distribution then the exNi (adsorbed nickel)

A. Distribution of Ni.

The most marked feature 1s the enrichment
in weathered bedrock and at the base of the true soil.
Most of the investigations have been carried out over
serpentinite bedrock where the high Ni content has
facilitated study. Because there are fewer complications
in the wcathered bedrock than in the soil this media is

considered firste.

l. Distribution of Ni in weathered bedrock.

It has been observed that away from minerali-
zation weathered bedrock contains more Ni than under-—
lying fresh rock. In the case of copper, enrichment,
where apparent, is very much less. In mineralized rocks
the Ni and Cu content increases with depth down to

the zone unaffected by weathering.
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The concentration of Ni in weathered bedrock
is poseibly only relative, resulting from the early re-
moval of some constituents such as the alkalies and
magnesia. Copper initially present in silicate miner-
als could be similarly concentrated. The enrichment
of nickel in unmineralized weathered bedrock may re-
sult, however, also from deposition by adsopption (dis-
cussed later, Section B), absorption, chemical precip-
itation and/or flocculation and deposition of colloids.
absorption (together with adsorption) of nickel by
weathering rock-forming silicate minerals, particularly
those of ultrabesic rocks, is the first instance of
deposition in the cycle of secondary dispersion. The
loss of constituent elements Irom the serpentinite in
the early stages of weathering can lead to a higher
proportion of nickel. The quentitative significance
of this is unknown. “Jhatever the source of the nickel
(sulphides or silicates) the increase in nickel content
of serpentinite in particular may have been by absorpt—
ion in the margins of the mineral grains where nickel
(with an ionic radius of closely similar magnitude to
that of magnesium) occupies lattice positions vacated
by magnesium. Copper, with larger ionic radius than
magnesium can not occupy the vacant sites. It may,

however, replace ferrous iron (ionic radius 0.83).
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As mentioned previously apparently amorphous
materials varying in colour from grass green to yellow
ochre and believed to be hydrous nickel-magnesium
silicates have been observed in the top of the weathered
serpentinite. These substances are thought to have re-—
sulted either from direct precipitzation from solution
or from flocculation, deposition and reconstitution of
collpids. In addition weathered serpentini%e is often
characterised by secondary iron oxides. It has been
shown that ferruginous nodules are very much richer in
nickel than is the matrix in which the nodules occur
and, by analogy, it is probsble that secondary iron
oxide could coprecipitate or sorb nickel at the time of
itls deposition in weathered bedrock.

Nickel in the hydrous nickel-magnesium sili-
cate and iron oxide is believed to contribute to the
relatively high Ni content of weathered bedrock.

Over oxidizing sulphkides where the pH is often
lower than normal weathering may be more advanced and
nickel more mobile. With nickel and copper being
leached from the sulphides more readily than from the
silicates and having greater mobility at the below
average pH any relative enrichment of the expense of
other components 1is less likely than it is away from

mineralization. Although it is thought that some
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deposition takes place over ore it is thought that under
the conditions, it is insufficient to raise the nickel
content much, if at all, above the nickel content of

the primary ore horizon. This is believed to be the
reason for the difference in distribution pattern be-
tween that in weathered bedrock over mineralization and

that in weathered bedrock awsy from mineraslization.

2, Nickel in the freely drained soil profile.

In freely drained soil in Rhodesia the Ni
content increases with depth through the true soil to
a maximum at the base of the B horizon or in the top
of the weathered bedrock. In some instances Cu has been
found to be similarly distributed but in other cases the
horizon of maximum Cu content is higher in the profilc
(e.g. Darwendale, Bare Bottom Hill).

The base of the solum is an environment
favouring the fixation of nickel in a number of ways.
Although no quantitative estimation of the relative
importance of the various modes of deposition thought
to be operative can be¢ made they are, for convenience,
discussed separately. Adsorbed nickel contributes to
the Ni content but as the discussion of the distribut-

ion of nickel in this form is being deferred until
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later it is omitted here except to note that under opti-
munm conditions adsorption of nickel can play an import-—
and part in formation of Ni distribution patterns.
Santos-Ynigo and Tsguerra, working the Phillipines,

are without doubt that percolating meteoric waters
containing carbonic acid (waters of wecakly =cid reaction)
carry niclel as Ni2+ and belicve that an increasingly
alkaline condition is a particularly importznt factor
influencing the deposition of nickel by adsorption onto
the surface of colloids of g0 and SiOz, which, they
report are abundant in the slightly alkaline conditions
at the base of the nickeliferous laterite.

In the typical freely draincd profile through
the solum over serpentinite in Rhodesia the pH increascs
with depth (Table 45). The lecast acid conditions are at
the base of the solum,

Absorption of nickel can take place in the
soil in the samc way thet it can in weathered rock.

That is to say the most favourable conditions are a
weallly alkaline environment and the presence of material
of small particle size (high surface arec : unit weight
ratio). The process will be more efficient, therefore,
in the layer with the highest proportion of clay size
material and the highest pH. These conditions arc best

satisficed at the base of the solum. This control also



applies to copper.
The apparently amorphous hydrous - nickel -

magnesium silicates observed in the base of the solum are

Table 45. pi variations in freely drained soil over
serpentinite in Rhodesia.

Sample Nos. Sample ios. Sample lios,
1045-1049 5239-5243 4313-4316
Darwendale Dalmainy Farm Maritzani
(barren) (barren (mineralized)
Depth pH Jepth pi Depth pH
(in.) (in.) (in.)

0 -3 5,95 0o- 3 6.20 0- 38 6.05
3-12 6.00 3-12 6.25 3-15 5.65
12-24 6.35 12-27 6.49 15-25 5.82
24-36 6,90 27-39 7.00 25=-36 6.95
36-42 7.40

The lowermost sample is in each case in the top of the
weathered bedrock.

theought to be the result of either chemical precipitation
from solution or deposition of colloids. ZFrecipitation
of nickel compounds takes place most readily at high piils.
Mixation of the metal by this mechanism is, thus, going to
be favoured also in the deeper horizons.

On the other hand, copper is sometimes fixed
higher in the profile than nickel. This has been
especially noticeable in the soil over serpentinite at

Darwendale and over greenstones at Lmpress and Bare Jottonm



259,

Hill. It is believed that the explanation lies in the
different hydrolysis pH2s of the two elements. In the
freely drained soil profiles the direction of water
movement is essentially downwarde; that is in the direct-
ion of increasing pH. Cf elements moving in solution
that with the lower hydrolysis pH will, other things
being equal, tend to precipitate first. Accordingly
copper, which hydrclyses at pH 5.3, tends to precipitate
before,and higher in the profile, than nickel (pH of
hydrolysis 6.5).
At Darwendale there is a greater proportion of

Ni and Cu in the ferruginous nodules than there is in
other material of the same horizon. The nodules are
however, enriched in Ni to a greater extent than they are.
in Cu. The enrichment is thought to be due to
coprecipitation and/or sorption of nickel and copper
with or onto the iron oxides and hydroxides. [From a
solution where the ratio of nickel : copper is approxim-
ately the same as Ni : Cu in rock and soil, the amount of
nickel precipitated would be very much in excess of
copper. This is, then, the reason for the observed
distributions.

In the Kalumbila area tiie horizon of maximum
nickel content is the B horizon. The illuvial B horizon

is one of unconsolidated nodular laterite between an
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eluvial A horizon and a strongly leached C horizon,
Although the variation of nickel content up and down the
profile is of limited range it is believed that
coprecipitation with iron is the cause of the slight
accumulation in the B horizon in the Zambian study area.
The freely drained soils in Rhodesia are frequent-
1y loosely textured. In many parts water percolates
easily and fine materials tend to be washed down the
profile to accumulate on top of the weathered bedrock
in the base of the solum (Table 46). The fines washed
down the profile carry with them residual, adsorbed and

L7

absorbed nickel and in addition their presence in the
more alkaline horizon where they settle increases the
sorption capacity of that horizon as a whole. The
singularly sharp decrease in percentage clay size material
between the base of the solum and the top of the
weathered bedrock (due to weathering) is paralleled by

a decrease in Ni content (Table 46). This suggests that
the horizon of high percentage clay size material at

the base of the true soil effectively traps both nickel
moving down the profile from the more acidic upper
horizons where it has been mobilized and nickel travel-
ling in ascending or otherwise circulating groundwaters.
In the main the nickel is trapped by sorption and as a

result of the fines physically impeding the movement of
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suspended colloids.

Table 46. Variation in Ni content of clay size material
in freely drained profiles over serpentinite
in Rhodesia.

Sample Nos, Sample Nos. Sample Nos,
1045-1049 0239-5243 4313-4316
Darwendale Dalmainy Farm lNaritzani
(barren) (barren) (mineralized)
Depth}% of Ni Depthi{% of Ni Depthi{w of Ni
(in.) |total | (ppm) (in.) | total | (ppm) (in.) {total | (ppm)
sample sample sampleg

O0- 3{17.6 13750 0- 3! 8.9 38400 0- 3125,7 800
3-12124.2 4500 3-12{14.0 9730 3-15}35.6 1100
12-24137.6 5300 12-274115.1 L1250 15-25136.6 1550
24-36145,.8 o600 27-39{12.0 Y4250 25-36113.2 2000
36-42112.6 1600

The lowermost sample in each case is in the top of the
weathered bedrock.

In the true soil profile the basc is the most
alkaline and contains the highest proportion of clay size
materials. The fine materials are thought to impede the
movement of the water and allow the accumulation of many
chemical compounds and colloidal particles as well as
readily sorbing metallic cations from solution. Nickel
does not appear to be effectively arrested unless the pi
is above 6.5 (hydrolysis pH for nickel). TFor example, at
Maritzani in a freely drained profile over barren

serpentinite (downslope from mineralization) an unusually
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large proportion of clay size material between 3 and 12
in. below surface where the pd is only 5.05 does not
contain correspondingly large amounts of Ni. This leads
the writer to suggest that the chemical mechanisms are
more important than the mechanical factors in controlling

the deposition of nickel in the soil profile.

3. liodification of the normal distribution in freely
drained profiles by lateral dispersion.

The normal profile over all rock types investig-
ated is characterised by increasing Ni content with denth
through the so0il. In some instances this can be modified
by lateral dispersion. Tor example,at the Lapress
prospect there is mere Ni in the upper horizons over
greenstones downslope from the mineralized suboutcropping
amphibolite than there is in the deeper parts of the
profile. Moreover, not only is the distribution anomal-
ous but also the amount of metal in the upper soil horiz-
ons over greenstones downslope from mineralization is
greater than the normal background range. CSimilarly in
the Kalumbila study area where, downslope of the copper
clearing over the best copper mineralization, there is
more Ni in the 0-3 in. horizon than there is in the

3-12 in. lgyer. This distribution is the reverse of



263,

the distribution found over non mineralized strata.
These distributions are thought to arise from
the lateral dispersion of nickel from rocks of high
nickel content. Aalthough they are anomalous,patterns of
this type are not necessarily related to mineralization
and can equally well arise where serpentinite crops out
upslope of rocks of lower Ni content (e.g. in the lioel
Nickel mine area). Dispersion may be either saline
(dissolution and redeposition of nickel), biochemical
or mechanical.

At the Dmpress prospect part of the lateral

dispersion is believed to have been via a saline mechan-
ism. 'Water from suboutcropping mineralized amphibolite
is possibly (because of the oxidizing sulphides) of
slightly below average pli and nickel will be going into
solution only to be deposited no more than a few hundred
feet away where the pH increases. Deposition would be
elther by precipitation or sorption. The water table at
the Impress prospect is however, at some considerable
depth and it is also possible that nickel and copper
moving out from the ore zone in the ground water is
being taken up by plants and returned to the soil when
the leaves fall off or when the plants die or are
destroyed. It is, furthermore, thought that the distrib-

ution pattern is being modified by leaching right at
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surface by percolating rain water, thus accounting for the
increase in Ni content between the 0-3 in. and 3-12
in. horizons in some of the profiles downslope of miner-
alization (Figure 37). A contribution to this lateral
dispersion pattern at the Impress prospect could have

been made by the mechanical movement of nickel-bearing
soil downslope from the ore suboutcrop.

At Kalumbila chemical mechanisms are believed
to play a role in the lateral dispersion of nickel.
Without more nrecise geological knowledgerand information
on the distribution of Ni in the complete profile
interpretation is difficult. The possibility of the
anomaly at Kalumbila being a seepage anomaly has already
been mentioned. The unusual partition of i between the
0-3 in. and 3-12 in. horizons can also be put down to
the possibility that in the section in question the
topsoil is largely transported, It is possibly soil
of relatively high Ni content moved from a point further
upslope by sheet wash.

In the environs of the Noel Nickel mine the

spread of the soil of high Ni content beyond the boundar-
ies of the serpentinite is attributed to sheet wash and

gravitational collapse down the steep hillside.
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7leis and dambos are environments favouring
deposition of nickel in a number of ways. [Fixation of
nickel in vleis and dambos takes place in a manner
analagous to the deposition at the base of the freely
drained profile with the additional mechanism involving
interaction with organic matter.

As mentioned previously vlei soll generally
contains a higher proportion of clay size material
than the adjacent freely drained soil and, broadly
speaking, has a higher pH. Dambos are similarly rich
in clay size materials but the difference in pH between
dambo and adjacent freely drained soil is less pronoun-
ced than the difference in pH between vlei and freely
drained soils. The grey ~ black colour of vlei soil is
believed to be due to the high humus content. Dambo

soil is equally black in colour for the same reason,

especially near-surface. Dambos are, furthermore, very
rich in plant matter in all stages of decomposition,

The amount of nickel in some vlei soils is
high compared with that of the freely drained soils.,
This is considered to be related to the vlei soils
being of alkaline reaction and rich in clay size

material and because they contain more organic matter
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(with a high exchange and absorption capacity) than do
the freely drained soils.

The enrichment of Ni in near-surface dambo
solls, particularly in the low lying swampy parts, has
already been referred to as a widespread and not unusual
geochemical feature. The low lying swampy parts are
particularly rich in decomposing plant matter and it is
thought that much of the nickel in this environment
is being held in the decaying organic structures. Plant
matter is known to be a good absorbant of nickel and
esnecially so in the reducing environment of the water-
logged dambo. References to nickel - organic matter
associations are common in the literature. Aleskovskii,
Mokhov and Spirov (1959) report that they found 1% times
as much nickel in humus as in the subsoil and they say
that ground water of pH 6 does not remove nickel from
humus. Crooke has noticed indications of a nickel -
soill organic matter complex in a peaty serpentine soil.

Sorption by organic materials is thought to be
an important mechanism in Tixing nickel in tine vlei and
dambo environment, especially in the latter.

The distribution of Cu in vleis and dambos is
closely similar to the distribution of Ni and it is
thought that both elements are subject to similar controls,

differing only in degree.
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9. Deposition of nickel in the drainage system.

Detailed study has revealed that the stream
sediment and stream bank materials of open watercourses
in dambos in the Kalumbila area contain the least amounts
of Mi, the swampy low lying parts the largest amounts
of the metal. The pH of the open stream water is 7.9
to 8.0 compared to a pH as low as 5.2 in the waterlogged
depresscions. This inverse relationship between pH and
Ni content is unusual and incompatible with other data
unless some other factor is more influential.

This unusual relationship between Ni content
and pH can be explained as follows. HNickel entering the
dambo in solution in ground waters (of pH 5.0 to 6.5)
is readily sorbed by the organic matter, decaying plant
fibre in particular, even at relatively low pH's. It is
believed that water infiltrating through the dambo has,
by the time it reaches the open stream channel, been
stripped of much of itds nickel, thus accounting for the
comnaratively low nickel content of stream water (Table
42) and stream sediment and tank material.

There is no doubt that at points in the open
drainage chemical precipitation and sorption of ionic
nickel and flocculation of colloids with which nickel is

associated occur. De that as it may, the course Tollowed



by nickel in i{'s secondary dispersion has, in most
instarices, been through environments conducive to

nickel deposition in one way or another, at some point
before it reaches the drainage ways (Figure 88). Nickel
moving towards the vleis and dambos at surface or through
the upper soil horizons meets an environment favouring
deposition when it enters the vleis or dambos. Downward
movement through the freely drained profile is checked
at the base of the solum and in the top of the weathered
bedrock, which horizons also trap nickel moving in
ascending or otherwise circulating groundwater. Where
ground water is flowing below the base of the soil
profile there is little tendency towards deposition of
nickel until the water approaches surface - commonly

in the vleis or dambos. Ifuch nickel is believed to have
been lost from the ground water by the time it reaches
theopen drainage. It is thought that copper behaves in
a comparable manner although this element is generally
lecs irobile than nickel.

Sediment in Rhodesia is essentially eroded coil
and collapsed bank materiazl. Itls Ni content is closely
correlated with that of adjacent soil. The dispersion
i5 believed to be dominantly mechanical since the ground
water in many pacts of the Rhodesian study areas does

riot ouvcrop. WNickel can enter the open drainagge incorp-
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orated in some way (e.g. adsorbed onto clay minerals,

in the lattice of weathered silicate mineral fragments)
in material washed into the stream channels or collapsed
from the banks. In Rodesia this mode of dispersion is
believed to be important. In the study areas of the
southern territory there is, compared to Kalumbila, less
vegetafion to help hold the soil together and, in meny
areas where the topography is locally rugged, the amount
of topsoil washed into the streams during the characteris-
tically heavy thunderstorms is appreciable. The amount
of nickel entering the stream channels in this way is
thought to be small at Kalumbila as the terrain there

is not well suited to much mechanical dispersion,

B. Distribution of exchangeable nickel.

In this section the formation of the observed
distributions of exNi are discussed in the light of the
theoretical knowledge,

Although exNi content is roughly inversely
proportionate to particle size there is no correlation
between exlli content of a given size fraction and the
nercentage of the total soil sample that the fraction
constitutes., The surface area/unit weight ratio is

not the sole control. TFor example, in freely drained
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soil profiles over serpentinite (mineralized and non

mineralized) the distribution of exchangeable nickel

in the profile does not vary with the percentage silt

and clay size material (Table 47).

Since it is known

Table 47.

Hi and exNi in silt and clay size material

from a freely drained profile over mineralized
serpentinite at ilaritzani and from a similar
profile over barren serpentinite at Dalmainy

Farm.
Maritzani Dalmainy ‘farm
Depth Silt Clay Depth Silt Clay
(in.) | Wi exNi | Ni exifi j{in.) | Ni exiNi Ni exiNi
(ppm) (ppm){(ppm) (ppm) (pp) (ppm)|{ (ppm) (ppm)
0- 3 150 ) 800 201 0~ 318900 2251 8400 335
(36.3) (25.7) (15.5) (8.9)
3-15 250 10§ 1100 20| 3-12} 7230 225 {1 9750 369
(31.9) (35.6) (15.0) (14,0)
15-25 650 15' 1550 28 112-271£100 220 111250 450
(22.6) (36.5) (14.4) (15.1)
25-35| 2750 1351 2000 103 127-38} 9450 225 {14250 810
(12.2) (13.2) (10.7) (12.0)

(Weight percentages of total sample)

that pii can influence adsorption soil pH was determined

in selected soil profiles (Table 45).

At Maritzani the

exNi content was found to increase with pH; similarly

at Dalmainy Farm.

In the freely drained soil in the

Darwendale area the variation in exNi content can not be

correlated with percentage clay size material or ptl.

However,

in this latter area the water table is very
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much closer to surface than it is at lMaritzani or
Dalmainy Farm. The capillary fringe above the water table
is thought to extend throughout the Darwendale profile

and it is possible that evaporation in the near-surface
horizons brings about a relative concentration of Nigt

in solution. adsorption is known to take place more read-
ily the higher the concentration of the dissolved
species and in this way it is possible to account for
the distribution of exNi in the freely drained profile
at Darwendale. The near-surface horizons are visibly
richer in decaying plant matter than are the deeper
levels and adsorption from ground water onto decaying
plant fibre and organic colloids in the near-surface
horizons is believed to be a contributing factor in
bringing about the observed distribution.

At Maritzani, deeper into the weathered

mantle Irowm the top of the weathered bedrock (C horizon)

the exNi content decreases into the fresher rock, the
relative degree of weathering being judged by the
variation in MgO content (Table 43). Even at 30 ft,
below surface at lisritzani the water table is not reached
(it is at 60-80 ft. in this area). The increase in exii
content of bedrock from depth towards surface has been
observed 1n both mineralized and non mineralized

sections and is attributed to an increase in the exchange
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capacity of the rock forming minerals and availability
of nickel in solution as weathering proceeds. It must
be remembered, however, that the profile on which Table
43 is based is in weathered barren serpentinite downslope
from mineralization and it is possible that some of the
exNi in the weathered serpentinite may have originated
from the mineralization. pili increases slightly with
depth both over mineralized and non mineralized serpent-
inite (Table 50). In the mineralized profile exNi is
greater and pH lower than in the non mineralized
profile. This is thought to be most significant and
representative of a difference in the dispersion of

nickel from sulphides and silicates.

l. Significance of the relationship between exNi
content of weathered bedrock and mineralization.

There is no doubt regarding the existence of
en exchangeable nickel anomaly in the weathered bedrock
at lfaritzani. Further detailed study has suggested that
the exNi data assumes even greater significance when

evaluated in conjunction with other parameters.

(a) The sorption capacity of weathered bedrock,
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At the time that the exNi determinations were
carried out on the minus 80 mesh fraction of samples
collected from the bases of the Maritzani pits a
separate portion of the sample (0.1 gm.) was soaked in
a known volume (25 ml.) of an aqueous solution contain-
ing 0.5 micrograms Niz'l'"/ml° This solution was prepared
by dissolving N1504°7H20 in water. The sample was in
contact with the solution for 30 minutes before the
slurry was centrifuged and the supernatant liquor
anaglysed for nickel. The nickel lost from the solution
was regarded as having been sorbed by the sample and the
method thus provided a means of obtaining information on
the relative sorption capacity of different samples. It
is important however, to recognise that it is not
necessarily, as such, a measure of exchange capacity
as the amounts of nickel reversibly and irreversibly
sorbed were not determined.

The results are, nevertheless, useful. They
suggest that the weathered rock over mineralization has
no abnormally high sorption capacity compared to that of
the non mineralized weathered rock (Figure 87). IF
anything, the nickel sorption capacity over karitzani
mineralization 1s lower than it is over barren sermentin-
ite elswhere in the area. It 1s possible that the

reason for this is that some nickel leached from the
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mineralization has already been sorbed by the weathered
materials. - The difference between the exNi content of
weathered bedrock in the mineralized zone and that
away from mineralization is 25 ppm. This is the same
order of magnitude as the difference in sorption
capacity. Since weathered materials are not saturated
with sorbed nickel (that is to say that the materials
have not sorbed all the Ni2T that they can) it is
difficult to relate the distribution of exNi to
sorption capacity. exNi is probably reflecting the Ni
content of the ground waters from which it is being
sorbed.

The study of the capacity for sorption of
nickel was extended to other study areas and consider-

able variation was observed (Table 48).

Table 48. Amounts of nickel taken up from a 0.5
micrograms Ni/ml. solution by the minus 80
mesh fraction of weathered bedrock.

Areg Range liean
(micrograms/gm. ) (micrograms/gm. )

Maritzani 125~175 160

Darwendale 135~-200 180

Noel 25-190 100

Kalumbila 25-100 60

From the evidence of the sorption capacity

tests it is concluded that the weathered bedrock
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containing anomalous amounts of exNi does not have a
higher sorption capacity (at least towards nickel) than
the weathered barren bedrock within the same area.
Regional differences in exNi level can be explained by
the varying pH and sorption capacity in rocks weathered

to a greater or lesser degree under diverse climatic

conditions,.

(b) Exchange capacitye.

The cation exchange capacity, total exchange-
able bases and, by difference, exchangeable hydrogen
was determined on clay size materials from the upper C
horizon over mineralization in serpentinite at Maritzani
and over barren serpentinite at Dalmainy Farm. It was
decided to compare the Dalmainy Farm and liaritzani
serpentinites because;

(i) They are of similar geologic age,
(ii) The Dalmainy Farm serpentinite contains, as far
as can be ascertained, no sulphide minerals and
(iii) Preliminary analyses had revealed very much
more nickel and exNi at Dalmainy Farm than at
Maritzani (Table 47) which is a good example of
how regional variation prohibits any possibility

of establishing a countrywide background level
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for exNi in weathered bedrock.

Separated clay size material was selected for
exchange capacity determinations since this fraction
was observed to contain the highest proportion of
exNi (Table 4%)°

The exchange capacity and total exchangeable
bases were determined by replacing the adsorbed cations
with NH4+ ions from an aqueous, neutral, normal (molar)
ammonium acetate solution following the widely used
technique: first described by Bray and Willhite (1929).

Contrary to expectations the Dalmainy Farm
material has a cation exchange capacity considerably
lower than that of the sample from Maritzani (21.5
and 63.0 @m. equiv./100 gm. respectively). Cation
exchange capacity is regarded as being the sum of the
total exchangeable bases and the exchangeable hydrogen
(Piper, 1980). although the total amount of exchange-
able bases in the laritzani sample is nearly twice that
at Dalmainy TFarm it represents only just over half the
cation exchange capacity (Table 49). Subtraction of
36,0 m. equiv./100 gm. (the total exchangeable bases)
from 63.0 m. equiv/100 gm. (the cation exchange
capacity) reveals 27.0 1. equiv/100 gm. exchangeable
hydrogen in the Maritzani clay size material. A simi-

lar calculation for the Dalmalny Farm sample indicates
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Table 49. exNi, exchange capacity and associated
parameters of clay size material from the top
of the weathered serpentinite at liaritzani
(mineralized) and Jalmainy Farm (barren).

Property lMaritzani
(ppm) (ppm) Mean
(1) (2)

Dalmainy Farm
(ppm) (ppm) Nean
(1) (2)

Ni content 2000 - 2000 14250 - 14250
exNi content 113 93 103 3810 - 810
Theoretical
maximum exNi
capacity - - 18500 - - 6500
Me€Je MsCGoe Me€Q. Meefe

100 100 100 100

gn. gm. Mean gm., gm. Mean
Cation
exchange
capacity(a) 66.0 60,0 63.0 21.0 22.0 21.5
Total
exchangeable
bases(3) 34,0 38.0 36.0 30.0 8.0 19.0
Exchangeable
hydrogen(A-B) - -  27.0 - - 2.5

(1) and (2) : Duplicate analyses.




278.

the presence of only 2.5 L. equiv./100 gm. exchangeable
hydrogen (Table 49).

(c) pH.

Tests have shown that the conditions in the
weathered bedrock overlying mineralized serpentinite at
Maritzani are more acid than in the weathered bedrock
above barren serpentinite although the absolute value
at both sites is on the glkaline side of 7.0 in the
deeper horizons (Table 50), i.e. consistent with the

serpentinite environment. The fact that the exNi

Table 50. pH in weathered serpentinite bedrock at

laritzani.
Depth below surface Mineralized Non-mineralized
(feet) profile profile
3.5 6.75 .95
12.0 7.8 8,395
29,0 8.10 8.50

content of the weathered bedrock overlying the minerali-
zation in the liaritzani serpentinite body is greater

than that of the non mineralized parts is of even greater
significance when this pi difference is taken into

account (see below).
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2. Formation of exNi anomaslies.

The data pertaining to the exchange properties
of the selected materials helps in explaining the
formation of exNi anomalies in the weathered bedrock.

As weathering sets in and nickel-bearing
minerals begin to decompose the metal is taken into
solution in the ground water. Sulphide minerals,
breaking dovn more rapidly than silicates, release their
nickel to the leaching solution proportionately quicker
with the result that the nickel content of ground water
in zones of weathering (oxidizing) sulvhides increases
at a faster rate than that in water percolating through
barren rock. This being the case, the concentration of
nickel in solution ot a given time after initistion of
weathering will be greater in a zone of oxidizing
sulphides than in rock barren of sulphides. The zone
of oxidizing sulphides is, moreover, of a lower pH and
this will aid the solution of nickel from both sulphide
and silicate minerals and the further build up of Ni
ions in solution.

Entry of the nickel ions into exchange posit-
ions depends on their concentration in solution relat-
ive to other critical components of which the hydrogen

ion (HY) is one. There is, therefore, a direct
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relationship between the exNi content of the soil and
o] /et

where [Nizétlis the concentration of nickel ions
- and [E*] the concentration of hydrogen ions.

In oxidizing mineralization [Ni®7} is above
average as is [H+j° The country rocks will, however,
tend to neutralize rapidly the acid solution so the net
result is an increase in the ratio[ﬁiZ+:]/|:H+Jo
Furthermore, as the rock forming silicates break down
(& process accelerated in the relatively acid environ-
ment) their exchange capacity increases insofar as they
become progressively more porous and a greater surface
area per unit volume is exposed. The increase in the
ratio [Niz+:1/[fH+Jand in exchange capacity both act to
favour increased adsorption (exchange) of Ni2% ions.
Hence the greater [Maritzanl exNi than Ni anomely.

The data of Table 49 in no way suggests any

dependency of exN1 content in exchange capacity since

the relationship in the two particular scmples is ilnverse.

The only conclusion that can be drawn from the dota is
that exNi is not simply proportionate to exchange
capacity. Consequently the[:Ni?%:l/[ Hf:]ratio must
be a controlling factor in the exchangeable adsorption
of nickel. at Dalmainy Farm nickel from the weather-

ing serpentinite (which contains 0.3 to 0.4k of the
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metal) has not had to compete with hydrogen ions in the
same concentration as at Maritzani and the end result
is a noticeably greater exchangeable nickel content and
smaller exchangeable hydrogen content in the former area.
In any givegzg?gggthe relatively high concen-—
tration of nickel in the environment and, more especially
perhaps, in solution, coupled with the physical stzte of
the weathered materials is thought to be the factor
controlling the exchange sorption of nickel in the
amounts detected in the Tace of the lower pH conditions.
Since,in a given area, exchange capacity (as adjudged by
analogy with sorption cepacity) is not significantly
different over miner:clization compared with that away
from mineralization, the amount of nickel in solution and
in the exchange positions is significantly anomalous and
related to the presence of the sulphide mineralse.
Mueller has found in experiments that sorption of nickel
will still occur 2t pHs as low as 4.9. To what extent
sorption can tske place at such a low pil is not clear.
There is need for further work before an understanding
of the effects of extreme pH variations can be gained

and possible allowance for them made.
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3. Distribution of exNi in vleis,

In vliel soil generally exNi is present in
amounts apprecigbly larger than in freely drained soil.
Broadly speslking vlel soils have a higher pH, contain
a greater percentage of clay size matericl and hold
woter more readily than freely drained soilse. It 1is
difficult to correlate the differentiation of exlii in
the profile with any one factor.

exNi is available for uptske by plants. The
distribution of nickel in plants is thus, to some cxtent,
reflecting the distribution of exWi in the soil.

It is concluded, then, that the distribution of
cdsorbed nickel (exNi) is controlled more by environment
than by any single factor. It is influenced by the
concentrztion of nickel in solution (both zbsolute and
relstive to other cations), adsorption (exchange)
capacity of the adsorbant and pll acting together in z

complex monner.

C. Comparison of mobility of nickel from sulphide
and silicate minerals.

The physical chemistry of the secondary

dispersion of nickel as envisaged in the preceding
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sections is independent of the source of the nickel,
There is no evidence to suggest that nickel originally
present in sulphide or arsenide minerals behaves in any
way differently to that from silicates. There are,
however, differences in the rate at which secondary
dispersion proceeds which, when other things are equal,
can be related to the differential in susceptibility to
weathering between sulphide and silicste minerals. Of
particular importance is the distribution of exNi in the
weathered bedrock which is considered to reflect differ-
ences in the rate of weathering and leaching between
sulphide and silicate minerals. The determination of
the exNi content of certain materials may well assist,
therefore, in the differentiation of nickel anomalies
related to sulphides and silicates. The significance of
the exNi distribution in terms of minerslization has
been discussed.

In secondary dispersion nickel is believed to
differ a little in overall mobility from copper especially
in areas of ultramafic rock. The higher pH of hydrolysis

of the nickel ion (HiZ") compared to cu2+tis the most

important governing factor.
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D. Influence of varying climatic and
topographic factors on secondary dispersion.

In the text thus far there have been references
to regional variations in climate, topography, pattern
of distribution of ground water and soil moisture and
geomorphological history., These vagaries and vicissi-
tudes of climate and geomorphology influence the
secondary dispersion of nickel.

It has, for example, been shown that at
Kalumbila the Ni content of near-surface dambo soil is
at maximum where the water table reaches or most closely
approaches surface. In an area where much of the nickel
is moving in solution the nosition of the water table
is important.

In drier climes in hodesia there is a marked
contrast in climate and geomorphology between study
areas. A good example is the contrast between Darwen-—
dele and laritzani. At Darwendecle, where the mean annual
rainfzll is slightly higher than in any other Rhodesian
study area (Chapter 1) the water table in excavations
1000 ft. down a 57 slope from the freely drained profiles
studie? was only 5 ft. below surface at the end of July.
It has been suggested that the soils studied lie within

the zone of fluctuating water table. At Maritzani
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observations made by company personnel during drilling
operations showed the water table to be at depths of
60 - 80 ft. in the vicinity of the mineralization.
Differences in the distribution of exNi have been
attributed to the different grcound water relationships.
It is impcrtant that in interpreting the secondary
distribution of nickel ground water movement be taken
into account.

The extent of rock weathering and soil profile
development at Kzlumbila is far in advance of that at the
Noel MNickel mine for excmple and the two areas are
quite incomparable in this respect. Variations in
distribution and dispersion mechanism are correlated with
climatic and geomorphological dissimilarities. TFor
example, the dispersion under the high rainfall condit-
ions at Kalumbila is dominantly via a saline mechanism
whereas in the semi~arid climate in the environs of the
Noel Nickel lLiine mechanical dispersion mechanisms
predominate. In generzl terms relatively high tempera-
ture and rainfall favour chemical weathering. Raoinfoll.
and topography together control the position of the water
table relative to the surface and the data suglests that
the position of the weater table is a major factor in
the secondzry dispersion of nickel. The degree of so0il

profile diflerentiation is important in controlling
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the profile distribution of nickel and this too is
influenced by physiography.

The influence of physiographic variations is
not confined to saline dispersion but can also affect
mecheanical dispersion. Tor example the amount of
matericl moved by sheet wzsh is influenced by reainfall
and surface gradient. Climate influences vegetation;
vegetation in turn usually inhibits mechanical dispers-—
ion. The pattern of ground water distribution is
thought to affect solifluction by the varying degree of
it¥s lubricating effect., Gravitational collapse down-
hill mcy be expected to be important on steep hill
slopes.

The physiographic conditions have not always
remzined constant. A given set of conditions prevailing
for varying lengths of time will produce different
results. This time factor is, however, exceedingly

difficult to evaluate.

B. Comparison of the distribution of niclel
over serpentinite in Rhodesia with that
over similar rocks in other parte of the

world.

The writer belicves that the physico-chemical,

climatic and geomorphologic control of nickel dispers-
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ion in Rhodesic and Zzmbia differs from that of other
parts of the world only in degree, This can be illus-
trated by considering the distribution of nickel in
the weathered mantle over serpentinite. Comparison of
published data with that of this investigation has been
made (e.g. Figure 86). It is known that high grade
nickeliferous laterites develop over serpentinite
under certain climatic and topographic conditionse.
Such deposits are bestdeveloped in New Caledoniz (des-—
cribed in detail by de Chetelat, 1947) and the Philli-
pines (Santos-Ynigo and Esguerra).
In their report on the nickeliferous laterites
of Surigao, Santos-Ynigo and Isguerra record that
three conditions are generally thought to be essential
for the devclopment of laterites. These are;
(i) 4 semi-humid or perhumid tropiccl climate,
(ii) A& level land surface sufficiently elevited above
sca level to ensure adequate drainage and
(iii) A long period of time during which the two
previous conditions must hold.
These conditions cre not well met in the
Rhodesian study oreas. The climate in Rhodesia, al-
though tropical, is tempered by altitude and disteance
from the sea. The mecn annusl rainfall in the study

arezs nowhere exceeds 40 in. per annum (Chapter 1).
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The mean annual rainfall for Surigao is 144.5 in. It
nas, furthermore, been pointed out already that the
ithodesian soils are juvenile. On the chove evidence
the rainfall alone appears inadequate but even allowing
that cliaate and drainage conditions (as observed today)
favour the formation of nickelifcrous laterite following
weathering of ultrabasic rocks they cannot have prevailed
for a length of time sufficient to allow laterite
formation on the scale of the Phillipines or New
Caledonian deposits.

No scrpentinites were studicd in Zambia and
so it is not possible to compare zny nickeliferous
Laterite formation which might occur there with that in
ithodesia aond elsewhere. It can only be postulated that
the distribution which one might expect in an zrea such
as the North Western Province of Zambia will be inter-
medicte between that of Rhodesic and the Phillipines
since the rainfzll there (55 in. por annum at Kalumbila)
is higher thcn in Rhodesia and the soils, on a fairly
level landsurface, arc well draincd.

The geochemical forcggzﬁring about the cnrich=-
ment of nickel in westhored bedrock znd at the base of
the solum in Rhodesiz arc regoarded as anclogous to those
concentroting nickel into the high grode sccondary
silicate deposits of the world, the diffcrcnce, os

discussed cboVve, being only onc of degree. The control
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is believed to be dominantly climate - topographic.

In Puerto-Rico nickel-cobalt-iron bearing
deposits occur in the lower part of the laterite cap-
ping and the upper part of the underlying soft,
scrpentinized peridotite (Heidenreich and Reynolds,
1859). 90 million tons of 0.85% Ni are reported. This
deposit eppears to have many characteristics in common
with the nickel distribution pattern over serpentinized
peridotite in khodesia. Similar deposits have beecn
located in Tasmania (Hughes, 1957), Germany (Jubelt,
1953), Greece (Petrascheck, 1953), Cuba (de Vietter,
1953), Phillirines (Santos-Ynigo and Dsguerri) and
New Caledonia (de Chetclat).

At Liwghanza Hill in Tanzania (formerly
Tanganyika) a serpentinized basic intrusive containing
0.2 - 0.3 per cent nickel near-surface has been
described by Fawley (1957). Nickeliferous serpentine ,
nickeliferous pyrrhotite and garnierite arc believed
to be the nickel bcaring minerals., The possibility of
finding an cconomic garnierite deposit is thought to
be slight but the possibility of producing a magnetite
concentrate has been mentioned.

Gencrally speaking the grade of the deposits
has to be at least scveral per cent nickel tc be econ-

omic (e.g. New Caledonia) and cven in this case treat-
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ment of the ore to extract the nickel is difficult and
costs are high. Hence the reason for the statement made
in the introduction to this thesis regarding the unlik-
lihood of finding economic deposits of this type in

Africas.

Fo Summary of conclusions on the
seccondary dispersion of nickel.

Following the discussion of the observed
distributions in the light of the thceoretical physico -
chemical factors it has been possible to arrive at
certain general conclusions. They arc:-

1. Natural waters, particularly those of weakly acid
reaction (brought about by atmospheric CO, or
sulphuric acid from weathering sulphidcs), are
largely responsible for thce decomposition of both
rock forming and ore mincrals and the leaching end
transportation of nickel.

2. It is believed that, other things being equal,
nickel is more readily leached and has greater
nmobility the lower the pH.

3. DNickel moves in true solution, as Ni2T ions in the

natural waters containing HCO3 end for SO4

ions.
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Deposition by any mechanism (adsorption, absorption,
prccipitation and colloidal flocculation) takes

place most readily in environments of wcakly alkaline
reaction.

The amount of nickel sorbed is proportionaﬁé to itds
concentration in solution relative to other critical
components.

Organic matter has an exceptional ability to sorb
nickel cven at a pH as low as 5.2.

Sorption in weathcring bedrock is dependent to some
extent on the physical state of the sorbant and, in
the casec of absorption, on the amount of magnesium
(and iron) that can be replaced by nickel.

The tenor of nickel in chemical precipitates is
proportionaﬁé to the concentretion of the metad in
solution relative to other criticsl componsnts.
Impurc hydrous nickel-magnesium silicates (garnierite)
can result from the flocculation of nickel bearing
colloids after their subscquent dchydration, diffusion
and recrystallization as well as from precipitation
from solution.

In the drainagce channels much of the nickcel has been
deposited along with the strcam sediment (which is

esscntially ecroded soil) following mechanicel trans-
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portation.

The amounts of nickel movced varies with climate,
topography, pattern of distribution of ground
waters and geomorphological history. Climatic
and geomorphologic featurcs of Rhodesia are not
conducive to the formation of high grade nickel-
iferous leteritcs following weathering of ultra-
basic rocks. Climatce and geomorphology arc,
nevertheless, varicblce cnough within the country
account to the diversity in distribution pattern
between the study arecas.

Nickel derived from sulphidc mincrals behaves in
the scme way as that from silicates clthough
differcnces in the rate of weathering between the

two categorics of mincrals results in differences

to

in the¢ distribution that can be reclated to mineral-

lzation.
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Chapter 6. APPLICATIOi: OF COuCLUSIONS
ON SiCONDARY DISPLDRSION Oif NICKGL

AND ASSOCIATED DLEMLNTS TO

NINGRAL LAY LORATION.

Using current procedures employed in geochemic-
al prospecting for nickel anomalies are readily detectable.
There is however, a problem of interpretation. The
differentiation between anomalies derived from sulphide
and silicate nickel is very difficult. One of the aims
of the present project has been to improve interpretation
of nickel anomalies, in particular with a view to being
able to distinguish between nickel anomalies derived from
ultrabasic rocks and sulphide ore deposits.

l.uch of the previous research work pertaining
to geochemical prospecting for nickel has been concerned
with differentiating one rock type from another. In 1952
Lakin, Almond and Ward suggested the application of geo-
chemical soil analysis for nickel as a means of
distinguishing between serpentinite and more acid rock
types. Jebb (1957) and Holman (1956) studied the distrib-
ution of nickel over kimberlite, basic schisis and
granite in Sierra Leone. More recently Jedwab (1959)
correlated the nickel content of soil at two localities
in the Congo with underlying kimberlite breccias.

In India, Anand Alwar and Banerjee (1963)
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have described geochemical prospecting for nickel over the
serpentinite in the Moreh area, Manipur State. Their
work was hcwever, confined to a study of the distribution
of nickel in the weathered mantle over the serpentinite.
In the Blue lMountain area of Jamaica geochemical
prospecting investigations described by Hill (1961) have
indicated a zone where the concentration of nickel in

the soil over serpentinite is between 0.2 and 0.3%.

This was considered by him to be anomalous. The nickel
is associated with magnetite, which contains 0.2 to

0.5% nickel, and in some parts also occurs as nickelian
serpentine.

Jacobson (1956) has distinguished between
copper anomalies over copper sulphide ore deposits and
over dolerite intrusions on the basis of the nickel
content of the soil. Coope (1958) has described the
secondary dispersion of nickel and copper from copper -
nickel sulphide deposits and basic and ultrabasie rocks
in Bechuanaland and Tanganyika. Nickel msgy be presert
in large amounts in ferromagnesian minerals of basic
and ultrabasic rocks which do not contain sulphides.
Similarly, copper may concentrate in basic rocks (Chapter
3). However, when sulphides are present nickel and copper
tend to be concentrated in the sulphides and Coope

concluded that in order to differentiate between
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anomalies derived from sulphides, basic and ultrabasic
rock it was necessary to consider the secondary
distribution of nickel and copper together.

Coope detected dispersion trains of copper
and nickel in stream sediments in Tanganyika approxim-
ately 3000 ft. long at maximum and he concluded that
stream sediment sampling at half mile intervals with
subsequent analysis of the minus 80 mesh fraction for
Ni and Cu could be employed as a prospecting technique.
In the relatively poorly developed drainage system in
Bechuanaland Coope considered drainage reconnaissance
to be generally inapplicable as the drainage trains he

observed were of very limited length.

A. Application of drainage reconnaissance
in geochemical prospecting for nickel in
Rhodesia and Zambia.

In Rhodesia, sampling of the sediment in
watercourses at half mile intervals and subsequent
analysis for Ni can indicate the position of ultrabasic
rock masses. pnalysis of the samples for Cu helps to
show right at the start whether there are any sulphides
present in the ultrabasic rocks. However, the lack of
a Cu anomaly does not necessarily mean there are no

nickel sulphides associated with the ultrabasic rocks.
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There has beeq no opportunity to appraise
the distribution of nickel and copper in the drainage
around the nickel - copper sulphide deposit of the
Lmpress prospect nor around the nickel arsenide deposits
in the environs of the Noel Nickel mine because of
conteamination. It is however, probable that a similar
technique to that outlined in the preceding paragraph
could give an indication of the positions of the deposits
but in view of the relatively short drainage trains
detected by Coope in Bechuanaland (not more than 1000 ft.),
a closer seample interval ma, be required in areas like
the Noel than the minimum needed in the higher rainfall
areas in the Rhodesian Midlands. It has been shown that
nickel is dispersed over greatcr disténces in wet
climates than in relatively dry areas.

For areas physiographically similar to
Kalumbila the data of this investigation suggests that
sanpling of the swampy waterlogged parts of the dambos
may be more valuable than the sampling of stream sediment
insofar that information about the amounts of metals
entering the dambo in the ground water is thus obtained.
It is however, still necessary to analyse for Ni and
Cu to differentiate between nickel derived from sulphides
and silicates. A suitable procedure could be to collect,

at each site along the drainage way, samples of dambo soil
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from the lowest point of the open dambo either side of
the stream channel in addition to a sample of the
sediment in the channel. In order to detect the features
of the type observed at Kalumbila a sample interval of
one quarter of & mile could be used. Such a procedure
could lead to the detection of not only outcropping

deposits but also blind (norn outcropping) deposits.

B. Geochemical soil surveys.

laving delineated areas of interest by means
of drainage reconnaissance,geochemical soil surveys
should be carried out in order to delimit the anomalies.
Large amounts of Ni present in residual soils overlying
serpentinite and subcutcropping nickel sulphide and/or
arsenide mineralization are detectable by analyzing
samples collected from & depth of 12 in. or less
depending on tiie terrain. In areas of skeletal soil
and where there has been little chemical weathering
samples can be collected nearer surface. In order to
locate anomralies of the type described in this thesis
a2 sample interval of 10C ft. along lines 500 ft. apart
at right angles to the general strike of the country
rocks is convenient and will provide a minimum of two

to three anomalous samples along more than one traverse
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line.

Ni in amounts up to 0.5% in soils over serpen-
tinite is not unusual but such amounts in soils over
rocks other than serpentinite are strongly anomalous.
Dispersion of nickel from nickel sulphide and/or arsenide
ore minerals usually results in strongly anomalous
amounts of Ili in the soil overlying the ore deposit in
rocks other than ultrabasics. The dispersion of the
element is being effected under the influence of the
prevailing physico-chemical conditions as discussed in the
preceding chapter. The significance of an anomaly
of a siven magnitude depends on the position of the
fresh ore relative to surface, the size and tenor of the
mineralization and the climate.

Interpretation and definition of the anomaly
source can be aided by the analysis of the same samples for
Cu., 'There are no known deposits of sulphide nickel
without associated copper. The association of copper
and nickel in the Terseverance and i.aritzani mineralizat-
ions (in ultrabasic rocks) and in the Empress, Bare
Bottom Hill and Kalumbila areas (in more acid rocks)
has been described. The use of copper in geochemical
prospecting for sulphide deposits over ultrabasic and
basic rocks has been described by Coope and successfully
employed by the companies actively engaged in mineral

exploration in Central Africa. Coincident high i and
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Cu values in residual soil are indicative of underlying
sulphide mineralization in both serpentinite and other
more acid rock types.

Anomalous amounts of As coincident with anom-
alous amounts of Ni have been chown to indicate under-
lying nickel arsenide mineralization in the semi-arid
conditions in the environs of the Noel Nickel mine and
in the higher rainfall lMaritzani area.

No previously published accounts of the use
of selenium as a pathfinder in the search for sulphide
deposits in Africa are known. Differentiation between
gossans derived from sulphides and other primary
ferru;inous minerals has been made on the basis of the
selenium content (Sindeyeva, 1955)., In 1857 Leutwein
and Starke suggested that the element could be used as
a pathfinder to selenium rich sulphide ores. Near-
surface soil over suboutcropping mineralization, not
only in serpentinite at Terseverance but also in more acid
rocks at Umpress and in the environs of the Noel Nickel
mine has been found to contain anomalous amcunts of
selenium. At Maritzani and Kalumbila the selenium
content of the soil is low and the element is erratically
distributed. Ore samples from these two latter mentioned
areas have been found to contain 4 and 3 ppm selenium

respectively, This 1is substantially higher than the
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normal for the host rock types (0.1 ppm and 1.0 ppm for
ultrabasic igneous rocks and shales respectively). The
lack of any well defined anomaly at Maritzani or Kalumb-
ila is thought to be due to either the non outcrop of
the mineralization or the weathering conditions locally.
Although some further research is required the data
presented shows clearly that the selenium content of
near-surface soil can be used in geochemical prospecting
for sulphide nickel. Anomalous amounts of selenium in
residual soils in conjunction with large amounts of Ni
are indicative of nickel sulphide mineral deposits.
Seleniun analyses can be extremely valuable in disting-
uishing between mineralized and barren serpentinite.
Wwhere the geology is unknown these additional
analyses are vital to the full interpretation of the
anomaly as- they are over ultrabasic rocks. Over more
acid rocks they are desirable though not essential. It
is recommended that in addition to analysis of samples ,
collected 3~12 in. below surface, for Ni, at least one
of the three pathfinders (Cu, As or selenium) is
determined as a standard procedure in geochemical soil

surveys in the search for nickel.
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C. Detailed prospecting and
prospect appraisal.

As already emphasized, unlike the anomalous
features of secondary dispersion from mineralization in
rocls other than ultrabasic, secondary dispersion features
indicative of deposits of nickel sulphides and/or
arsenides in or adjacent to serpesntinite are, on the
basis of Ni content alone, very weak. There is need to
improve the contrast between mineralized and non
mineralized serpentinite. It has been found possible
to achieve this aim on the basis of the exNi content
of weathered rock and by using associated elements as
pathfinders (as already mentioned).

The exNi content of weathered serpentinite
over mineralization is anomalous compared to the exli
content of non mineralized serpentinite in the same
study area (e.g. Maritzani) yet there is no similar
distribution in the overlying scil., Consequently the
distribution of exlNi in soil cannot be used for
geochemical prospecting for nickel in many instances.
It can however, be used in some areas (for example, the
environs of the lioel Nickel mine). The exNi content
of so0il over nickel arsenide mineralization has been

snown to be ancmalous and it is believed that analysis
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of so0il for exNi can be applied in geochemical
prospecting in a semi-arid climate but is not recommended
for use generally in a detailed appraisal of an anomaly.

However, it has been shown that exNi in
weathered bedrock can be used as a guide in the inter-
pretation of nicicel anomalies. .Jithin a given area the
exiii content of weathered rock (collected, for example,
either at the base of pits or at greater depths in
wagon drill holes) is greater over deposits of sulphide
minerals in serpentinite than over barren serpentinite.
The contrast, although only two to three - fold, has
been shown to be very significant, particularly when
related to pH. exNi in weathered bedrock in amounts
two to three times the normal exNi content of
weathered non mineralized bedrock (as the writer observed
at L'aritzani) is indicative of subjacent mineralization,
especially if the pii in the weathered bedrock of anomalous
exVi content is less than the noriial pa in comparable
background materials,

The exNi test can be applied in mineral
exploration., It3s use is not confined to weathered
serpentinite; it has also been found applicable in more
acid rock types at Lmpress and Bare Bottom Hill. Although
the sampling of weathered bedrock clearly involves more

practical problems than, say, soil sampling, the
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analytical nrocedure for the determination of exli is
relatively simple and analyses can be easily carried out
in the field. exN1 analyses of weathered bedrock
samples are recommended in detailed prospecting operations.
As far as the writer is aware there are no
previously published accounts of differentiation
vetween nickel anomalies derived From sulphide and
silicate minerals on the basis of the form of the metal.
Vhile the writer has shown the application of the ex¥i
test on weathered bedrock to be of value in different-
iating sulphide and silicate nickel anomalies in Rnodesia
it 1s clear that more research is required before the
determination of nickel in this form can be extended to
other areas. There is no apparent reason why the test
cannot be used to advantage elsewhere,
liore research on the distribution of exNi in
soils under varying climatic conditions is also needed.
Other elements may have application as
pathfinders. For example, antimony hag been found assoc-
iated with the laritzani mineralization and mercury has
been found present in slightly anomalous amounts in
rock and soill samples containing anomalous amounts of
ore metals, in the Ferseverance, Maritzani, Zmpress and
Noel areas. The writer has lnsufficient data toc make

any proposals for use of these elements as pathfinders
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in the search for nickel sulphide ore deposits. TFurther

research is required.
D. Bilogeochemical prospecting.

Reports of researches into biogeochemical
prospecting for niclkel arc common in the literature. As
early as 1540 Rankama determined the nickel content of
the leaves of birch trees growing on glacial drift
covering nickel ore bodies in the Petsamo and Nivals
areas of Finland. In Canada,Varren and Delavault (1554)
studied the variations in the nickel content of some
trees and found evidence in support of biogeochemical
nrospecting for nickel. In the following year (1955)
Walenczak published the results of analyses of the
ash of DBetula vericosa collected over gabbro, serpentinite,
gneiss and brown - red altered serpentinite in Foland.
The plants over the last mentioned rock type contained
the greatest amount of nickel (0.20%). Nickel determin-
ations are given for the ash of 10 otlier plant species;
the highest results were 0.35% nicliel in the ash of
Alnus glutinosa and 0.31% nickel in the ash of Alnus
incana. It is interesting to note that the level of
nickel in the ash of these plants is of thie same order as

the results obtained (on plants growing over serpentinite)
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in the present study. Aleskovskii, Mokhov and Spirov
(1959) in the USSR and Liiller (1961) in the USA have
also conducted investigations into the biogeochemical
method of prospecting for nickel and concluded that
the method can be a useful tool in mineral exploration.
A detailed study of the distribution of
nickel in four species in the Terseverance area has
led to an indecisive conclusion. While the nickel
content of the leaves and bark of plants growing over
the mineralization at the margin of the serpentinite
mass is higher than that of plants growing over
immediately adjacent serpentinite it is less than
that of plants growing further away from mineralization
over serpentinite. The high nickel content in the
plants growing over barren serpentinite can be attributed
to the environment (the plants are on the crest and
upper slopes of a hill) btut there is still insufficient
data to allow any recommendation that plant analyses for
niclkel can be used to diffecrentiate sulphide from silic-
ate nickel within an ultrabasic body although there
is some theoretical evidence that this could be possible.
The biogeochemical method has, however, been
used successfully to delimit the ultrabasic mass at

Perseverance and the mineralization in amphibolite at

the ITmpress prospect.
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At Nalumbila, the nickel content of some
plants growing over the projected suboutcrop of the
mineralization in block 205 has been found to be greater
than that of plants of the same species growing away
from any known mineralization. The anomalous amounts
of metal (nickel and copper) are in the ash of specific
parts (leaves and bark) of plants growing in an area
where there is a partially indurated lateriie sheet a few
Teet below surface and where the soil above the laterite
contains no anomalous amounts of the ore metals. The
high metal content of the plants is thought to be
derived from anomalous amounts of available nickel
below the laterite and originating from suboutcropping
mineralization. To be able to locate such areas
without pitting (and pitting through laterite is
manifestly more difficult than through a non lateritized
profile) is clearly of practical importance. It is
proposed that in areas physiographically similar to
Kalumbila and with a comparable soil cover the vegetation

could be sampled at the same time as the soils and
analyzed for nickel. It is believed that the results

so obtained would be more valuable than the geochemical

data alone.
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L. Other factors of practlcal
significance.

In the weathered rock profile over mineralized
serpentinite the Ni content increases with depth into
the weathered bedrock. This is in contrast to the
normal distribution over barren serpentinite where the
Ni content is a maximum in the top of the weathered
bedrock. Use may be made of such observations in
interpreting nickel secondary dispersion patterns.

In discussing and interpreting many of the
observed distributions the moveument of ground water
has been considered. Important distributions are
believed to have resulted from hydromorphic dispersion
and without knowledge of ground water movement they
are difficult to interpret. It is recommended that
whenever possible during geochemical sampling a careful
note of the movement of the groundwater should be made.

Attention has been drawn to differences in
local background and it remains here only to re-empha-
size the necessity of taking this into account in any

geochemical prospecting programme,
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SUGGESTIONS FOR FUTURE RESLEARCH.

This investigation of the secondary dispersion
of nickel has given rise to several problems of interest.
They are:~

(1) The form of nickel in stream sediment in streams
draining both barren and mineralized serpentin-~
ite,

-(ii) The nature of the associations of nickel and
iron and nickel and organic matter.

(iii) The effect of extreme pH variations on the
distribution of exNi and interpretation of exNi
anomalies,

(iv) The distribution of exNi in areas of non
nickeliferous sulphides in ultrabasic rocks
(if such deposits can be found).

The determination of the variation in nickel
content in mafic and ultramafic rock-forming silicate
minerals in relationship to sulphide mineralization,
especially in ultramafic rocks, is of interest and
possibly applicable in mineral exploration. The findings
of Vogt (cited on page 71) have prompted this suggest-~
ion.

Several suggestions for future research have

b]
resulted from the writeq:s rather limited investigation
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of the distribution of associated elements, selenium
in particular. Attention is drawn to a number of
problems.
(1) A greater understanding of the distribution of
selenium in soils.,
(ii) The distribution of selenium in stream sediment
with particular emphasis on itds possible use
as a pathfinder in drainage reconnsaissance in the
search for magmatic or hydrothermal sulphide
deposits in tropical and sub-tropical terrain.
(iii) The movement of selenium in the biochemical
cycle and the value of this element as a biogeo-
chemical pathfinder.
(iv) The distribution of arsenic and antimony in both
barren and mineralized areas of the type described

in this thesis.
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APPTNDIX II The following is a reprint of Technical
Communication No. 28.

Determination of Nickel in Scil and Sediment Samples

Abbreviated Operating Instructions

Procedure:

1. Weigh 0.2 g. of sieved sample into a 16 x 150 nmm,
test tube.

2, Mix with 1 g. of potassium bisulﬁhate and fuse.
3o Leach with 5 ml. of 0.8M~hydrochloric acid.

4. Pipette a 2 ml. aliquot into 5 ml. of buffer solut-
ion contained in a test tube (18 x 180 mm.)
previously calibrated at o, 7, 8, 10, 12, etc. to
20, 22 nl.

9 Add 1 ml. ofe<-~ furildioxime solution, cork thec
tube and shake vigorously for 2 min.

6. Compare with standards.

7. If above the top standard dilute with a known
volunie of benzenc until within the range.

PePolle = 12,5 x (ug. of nickel in matching standard)
x (nl. of solvent phase).

Standards:

To each of clcven test tubes, colibrated at
5, 7 and 8 ml., and containing 5 ml., of buffer solution,
add respectively 0, 0,25, 0.9, 1.0, 1.5, 2.0, 2.5, 3.0,
3,5, 4,0 and 5.0 ug. of nickel and dilute to 7 ml. with
0.8\ ~hydrochloric acid. Add 1 ml., of o< - furildioxime
solution znd shake vigorously for 2 min.

Reagents:

1. DBuffer solution: dissolve 20 g. of tri-ammonium
citrate in water, add 130 ml. of ammonia (s.g. 0.880)
and dilute to 1 litre with watecr.
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Potassium bisulphate: fused, powder.

0.9M~-hydrochloric acid: 20 ml. of acid + 420 mli. of
water,

¢— furildioxime: 0.3 g. dissolved in 90 ml. of
benzene and 10 ml. of ethyl alcohol (absolute).

Standard nickel solution: 100 ug. of nickel per ml. =
dissolve 50 mg. of nickel (metal, powder) in 10 ml.

of 25% nitric acid and dilute to 500 nl. with water,

5 ug. of nickel per ml.- dilute 5 ml. of the 100 ug.
per ml. solution to 100 ml. with 0Q,9okl-hydrochloric
acid.

Remorks:

1.

Do

The ncthod as described will cover the range 1-900
PoD.ile By using a sample aliquot of 0.1 ml. at
Stage 4 of the Prccedure, the range can be cxtended
to 18,000 papo.ize If this sizc of aliquot is used
dilutc to 7 ml. with O,dM~hydrochloric acid before
procccding to Stage S.

Results can be obtained within < 20% ot the 95u
confidence level over the range S - 18,000 popslie

80 - 100 samples can be cnalysed por man~daye

Copper will interfere by giving a brown colour when
the copper to nickel ratio exceeds 30:1. vhen
maximun tolerance towards this metal is desirable, a
solution containing 400 g. of thc citrate per litre
should bc trcated with a carbon tetrachloride
solution of dithizonc until frec from copper; use
50 nl., of this solution instcad of weighing 20 g. of
the solid reagent.

If the zero standard is yellow thc buffer solution
nust be purificd with respect to nickel. This nmay
be accomplished by using dithizonc as in 4, above,
but with the pH > 8.9, or by cxtraction with
or—furildioxime, using a solution as in Recagents 4
but containing carbon tetrachloride in placc of
benzencs.

Ferrous ions form a purple comnlex withec-furildioxinc
and may occur from inasdequate fusion of the samplc
with potassiuwma bisulphate.
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7. The buffer solution should hzve o pH value of 10.3%
0.1,

8. Tor further inforrmation sec R.BE. Stanton and J. Coopc,
TI‘C&HS o Instnc I\Iino I\IO t(?;lle ) LOﬁdo ’ 91958—59’ 68, 9-'14.

Geochenical Prospeeting Rescarch Centre,

Department of Mining Geology,

Royal School of Mines,

Imperial College,

London, S.i/a7. August, 196Z.
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APPENDIX TIIT The following information has becn supplied
by R.E. Stanton cnd A.J. licDonald.

Provisional method for thc dctermination of
sclenium in soils and scedincntse

Procecdurc:

1. Weigh lg. of sicved somple into a becker (50 mle)
2s Add 10 21 of acid nixturc.

3. When any effcrvesccnce has subsided, add further 10
nl. of acid wixture.

4. Dvgporate to furics of perchloric acid and remove when
the volumc of thce solution is between 1 and 2 nile.

5. hen cold, add 10 ml. of 6K hydrochloric acid and hcat
to boiling,.

6. Filter the hot solution through o Vhatnan No. 540
poper, and wash the beaker ond residuc with GM
hydrochloric acid.

7 Add 2 ml. of arscnic solution and mix.

8. Add S5 ml. of hypophosporous acid and boil the solut-
ion gently until the precipitatce has flocculated.

9. Filter through o Vhatmon No. 540 paper, and wash the
papcr and precipitatce with 6k hydrochloric acid.

10. Place the filter paper in the precipitation beoker
and add 20 ml. of acid wmixture so that the paper is
conpletely inricrscd.

11, Heat to decstroy the paper, ond when oxidation is
completc cvaporatc to fumes of perchloric 2cid until
the volurie of the solution is between 1 and 2 e

12. hen cold, trznsfer the solution to a test-tube
(18 x 180 wn., colibrated ot 4, 5, 10, 12, and 14.
Srils) o

13. Add 1 1ml. of DDTa solution and 0.05 ml. of indic:tor
solutione.
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14. Add 10M ornmonia solution until thce colour of the
indicator is orangc.

15, Dilute to 10 nl. with water,

16, Add 2 1. of buffcr solution.

17. add 0.5 ul. of 3,3'-diaminobenzidine solution.

18, Mix, and lecave to stznd for 30 nin.

19. Add 2 ml, of 10K =mmonia solution.

20. Add 2 ml. of becnzence

2L. Cork the tube and shokc it vigorously for 30 scce.

22. Conparc with standards.

23. If the intensity of colour from the sample is groater
than thot of the highcst standord, dilute the solvent

phosc with benzene and agzin compare with the stand-
ard scricse.

Standards.

1. Pipctte 0, 1, 2, 3, 4, 5, 6, 8, 10, 15, 20, 30, 40,
60, 80 and 100 ug of sclenium, respcctively, into
test—tubes (18 ¥ 180 mm. calibrated at 10, 12 cnd
14.5 mle).

2. Trcat as described in staoges 13-21 of the Proccdurc,
onitting stagc 14.

N.B. Storc in thce dork when not in usec.

Rcaogents:

. . w .
1., Perchloric acid: 60%, /w’ AR

2. Nitric ccid: Sp.gr. 1.42, AR

3., Acid pixturc: Mix 800 ul. of nitric acid with 200
ml. of perchloric acid.
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11.

12,
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14.

17,

18.
19.
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Concentrated hydrochloric acid: Sp.gr. 1.18, A.R.

6Ll hydrochloric acid: Mix 240 nl. of thc concent-
roted ~cid with 200 ml. of watcer.

Arscnic trioxide.

Sodium hydroxide: Pecllets, 4.R.

Arscnic solution: Dissolvce 250 ng. of arscnic
trioxide 2nd 2g. of sodium hydroxide in 200 n2l., of
woter,

Hypcphosphorous acid: 5S0% Y.

EDTA solution: dissolve 26g. of cthylenediominetetrao-
ccuetic ceid (di-sodium salt) in 500 nl. of watcer.

Indicztor solution: Dissolve 100 mg. of the sodium
salt of n—crcsol purplc in 100 ©l. of watcr.

Arnconig solution: Sp.gr. 0.880, A:R.

10M ciwonia solution: Hix 550 ml. of ammoniz with
450 rile of watocr.

Anvioniu formote: AR

Forrnic acid: Sp.gre l.22, A-Ro

Buffer solution: Dissolvce 60g. of crmonium formatc
in obout 600 ml. of water, ~dd 200 nl. of formic
acid followed by 6M hydrochloric ccid until the pH
is 1.6, Dilutc to 1 litre with waters

3,3'=dianinobenzidine solution: Dissolve 0.125 rigse.
of the totrchydrochloridce in 25 ml. of watcre.
Prepore freshly coeh doy ond keep in o refrigerator
when not in usce

Denzenc: Crystallisablc gradce.

Standcrd sclenium solutions: 100 ug. of scleniun
pcr nil. Dissolve 50 mge. of scleniuz in 10 nl. of
concentrated nitric acid, boil goently to cxpel
brown furcs, cool zsnd dilutc to 300 mil.

Sug. of sclcniuc per wml. = dilute 5 ml. of the 100ug.
per 1l. solution to 100 ml. with watcr.

Applied Ggochcuistry Rescarch Group laboratorics,
Dept. of Mining Geology,
Royal School of Mincse
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