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ABSTRACT.

Laboratory studies were made of geochemical dispersion
patterns for several elements in different enviromnments, based
upon spectrographic analysis of samples collected by other
investigators.

Related spectrographic investigations are briefly
reviewed, The spectrographic technigues are described with
particular reference to practical investigations into (a)
analytical bias due to variations in the bulk composition of
test samples, and improvements obtained by a buffer procedure;
and (b) a spectrographic technique for debtermining the major
elements,

Both published and the modified spectrographic techniques
were applied to five separate geochemical investigations as
follows:~

l. Distribution of minor (trace) elements in stream
sediments derived from seven lMalayan granites. The results
indicated that stanniferous granite regions may be distin-
guished from probably barren areas by the Sn content of the
stream sediments. A degree of positive correlation e xists
between the contents of Sn and Be. loreover, the minor
element contents of the sediments suggest that phase variations
exlst within the different granites.

2 & 3. Distribution of minor, and in some cases major
elements in soil profiles over various rock types in the
vicinity of Cu-Co mineralizations in the N, Rhodesian
Copperbelt and Ugande. Variations in the content and/or the
ratlos of various elements were observed to be related to soil
horizon, rock type, and the presence or absence of
minerallization.

4, Minor element distribution in a soil profile over
galena mineralization in the Transvasl, Some similaritles
were revealed in the patterns of distribution for Pb, Mn, Ba
and Co, which supplement previous findings for Pb.

5, Secondary dispersion patterns in near-surface soils
related to a beryl-pegmatite in S. Rhodesia. Positive
anomalies for the elements Be, Rb, Li, Ba, Sr and Sn were
observed. Several other elements show thelr maximum contents
in soils over the country rocks.

(1)
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CHAPTER I. ;NTRODUCTIOﬁ AiTD PREVIOUS VORK,

Eistggipal Introduction.

Spectral methods of analysis (including first spéptrof3
scopic and later spectrographic methods ) "have been applied to
materials of geological interest since +the first practical
realisation of the analytical,possibiiities of the specitroscore
by Dunsen and Kirchoff in 1858, Their discoveries in that
vear of the eieménts rubidium and cesium from the flame spectra
of mineral waters stimulated the eiamination of natural
materials, originally by purely qualitative methods, As a
result, discoveries of the elements thallium, indium, solar
and terrestial helium, gallium and seven rare earths, were to
follow in the period to 1907 (Harrison, Lord and Loufbouro&,
1948).

W. N. Hartley employed his improved gquartz spectrograph
of 1872 (now preserved in the Science Museum, London) in many
contributions to mineralogical spectrum analysis published
from 1884 onwards. He introduced the method of quantitative
analysis by the visual comparison of spectra of unknown
minerals with those of known composition. De Gramont,
publishing from 1395, was similarly active among many
investigators of the rarer constituents of minerals; he
employed a method of fusion of mineral powder samples with
sodium or lithium carbonates prior to excitation, the fore-

runner of modern alkali buffer techniques.

1
et
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By 1829-1930 all the basic modern technigues for producing
spectra had been applied in some degree To geological materials,
largely minerals, but also to rocks, natural waters and
meteorites (TFitch, 1929-1930). Powders, briquettes, solutions
and occluded gases had been excited by arc, spark, flame of
discharge tube techniques, using both spectroscopes and prism
or grating spectrographs. The analytical interpretation of
spectra was mainly by visual comparison, a method which is
still employed in most'geochemical prospecting applications,
The use of internal standards, introduced by CGerlach (1925),
and the development of suitable densitometers,; accelerated the
application of spectrography as a quantitative analytical
method . The most active work in this direction was in the
metallurgical field, where accuracy was particularly important
(Brode, 1943, Chap. V).

The decade beginning 1530 saw the rise of systematic
investigations into the geochemistry of trace elements by
spectrographic methods. This period was introduced by the
applicetion of spectrography as an analytical tool in
Goldschmidt's classical researches, wherein previously he had
used k-ray crystallography and X-ray spectrographic methods.

At CGottingen in the period 1926-1936 he employed the cathode-
layer arc techniques of iiannkopf and Peters (1531) with
notable success in studying the fundamental geochemistry of

the trace elements (Strook, 1936; Goldschmidt, 1954 ),
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In the related fields of applied science, spectrography
was -‘used as early as 1935 in geochemical prospecting for tin
in Khapcheranga, U.S.S.R. (Ozerov, 1937);: while in Sweden the
investigation of geochemical prospecting began in about 1936,
using spectrographic analysis of plant samples (Brundin, 1939).
Goldsclmidt's observabtions on trace element variations in soils,
published in 1937, stimulabed considerable interest in the
applications of spectrography in pedology and agriculture.

This field of research expanded rapidly with the development
of techniques appropriate to agricultural problems, such as
the use of pre-~concentrasion for the analysis of trace elements

in soil extracts (llitchell, 1948)

Modern Spectrographic Practice as Applied %o
MOAETIL wpecLrograpilic rracclce as Applled To

Geochemical Problems.

The following brief review is concerned primarily with th-
main *rends in spectrographic practice, Ahtention 1s first
given to Russia and Scandinavia, where the ploneer work took
place, and secondly to America and Dritain, where notable
interest in applied gcochemistry has been mainly a post-war
developnent.

fussia and Scandinavia,

By far the most exbensive applications of spectirography in
geochemical prosmpecting have been in the U,S.S.1. (Fersman,
1939; Cinzburg, 1957; Krasnikov, 1957). The reason for this
probably lies in the success which attended the first field
surveys carried out in thal couniry.

._3_



The first systematic geochemical surveys in Russia were
used in prospecting for tin by the spectrographic analysis of
surface materials in areas indicated as being favourable by
"panning® heavy mineral concentrates (Ozerov, 1937; Ratsbaum,
138, 1939). A small portable spectrograph and auxiliary
equipment was specially designed for use in the field area.
The technique employed arc excitation of the powdered sample
loaded directly in a small anode crater; metal concentrations
were estimated as lying within coarse ranges oi“(0.0B, 0,05,
0.1, 0.3, 0.5, 1, 3, and 10% Sn, according té the presence or
absence of particular tin lines. Sergeev (1941) records a
total of eleven field investigations involving spectrographic
methods in the years 1835-1939; four were concerned with Sn
mineralization; three with Pb-Sn; and one each with Pb, Cr,
W-’io and Cu-Pb-Zn, Ore d iscoveries or vein extensions of
economlc size were revealed in three investigations for tin,
and one for tungsten. The spectrographic method was much the
same for all the elements, although not all employed the
portable field spectrograph. Sensitivities were relatively
poor; tGhe best values, which differed with the instrument
used, were 0,05% for W; 0,01% for Sn, Pb, Wi, As, and Sb; and

0,01% for 1o (Sergeev, 1941). These operations were the
precursors of many spectrographic surveys which, as Ginzburg
(1957) notes, now constitute the most popular geochemicel

method used in the Soviet Union.



\'M‘Thefpresentwday,co-ordinated;mineralfsearcbwprogramme-in‘
~extensive areas of the U.S.S.R. has favoured the establishment
of stationary spectrographic and chemical laboratories to serve
field parties in a given area for several years. The routine
prospecting methods continue to employ semi-quantitative
visual readings and a simple arc technigue. This is done in
the interests of speed and comprehensive element coverage with
an adequate average sensitivity, at the expense of high
accuracy and maximum sensitivity for each element. The best
sensitivities quoted by Ginzburg (1957) are the following:-
0.01% for Zn, Wy 0,001% for Wi, Co, Pb; 0,0005% for Cu, Moj
and 0,0001% for Ag.

Recent mineral discoverles by spectrographic
("metallometric") methods include ores of Sn, Cu, Pb, Zn andAMo,
in various areas, Investigat ions were especlally extensive,
and more successful in open terrain with bedrock outcropping or
under only thin soil cover, as in Central Kazakhstan, The
spectrographic surveys have been of several types depending on
the geochemical problem.

Comprehensive spectrographic analysis 1s considered to be
appropriate for genersl prospecting in new areas, to cover all
types oi ore occurrence. Multi-element data 1s also used in
invesfigating individual polymetallic deposits. I17in (1956)
mapped the zoned aureoles of dispersion of the elements io, W,
Sn, Pb and Zn, around a granite source of complex tin

mineralization. Such investigations of geochemiocal
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assocliatlion between elements in particular geochemical
environments have verified that, in suitable cases, an
"indicator element’ may be sought as characteristic of =
larger element group.

Analyses for the ore element alone are appropriate for
local investigatilons, and for prospecting in a particular ore
province - the successful early Russian work was almost
entirely of fhis kind, Recent examples include spectrographic
analysis for Be and/or Li to detect anomalies related to
mineralised pegmatites (Karaeva et al 1958).  Zalashkova
et al (1958) mapped Se anomalies in soil cover overlying
beryl pegmatites by a very simple spectrographic technique:
visual estimates of the De line density were made in arbitary
units, dispensing with the usual estimates of concentration
égainst standards. This illustrates the continued use in
Russian prospecting of the simplest kind of semi-quantitative
technique.

On the other hand, more specialised techniques includiﬁé
the air-blast A.C. arc (Rusanov et al, 1957, 1958) and the
distillation method (Mandelstam, 1957) may have significant
applications in future Russian prospecting. The distillation
method offers increased sensitivity, by pre-concentration, for
certain moderately volatile elements, while the air-blast arc
metilod provides a rapid anc cheap method of introducing

powdered samples into the arc.

-6 -



The following péints relevant to the advantages and
defects of spectrographic prospecting methods are noted by
Ginzburg (1957), based upon Russian work in geochemical
methods of all kinds.

The maln advantages are (a) the possibility of simul-
taneous determination of many elements, (b) simplicity and
rapldity of operations, (c¢) possibilities of high productivity,
and (&) low cost. Minor operational defects are (a) the
difficulty of transport of the apparatus and (b) the need for
electric power and skilled personnel. Analytical defects are
(a) there is insufficient accuracy for some elements in the
rapid comprehensive method, (b) the accuracy of results may be
affected by the standard materials employed, (c¢) the
sensitivity 1s not adequate for all elements, although specific
techniques may be used to overcome this in some cases, and
(d) spectrography is unsuitable for water analysis without
special adaptations. The fact that the spectrographic method
detects an element rezardless of its mineral or chemical form
gives more certainty of detection than mineralogical
prospecting methods, but on the other hand, the gross content
of an element in a sample may sometimes give less geochemical
information than a selective method.

In Scandinavia the use of spectrographic analysis of
plant ash for prospecting was introduced in 1936, by
Palmquist and Drundin among others (Hawkes, 1957). The

analytical technique was the cathod-layer arc method,
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previously employed by Goldschmidt for trade'element gtudies in
fundamental geochemistry. This prospecting method was used
also in the first studies in Caneda, noted by Lundberg (1941).
Drundin (1939) was granted an American patent for this form of
prospecting. The example given concerns work in the Swedish
Dlyberg mining field, where the spectrographic analysis of
plant ash revealed anomalous concentrations of lead, related to
and underlying lead-silver vein. Although the lead
accumulated in the plants proved to be the best indicator
element, zinc, copper, silver and gold were also determined.

Recent Scandinavian spectrographic research includes an
investigation of the analytical bias caused by variation in the
bulk composition of soils (iakitie and Lappl, 1958); while
unpublished prospecting studies by Kvalheim and others in the
State Institute, Trondheim have involved both a mobile spectro-
grapiic unit and a laboratory direct-reading instrument

(Kvalheim pers. comm., 1960).

North Mmerica and Britain (including overseas territories).

The active development of geochemical prospecting in
Mmerica and Dritain dates from the post-war period (Hawkes,
1947, 1949;: YWebb and Millman, 1850, 1951; \Webb, 1953, 1956;
Hawkes, 1957). The generalisations in this brief sﬁrvey are
drawn mainly from the important reviews of webb (1953, 1956)
and Hewkes (1957). Although mainly chemical methods of
analysis have been employed in work originating in these
countries, spectrograpinic methods have had some important

applications. - 8-



The most extensive of the published applications of
spectrography in »rospecting have come from the laboratories of
the U.S., Geological Survey. following the Russian precedent,
a moblle spectrographic laboratory was planned by the
Geochemical Prospecting Section of the U,S.G,.S, about 1953 and
described in detail by Camney et al (1957). The initial
application was in search for Cu-Pb-4n ore by itlie analysis of
drill core on the site (ifyers et al 19586). An anode arc
method was applied to a mixture of the sample with graphite,
anc concentrations were estimated semi-quantitatively by visual
reading., The method is similar to that employed by Myewrs
(1854) to provide semi-quantitative data on thirty-one
detectable elements,; including the major constituents, in
rocks of the Colorado Plateau uranium province. L recent
interpretation of the letter geochemical data is provided by
Garrels and Larsen (1959).

Oda et al (1:58) describe a modification of the Myers
technique by adding calcium carbonate to tlhe sample mixture, to
serve as a spectrograpnic buffer with the object of swamping
any compositional variations between samples. This
modification was used in the mobile laboratory; field projects
nave so far included trace elements in igneous rocks,
prospecting for beryllium, and investigations in the Death
Valley salt pan (0da, pers. comm., 1960). Analytical
productivity is thirty to thirty-five samples for thirty
elements, estimated semi~quéntitatively, per two-man day,

-9 -



This producvivity would, of course, be less if all the samples
contained all the elements in detectable amounts. It is
notable thét very similar figures for o three-men, eight-hour
operation are quoted by Ginzburg (1957) for hKussian semi-
quantitative spectrographic surveys.

varing and Annel (1951, 1853) describe a semi-quantitative
technique for the comprehensive analysis of geological samples,
which is relevant to prospecting. Semples are mixed with
graphite and excited in an anode arc; an unusual feature is
that comparison standards, on the otvher hand, are arced from
evaporates solutions of pure mebtal salts. The concentrations
of both trace and major elements are estimated visually within
coarse concentration ranges, originally a factor of ten -
which 1is nevertheless adequate for sorting diverse radio-active
ore samples. Subsequent experience alloved estimates within
a factor of three, and provided semi-quantitative data for
geochemical studies of radio~active deposits (Waring, 1954).

In this connection, Flanagan (1957) discusses the extraction of
geociremically useful data from semi-gquantitative spectrographic
analyses, from a statistical point of view,

The work of ebb and :iillman (1951) znd ¥illman (1853,1957)
is Important among the few Dritish publications direcfly
concerned Wity spectrographic analysis in geochemical
prospecting. The first publication, which did much to

o

stimulate interest in geochemical vrospecting in British

- 10 -



territories, described work in Nigeria on geochemical
dispersions from lead-zinc ore deposité overlain by residual
tropical soils, Anomalies were successfully detected by the
collection and spectrographic analysis of plant ashh samples,
employing the cathode-layer arc method (Webb and #illman, 1951).
Millman (1953, 1957) also obtained positive results in the
analysis of the soils from the same region (in this case by an
anode arc technique). A complementary study of both soil and
plant samples over copper-tin mineralisation in S.W. England
revealed positive anomalies in this environment also. The
elements determined, in all, were Pb, Ag, 4n, Sn and Cu.
Active prospecting by mining groups themselves is
probably the largest, and least published part of the field.
Webb (1953) notes the occasional use of spectrography in
prospecting by some American companies at that time, which has
certainly expanded, and the writer is aware of at least three
Central African prospecting organisations where spectrographic
metiods have been applied. Williems (1960) indicates the

large scale of recent geochemical prospeching activ

I._Lo
-
I-_h
[U)
w
o’
<

the Anglo-iAmerican Corporation of South Africa.

Some fields not directly concerned with prospecting are
relevant from the poini of view of tinis Thesis as regards
spectro-analytical technique. Important among these are
certain fundamental studies of Trace elements in rocks or

minerals. A rvecent, brief review is provided by Ahrens (1957),
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whose authoritative texts on spectrographic methods of analysis
include further references in this field (Ahrens, 1950, 1954).
Other important contributions are collected in the standard
works on geochemistry by Goldschmidt (1954), Rankama and Sahama
(1950) and iason (1952). Mmong British work, may be mentioned
spectrographic studies on trace element distribution in rocks
of the Skaergaard intrusion (Wager and iitchell, 1943, 1948,

| 1951), and other igneous roék series (Wockolds and Mitchell,
1848; 1Wockolds and LAllen, 1953, 1954, 1956). Some funda-
mental geochemical investigations have a direct bearing on
prospecting, for example, that of Ahrens and Liehenberg (1950),
which indicated that the spectrographic determiration of tin in
the ﬁioas from pegmatites might be used in reconnaissance for
areas of tin mineralization,

Agricultural applications of speotroéraphy are of Interest,
not only in the trace element geochemistry of solls, but also
as regards analyticel techniques, particularly those which
emphasise sensitivity and generality of element coverage.

fitchell (1548) 2ond Vaneslow and Liebig (1948) detaill the
spectrographic procedures in two active Lritish and American
centres, with recent reviews by :iitchell (1957) and Vaneslow
L (1957). Relevant applications have included studies of

trace element behaviour in American podzolic soils by Connor

et al (1957) and in British soil profiles by Butler (1954);

Mitchell, (1955) and, more recently Berrow (1958),



L Tinal point must be re-emphasised in this introduction
to a Thesis devoted to the application of spectrographic arc
techniques in geochemical investigations s that this analybical
discipline is but one of many chemical and physical methods
walch form the tools of the geochemist, just as geochemical
prospecting methods themselves are only a part, but an
Increasingly important one, of the sum total of mineral
exploration methods.

In sunmarizing the relation bhetween ths spectrographic and
other techniques for zeochemical prospecting, a quotation from
the review of Americen prospecting by J. S, “Webb (1953, p. 339)
is perhaps the most valid assessment:-

“Simple chemical tests are generally prefersble for
prospecting, but although these exist for a number of
common ore metals there still remain others .., for which
no satisfactory wet procedure has yet been developed.
Spectrography, or some other technique, would be
necessary in prospecting for these recalcitrant elements,
iioreover, the comprehensive permanently-recorded data
obtained by spectrographic analysis are desirable in
research work, orientation studies and special problems
involving the determination of several elements in each
sample" .

The geochemical investigations in this Thesis fall mainly

into the latter categories, consisting of small-scale

A3

investigations in five sampling areas, into the geochemical
characteristics of soil profile development and of secondary
dispersions of elements associated with mineralization, At
the same time, the chapter dealing with some results in
geochemical prospecting for Be illustrates the application of
spectrography to determining traces of an ore metal for which,
in the early stages of this investigation, no satisfactory

chemical analytical procedure was available.
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SECTION 1, ANWATYTICAL TECHNIQUES.

Section I comprises three Chapters which concern the
spectrographic arc methods of analysis which were applied
in geochemical investigations in Section II.

Chapter 2 concerns the determination of the minor
elements, and Chapter 3 the major elements, while Chapter 4
describes two accessories which were made to facilitate
respectively the exposure and the quantitative measurement
of soil spectra.

CHAPTZR 2, ANALYTICAL TECHNIAU-S FOR MINOR ETLEMENTS.

o

e term minor elements 1s applied to those elements which
were determined in the range from O to 10,000 ppm. The metals
which are sought as trace constituents in soils and other
surface materials in geochemical prospecting, are mainly
involved. Simple arc procedures were used with semi-
quantitative'estlmation by means of comparison with prepared
"standard"™ spectra.

The established and modified methods which were used are
first described, followed by some details of the analytical
test work which are of some general interest in the application

of spectrography to geochemical investigations.

Techniques for Minor Elements Analysis.

Table 1 summarises the methods employed for determining
the minor elements., It would be noted that with the Hilger

large quartz spectrograph® which was employed it is not

*Hilger Models E492 and E742 were used at different times,
preparing standard plates individually for each instrument.
Bach has a focel length of 170 cms.

...1“..



possible to record simultaneously the most sensitive lines of
all the minor elements, since it accepts photographic plates
no larger than 10" long, whereas the useful spectrum length is
some 30", At least two exposures are required to cover the
wavelength range between the most sensitive line for Be at a
wavelength of 2348A, and for Li at BWOWA. In practice, it
was found more convenient and more economical, to use a single
intermediate wavelength range covering the sensitive lines of
the elements most frequently determined, and to ansalyse

(a) the alkalis and (b) Be, at the optimum wavelength, only
where these elements were specially required.

The different meshods employed are designated:-

Technique Elements determined Procedure Reference
A Rb,Li,Ba,Sr,Nas0, ) Anode arc Ahrens, 1954;
Ks0. ) excitation, Nockolds and
) carbon mixture Allen, 1953.
B Be )
C1 Minor elements of Cathode-layer Mitchell,
general interest. gxcitation. 1948.

LiQCOS-oarbon (modified).
mixture,

02 ditto Catiode

excitation,
large crater;

LizCOS—carbon

mixture.
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TABLE 1.

Spectographic techinigues for minor clements.

Wavelength range A,
Emulsion

Sample electrode

Sample polarity

Exposure time

Sample mixture

Electrode spacing
Arc current

Element lines used, A
(Limits of visual
detection, ppm).

Technique A

8700-3250
Ilford Long=-Range Spectrum

2.2 mm. (3") int. dia.
5.0 mm. deep.
4,8 mm, ext., dia.

Anode

X secs. from full Q amp
arc.

1+1 carbon

10 mm,

9 amps.

Sr 4607.33 (2)
Ba 4934,08 (10)
Li 6707.84 (1)

Rb 7800.22 (100)

Na 5889.9/5895.9(.01% Nap0)
K 7664,90 (.oh% K50)

__Technique B Technique Cq Technique Co
3190~2340 L600-2730 Li50-2700
Kodak B 10. I1ford N 30 I1ford N 30

0.8 mm. (1/32") 4,0 mm. (5/32").
As in A. 8.0 mm. 5.0 mm,

2.9 mm. 5.4 mm. = full diam. of rod.
Anode Cathode Cathode

To completion
(2~2% mins.).

1+1 carbon
10 mm.
9 amps.
Be 2348.61 (1)

To completion {3-33} mins)

1+% carbon+ LiyCOz

10 mm.
9 amps.

Mn 2801.06 (2)
Pb 2833.06 (30)
Sn 2839.98 (20)

Ga 2943.63 (3)
Be 3131.07 (20)
Mo %170.34k (5)
Vv 3185.39 (5)
Cu 3273.96 (2)
Ti 3377.48 (c.50)
g 3382.89 (2)
Ni 3414,76 (7)

Zr 3438.23 (20)

Be 2348, (3)

" Co 3453.50 (10)

cr Lashk,3h4 (2)

La 4333.73 (15)

Bi %067.71 (35)
Za 3345,02 ( 1000)
As 2349,84 ( 1000)
Sb 2877.91 (320).

60 secs. from full 9 amp. arc.

1+} carbon + F LiyCOz

10 mm.
9 amps.

Pb 2833.06 (2)
Sn(2839.98 (7)
(3175.01 (7)

Ga 2943.63 (1)
Mo 3170.34% (5)
vV 3185.39 (5)
Cu 3273.% (2)
7Zn 3345.02 (c.500)
Ag 3382.89 (2)
Ni 3414.76 (5)
Co 3453.50 (5)
Mn 4O34,49 (3)

Cr Lask,3h4 (1)
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Lechnical details common to all the techniques.

Spectrograph

S1it

Opoics

Rotating step~sector

(ref. Chap, 4)

Blectrodes

Power supply

Plate processing

dilger Large Juartz.

0125 mm., width. Approximately 4.5 mm,
high, using a 3~-exposurs sector.

Single lens, collimator focus. A mask
at the collimator admits light from
4,0 mm. of the arc column adjacent to
the samvnle electrode.

Two steps giving three exposure levels
perjspegtrum, relavive exposures being
1, =, 1/16.

Prepared from Champion spectrographic
carbon rods, nominal dia. 5 mm.

300V, D.C. supply from a 3-phase
transformer-rectifier. The a rc
current is controlled by adjustable
resistors connected in parallel, in
series with the arc gap.

Dish development in Xodak D19 Db
developer ac 18°C for (a) 4 mins.,

510 plates or (b) 5 mins., N30 and
Long~range plates; followed by a

water rinse, approximately 10 mins.
fixing in Kodak acid fixer, and 30 mins.,
washing in running water.

Sample Treatment.

All samples are gently isnited at 500-550°C for 2 hrs,

(or 4500C overnight), in order to remove water and volabtile

matter, A portion of the ignited sample is finely ground in

agate before analysis.

Buffer mixtures.

Techniques A and B employ pure carbon powder recovered

from preparing the carbon electrodes.
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Techniqgues C. and 02 employ a buffer mixture consisting

1
of 50% carbon and 50% Liy005 (with small additions of
compounds of Ge, Pd, In, ¥ used in testwork as internal
standards). The preparation of this mixture, which serves
also as a stock for the "major element buffer”, is described
in Chapter 3. |

Sample mixing.

Approximately 50 mg. of sample 1is accurately weighed on
a torsion balance, 500 mg. capacity, and mixed with an equal
weight of approniate buffer mixture. Nixing is carried out
either (a) by grinding by hand in an agate mortar for 3 to
5 mins. or (b) by mechanical shaking in a wig-L-Bug mixer for
50 secs.

Standards and interpretvation of spectra.

The tecimnigues were mainly employed for visual semi-
guantitavive estimacions in geochemical samples, using a
Hilger projection spectrum comparator to compare line densities
with spectra prepared from standard mixtures. In preparing
the standards, a synthetic base mixture simulating the
composition of an intermediate igneous rock was used coOn-
sistently throughout the work. Appendix AZ lists the
composition of the base and the two series of standards which
were prepared, (a) for the alkalil elements and (b) for all
other minor elements. The alkalil standards (a) employed a
dilution interval of 3.16~fTo0ld (Vfio)(Mitchell, 1548).
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In the general element standards (b) a dilution interval of
1.78-f0ld (§/10) was adopted, giving element standard
concentrations of 0, 1, 1.8, 3.2, 5.6, 10, 18, etc. ... ©O
10,000 ppm. This simplified the visual estimation of unknowm
samples by interpolation bétween the standards.

Densitometer readings for the quantitative measurement
of line intensities were confined to preliminary test w ork.
The low speed of instrumental reading prevents its routine use
in semi-quantitative analysis, for prospecting purposes, where
visual methods have the advantages of (a) speed, (b) sufficient
accuracy for most purposes and (c) enabling lines still to Dbe
read at the lowest 1limit of sensitivity. Where densitometer
readings were necessary an A,R.L., instrument was used, with
evaluation of the stepped-spectrum readings by the method
described in Chapter 4.

Applicatcions.

The slightly modified conventional carbon arc techniques,
A and B, were used in the geochemical investigations for the
appropriate elements (Table 1), and more generally in routine
applications not included in this Thesis. The modified
"puffer’ technigues C, and C, were introduced at an early
stage in the work, following investigations of the spectro-
grap ic matrix effect which are described below. Techniques

Cy&C (ir Chapter 9) were used throughout for the common

2
minor elements, firstly to ensure analytical consistency,
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and secondly.to gi&e an extended trial to these techniques.,

Technique C, introduces a 50% LisCOz-carbon mixture to
replace pure carbon in the cathode—lajer technique described
by Mitchell (1948),. Advantages are (a) the puffer meshod was
shown to reduce the bias effect due to varying bulk composition
in test samples, while retaining adequate reproducibility and
sensitivity; (b) the buffer procedure for the minor elements
forms a simple combination with thas for major element analysis
(Chapter 3). ‘

Associated disadvantages are that (1) the buffer element
Li cannot, of course, be determined, (ii) the cathode-layer
purns are inherently rather slow, and (iii) heve limited
sensitivity for the volatile elements. Method C2 (Table 1)
was introduced to improve sensitivity for some elements, using
a wide crater and a one-minute arc burn.

Performance.

(a) The analyisical reliabilitvies of the established and
modified methods A, B, Cl and C2, were checked by replicate
analysis to determine the relative deviation, and by the
"statistical series’ method of Craven (1954) which provides
an exacting practical test of the same nature.

Nesults for the lather performance test (Table 2)
indicate that the relative deviation for a single analysis,
in terms of two standard deviations, varies from t 18 to 80%

with a mean of the order of * 50%. The results are in line
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Table 2. Analytical Reproducibility.

[Visual reading methods]

Method No. of Relative
[ref. Table 1] Element #statistical Deviation

tests., (%, 2a)

Rb 1 37.2

A Li 1 57.4

Ba 1 18.3

Sr 1 31.7

B Be 2 41,3

G Cu 9 38.0

1 Sn 6 46.5

Pb 4 64,7

Be 3 373

Ni 2 47,0

Cr 1 57.3

Co 1 70.1

02 Cu 1 27.9

Sn 1 82.8

Po 1 727

Ni 1 35,1

*Determined by the statisticalt est of Craven (1954):
each test involving 12 sample determinations.
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with reproducibilities generally achieved by semi-quantitative
arc methods for silicates. This degree of scatter 1is
adequate for most soil geochemical investigations, considering
(a) inherent sampling variables and (b) that varistions in the
trace element content of several fold are usually sought,
Nevertheless the possible analytical variations are of the
order of a factor of two, and this limits thes geochemical
gignificance which can be extracted from t he results,
Precisionwas increased by the usual expedient of duplicate
enalyses in most of the small scale research investigations in
this Thesis,.

(b) Productivity. Daily productivity for two operators,

determining a single element by the slowest burn technique,
Cqy, could be maintecined at 42 samples, In multi-element
determinations productivity is naturally reduced, and the time
spent in reading soon determined the output of results: aboutb
1 min. per element determination should be allowed for carefull

visual interpolation.

Analytical Test York, with Special

Reference to the Matrix Effect.”

#*The enhancement or suppression of a minor element line,
and hence The error inestimating concentrations, due to changs
in the bulk composition and/or physical form of the sample

materials.
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The matrix effect is widely rscognised as 2 serious in-
herent defect in gpectrographic asnalysis, not least ina ro
methods. The limited number of systematic investigations
into this effect in geochemical materials, (Scott, 1945;
Makite and Lappi, 1958), and its practical importance in
certain geochemical applications - such as regional reconnals-
sance where element contents are compared netween samnles from
widely-separated areas - directed attention to this toplc.

fhe metrix effect was mainly studied in synthetic test
materials whose chemical ¢ omposition could be easily controlled.
A limited investigation on the effect of changes in the

physical constitucion of test samples was also carried outb.

1. Matrix Effect Using BEstablished Arc Procedures,

in Synthetic Matrices Including Extreme Types.

The procedures employed are those described by Mitchell
(1948) and Ahrens (1954), based upon cathode-layer and anode
excitation respectively, of mixzbures of sample material with
an equal weight of carbon powder: the latter contained a
fixed addition of PA* which was later exomined as an intermal
standard element (Ahrens, 1954). Flectrodes of types A and
G, were used (Table 1),

The matrix effect was assessed by preparing analyvical

curves from dilutions of a common mixture of minor element

. , P P 7 . .
Pd was present as tebtramminepalladous nitrate, 0.1 mixture
in carbon powder (R. Taylor, pers. comm.
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"matrices™ prepared from Specpure

oxides into diffevent
chemical materials. The dilutions contained nominally 10,
100, 1,000 and 10,000 ppm of each minor element. Since the
same minor element content 1s present in each matrix series,
2 single analytical curve would result for a given element in
the absence of any matrix effect; tThe displacement between
the curves measures the extent of the matrix effect (Scott,
1045; lakite and Lappi, 1958).

The six minor elements, Cu, Pb, 3n, Ni, Cr and Mn were
chosen for study since each 1s an important element in soil
geochemical investigations, and they include a rangé of
spectrographic behaviour types. The nine synthetic matrices
investigated comprise five extreme components, namely, 510,
A1205, Fe

Oz, Na2005 and Li, COz, and matrices simulating the

2 2
composition of a granite, a diabase, an intermediate igneous
rock, and a water evaporate (Appendix AE).

The results of densitometer measurements of the line
intensities, corrected for background, are presented in the
analytical curves, Figures 1-6. KEach Figure shows the curves
for (a) anode arc- and (b) cathode-layer excitation, in each

case both with and without Pd as the internal standard,

Figure 7 shows the curve separations measured at a fixed

arbitrary intensity level (unit relative intensity); this
permits comperisons bhetween relative element sensitivities in

the d ifferent matrices, and in anode or cathode arc techniques.
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MATRIX EFFECT _ Analytical curves for Pb’
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Fig. 2. MATRIX EFFECT Anzlytical curves for Sn
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Fig. 3. MATRIX EFFECT  Analytical curves for Cy
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MATRIX EFFECT _ Analytical curves for Ni
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Fig- 5.

MATRIX EFFECT. Analytical curves for Cr
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MATRIX EFFECT Analytical curved for Mn
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In discussing the results, (Figs. 1-7), indications of
matrix effects are considered as not significant below a Dbilas
of some 20-~40% (or a 1.3-fold factor), since this is the orfer
of reproducibility for single arc burns using densitometer
measurencnts (Table 3).

Matrix Effect onthe Intensities of the

Minor Element Lines.

The bias effects encountered in many matrices considerably
exceed the normzl limits of reproducibility (Fig. 7).

(a) The bias ratios over all metrices for each element
examined, vary from 3.5-6.6 fold by the anode arc method, and
2.5~9,5 fold by the cathode-layer technique.

(b) A reduced matrix effect is found on restricting the
matrices to the simulsoted natural types. These comprise
three "igneous rocks’ and a calcareous "water eveporate'; it
is noteworthy thet the latter matrix (No. 3) does not always

occur at the extreme bias position (Pig. 7). The moderate
overall bias within the "natural” matrices is Tthought to be dus
to the relatively hizgh content of calc-alkali oxides (j?lo%
total), which is common to each base (Appendix As).

The ¢ ale-alkali elements are efficient spectroscopic
buffers (Ahrsns, 1250) which means that even in small amounts
they tend to control the o rc environment and countcer the
effects of large varistions in the contents of Sioz, A120

S
and FeZOS.
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Table 4.

o

Reproducibilitien of

anodc, b)) cathode-loyer

carbon arc procefures

(2)
(densitometer reading method).

Vo, of Standard deviation, 2o
Sample arcs, Log Intensity units.
(a) (b}
Cu Cr Hi Co Cu Cr Ni Co
Soil 1 6 64,258 ,1as 182 .05 094 088 106
Soil 2 6 126 158 .094 122 1.078 .042 .058 074
Synthetic gilicate 9 - - - - }.l02 146 136 .122
Mean deviation (log I} 145 208 .119 .152 }.079 .094 091 .IOL
Relative deviation (20%) T40 61 32 42 |X20 24 23 26
(% of content) (Mean +447} (Mean * 2%5})
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(c) Pure SiO, and Fey04 matrices (Nos, 5 and 7) show

2
some extreme blas trends. This justified the examination of
simulated ferruginous and siliceous soils in subsequent tests
(below).

(d) The d ifferent minor elements show‘highly individual
responses to the matvrix effect; both the magnitude of the
matrix "apread”, and the sequence of matrix sensitivities,
differ from element to element (Fig. 73 c¢f Makitie and Lappi,
1958),

(e) The conventional "depressent” effect of alkaline metal
matrices (Nos., 8 and 9) 1s observed by both arc techniques, for
Cu, Ni and Sn, but no% for Cr and Pb. This shows (1) the
inadvisability of generalisations and (1i) little correl-

ation between d epressant effect and the excitation
potential of the lines (Fig. 7).

(f) Few regularities were observed between the excitation
potential of the element line (Fig. 7), and the ionisation
potential of the main metrix metal (Ahrens, 1950, p. 20), in
attempbing to explain the response of individuval elements to
different matrices. Similarly Scobtt (1945) found that
observed changes in minor element intensities in various pure
mabtrices could not be explained by the addition of easily-
ionized atoms snd consequent variations in the arc temperature.
Brode and Timma (1949) found some regular variation with
excitation potential and boiling point, in tests rostricted
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to mixbtures of onc test element and onc matrix element in

equal proportions. For mixtures of only moderate complexity,

the matrix effect must be determined by experimentation, and

can rarely be systematically explained: a conclusion supported

by the present data.

Addendum: Effect of sample matrix on spectrum background
intensity.
Table 4. Spectrum background intensity at different
wavelengths, showing effect of matrix composition.
Relative intensity of background®(Mesn for three spoctra)
Fatrix Cathode-layer nethod Anode arc method
D8%3 A, 3974 A, FA21 AL} 2833 A, 3274 A, D421 AL
1. Grenite 4.2 4.2 7.1 %.0 3,2 4.9
2. Dicbasce 7.2 7.6 10.2 %3 4.8 6.2
3. VWater evaporate 4.6 8.3 12.6 1.8 3.5 4.3
4, Intermediate rochd 4,8 6.5 7.9 .5 LA 5.4
5. 8i0, 7.5 5.2 7.9 2.6 3.0 3.2
) AL504 2.3 3.9 5.4 1.3 2.6 5.2
7. Fe203 10.0 7.9 12.8 7.6 5.2 10.0
8. Na,C0- 0.95 2.0 2.6 74 1.9 3.3
-
9 LigGOB 1,0% 2.7 XY 1.3 4.5 7.4

Q
¥ taking thet for Liy003 at 28%3% A., as

3

hc date show that bacliground at. a given wavelength

may vary up to 10-fold in different matrices (Table 4). The

sequence of bockground intensity associated with each matrix

is: F6205_} Jater evaporate = Diabase = Intermediate r ock =

granite) Si0p) Aly0z > LigC0yz ) NagCOs.
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While obviously less important than the variation of the
element line intensity, t he variation of background blackening
with maetrix composition, and especially the presence of a
dense background, is an undesirable source of error in visual
semiquantitative analysis, The relatively low spectrum
background assoclated with the alkell carbonate matrices 1is
a significent minor asset for employing them as spectrographic

buffers,

Matrix "ffect on the Line Intensity Ratilos
to P4 as Internal Standard.

(a) The & ffect on the matrix spread of employing the ratio to
Pd (Figs. 1~6, lower curves) compared to the curves without
internal s tandardisation (Figs. 1-6, upper curves) issimilar
in both anode and cathode techniques. The five minor
elements very considerably in their behaviour.
(b) The use of P4 as interncls tandard gives a markedly
reduced matrix bias for the elements Cu and Ni; moderate
improvement for Sn, and less so for Mn. For Cr and Pb there
is no improvement: for these elements the matrix effect seems
siore pronounced using Pd as internal standard than without
such standcprdisation,

The e ffect of the internal s tandard method in compensating
for metrix bics is rather different - even more exacting -
than the question of compensating for between-burn variatlons.

Nevertheless, the very limited success of Pd as a general

- 29 -



internal standard clement is relevant to some observations
by Oertel (1955). He stressed, in studying the trace
element onalysis of g0il and plant ash, that coffcctive -
internal standardisation depends upon close similarity in
arc excitatlon properties between the analysis and standard
element lines. in ideal line palr moey not always be avail-
able, and in such coses improved reproducibility could more
gaslly be ccohieved by replicates, without internal standard-
isation, Moreover, the internal standard metnod is time
consuwmning.

The above observations led So the rejection of the
internal s tandard wmethod, ond abttentlon was turned to the
simpler alternative of adding o buffer material to all

3.

samples as a means of swamping variations in matrix

comnosition. In addition,a range of simulated natural soil
types was exemined. The cathode~layer method was employed

in the required detalled investigation, mainly becausc In
comparative tests, analytilcal rcproducibllity was ravher
better than in large-crater anode method. The corrcsponding

mean relative doviabons wers 23% and 44%(Table 3).



II

Matrix Bffect in Synthetic Matrices

Simulating Natural Soils.

The cathode-layer procedure was employed with (a)

carbon mixtures of

admlxtures.,
The eight metrices

shown in Tabl 5,

the somsles and (b)) various huflern

.

investigated had the bulk compos. il
To e ach metrix, a comunon minor ¢lemen’
giving a known content of approximately

500 ppm. eacli of the elements V, Cr, Co, Wi, Cu, Mo, Ag, Sn
and Pb. These elght mixtures were used to examine the
natrix effect, by (a) arcing each in duplicate and (b)
reading the Yappareni ppu.’ content in each metrix, firsily
visvally against a single 3et of standals,and secondly

confirming the recsults by

conventional "single-

Arbitrrry »eference
silicate rock' hase

The divergence

neasure of the matrix effe

adnilxiure

The
densisometer readings from r

gvandard mixbture:

the diffsrent minor ela

between

producibility for a single burn was

densitometer readings against

int" analySical curves (Alircns 19354 ).

standards in t he synthetic “intermedinte

wsre employed.

the apparent ppm readings woas 0

employing conventi
(Table 6, upper;
of a synthetic

1ine replicates

averages - 327 o.



Table 5, Synthetiec Matrix Compositions

%

, MgO K,0 Na, 0 Ti0 MnO
No., Type 510 A0 Fe O Cal 2 2
2 23 2 B(asCaCOB) (aSKZCOB) (as NayC05) (as MngD),)

10 Siliceous | 94.6 2.7 0.9 O. bk 0.07 0,07 0.11 0.73 0.01

501l
11 Ferruginouws; 8.9 16.5 71.2 0.49 0.31 0.06 0.06 0.82 1.18

laterite
12 Aluminous

laterite 25,0  49.1 21.4 0,19 0,16 0,29 0.06 3.1 0.32
13 Average

l-terite 7.0 32.8 46,3  0.34 0,24 0.18 0,06 2.0 0.75
v Calearous

soil 58.8 9.7 3.2 10,8 3.5 2.0 1.8 0.55 0,06
5 High alkalls

s0il 61.8 15.8 10.2 0.32 0.46 4,5 2.0 0.81  0.34
3 Viater

evayporate 13.1.[. lol 1.1 . l’. - o' - -

aP 333 (as Mgg O[) (as I?acsl )

L Intermed-

iate rock |5h.4  13.7 7.5 7.1 b 2.1 2.2 C.7%  0.11

The following concentrations of minor elements were incorporated in

each matrix mixture:-

Element Pb

Sn

Mo

v

Cu

Ag

Ni

Co

Cr

Ppm 217

316

282 31k

314

317

313

270

310

'
L]

]
'



Table 6.

——.

Matrix effect: (a) without and (b) witn carbon - Liaco3 buifer

Apparent ppm rcodings mean of duplicates
MATRIX TYPE AND NU.2ER Actual
3 L 10 11 12 13 15 15 ppm
Sample Mixture Element Water Average Siliceous Ferruginous Aluminous Average Calcarecus High content
evaporate rock s0il laterite laterite  laterite soil :ﬁ?ili

(a) Pb L20 294 115 208 240 227 386 323 317

50% sample Sn 347 317 157 378 330 330 313 27k 316
50% carbon Mo 500 289 53 346 212 269 277 232 282
v 4o 310 49b 255 270 266 305 310 314

Ag 302 316 184 360 318 347 353 331 317

Cu 203 320 223 425 Loz 410 290 295 314

Ni 254 308 220 Lo52 Los Loy 287 252 313

Co 256 274 172 354 320 347 282 240 270

Cr ! 48¢ 325 77 245 250 228 318 31C 310

Extreme bias ratio a:b = 10-fold

(b) Pb Lug 234 238 275 259 2h1 303 204 317

50% sample Sn 258 260 238 438 285 358 248 234 316
25% caxbon Mo 290 228 235 307 200 247 238 194 282
2o% L5005 v 353 350 308 388 278 357 338 273 314
Ag 312 265 280 341 273 280 288 228 317

Cu 177 238 192 333 280 306 210 213 314

Ni 187 207 197 257 340 284 225 178 313

Co 150° 190 196 275 285 238 182 162 270

Cr 300 335 307 472 373 397 350 308 310

Extreme bias ratio a:b = 10-Ffold.




Fig.8. Matrix Effect (A)without and (B)with carbon-LiCO, buffer admixture.

(A) highest Nowest (B)  ighestiowmt
EELARLNLELE B e — 1 11 ™
Pb | Y?(Mntrix no.) 114 %, L ]3 3.7 l i—-“l..l—l.—l——_——-j‘ ] 2.2
Sn ‘ i l | 2A Io%e g | 1.9
| | |
Mo | Y S B iru_._‘j | 1.6
| | | |
V 1? lll_ﬁ f 9.0 I L—I-Il.j l 104
Ag | N 20 | ’L_ug_l | 15
| | | t
Cu ?_.!___u_?___.u‘l' ) 241 :i_l_.n._t_.l_l_"l I 1.9
Ni "P_u 4 .3 23 [P SUPUPRL: B T B
Co IL___\.ALI_J—? 2.1 L_.di__n_l.if l 1.9
[ l |
Cr ‘l(l 2 n_,._.u.:.__._j | 6.2 ’ :Lil_u_.fll 1.6
| .
o s e 1 | ] || | ] ] J
50 100 ppy 200 500 200 ppy 500




Element Pb Sn Mo TV TEg  CTu Wi TTo Tr
Javelength A. |2833 2840 3170 3184 3280 3274 3414 3454 4254

Single-burn ) ‘ , B ) )
reproducibil- | 32% 27% 30% 28% 34% 2% 38% 34% 40%
ity (207)

Observed results,

(a) The overall bias between the highest and the lowest
matrixz readings for all the elements 1s no less than 10-fold.
This mainly reflecvs the e xtreme depression in the "siliceous
soill® matrix of V, like ilo. These elements are more strongly
depressed than Cr, wnilch 13self shows depression, as
indicated in the prscedins test on pure SiOZ (Fig. 7).
(b) While the siliceous soil mebtrix is mainly depressant,
lesser depression and enhancements affect some elements in the
threelateritic" matrices, The remaining "intermediate rock)
“galcareous soil”, "alkali soil® and "water evaporaie" matrices
give only moderase bias discrepancies. This confirms the
previous indication that a significant proportion of calc-
alkali elements, in almost any amount, helps to provide a
common matrix environument, Moreover, the latter matrices have
element sensitivities among the hishest for all the matrices.
These observations suggested that the addition to all
test samnles of a fixed proportion of a sultable calc-2lkalil
material might (a) serve as an effective spectrographic buffer

and (b) enhance the low sensitivity for elements in siliceous
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natrices in particular., This was Investigated by revlacing
half the carbon used in the conventional ssmple/carbon
edmixture, with each of ten buffer substances. The buffers
tested were (a) carbon z2lone , (b) NagCOx, (¢) WaCl,

(d) Na,S0,, (e) WaHSO,, (f) XC1, (g) Li,CO

5603, (h) CaCo

2 3

(1) Cas0,, (J) MgSO, and (K) te0q. In every case the
operating cond:ztions were those detailed for meshod Cl, Table 1.
Initially, visual readings w=2re made against an
arbitrary set of standard spectra’ in the intermediate igneous
rock base. These preliminary readings showed that each
buffer in general altered the pastern of matrix effects
encountered in the carbon-mixing method. The "apparent ppm®
values for a given element ine ach matrix and buffer combination
were then plotted on e logarithmic scale (cf Fig. 7). The
ensuing "matrix spread’ of the readings for a glven element
could tThen be measured. Dy tTreating 211 the elements in the
same way, and measuring bthe overall spread for their super-
imposed plots, the overall matrix spread for a particular

buffer was established, The results are shown in Table 7.



Table 7.

Extreme "matrix spread” over all elements
and matrices (visual readings).
Buffer '
mmg, on log. scale Biag factor
- Highest/lowest ppm.
Li CO._ 30 2.9
2775
NaCl 45 S0
Co.CO5 61 9.0
KC1 82 )
)
)
1+ 1C 103 10.6
NagS0, 127 15.8
GeOg 133 %
NaHSO4 136 ) 18,7
)
¥l
igSO4 137 )

It should be noted that the conventional carbon-mixing

technique with its overall matrix spread of 10-fold occurs

half-way down the table,

Four buffers actually give impaired

metrix e ffects (some of ¢ hese gave physically poor arc burns,

despite many re-arcings), whilst a reduction in matrix bias

is given by six of the calc-alkali bhuffers. Lithium carbonate,

dodium chloride and calcium carbonate are clearly the most

effective buffer materials on this overall hasis, Lithium
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carbonate was adopted as the buffer for routine semi-
quantiﬁative analysis, being merginally superior to sodium
chloride in buffer effect, andw ith the adventage of heing
suitable as the buffer for major element analysis (Chap. 3).
This permits a common stock of buffer mixture, and a simple
two-stage sample dilution to be used for the comprehensive
analysis of boti: minor and major elements.

Hhere lithium is required to be analysed as a minor

)

element, sodium chloride or calcium carbonate (0da e al,

1958) could be used; or potassium chloride, calcium sulphate
(Harvey and HMurray 1958) or sodium carbonate (Tongeren; in
Ahrens 1950, p. 155) with rather less advantage over ¢ arbon
mixing only.

To confirm the results given by visual readings using
the LiZCOB—carbon buffer procedurs, d ensitometer readings were
made on duplicate spectra of the test mixtures. The results
were expressed as Yapparent ppm" by using the reference curves
employed for investigating the carbon-mixing techmique. The
results showing the matrix effect by thé two techniques
(Table 6) can thus be directly compared. Figure 8 presents
the same data in a graphical form. .

The data (Fig., 8; Table 6) confirm that LipCOz is

ot

noderetely effective in r educing the bias due to the matrix
effect. For the LiBCO5 buffer procedure, rhe maximum

apparent content of any element in any matrix is three btimes
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that of the minimum apparent content of any element. This
contrasts with the corresponding 10-fold factor encountered
in the conventional carbon-mixing method., Although the
"residual” matrix effect represents an undesirable bias, its
magnitude is not much greater than possible reproducibility
errors for visial semi-quantitative analysis (c.factor of 2.0)
Moreover, the individual deviation from some central references
standard (e.g, the intermediote rock base No. 4) is naturally
less than the extreme bias factor. It may be noted that the
former base occupies a fairly central position within the
matrix bias charts (Flg. 8b), and is on that ground a suitable
base for reference standards.

The reduced matrix effect in the LiZGO5 buffer method is
due more than anything else to a general increase in trace
element sensitivity in the siliceous soil matrix.

Conclusions.

(1) The LiyC0z buffer method offers a significant
advantage in reducing the magnitude of bias due to changes in
chemical composition of the test samplesg, and actually enhances
the element sensitivity otherwise obtained in the simulated
silica-rich samples.

(ii) In common with other buffer methods for powdered
samples, the method requires no lengthening of the analytical
technique; a buffer mixture consisting of 50% LigCOg, 50%
carbon is substituted for carbon in preparing the sample

ixtures. -
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(i1i) The analytical reproducibility found in routine
practice, using visual readings (Table 2) is similar to that
previously obtained in tests with the conventional carbon-

mixing cathode-layer procedure,

Comparison with Other Studies of the Matrix Effect.

Makitie and Lappi (1958) made an intensive investigation,
using a simple anode arc technigue, mainly on natural soil and
plant ash bases but also on some pure matrices. The data
were mainly confined to the intensity ratios of each of ten
common minor elements, to specific internal standard lines,
namely, Ag for Cu, Pb, Sn; P4 for Co, Ni, V, Mo, Cr; Sr for
¥Mn, and Cd for Zn. The analytical curves showed a serious
bilas effect for many elements, and although a guantitative
comparison with the present results is not possible because of
differences in technigue and evaluation, the following
similarities may he noted:~

i. Pb/Lhg, V/PA, Mo/PAd and Sn/Ag are particularly subject
to mavrix effect, with bias factors of the order of five-fold,
rising to ten-fold in the case of Pb/Ag,

ii. Cr/Pd, Zn/Cd and ¥n/Sr show }owcr but still signifi-
cant errors.
iii. Cu/Ag, Co/Pd and Ni/Pd show licsle matrix effect.
In a separafe study on simple matrices, of the intensities

of the elements alone as distinct from intensity ratios, these
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authors observed a strong depression of V in a matrix of
silica compared with calcium oxide. Mo (which the present
writer found similar to V in this respect) was not reported;
the other elements, namely, Pb, Cu, Ag and Co, were less
affected.

Tt is noteworthy that in metrices consisting only of
SiO2 and Ca0 in varying proportions, these authors observed
that the intensities of the minor elements changed irregularly
with matrix compositvion. Co for example, showed the same
intensity in each extreme matrix component, but a marked
enhancement otherwise, with & peak in the 1:1 materilal.
Such inexplicable trends point to the importance of the
experimental determination of the matrix effect 1in e very
problemn. These authors note the success of certain buffers,
especilally CaCOS, in reducing the matrix effect, but recommend
the method of grouping samples according to thelr compositional

type, with appropriatec sets of standard samples. T

Scott (1945) found that the observed changes in
intensities (and intensity ratios to iron) could be explained
neither by the addition of easily ionized atoms nor by varia-
tion in the temperature of the source. In general, however,
trace elements in the same periodic group are affected in the
same manner.- Thus Cu and Ag; Cr and lMo; Fe, Co and Ni;

Zn and Cd behaved similarly towards silica and Gtowards NaCl

matrices, -~ Sn and Pb, on the other hand, did not
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again, elements which have generally similar physical
properties, such as atomic weight,react in much the same
manner, for example V and Cry; Mo and Zyy; TFe, Co end Ni;
Pb and Bi.

These general conclusions are very much in line with
the trends revealed in the present matrix study.

The shift of analytical curves for Mo in granites,
grenodiorites and diorites, has been shown to depend on
variations in the Ce and Mg contents (Vainshteinet al.,
1956)., Nedler (1955) in an investigetion of errors in the
spectrographic analysis of siliceous Pb ores, found that the
intensity retio of Pb/Bi was progressively enhanced by the

additions of 10% Fe Oz or 10% Na2005 to the sample. The

2
effect could not entirely he accounted for by the lowering of
the arc tempsrature, nor by changes in the degree of
lonization: +the remainder of the effectwas attributed to a

change in evaporation rete from the different mixtures.
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IIT. Matrix BEffeet Due to tne Physical Constibution of Samples.

The possibility of bias being introduced by differences
in physical constitubion between samples is recognised by
spectrographic analysts; aside from the matrix effect due to

chemical composition. tle systematic work hes been

Cl
cr

published relevant to silicate materials, in contrast with the

5]
.i

metallurgical field (Brode, 1943). Scattered investigations
suggest, nowever, thot significant bias effects can arise from
purely physical differences between non-conducting samnles.
For example, Ricard et al (1955) observed an enhancement of
the lines of Ti by igniting sam»les of clay at different
Temperntures; a similar effect occurred in pure TiOz,
attributed to a slow ransformation of its cry%talline form.
Bvidence of this kind hes led to the well-known recommendation
that samoples and the spectrographic standards stould be closely
simil&r‘to eaéh other in bdth>chemiéél and ph&sical composition
(Ahrens, 195035 1954).

.Apprvmrnuml work.

A limited investigation of the "physical effect’ was

:‘.)

cerried ouh, using the cathode~laver Li CO5 buffer method

2
(Technigue C1, Table 1), The test involved measuring the
line intensities of the minor elements Sn, Cu, Ni and Cr,

present in fixed amount in four Hypes of mixtures; these were

practically 1dentlcﬂl in chemlcal composition, but differed

in the p.ysical and chemical forms of (2) the minor elements
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and (b) the major constituents.

A sample of the granite G-1 was employed as the "natural”
matrix, and a "synthetic” counterpart, closely similar in
chemicol composition was prepared from a mixture of "Specpure”
materials.,

Composition of natural and synthetic gronlue

G-1 matrices.

‘\ﬁl
of
»
B,
Qi
@

SiO
To

thueal G- l(

a)

(b)
Synthetic G-1

l

72.4 14.4 1.8 1.4 O. 59 S

72.8 14,3 2.1 1.4 0,41 3.3 5.4 0.26 0,09

41,05 Fe,05 Cal “;'?igb"‘"Nazo K,

2O TiOE ¥n0

25 5.4 0.25 0.02

(a) Analytical data after Ahrens (1954)and iercy (1955).
Semple ignited as per routine samples, 500-5500C for 2 hours.

(b) Composition calculated from weighed additions of the
pure components, The mix ture sintered at 950-1, 000°C for
2 hours.

To each matrix, separate fixed additions were made of

(2) 2 synthetic mixture of the "Specpure" compounds Sn0O_, Cu0,

25
N30, Crzog; and (b) separate additions of chemically analysed
samples of cassiterite, malachite, oxidised Fi ore, and
chromite.

A content of 316 ppm of each minor element was aimed
for in each case, and dilutlons were made 1n two stages to
minimise errors. In the natural G-1 matrix, t he existing

element contentw as allowed for, using the values recoxmmended
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by Ahrens (1854, p. 27); Sn by 3andell (1957). I may be
noted shzt these values, namely, 2 ppm Sn, 11 ppm Cu, 5 ppm Ni
and 20 ppm Cr are small compared to the added amounts, so that
the bulk of ©the minor element is in a known form in each test
sample.,

Table 8 shows +the contenss of the minor elements,
together with the line intensities, corrected for background,
from triplicase arcs for each test samvle, The results
plosted in the diagrems take into consideration the differences
from e xactly 316 pom. in some test mixtures.,

The data support a rather unexpected conclusion; namely,

that no significant bias is imposed on the minor element

2
[

fferent constitutional forms either of

)
V)

intensities by the ¢
(a) the minor elemenss themselves or (b) the bulk material of
the samples. “uite close revplicates were obtained in this
investigation, the scatber being within + 10%; so that even
e bias of this low order cue %o the physical effedt should be
le, and its absence is mnotveworthy. An infevence of
practical importance is that in reference standards (of given
chemical composition), both natural and synthetic materials
should give t s same line intensiSies and hencce the same results
in analysing unknowns.

While it would be inadvisable to generalise too far from

est

cr

the limited number of results, it may be noted that the



TABLE 8. Element line intensities in mixtures of different physical form

Relative deviation #10 %
on the same scales.

A B c D
Natural matrix + Natural matrix + Synthetic matrix + Synthetic matrix +
Natural minor Synthetic minor Natural minor Synthetic minor
Element elements elements elements elements
Line A Content Line t Content Line Content Line Content Line
ppm %nte?sity ppm Intensity ppm Intensity ppm Intensity
log
Sr 32k .092 311 .102 3hi 120 312 136
«120 .120 120 136
.138 .130 «160 145
2840 Sample A971 Sample A 1008 Sample A 989 Sample 4 1006
Cu 333 1.271 322 1.242 332 1.216 312 1.264
1.280 1.248 1.221 1.285
3274 1.304 1.260 1.232 1.295
Sample A 969 Sample A 1008 Sample A 987 Sample A 1006
Ni 320 »930 316 .923 294 - 311 967
«950 .95C » 02 .978
Sample A 973 Sample 4 1008 Sample A 1004 Sample A 1006
Cr 360 1,702 334 1.635 234 1.635 312 1.622
Sample 4 9677712 Sample A 1%6§ Sample A 98%'660 Sample A 10%6 2
Sn Cu N Cr
DBCA
20.21- AT 13l 5 0] 17 o
8 N Y H oY
goaf % 12~ / 4 osf /; 16f /
|
200k / R o o8~ 4 ¢ 1.5 |
i ] ] ] | ! - } i J
200 400 200 400 200 200 400 PPM. |
log scale
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glves reasonable scope for detecting a‘physicalleffect, if
present ;-

(1) The four selected minor elements, Sn, Cu, Ni and Cr,
cover & range of arc volatility and sensitivity.

(ii) The samples cover all four possible combinations of

physical form, represented by the pairs 4, B, C, D below:~

Natural matrix A& Natural form of the minor elements.

D

Synthetic matrix™ EZ_Synthetic form of the minor elements.

The fact thot none of ¢ hese combinations imposed a

ignificant bias on the line intensity of the minor elements

‘JQ

examined, suggests that either (a) the physical effect is
absent in the materials tested, or (b) that the effect is
correciel by The bulffer metihod. If the latter explanation 1s
correct, 1t may probably be attributed to the fusion of the

sample mixture Aduring aveing, and the silicate fluxing

properti of the lithium carbonate. Fursher worz, such as
a parallel test using alternative arc techniques, would be
necegsary to establish this point.



IV. Bias effect between two techniques for the alkali metals,
using samples (a) alone and (b) admixed with carbon
powder.

An investigation into conventional anode arc excitation
procedures for ¢t he alkalis showed a result of some general
interest, in that large analytical differences were observed
between techniques which differ only in whether or not carbon
is admixed with the samples (in equal proportions).

From numcrous published methods for determining the
alkalis spectrographically, attention was directed to those
using cup electirodes and anode excitatron, employing either
the crushed somvles only (Ahrens 1854; Deleon and Ahrens
1957), or with carbon admixiure (Holyk -and Ahrens 1953;
Nockolds and Allen 19533 Shaw 1958).

Adorting an 1/8" diameter crater, and § amp anode
excitation, tests showed thoi:- (a) in a series of synthetic
stendards (Appendix Az) arced for G0 secs, without carbon
mixing, the alkall elements dominated the spectrum as the
contents of Nago and Kgo rose to above 2% each, and the less-
volatile elements wewre depressed. This defect, clearly due
to selective volatilisation, was much reduced in the presence
of a 50% admizture of carbon.

{b) Analytical bias was present in the absence of carbon
miztures, in determininzg the alkalis in the granite G-1

against synthetic standards; when using a 50% carbon
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Teble 9.

Comparison of techniques for the alkali elements.

(a) Samples without carbon admixture.
(b) Samples with 1l:1 carbon admixture.

Sample : bpm. visual readings (mean of five arcs).

Granite G 1. (a)

(v)

Li Rb Ba Sr I4 Rb Ba Sr

Spectrographic analysis 275 3000 1600 1450 72 720 780 420

s i ot —

Roconmcndced valucs .
(Ahrens, 13854). 22 B70 1300 280 22 B70 1300 280

R

Bias ratio 12.5 5.3 1l.2 5.2 {3.3 1.3 0.6 1.5
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1.8

admixture, this defect,although not eliminatedsw ss greatly
reduced (Table 9). It was concluded that the methods
employing carbon admixture offer higher accuracy for the
alkalis than those without, et least in cases where natural
svendards closely resembling the samples are not available.
This is no doubt due vo the effect of carbon in suppressing
fractional distillation and globule formation in non-
conductors. This procedure was therefore adopted in routine

alkali determinations {llethod 4, Table 1).



CHAPTHER 3., ANALYTICAL TECHNIQUES FOR HAJOR EIEIENTS.

Insrocuciion

Sone consideration was given to determining srectiro-
graphically the common major elements, namely, 3i, &1, Te, Ca,
Mg, Na and K.

Although these elements rarely need to be determined on &
routine bagis in prospecting, mzjor element analytical dava can
be of use:-

(i) in the study of weathering and dispersion processes,

and (ii) %o provide additional informztion on geochemical
anomalies or concealed gsology in cases of particular
interest or difficulty revealed by the minor element

da

(‘J

In addition, a readily available method Tor determining

Published spectrographic ars methods for wajor clemens analysis.

iy

o

The majority of spectrographic methods for major eleuent
analysis of silicates have employed ths D.C. arc and the
generalisations incorporated in thils brief sumnary are mostly
drawn from the authoritative texits by Ahrens (1950, 1954).

A wide variety of major element methods have been

proposed, illustrating the usual need for compromise hetween

conprehensive coverage, procision, ascuracy, and speci.
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It is convenient to divide published techniques and their
applications into three general categories:-

(a) Speciclised quantitative methods, for specific

analyticel problems (relative deviation * 3-10%).

(b) Quantitative methods for general purposes

(relative deviation % 5-15%).

(¢) Semi-quentitative methods (relative deviation IT15-30%).
The apparently coarse level adopted as quantitative, up to I 10%
relatiﬁe deviation, is that taken by Ahrens (1954) as represent-
ative of internal standard arc methods, whether for major or
minor elements.

Some of the most relevant published methods are listed in
Table 10, Apart from being reproducible a method should of
course be accurate, i.e. free from bias in the mean analytical
result; precision and accuracy are distinguished in the Table
where possible.

In the specialised quantitative methods two general
approacines have been used. Firstly, within powder arc methods
high accuracy can be obtained by using the arc and internal
standard procedure best suited to particular analysis elements,
and combining such methods into an analytical “scheme”. The
method of Kvalheim (1947) for example employs added Sr

(as SrC0=) as the buffer and internal standard for Al, TFe, Ca,

3
Mg and Ti - and for WNa and K in a separate arc burn - and

De (as Be0) as a buffer and internal standard for Si. Several
workers have employed modifications of this method (Table 10).
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Table 10.

Svectographic arc techniques for the major elements

b | ¢ Mixture Internal
Elements determined Sample type Buffer Diluent ratio tand Accuracy Reference
a.D.c. standard
(A1, Fe, Ca, Mg Rocks, minerals SrCO3 carbon 1:1:4 Sr ) 10% Kvalheim, 1947 (modified :
(Na, K n " SrCoO carbon l:l:l" Sr ) i ]:OX Dennen et al, ]_950;
(si BeCO= "+ carbon 1:1:10 Be )  aPprox. Ahrens 1954),
NaCl, 1:3 Leininger et al. 1954)
Hawley et al 1956)
( Fe, Ca, Mg, Mn Silicates SrCO3 carbon 1:1:6 Sr ) precision Rushton & Nichols, 1957.
(AL, Ti " ¥205 carbon 1:0.2:10 Y )+ W%
(A1, Fe, Mg, Ti Cements, minerals nil graphite le=:1 Ca )  precision Hasler et al 1948
( Na, K " " Li, COg nil 9:1:~ Li ) o+ 7% (modified Gillis et al
1949)
1. Analyticel schemes combining two or more individual methods.
2. Chemical pre-treatment methods,
< ]
Al, Fe, Ca, Mg, K Soils, plants. NaNO3 solution containing Mo + 10% 1 Shimp et al 1957.
. i ; x
i Mo dried on to the elecgrode
3. General purpose arc methods
Si,Al,Fe,Ca,Mg,Ti Silicates Ba(N03)2+ nil 1:2:- Ba + 10% Fitz & Murray 1945
NH4 €1 1:1
precision Dennen & Fowler 1955
Si,A1,Fe,Ca,Mg,Na, Geological nil carbon 1:-:1 Al,Fe +5-14%
K,Tc. , materials or nil
Si,Al,Fe,Ca,Na & Silicates,non- L:‘LZCO5 graphite 1:4:20 1i and + 10% Bientema & Kroonen 1955
others conductors others approx. Bientema 1957
-do-~ General powder LiZCO3 graphite 1:5:18 i precision Smith & Matarella 1957b
samples L-16% 5
5i,Mg,Na,K & others General powder Li 003 cellulose 1:3:16 Co + 10% ?g;; 1955; Noar et al
samples approx

(& Co)

1. Employing an A.C, arc.

2. Employing mechanical introduction of the sample into the arc.




These schemes have good performance, but productivity is low
if all the elements have to be determined, since two or more
sample mixing or arc burn procedures are required.

In the second approach, chemical pre-~trectment is employed
to reduce the effect of chemical and physical voriations
between the samples. General sample coverage and good
performance can be achieved in the final arc analysis, but
over-all productivity and simplicity are impaired by needing a
separate chemical stage, Thus Shimp et al (1957) have
analysed soil and plant samples for Al, Pe, Ca, ig and K by
a procedure that involves solution and volatilization of
gllica, the addition of buffer and internal standard solution,
and evaporation onto & carbon rod before arcing.

General-purpose methods (Teble 10) usually sacrifice some
performance compared with the foregoing specialised methods,
but their relative simplicity is an advantage for geochemical
applications. Thus Dennen and Fowler (1955) give analyses
showing weathering in a granite and a sandsione, and variation
of a shale with depth, to illustrate their general spectro-
graphic method for the major elements. The powder sample is
arced either directly or mized with carbon powder, the
aluminium (or iron) present in the sample'serving as the
variable internal standard. The method does not specially
compensate for matrix variations, for example by high dilution
or buffer admixtures, =o that analytical calibration should be

made using materials similar to the unknowns.

N
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Other general purpose methods employ an added buffer
material which may also serve as the internal standard.
Bxeamples include the use of barium nitrate as the intenal
standard and buffer in the analysis of small powdered samples
(Pitz and Murray, 1545), while several workers have used
lithium carbonate for the same purpose (Table 10). Thus
Bientema and Kroonen, (1955) found that Li,COz has the
effective buffer properties typical of alkali metal salts, and
minimises the fractional distillation of elements of different
volatilities, during the arcing of silicates and other
non-conductors. These authors determined Si, Al, Fe, Ca and
Na in limestone, dolomite, silicate glasses and refactories, to
illustrate thew ide range of element concentrations over which
their method applies, with accuracies generally within * 10% of
the chemical values.

Methods for major element mmalysis with only semi-
quantitative accuracy have been applied to specific geochemical
problems. Thus Waring and Annell (1951, 1953) used visual
semi-quantitative estimabtes for major elements, by the same
method as for TtThe minor elements, to sort different radio-
active minerals. Similar major element data for uranium ore
and barren sandstone samples show that geochemically useful
information is obtained in suitable cagses, from visual
estimates of concentrations within a factor of two (Gerrels

and Larsen, 185%).



Experimental Tnvestigation of Analytical Technigues

for the lajor Elements,

The applied geochemical reguirements for major element
data limited the choice of techniques to straightforward'
powder arc methods of general applicability and modest accuracy.
Methocs bhased upon the addition of a buffer and internal
standard were attractive since they offer some compensation for
the matrix variations likely to be met in geochemical materials,
with no manipulation otvher than mixing the powdered sample and
buffer mixture in fixed proportions,. 0f several alternatives,
the procedures of Bientema and Kroonen (1955), and Bientema
(1957) were considered to offer the most promise for the
following reasons:-

(1) The buffer is a LipCOz-graphite mixturs (added to
one twenty-fourth of its weight of sample) which gives an
adequete bufferiny capacity without undue sensgitivity loss.

(i1i) Ii alone may be used as the internal standard, or
other elements can be incorporated in the buffer in order to
give optimum internal s tandardization for any analysis element
(Bientema 1:57).

(1ii1) The method involves only a2 single-stage sample mixing

and one airc procedure.
(iv) The method has been tried successfully on a variebty

of geolozical materials.
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(1) Preliminery investigation,

Using the basic technique of Bientema and Kroonen
(1855), duplicate arcs were made of six analysed samples
comprising four rocks and two soils (Nos, 1-6, Table 11).
Each sampleves mixed with carbon-lithium carbonate buffer
(5C 1L12003) in the proportions of one part of sample to
twenty-four parts of buffer, end the arc details were the same
for the final routine technique (Table 16) except for the
following minor modifications:-

1. davelength range 4600 - 2730 A,

2. OSomple electrode 5 mm. deep. Sample mixture
loaded to comvlevely fill the crater.

9, Counter elecctrode: long tiin form: 2.0 mm. diam.
x 16 mm. long.

D

o]

ng step sector of 6 steps, factor of 2.

|

4, Rotat

G

Analysical curves were set up ¥ (a) the original authors!
method using a line of the Li buffer as the internal standard
and (») by a variable int-.rnal standard met.od employing a
line of Si wazich,; of course, is present in all the samples.
These well-known slternative methods for analytical calibration
can tihus be compared,

The sallent features of the test data are siown in the

trial analytical curves (Figure 9) and in Table 12,



Table 11. fnalysed samples for spectographic major clement calibrations
Composition, per cent.
o Sample §i0, A1,0, Tot.Fe Ca0- Mg0 Na,0 K. 0 7Ti0. iNo. of Analyst
3 2~ 2 2
as Analyses
Fe203
1 Lateritic soil
1ho1 bh.9 19.4  23.7 0.9 1.8 0.12 0.51 3.5 1 P, Curtis
2 Lateritic soil
"1443 36.6 18.5 hh,1 0.27 0.80 0.0k 0.37 0.8 1 do.
3 Dolerite 8587 k5.6 12.0 20.3 9.8 5.7 2.6 0.5 3.7 6 D. Burns
4 Basalt-andesite
/G 19k 5k.0 1§.E 12.5 7.3 3.4 3.6 1.3 2.6 8 I. Carmichael
5 Diorite T.13 55.9  18. 3 5.5 3.4 L6 2.7 1.0 6 )
6 Grgnite M.149 73,4 14,2 1.6 0.9% 0.80 4.1 k4,2 o0.21 6 ) E.L.P. Mercy (1955)
f¢jﬁ§ * Analyses by rapid chemical methods for silicates (Mercy 1955).
7‘{;Qiébase W-1 52.% 15.1 11,320  11.0 6.6 2,00 0.63 1.1 )
8 le + 16, 59.0  14.87 8.1 7.80 4,53 2.42 2,22 0.82 ) Data after Ahrens, 1954;
9 LWy + 26, 65.70 14.63 5.0 4,60 2.4 2.8%3 3.81 0.53 g Mercy, 1955
10 Granite G-1 72.h 144 1.8 1.k 0,39 3,25 5.b 0.25 )
11 Glass sand (99.3) 0.265 0.0724 0.029 0,016 - - 0,095 )
12 Burnt )
refactory 32.38 59,39 0.90 0.26 0,50 0.06 2.11 2.9% )
13 Mesasi )
Fe-ore 2.16 - 96,49 )
14  Argillaceous : )
Limestone 14,11 - 1.63  41l.32 2,19 0.39 0.71 0.16 ) 5 Nab. B
15 Dolomite 0.31 0.067 0.084 30.49 21.48 0,08 0.0% o.oosg of étaid;rdzfeau
16 Soda feldspar 68.92 19.13 0,067 0.36 0,053 10.77 0.41 0.017 )
17 Bauxite 8.2 75.4  7.98 0.40 0,027 €0.10€0.10 3.81 )
18 Clay flint 47,53 42,98 1.09 0.11 0.29 0.08 0,60 2,64 )
19 Clay plastic 62.45 26,98 2.17 0.22 0.76 0.27 3.35 1,51 )




Table 12,

Agreement betwreen duplicates using altemative internal ctandards,

G2

Nean differences between duplicate arcs.
(log. intensity, with couivelont percentege
variation)
ilo, ranplics (a} (B) . (c}
Tlenent and | (dupiiecate Vithout Int. | ILi(Z232.6 A) Si (2881a)
line, A 21es ) standard, as Int, Std, ag Int. Std,
X 2044 3 0.092 (27.63) 1 0.0%2 (7.745) 0.070 (17.54) |
Mo, 3%02 5 0.080 (20.25}! 0.011 (2.6%) 0.0%L (7.45)
Ca 3158.9 % 0.094 (22.20) | 0.02% (5.43) | 0.027 (6.43) .
Mg 2779.8 4 0.072 (13.0%) | 0.021 (5.0%) | 0.040 (9.73}
f
Fe 2929 5 0.08% (21.19) | 0.019 (£.57) | 0.023 (5.45
Al 3082 6 0.074 (18.43) 1 0.022 (5.27) 0.021 (5.0%} x
si 2881 6 0.082 (20.83)] 0.07%0 (7.2%) 0.000 (0.0%)

The lowest differsznces, underlined, show the supericr internal standard,

Table 12 shows the mean differences between duplicate

burns based on calculations of (a) the element line intensity
alone, (b) the line intensity ratio to Li as internal standard,

and (¢) the ratio to Si as +the internal standard. The

agreement between duplicate arcs is improved when either
internal standard ratio is employed. Differences between
duplicates range from 18-24% for the various elements in read-
ings without internal standards; these are reduced to‘??.?%
for Li as the internal standard, snd to €17.5% for Si. Thus
Li is superior to Si as a general internal standard, on the
basis of replicates only, over all seven major elements. There
are some individual exceptions for particular elements (cf.

colums (b) and (c¢) with column (a), Table 12).
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On the other hand, the trial analytical curves (Fig. 9)
show that the aligmnment of sample points along the curve for a
given element, as well as the scaster between duplicates,
depends upon which internal stantard is used, Thus, the slope
and hence the analytical discrim:nation for X is better when Li
is the internal standard; whereas for Fe, it is Si which gives
the best alignment for all sampls points.

In general, neither of the internal standards alone gave
ideal test curves for all analysis €lements, on the availanvle
test samples. lloreover, a combination «f the two methods,
eacn for the opbimum elements, 1s inconven.ent because of the
difference between =heir mebthods of calculalion, The Si
variable internal standard method presents aralytical curves,
and results, as oxide ratios to 810y, and reqili~s a calcula-
tion of 810 "by difference’ - or by indepencent &uwjygis - to
give the individual oxide data. It is inconvenient 5 yae tnig
method for only one or two elements, with the Li intern.

standerd method for the others.

(ii) Final technique investigation.

To obtain more sabtisfactory analysical curves than thos
by procedures (i), compounds of Ge, ¢, In and T were tested as
added internal standerds having different volatilities from

those of Li (and Si).



Fig.9. Trial Analytical Curves for Mcior Elements. >
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The addition of internal stendard elements supplementery
to Li was suggested independently by Bientema (1957) without
specifying the elements to be used. Four possible internal
standard elements were therefore selected from other relevant
publications. Jaycox (1955) and Frisque (1957) employ Ge as
2 general intefnal stendard for tiie major elements, while
Ahrens (1354) uses PA for minor elements of medium volatility
and In for the volatiles. Ahrens later extended the use of
Pd -~ as tetrammine palladous nitrate - as a comprehensive
internal standard (2. Taylor pers. comn.). Y was employed by
Rushton and Nichols (1857) as the internal standard for the
other involatile oxides of Al and Ti, and Yo0z completed the
four compounds chosen for the present investigation.

Ixperimental work.

(1) Using the anode arc technique, visual readings of
line densitities were made to establish suitable concentrations
for the internal standard compounds in the buffer mizture;
the prOpdrtion of carbon to LigCOg5 was left unchanged at 5:1.

A suiteble mixture 1s easily prepared from the buffer employed
for the minor elements. (Detalls are given at the end of this
chapter).

(ii) 4 qualitotive study was made of arc behaviour and
line density in relation to electrode size and the addition
of a layer of powdered cavbon covering the sample mixture

(Bientema and Kroonen, 1955; Bientema, 1857). 4 carbon
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layer approximetely 1.5 mm. deep was adopted to smooth the
start of the arc burn; the crater depth was increased from

5 mm. to 6 mm. to compensate for the reduced weight of sample
mixture under the cover,

(1ii) The diameter of the upper or counter electrode
was increased from 2.0 to 2.5 mm,.,, enabling the length to be
reduced from 16 mm. to 7-8 mm.3; the flame-centering property
of the thinner electrode was retained.

These minor modifications are described in the major
element technique i (Table 16).

(iv) Thirteen analysed standard samples were obtained
covering a wide range of concentrations (samples 7-19,

Table 11). Dach sample was treated by the mixing technique
adopted for the major elements, and arced in triplicate
(Tecinique 2, Table 16).

Line intensities were measured with background
correction, for a total of ten lines for the major elements
and nine possible internal standard lines (Appendix A3).

By testing (a) the effect of ratios to different internal
standards on the line intensity variations between the
triplicate arecs, and (b) plotting test analytical curves, the
best analytical curves for the eight major elements were

selected. These were obtained by using four separate

-

ol

nd. Si; Pd for

‘

interncl standard lines, namely Ge for ilg, Fe

Ca and Ti; 1In for Na and K, and a separate e line for Al.



Table 13 shows that the extrcme difference between
triplicate arcs averaged for all scmples, ranges form 5.4 -

12.5% when using the chosen internal stendards. The
relative deviation for the mean, as normally calculated,
would he less than the 2bove value, based on the extreme
deviation between uriplicates. Burn variations without
internal standcrd are thiemselves low in the present stuwdy,
reflecting good repeatability between arc burns (Table 13).

The opbtimum line pairs give analytical curves (Fig. 10)

with approximevely linear plots close to the theoretcial

unit slope over wide ranges of concentration.

Precision and accuracy of the method.

The analytical precisionwas determined as shown in
Table 14 by replicate arcings of two lateritic soils and one
rock; the nixing procedure was checked by pre@arlng two
mixtures separately from each sample.

The results show:-

(i) Relative cdeviations (expressed as one standard
deviation percent) range from © 2 to 6% for 21l elements at
all levels of concentration except the :hree lbwest Nag0 and
iigd convents, vhere relative deviations are T 7.5%, 12% and
17% respectively; +the variations in actual content are,
however, negligibly small, The over-all average for the

relative deviations is T 5.2%.
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TABLE 13. Maj;r element staﬁdérds. Effect of internal standards on the extreme intensity difference betvicen
the three replicate arc burns.

Standard AN Iog I = egtfeme difference between three replicate arcs Egg gizgozzti?;:§n:%aigzggard
Sample Q O Ly oo o Nox | ool o o e
S gl g Rig s WIS BIg Bix ke W
DIABASE Wy X gn v afal oo .| A 751 N VARV AN S - o) M| R A
o ] = =1 %] & ald | 8 SIE | o 2 =] ~ = o 3] iy
DIABASE Wy - W032  .020 | 025 LCA43 J.ok7  LOM5 | 020 ,018 | .022 .008 | .C35 .0l0 - ;\\\4 .035 017
20y + 1Gy 058 .c2c | .050 .050 |.0kC L0316 | .055 .oko | .062 ,037 .C27 .01k |.072 .0kO [|.032  .035
1y + 26y 030 .C30 | LO60  .chO f.021  LC1hk | .095  .C60 | .00 .025 | .03  .015 |.090 @ .075 .083  .083
GRANITE G, 033 .055 | JO01Cc  .030 (.c18 o431 .057 .c82 | .co7 .018 | .020 L0110 |.050 .055 | .08C .103
GLASS SAND Oh8 .13 | L0017 067 - - - - - - - - - - .018 .03k
BURNT | ,
REFACTCRY 085 .016 | .C35 053 - - - - 055 .027 } .11C  L,100 |.C46  L036 | .C25 .020
IRCN ORE - - - - L0 018 - - - - - N - - - -
ARGILLACECUS 035  .01C - - LOhe o 028 | L,c19 .c25 ) L065 041 | L052 .017 .03l  .025 | 020 @ LCOk
LIMESTONE
DCLOMITE - - - - - - 026 009 | LOk9  .010 - - - - .Ch2  .025
Na FELSPAR 015  .033 | ,010  .C10 - - L0500 L065 - - L£15 .C36 - - 133 148
BAUXITE 055 .22 | .07 .055 [.072  .020 ) 998  ,103 - - - - - - 082  .0h7
CLAY FLINT 012 ,018 | .036 .018 |.020 ,032 - - 023 .035 } 075 .035 |.050 .0%0 | .005 ,015
CLAY PLASTIC 025 ,020 | .019 ,029 |[.026 .016 - - .00C  .010 | ,Oh7  .0C5 |.067 .025 | ,080 .085
MEAN 039,023 | .033 040 }.032 ,026 | 053 .050 | .033 .023 | .ok6  .027 }.058 .o41 | ,053 _,051
Equivalent %
percentage _ ; i
variation (9.5%) (5.4%) €7.9%) (9.7%) (7.7%) (6.2%)(13.0%) (12.2%) @.5%) (15.4%)(11.2%)(:s,yz)§14.3%)(9.9%)%13.0%)(12.5%)a
i | | | — .




Table 1k, Precision of replicate spectographic analyses

Sample fﬁ?; Si0,% A1203% Fe203% Cal% Mg0% NazO% K50% Total
No.
Lateritic 1 44,3 26.0 22.5 1.35 0.50 0.11 €0.5 94.76
soil 1401 47,5 27.8 26.2 1.25 0.50 0.11 - 103,36
46,3 2k, 6 ok 4 1.24 0.46 0.13 - 97.13
46,1 23%.3 2%,8 l1.22 0.49 0.11 - 95,02
Mean 46,05 25,4 2k, 2 1,27 0.49 0,12
21 47.5 ah.6 22.5 1.32 0.50 0.15 - 96,57
46,5 25,2 25.1 1.36 0.49 0.14 - 98.79
49.5 25.7 2h.1 1.26 0.50 0.12 - 301.18
47,5 28.0 2h L 1.40 0.51 0.13 101.94
Mean Ly ,75 25.9 2L.0 1.34 0.50 0.13
Grand Mean| 46.90 25,7 24,1 1.30 0.49 0,13 - 98,62
o-lfi150 31,60 %X 120 £ 066 £ o1k I Lok
Relative *a.00% o3 L o509 fs5,1%4 foogm Eo11.4%
deviation % o~
Lateritic 1| 37.5 19.7 Lih,1  €0.5 O.1h4 048  £0.5 101.49
{ soil 1443 40.0 18.2 L6.7 - 0.14 0Ll - 105.08
37.5 17.7 Li 1 - 0.1k4 L2 - 99.48
36.8 18.1 46,0 - 0.15 .0k9g - 101,10
Mean 38.0 18.4 Ls,2 0.14 LOU6
2f 38.6 19.5 48,5 - 0.14 .038 - 106,78
38.4 17.9 L L = 0.13 Nelle! - 106.58
37.8 19.3 L8.2 - 0.13 032 - 105.46
38.6 18.0 45,0 - 0.13 .030 - 101.76
1 Mean 38.4 18,7 46,5 0,13 .035
Grand Mean| 38.2 18.6 45,9 - 0,14 OLO - 102.88
o= X o8 f g3 f1.78 010 007 -
Relative to. g tos,o o0 E 17,3
deviation % o~
Basalt 1} s54.6 12.7 14,9 8.60 3.85 2.70 1.43 98,67
andesite 58.0 13.7 13.6 9.10 4,03 2.67 1.47 102.57
4111 55.0 13.9 13.9 9.50 4,03 2.78 1.39 100.50
9194 56.3 12.9 14,6 8.80 4,00 2.90 1.32 100.82
Mean 56.0 13.3 14,3 9.00 3.98 2.76 1.40
2| 56.7 13.5 14,1 9.78 3.87 2.76 - l.24 101.95
56.2 13.5 1h.1 9.50 3.91 2.65 1.26 101.12
55.7 14,0 14.5 .9.27 3.91 2.60 1.32 101.30
55.2 13.7 14.8 8.80 3,94 2.82 1.36 100.56
Mean 56.0 13,7 1h4.4 9.3k4 3.91 2.71 1.30
Grand Mean| 56.0 13,5 14,3 9.17 3,94 2,74 1.35 101.00
oif 1,09 L6 Ef ke L up  Eo0 flog9g Eog0 -
Relative Yo.0% taaug Lzou sy L1.84 13,60 I5, 9%
i deviation % v~




(ii) There is no significant difference between Gthe

=

duplicate miztures for e ach sample.

(1ii) Analytical totals arew ithin two standard devia-
tions of 100%,

Analytical accuracy is shown in Table 15, comparing
spectrographic and chemical d ata on the sleven samples for
which cliemical analyses Were avalillable. The analysed
standards used for preparing the analytical curves were notb,
of course, employed in this comparison, Spectrographic mean
values are within 10% of the chemical means in thirty-nine
out of sixty-five pairs of determinctions, including eilghteen
of t he t wenty-six determinations in which the oxide content
exceeds 10%. Aporoximately two-thirds of all determinations
are thus within an accuracy limic of = 10%.

Considering both precision and accuracy, the precision

(2

for a single estimate is of the same order, or hetter; than
the mean accuracy obtained by comparison with chemical
values, Tiius replicate analyses are not justified, since
replication cah'rnprove only the precision of the mean,* and
not its accuracy. In routine analysis, samples were arced
in duplicate, however, mainly to avoid the risk of chance

erratic error.

L
w

Standard deviation of the mean =
Standard deviation for a single defermination

[T TR R R Ve

ynumber of replicates
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Fig.10. Anglytical Curves for Major Elements.
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Table 15

Comparison of (a) spectrographic with (b) chemical analyses

No.of % oven-dry basis
Sample Anglyses Si02 A1203 Fe 03 Cal MgO Nas0 K20
Diorite 3 a {5kl 17.1 5.7 5.8 3.0 3.9, 3.4,

T, 1 6 b {559  18.k4 6.3 5.5 3.4 L6 2.7
Granite 3 a | 64,7 11.1 1.5 1.2 0.71 3.6 L5

ML49 1 6 b {7345 12 1.6 0.94% 0.80% L. L2
Dolerite 3 a | 42.0 11.2 17.8 10.7 5.5 2.1 1.9

* * *

5587 2 6 b | 45,6 12.0 20.3 9.8 5.7 2.6 0.5

Dolerite 3 a | 45.0 11.1 18.3 11.8 7,0 2.1 40.5
*

5500 2 2 b | 46.0 11.2 19.9 10.3 6.7 2.4* 0.52

Basalt-andesite 8 a | 56.0 13.5 14,3 9,2 3,9 2.7 1.4
* *

G194 3 8 b | 54.0 12.8 14.5 7.3 3.4 3.6’ 1.3

Tonalite 3 a | 62.9 12.3 L, 4,0 2.5 3.6 3,3
. *® *

Cc9 b 6 b | 64.7 15.4 L,z 3.7 2.4 4.6 3.6
Serpentenised
trocolite 3 a {32.9 1.9 13.1  0.25 29.1 <€o0.1 £0.5

* *

H6 L 6 b 135.0 2.6 13.7 0.20 36,5 0.07 0.02
L-teritic
s01l a I+6o9 25.7 2’+.l 113 005 0013 <005

* * *

1401 b b 44,9 19.4 23.7 0.9 1.8 0.12 0.51
Lateritic 8 a 138.2 18.6 45,9 £0.,5 0.1 0.0k 0,5
soil *

1443 L 1 b {35.6 18.5 Ly 0,27 0.80 0.04 0,37
Limestone 3 a 5.0 0.61

* &
57/112 5 3 b 5%.0 0,47
Limestone 3 a 32.0 1.5
*x *
57/100 5 3 b 39.0 1.3
fnalysts: 1. Laboratory standard rocks, E.L.P. Mercy 1955.
2. D, Burns
3. I, Carmichael
L, P, Curtis
5. P. Bush

+ DBiased by one low spectographic result.
* Indicates difference between chemieal and
10% of content.

spectographic means



Productivity.
If the sample mixture from the minor element analysis is
availsble, as is the usual case, approximately six samples

can be analysed for the major elements in one man-day.

Special geochemical limitations.

(a) Silicz is normally the highest component and thus
subject to the highest absolute error, which can seriously
1limit ths usefulness of data for silica in geochemical
studies. Providing the non-determined components such as
carbonates, sulphides, etc. are known to be insignificant,
equally useful or superior results can be given by reporting
silica by difference - with an advantage in procuctivity.
Silica was determined by difference in many geochemical
samples, and determined directly mainly where the specorum’
showed probably low silica, for example in highly ferruginous
samples.

(b) In some tronical soils and sediments, the contents of
Nago and KZO are below the limit of determination by the
major element method (approximately 0.1k and 0.5% respective-
1y). These elements are therefore'included in the minor
element semi-quantitative procedure (Chapter 2). Similarly,
titanium is also included for determinction by either the
minor or major element techniques. Low contents of other
common elements, especially Cs and lg in solls, might use-
fully be included in the minor element method.
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For self-consistency, geochemical inferences for Na, X,
Ti, were drawn only Ifrom data obtained by one analytical

method in each case.

General conclusions on the applicability of the method.

The precision and accuracy of the major element technilque
are satisfactory in relation to other procedureé of this
gimple type. Important features are (a) the generality of
the method regerding sample types and element concentrations,
(b) its minimum demands on equipment and analytical skill,
and (c) its simple combination with the minor element buffer

4

method into a comprehensive analytical scheme. The
productivity of the method is satisfactory for small-scale
experimental studles, but it is not well suited for large
numbers of scmples.

Taking these factors together, the method succeeds in
meeting the mein requirements for the geochemical applicatlons
which initiated the work, i.e. to provide useful major
element data, {(a) in studies of weathering and dispersion,
and (b) in special geochemical problems ralsed by the minor
element data, and (¢) for the analysis of miscellaneous
materials in ad hoc investigotilons.

Subject to the demand for data, productivity could be
improved by suitable work organisation; maximum productivity
could be attained by direct-reading spectrography, whereby
Black (1956), for instance, achieved a rate of 20 minutes per

sample using a conventional d.c. arc procedure.
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Table 16 Spectrographic technique for major elements.

wavelength range
‘| Emulsion

Sample electrode

Sample polarity
Exposure time

Sample mixture

Electrode spacing

Electrode loading

Technique M

4200 - 2640 f.
T1ford N30.

302 mma (%ﬂ) int' diao
6.0 mm. deep; 4.1 mm. ext. dia.

Anode. 7 amps.
To completion (2-2% mins.).

1 part sample + 24 parts carbon-LiECO3

buffer containing internal standards.

6.0 mm, Central portion approx. 4 mm.
accepted by the spectrograph optics.

The electrode is loaded to within approx.
1.5 mm. of the top, and capped with
carbon powder,

Analysis line

Al 2652,48 Lower* Ge
Mg 2779.83 Lower )

Fe 2929,00 Higher ) Ge
Si 2987,.64 Higher )

Ca 3158.86 Higher ) pd
Ti 3354,63 Lower

Na 3302.32 Lower ) In

K Lobh. 1L Lower

¥ Measuring point for
the wavelength side

Internal standard line
2709.62 -=*bg, as for Al.

3039.06 Lower.

2242,70 ~-- bg. as for Na.

3256.09 -- bg, as for Na.

background; "higher' or "lower'" indicating
of the line for reading the background.

Spectograph, optics, and plate processiné are as described for +the
minor element techniques, Chapter 2,
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l. Preparation of buffer mixtures,

Buffer Mixture 1. (!iinor element analysis).

20 mg. each of tetrammine palladous nitrate, In205 and
Geog, and 40 mg. of YZOS, are thoroughly mixed with 19.9
g. oI carbon powder; a 10.0 g. portion is mixed
thoroughly with 10,0 g. LizCOS, to give a stock buffer
and internal standard mixture for wminor element analysis
(ITethod C1,Table I*).

Buffeyr Hixture 2. (iajor element analysis).
For major element snalysis, 10.0 g. of ilixture 1 is

thorougnly mixed with 20.0 g. of carbon powcer.

2., Sample mixing method,

Approximately 300 mg. of ignited minus 80-mesh sample
is thoroughly ground and homogenised in an agate mortar.

A, For minor element analysis.

Equal weights of approximately 100 mg. of sample and
Buffer :Tixture 1 are thoroughly ground and homogenilsed
for 5-~7 mins,., in an agate mortarof (Using a 500 mg.
cepacity torsion balance for samples; analytical balance

for standards).

7 Or for 30 secs. in a plastic vial on a Yig-L-Bug mechanical
shaker: +these routine mixtures were re-homogenised by hand
mix . | before preparing dilution "B" for the major
elements,
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B, For major element analysis.

About 30 mg. of mixture A is weiched on an analytical
balance and transfered to an agate mortar. 11.5 times
tals weight of Buffer liixture 2 is added and homogenised

as above, for 10 mins,
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CHAPTER 4, SPACTROGRAPHIC OPTICS AWD EV.LUATION.

Introduction

In this section two pieces of equipment are described
which were devised to meet the special requirements of soil
spectrographic analysis. The first is a modified rotating
step~sector designed to give an adequate range of exposure
steps for each sample, combined with reacsonable economy in
the use of photographic plates. The second is a graphical
evaluating board for rapidly converting densitometer readings
into log relative intensity units.

Rotating Step-sector.

The sector, which is illustrated in Figure 11, has two
steps giving & and 116 of the full exposure, the latter
being accepted by the part of the slit not masked by the
sector. Three intensity levels are thus obtained at the
slit in the relative proportions 1k /16 s In the resulting
spectrum these three exposure siteps, and thus the range of
concentration which can be covered by a given element line,
are the same as for the first, third and fifth steps of the
standard six~step sector previously used. The smaller
over-all height of the three-step spectrum allows fourteen
spectra to be recorded on a four-inch plate, with an
advantaze in plate economy. iloreover, it is convenient

in visual comparison readings that up to fourteen standard

samples can be arced together.
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Fig.1l. Modified Step— Sector
: . ' spectrograph slit

Modified step—

sector

\ Standard step—

sector

Spectra, enlarge d:—

Rélotive

Exp-asurf— 1

12mm




Tubture work.

While retaining the same exposure intervals, the step
height could be cut down from 1.5 mm. to 1,0 mm. in order to
give further plate economy and still permit densitometer
readings of the lines where required. FPor purely visual
semni-quantitative work, an’ independent Russian innovation
might be copied, by reducing the step height to 0.2 to 0.4 mm.
Kler (1957) describes such a sector for prospecting applica-
tions, using nine steps (exposure factor 2.15) which gives

ten exposure levels from 1 to 1/1000, occupying only 3.1 rm.

Tyvaluating Bosrd.

This term is applied to a cdrawing board which was
adapted for rapidly evaluating spectrographic line
intensities from densitometer readings. It should be
stressed that it is only used in quantibative analytical
methods which require plate reading by the densitumeter:
the maln applications ih the present study have been in
determining the major elements.

Qubline of established principles of photographic. evalbnion,

All quantitative spectro-analysis which employs
photographic recording of the line intensities, is essentially

a two-stage process.



Firstly, the densitometer reading which is related to
the photographic blackeninglof the spectrum line - or of a
parcicular step in a step~-sector exposure - must be converted
into units expressing the relative intensity of the line in
the arc source, Secondly, the analysis is completed by
calculating the intensity ratio of the analysis line to the
internal standard, and reading off the element concentration
from the analytical working curve; the latter being
established from samples of knowvn composition treated in the
same way as the unknowns,

Thils two-stage division enables the photometric factors
such as (a) the change in blackening with line wavelength,
(b) variations in photographic development, and (c) the
presence of spectrum background, to be accounted for in the
preliminary "evaluation” operation. The calculated relative
intensity of the arc line is then independent of these
photographic variables. If this were not so, the analytical
curve itself would have to be laboriously re-established for
every plate, in order to account for varlations in the

photographic factors.

11 the densltometer reading is designated 4 with the symbol
d, for the clear plate reading and dg for no light reading,
the optical density, D, of the line is defined as:-

D = log dp - de
ad - d'.
Usvally dy is 0, and d, is 100 in the L.R.L. densitometer used

in this work, hence D = log 100.
d
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he methods of photographic evaluation described by
Black (1952) and ifhrens (1954) form the basis of the
evaluating board. Both authors employ a grapnical method
- with minor differences in the plotting procedures -~ for
evaluating relative line intensities at a standard density
level. This method, known as the "self-calibration” or
"blackening curve separation” method, offers high accuracy
from a photographic viewpoint, and has been widely employed
in soil and silicate analysis (Black; Ahrens (ibid.):
Strock, 19363 lilitchell, 1948; 4hrens, 1950 p. 137;
Pailecox, 1957).

The method requires all the samples‘to be arced using
a step-secto:, and two or three steps (usually) to be
measured in each line, By plotting the densitometer
readings as ordinates on a suibtable blackening scale, against
the known relative exposures of the sector-steps, a short
blackening curve 1s drawn for the spectrum line (Fig. 12).
The relative intensity in the arc source is then obtained
from the intercept of the blackening curve with a horizontal
line drawn at some chosen standard density level. ithere
a line appears only in the full exposure step, as with weak
lines and background, the required intensity invercept is

given by parallel extrapolation.
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Fig.12. Graphical Standard Density Method,
After Black,1952,
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For t he vertical blackening scale both Slack and hhrens
use the Seidel density2 to replace the simple densityl value,
The object is to extend the straight line portion of the
blackening curve, to reduce errors in drawing and in extra-
polation,

In most quantitetive spectrography it is necessary to
subtract the intensity contribubted by the spectrum background
on which each line is superimposed. For this purpose a
densitometer reading is made for the background itself and
plosted in the same way as for the line-plus-background
reading. From the two intensity intercepts, subtraction
gives the required intensity of the line alone. The
sutoraction is made either by calculation or by an appropriate
scale (Black, 1952).

Construction of the evaluating bosrd,

The evaluating board d iffers in principle from the
foregoing methods in two minor but important respects.
Pirstly a blackening scale® 8lightly different from the
Seidel density is used for plotting the densitometer
readings, with the advantage of giving almost linear
blackening curves for the particular emulsion employed.
Secondly, and in consequence, a parallel motion ruler 1s

added which simplifies and speeds the operations.

1 Density D = log 4°

5 - ] d (do )
Seidel density S = log (g - 1'0)

5 lodified density trensform Dp = log %%9

ref, iddendum to this chapter.
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A draw:ng board size 23" x 32" and a parallel motion
ruler of adjustable angle are the main components of the
board (Figure 13). For convenience, the plotting is done
on a sheet of tracing paper overlying the calculating scales
(3. R. Taylor, personal communication). The calculating
scales (Appendix A4) consist of (a) six ordinates each marked
directly in densitometer units but scaled according to the
modified density transform, Dp; (b) a horizontal scale of
log relative intensity units, drawn through the 'standard
density" reading of 24.0 units - a value chosen to agree with
the method already used in the laboratory. The horizontal
is marked in log relatvive intensity values which correspond
to the exposure factor between the sector steps: thus an
interval of 0,602 log intensity units separates the verticals
corresyonding to steps '1l! and '2' of the modified sector,
which has a step factor of 4,0; (c¢) a background-correction
scale is drawn separately on Gransparent plastic material,
and used on top of the tracing paper.

Operation of the Evaluating Board.

The practical operations are illustrated in Figure 14,
and summarized below:-

(a) Intensity evaluation from densitometer readings of two

spectrum steps.

Fach step reading is plotted on t he ordinate appropriate

to the spectrum step, the parallel ruler is lined up and a
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short line is drawn at the log I intensity intercept. If no
background correction is required the log I value (line plus
background) is read off (Figure l4a).

The slope of the ruler is now locked and used for
plotting single step readings of other lines of the same or
similar wavelength.

(b) Intensity evaluabion from densitomeber readings of single
specurum steps.

The single step reading is plotted on the ordinate
appropriate to the spectrum step; the pvarallel ruler (which
1s locked at the blackening slope from & previous two-sbtep
reading) is lined up and a short line drawn at the log I
intercept. If no background correction is reguired the
log I value (line plus background) is read off (Fig. 14b).

(¢) Background correction.

(i) The necessary s ingle-step reading of the bhackground
near the line is plotted at the same time as the line (plus
background) itself.

(ii) The transparent scale is laid over the two intensity
intercepts with its origin at the line plus background
intercept.

“correction’, fc! 1s read off along the

(1i1)The regquired
upper scale opposite the background intercept.

(iv) The position of this '¢' value is noted on the lower
scale and the evaluating board scale opposite this point gilves

the log intensity of the line free from background

(Figure l4c).
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(d) Conditions for selecting methods (a) or (») for line

reading and evaluation.

The practical significance of the standard density
principle of evaluation is that the closer the step reading
to the standard density level, the less is the intensity
evaluation influenced by any inaccuracy the slope of the
blackening curve. Yhere a step reading acvtually colincides
with the standard density level, the line relative inbtensity
is defined without any reference to the blackening curve,
and the reading of a second step is superfluous. This
principle 1s exploited in the evaluating board, and under-
lies the following simple rules for selecting the lines
most appropriate for each reading method:-

Method (a)

Lines in which two steps straddle the standard
density, neither b=ing particularly close to it, arec most
suitable for reading both steps; the readings also serve
to set the bleckening slope for single step evaluations.
Method (D)

i. Lines in which one step reading is near the
standard density level (e.g. 24 + 5 divisions) are the
most suibtable for using the single step metiiod, and the
second step need not be read.

ii, Single step readings are necessarily made In weak

lines, in background, and also in very intensc lines.
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Productivity.

A two step plot without background correction takes on
average 20 seconds.

A single step evaluation with background correction -
the usual routine case - takes from 5 to 20 seconds,
depending on whether the background correction is known from
a previous line or is individually determined.

Discussion.

Compared with related previous methods, the evaluating
board offers the following advantages:-

(a) The linear blackening curve introduced by -the
modified density scale justifies the use of only two step
readings to define the blackening curve for a line, and its
correct relative intensity intercept.

(b) The parallel motion ruler facilitates (1) the
plotting of single step readings of background etc., and
(1i) the use of single-step routine line readings once the
plate “slope’ has been established by a two step reading in
one spectrui,.

Both (a) and (b) greatly reduce the number of multi-
siep readings, which are required in conventional methods
for evaluating stepped spectra.

(¢) A feature of the evaluating board is that the
conventional method using two step readings in every line
can be employed interchangeably with the faster; single step

method.
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Addendum: Density Transform Scale.

One of the new features of the evaluating board is the
modified density transform which defines the blackening
scales on which densitometer readings are plotted. In
common with other density transforms, its purpose is to give
essentially straight blackening curves by a mathematical
manlipulation of thie densitometer readings,

The following graphical method was employed for
. determining the optimum linear transfor N30 plates at the
most-used wavelengths; the method is equally applicable to
any emulsion or wavelength combination. Despite its
simplicity it does not seem to be described in the literature.

Figure 15 illustrates the method for one particular
wavelength. From a set of densitometer readings for a
stepped spectrum line (or an alternstive source of graded
intensities for calibration purposes), the conventional
Density and Seidel blackening curves are dravn, This is
facilitated by using a logarithmic ordinate, on which the
appropriate lgg and lgg. - 1.0 values for cach step densito-
meter reading "d", are readily marked (Fig. 15).

A fan of blackening curves may be visualised between
and beyond the Density and Seidel curves, all related by
being plots of lgg. ~g? on the logarithmic scale. The
common formula for this "family" of density functlons is
log (igg.-a), "a' being a small positive number, and any
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Fig.S Density Transforms.
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one function is defined by & partiecnlar valne of this
parameter ai,

The method for determining the most linear function for
a gilven set of densitometer readings is now obvious, After
drawing the Density and Seidel curves, a Gtransparent ruler
is adjusted between them to select the particular value of
"a', equal for each step point, which best fits a straight
line, For the example shown in Figure 15, the value of
ol was 0.92.

This procedure was followed for twelve lines in the
most-used range of wavelengths (2741-4030A), the mean value
for "a"™ being 0.9, The optimum density transform for the
routine plates is therefore defined as Dp = log (199 _o0,9).

a
The values of this function are tabulated in AppendixA4.

Discussion.

The relatvionships between the present Dp function
(in its generalised form) and four alternative density

transforms are shown in ths following Table.

Density Transforms.

L‘"ﬁgﬁ{é"?’{"ile}‘é'iiéh'c’é T Pormmia T
1. Optical Density log (%,)
2. Seidel density 1 1-T
(Kaiser, 1941) log (T - 1.0) = log (=)
53¢ Dy (present author) log (}‘— a) = log (l%ﬁl)
7
4. Crosswnite and -~ (a'=T
Deilke, 1953. log (25~ )
5. Kaiser, 1947, alog (£-1.0) + (1-2")log (%)=log(1-1?

o)
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In cach case, T = d/, represents the densitometer

do
reading, and "a" is the variable parameter for those
functions <hich represent a comprehensive family rather than
a single blackenlng cxpression,

The comprehensive functions (3, 4, 5, above) differ
mainly, from the practical viewpolint, 1in the method of
selecting the value of the parameter giving the most linear
function for a particular photographlc emulsion.

The parameter in (5) 1s determined eilther by calculation
or by selecting the best fit from many previously-drawn
scales (the Respectra calculator, Kaiser, 1951; Anderson,
1956), The transform famlily (4) is designed for the easy
application of "a" as a variable in the electrical clrcuit
of a modified densitometer. ~On the other hand, in the

writer!s transform (3), the parameter is determined

graphically without needing special equipment.



SECTION II. GHOCHEMICAL INVESTIGATIONS.

The following five Chapters concern the application of
the gpectrographic techniques described in section 1, to
geochemical investigations of samples from five different
field areas., The topics for investigation were suggested
by Dr. J. S. Webb, from previous field studies in the
Geochemical Prospecting Research Centre, in cases where
(a) the multi-element data furnished by spectrography could
make a useful addition to previous results based mainly upon
single element data (Chapters 6, 7, 8), and (b) in the
preliminary examination of samples from new field areas for

eochemical reconnaissance or orientation purposes
Chapters 5 and 9).

CHAPTER 5, MALAYA.

Introduction.

The study of field samples from Malaya concerned
geochemical reconnaissance for granite areas favdurable for
tin mineralization, based upon the spectrographic analysis of
stream sediment s amples., The work formed part of a
preliminary geochemical investigation in the region, under-
taken in 1957-8 by Dr. J. S. Webb in co-operation with
members of the Geo}ogicél Survey Department, Tederation of
Halaya, As a result of this preliminary work, a more
detailed study on geochemical prospecting for Sn is being
pursued by S. Kaewbaidhoon (1961, in preparation).

llore generally, the present study was an extension to
new terrain of geochemical drainage reconnaissance by means
of sampling and analysis of stream sediments, which has been
successfully applied in Central Africa by Webb, Tooms and

others. Webb and Tooms (1959) describe such reconnaissance
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for Cu in N, Rhodesia, with reference to related investiga-
tions in Rhodesia (Tooms 1955; Govett, 1958) and Uganda
{Holman, 1956); while Jay (1959) and Watts (1960) have
investigated the stream sediment dispersions of Co and Nb
respectively, also in Hhodesia. These investigations have
shown that in favourable cases, anomalous conbents of btraces
of the ore metal may be detected up to several miles down-
stream from sub-outcropping mineralization.

Applications of spectrography in prospecting for Sn were
ploneered by Russl an work from 1935 onwards, referzed to in
Chapter 1 (Ozerov, 1937; Ratsbaum, 1938; Fersman, 1939;
Ginzburg, 1957). These applications mainly concern the
delineation of mineral occurrences by soll analysis, although
in some cases the preliminary selection of areas for detailed
examination was made by "panning'" for heavy minerals in
alluvium. In Sn prospecting studies in Nigeria also,
spectrographic analysis of soll and plant materials have
been successfully employed (Webb and Millman, 1951;

Millman, 1953), The spectrographic determination of Sn in
pegmatititic micas was proposed as a method of reconnaissance
for fawvourable Sn areas by Ahrens and Liebenberg (1950),
while among other studies of primary geologlcal materials,
Jedwab (1955, 1956, 1957) employed the spectrographic
determination of Sn and other eiements in biotltes as a

meang of distinguishing stanniferous from non-stammiferous
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granites of the French Central Ilagsif.

The objective in the present studywas to characterise
Malayan granites from seven widely separated localities as
probably mineralized or non-mineralized, from the composition
of the s ediments of streams draining the granite hills.

Only two tos ix stream sites were sampled (in duplicate),
in each area, in order to test the effectiveness of
geochemical reconnaissance on the most economical scale of
sampling.

From this limited and economical pattern of sampling,
the geochemicald ata obtained by spectrographic analysis
showed (a) a distinetion b etween s tanniferous and non-
stanniferous granite areas on the basis of the Sn content of
the sediments, (b) a sympathetic correlation between Sn and
Be, and (c¢) distinctions in lithology between the different
granltes based upon the minor element assemblage in the

sediments.

General Description of the Study Area.

The following outline is mainly drawvn from authoritative
descriptions of the geology of lMalaya by Paton (1958), and
of geography by Dobby (1958).

Location,

Figure 16 shows the location of the seven sampling areas,

the major outcrops of granite, and the chief known Sn

deposits, ) )
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Fig.16 MALAYA
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Topography and climate,

llalaya lies near the centre of the Sunda platform, a
stable land area until the inundation of the peneplain,
which now underlies the shallow seas around the Hlalay
Peninsula, The c ountry thus presents an anclent land
surface, and the prevailing tropical climate has led to a
combined mantle of weathering products and of jungle, which
accentuate the maturity of the landscape forms.

Two main topographic features can be distinguished -
wide alluvial plains (with some low undulating country), and
relatively high mountain chains, with steep but rounded
profiles. The latter in general form perallel ridges with
a- NNW~-SSE trend, parallel to the main fold structures of the
Late Mesozoic orogeny, with which the granite is assoclated.
The granite corés of the folds now form the major mountain
ranges, following the erosion of the older but softer
sedimentary rocks, which remain mostly beneath the valley
floors.

The most important mountain chain, the Main Range, lies
towards the western side of the country and extends for some
240 miles, rarely below 3000 feet and with peaks approaching
7000 feet; west of the Ilain Range there are s ome parallel

though lower ranges. A second mountain region lles to the

eastern side of the country, also composed mainly of granites,

but less extensive and generally lower than the ilain Range.
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The coastal alluvial plains are widest on the western
seaboard, exbtending up to 12 miles from the coast.

The climate is tropical, hot and humid all the year
round. There are monsoon periods in July and November, the
latter brining heavy rain from the northeast, but most of the
annual rainfall occurs as heavy showers with little seasonal
variation, The annual rainfall is between 75 and 125 inches
in the study areas, and average monthly temperatures are
within ten degrees of 80° F at all seasons. There is
virtually complete cover of thick jungle over the whole
country except for man-made paddy-fields, mine clearings,

and settlements.

Geology.

The geology of llalaya 1s not very d iverse in character.
Until recently only five main rock series were believed to
be present, described as follows, in order of increasing
probable age:-

1. The granites (Cretaceous).

2. The younger arenaceous series - Quartzite, mudstone,
shale, and conglomerate (Triassic).

3. The calcareous series - Limestone, calcareous shale,
and shale (Carboniferous-Permian).

4, The Pahang volcanic rocks - Pyroclastic and extrusive
rocks, tuffs and lavas, compositions varying from
rhyolite-andesite-basalt. Age mainly permian,
also Carboniferous and Triassic.

5. The older arenaceous series - Quartzite, conglomer-
ate, shales and chert (Carboniferous).
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The correlation of llalayan sedimentary rocks has been based
mainly on lithology, since fossils are rare; an improved
classification will result when the implications of fossil
discoveries which extend the stratigraphical range downwards
to the Upper Cambrian, have been worked out (Paton 1988).

The granites, which principally concern the pfesent
study, occur abundantly in all States of the Federation.
There 1is little evidence of major compositional variation
among the various granite masses. The Table below showsg
some typical analyses for the llain Range granites (after Roe,
1951).

Analyses of HMain Range granites (percent).

Sample SiO2 A1205 Fezo5 FeO Cal g0 Na20 X0
No.

71.64 14,09 0.52 2.26 1.92 0.04 5.83 4.68
74.80 14,71 0.46 1.26 1.16 0.54 2.76 3.67
70.24 17.43 0,33 2.11 2.08 0,99 2.10 3.39
. 73.10 15.44 0.31 2,03 2.10 0.80 2.89 4.3%7
74,00 15.86 0,30 1.16 0.58 0.59 0,62 8.39

O N

l. Porphyritic granite from Gap, Ulu Selangor.

2. Fed microgranite, near Tapah, Perak,

3, Jranite rich in biotite Cameron, Highlands, Peralk.
4, Porphyritic biotite granite, Raub District, Pahang,
5. Porphyritic bilotite-microcline granite, as above.

Blotite 1s invariably present in the granite; in some
areas this is distinguished by large felspar phenocrysts,
elsewhere by the presence of hornblende or tourmaline -~

rarticularly on the granite margins, The granites commonly
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have more basic margins especially in the eastern parts of
the country, where the variation goes as far as quartz-

diorite.

Weathering. This usually persists to great depths under the

tropical conditions existing in Malaya; in one ¢ ase a boring
penetrated 500 ft. of decomposed material before reaching the
go0lid granite bedrock. The weathering process in granite
first breaks down the felspar to kaolin, leading to a mixture
of fine clay and coarse sand which may be 50 ft. thick.
Blocks of fissured granite disintegrate into rounded boulders
within the clay-sand mass; all these products eventually
being transported down the stream beds. High precipitation
alds the removal of weathered material especlally from steep
slopes, and indeed 1t is only in hilly areas with active
streams that good rock exposures occur in ilalaya.

Soll formation is prelominently one of laterisation,
though there are considerable areas of podzolisation.
Impeded drainage in the subsoil is common in many areas, with
water-logged soils and swamps occuring both on the coastal

plaing and in valleys inlard.

Economic geology.

llalaya is the world's main producer of tin ore, with an
annual output of some 62,000 tons of concentrates in 1956.

With the exception of the lode tin worked underground near

- 90 -



the southern edge of the east coast granites, and some lodes
worked opencast in other areas, the majority of lalayan tin
occurs in alluvial deposits, which are worked opencast by
either dredging or gravel-pump methods. The same extraction
method appliss in the limited number of cases vhere the loose
deposits are eluvial, i.e. weathered in situ from the
mineralized badroclk,

In general the tin producing areas form two belts, one
along the west side of the lMain Range granite and its
subsidiary ranges, and the other, of much less importance,
on the flanks of the cast coast granite (Figure 16). Two
main zones of producision in the western area - the Xinta
Valley So the north and around Kuala Lumpur to the south -
produce about three-quarters of illalaya's tin. The richest
deposits occur in the Kinta Valley west of.the lain Range
granites, where cassiterite-bearing alluvium lies deeply
over the valley floor of eroded pinnacled limestone.

The primary tin lodes are mainly d eveloped in sedimentary
rocks into which the granites are intrusive, suggesting
expulsion of Sn during the batholithic enmplacement; Sn veins
also occur, often with quartz and hydrothermel minerals, in
the granites themselves.

A general association is apparent between the tin ore and
certain granites, and there is 1ittle doubt that 1f originated

from the granite itself; the irregular distribution cf
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individual Sn occurrences 1s less easy to explain. Although
there is some correlation between the occurrence of ore and
the existence of limestone in contact with the granite, and
the presence of zones of folding and fracture may have
favoured accumulation of Sn in some localities (e.g. The

Kinta Valley), these correlations with lithology and structure
are zbsent in other parts of the country. It is inferred
that some granite masses are less stanniferous than others,
and it wasg to this question that the present geochemical

study was indirectly applied.

Field Sampling and Geochemlcal Investigation,

The seven individual sampling areas (Nos. 1-7, Fig., 16)
are described in numerical order. The sequence is chosen
arbltrarily by arranging the geochemical results in order to
decreasing contents of Cr and V; these elements have fairly
homogeneous and distinetive values for each sampling area.
The following details of field sampling and spectrographic

analysis apply to each area.

Field sampling.

This was carried out between January and llarch 1958 by
members of the Geolozical Survey Department, Federation of
Malaya, in = co-operative geochemical investigation planned

b‘y‘ Dr L J L] S » K ‘~’ebb L]
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The writer is indebted to the following geologilsts who
collected samples and provided field geological data from the

respective sampling areas:

Area 1., Gunong Denom, Pahang. D. Rishworth.
2, Cameron Highlends, Pahang.)
, )
3. Bujang lelaka, Perck. ) B. F. Bradford and
) Dr. J. S. Webb,
4, Henglembu, Perak. )
9. Ginting Sempak, Pahang-
Selangor. S. IlacDonald.
6. Penang Islond, A, Renwiclk,
7. Bukit Yong, Kelantan-
Trengganu. D. Slater.

Field sampling sites were chosen where road bridgés
crossed suitable streams draining the granites., Samples
were collected from the active sediment in the middle of
eachh stream, taking duplicate samples at every site, usually
some yards apart along the stream course. The granites
typically form elevated areas which the roads tend to skirt
thereby cutting across the radial d rainage pattern, and
favouring this simple and economical system for collecting
samples.,

Details of the field samvnles and spectrographic results

are listed in Appendix BB’



Spectrographic analysis.

The minus 80-mesh fractions sieved from the dried samples
were received by the writer for analysis. These samples
were lgnited at 500°C vefore analysis by some or all of the
following spectrographic techniques, which have previously

been described in detail.

Llements determined. Procedure Technigue
(Chapter)
Rb, Li, Ba, Sr, Anode arc, carbon mixing | A )
NaBO,KBO . ;Chap. 2.
Other minor elements Cathod-layer arc, _ Cq)
LichB-carbon buffer
method.
lajor elements Anode arc, buffer method.|il.Chap. 3.

Sampling Area - 1., Gunong Benom, Pahang,

Gunong Benom mountain (6918 ft.) lies near the centre of
a granite complex, roughly circular in outline with a radius
of 7 - 12 miles, which forms rugged hill country with some
twenty peaks above 5000 f%. This granite complex is
isolated from the Ilain Range granifes,which lie to the west.

There has been little organised prospecting within the
complex, which is not a tin producing area. Gtold occurs in
restricted areas oubside the granite margins egpecially to
the west near Raub, where an important mine is located.

Recent interest has centered on the eastern marginsg where
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megnetite and haematite deposits occur and isolated
occurrences of gold, cassiterite and gelena have been
reported. A boring within the eastern granite area showed
high concentrations of ilmenite, iron oxides and pyrite, and
traces of allanite, thorite, cassiterite and barites. The
marglins of the granite area, especially to the west include
so=-called hybrid and basic igneous rocks (gabbros,‘syenites
and monzonites) which are post-Triassic and have been
intruded by the granites. Sedimentary rocks adjacent to
the comnlex comprise argillaceous =2nd calcareous formations
lying mainly to &the west wit’ s andstones and tuffs to the

north.

Field sampling and anslvytical data.

Two sediment samples were collected from each of three
streams draining the periphery of the granite area to the
northwest, north and northeast. Figure 17 shows thelr loca-
tlon and the known geology of the area with the spectrographic
results for Sn and BDe.

vThe descriptions and complete spectrographic analyses of
the six sediment samples are shown in Appendix B5. The data
for the elements of main interest are summarised in Table 17,
with the results from other sampling areas for comparison.

Geochemical results.

The data show the following main points of geochemical



Fig.17 Area 1: Gunong Benom , Pahang.
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importance:~

(1) Uineralization. Sn is below ths limit of

detection (20 ppm.) at all three stream sites. De, which is
associated with Sn in other sampling areas, is also relatively
iow, rising to 10 ppm. in only one sample, and 5 ppm. or less
in the others. Sn and e values of ©this order might be
expected in normal, non-mineralized granites and, to a first
approximation, in the stream sediments derived from them.

The sample results, although limited in number, are
consigtent in suggesting that the parent granite is non-
stanniferous.

(ii) Lithology. The stream sediments in this area are
distinguished geochemically from all the others by the
relatively high contents of V, Cr, Sr, and DBa. Wi and Co
are enhanced to a slight extent. The Ca0 and lgO contents
are also rather higher than in other areas, based upon a
single sample analysed for the major elements in each case
(Table 17). On the other hand, the major element composition
is similar in other respects to samples from other areas, and
apart from Fe, the sediment approximeves the range of
composition for lalayan granises (ref. Introduction),
Yoreover, the contents of Cu, Pb, Bb and Li are similar to
those found in the sediments from other areas, and consistent
with the order encountsred in acid igneous rocks and derived

soils (Mitchell 1955).

- 96 -



In crystalline rocks, V and Cr are typically asscdciated
with iron oxides, and also with amphiboles, pyroxenes and
micas; Sr with Ca-bearing minerals; and Ba with biotite and
potash felspar, especially in the earliest generations
{Lason, 1952). Insofar as the derived sediments reflect the
compositlon of the parent rock in each area (which depends
upon the absence of local differences in weathering e ffects),
the Gunong Benom granite may be characterised as relatively
the most basic of the seven which were investigated.

Despite the known occurrence of basic 1gneous rocks
outside the drainage area, the sediments probably reflect the
geochemical composition of the granite, rather than local
drainage from basic lgneous rocks, as shown by the relatively
low Cu, Ni and Co values. The distincively high values of
V, Cr and Ba in the Gunong Benom sediments are eﬁpecially
interesting in view of the reported occurrence of high
concentretions of lron oxides and minor barites in the boring
from the granite.

(iii) General. The limited geochemical d ata suggest that
the Gunong DBenom sediments, and probably the parent granite,
differ in lithology end mineralization from samples taken
from othsr grenite areas, as well as being grographically
separated from them. The geochemical prospecting evidence
is negative as regards tin mineralizaiion - qualified by the
preliminary nature of the reconnaissance and the need for

more detailed sampling.
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Table 7. Spectrographic G

ata, showing mean and range of results (ppm).

SAMPLING AREAS

1 .GUNONG 2 .CAMERON _STANNIFEROUS GRANITE AREAS
BENOM HTHHLAY. 3 3, BUJANG L ,MENGLEMBU 5. GINTING 6. PENANG 7. BUKIT
MELAKA SEMPAK ISLAND YONG
Elements related to tin mingralization:-
Sn {£{20 €20 <20 20 24 35 83 2ho 140 346 5000 20 200 8502 22 56 130 {£20 16 27 *
. 22 79 350
Be {3 5 10 4 6 L ah 35 20 29 3B 43 15 ho, 1k 15 30 {{3 3 4
{3 9 25
Other elements
v 55 89 1ho 25 Ls 25 Lo 65 20 26 55 7 16 35 7 13 17 5 8 17
Cr Lo 72 100 15 L1 15 2k 4o 15 2L 22 2 10 30 3 7 10 3 5 i2
Ni 14 37 60 5 21 5 11 20 15 25 +4o 5 16 30 5 10 25 {5 6 15
Sr 180 253 Loo 35 Lg Lo L6 60 18 22 +25 Lo 50 60 3 14 +25 3 15 25
Ba 700 1017 1500 1170 245 200 130 189 250 4s L8 501 130 186 240 35 59 80 60 116 160
Co | £7 8 15 | {7 7 £7 {7 {7 4 12 {7 {7
Cu 5 6 8 2 3 3 6 10 2 2 5 20 2 4 10 2 2 3
Pb 20 62 100 50 71 100 Lo 57 70 60 77 0 4o 56 90 Lo 92 300 30 Lo 60
Li 18 24 35 Lo 57 35 69 120 18 20 22 20 78 120 Lo 68 . X 20 37 55
Rb 350 800 1300 {600 790 1000 {200 565 1200 350 Loy *s00 | 1000 140 2200 300 558 71100 150 400 900
No. of 6 10 8 L v 2l 10 8 8
samples
Major components determined}in single samples} (%):-
AL,04 13.8 17.3 22.9 23,1 13.3 17.8 17.b 9.1 6.5
Fe203 4,8 2.0 6.0 3,6 1.3 3,3 2.0 0.83 0.5
Ca0 1.6 £0.3 0.3 £0.3 £0.3 20.3 {03 €0.3 €0.3
MgO 1.k 0.4 0.8 0,15 0.15 0.8 0.11 {0.1 £0.1
Na20 0.55 0.69 0.64 0.11 1.0 0.98 0.77 0.39 0.14
K20 6.0 8.0 L,z 1.9 8.1 5.2 5.2 2.8 2.0
Sample No. 6323 6243 6234 6229 6271 6284 6260 6310 6318

* Low value, mean, and high value, are shown in each case.

assumed one half of the limit.

e Selected samples remote from tin workings,

- O8 =

Samples below. the limit of detection were




Sampling Areas -~ 2. Cameron Highlands, Pahang,

and -~ 3, Bujang llelaka, Peralk.

These sampling areas are described together since they
are adjacent (Fig. 186). Pigure 18 shows the outline

geology and tie sampling sites in both areas.

Geology of the Cameron Hishlands area.

This area forms part of the Main Range granite and is, so
far as is known, non~stanniferous in this vicinity. In
contrast, large alluvial tin deposits occur in the Kinta
valley only some 18 miles to the west, part of which are
undoubtedly derived from other portions of the liain Range
granite. The rocks in the Cameron Highlands are predomin-
antly biotite granite, but a number of sedimentary roof
pendants remain.

Sampling. Two samples of sedimentc were taken from each
of five stream sites spaced over some 20 miles; four of these
streams drain granitves to the west, and one to the east, of
the roughly N-S main road along which they were collected
(Fig. 18).

Geology of Bujang lelaka area.

The Bujang ilelaka granite forms a dome-shaped boss
roughly elliptical in outline, and approximately 10 miles by
5 miles along each axis. It forms e distinct topographical
feature although it 18 no more than an offshoot of the Main
Range granite, Coarsely porphyritic, grey, medium-grained
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Fig.18 Arega 2. Cameron ‘Highlands , Pahang.
Area 3. Bujang Melaka , Perak.
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biotite granite predominates, with some marginal micro-
granites and aplites, e specially tourmaline aplites. The
area 1s stanniferous: mineralized pegmatites occur in three
distinct areas, in which the minerals cassiterite, wolframlte,
galena, chalcopyrite, beryl, pyrite, arsenopyrite, fluorine
minerals and rare molybdenite have been reported. Two of the
pegmatite areas have been mined and one is still a small
producer of tin, Bujang Melaka lies, however, on the

eastern edge of a major alluvial mining district.

Sampling, Two sediment samples were taken from each of
four streams, three draining radially from the Bujang Melaka
dome, and the fourth draining from the Main Range granite to
the east (Fig. 18).

Analytical data for Cameron Highlands and Bujang Melaka.

Spectrographic analyses for the ten sediments from the
Cameron Highlands and the six from Bujang Melaka are tab-
ulated in Appendix B5; Table 17 summarizes the data for the
elements of main interest.

Geochemical regults.

(i) Mineralization. Higher mean values for Sn and Be

distinguish sediments derived from the mineralized Bujang
Melaka granite from the barren Cameron Highlands area, and

from two other areas which are probably non~stanniferous

(Areas 1 and 7, Table'lV).
Referring to Table 17, it may be noted that threshold
values of 48 ppm Sn, and 12 ppm Be are obtained by doubling
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the mean values from arzas believed to be unmineralized.
These threshold values are essentlally gauged by inspection;
the 2~fold factor ensures their significance compared with
the order of error of + 50% in the spectrographic results.
The estimates may be rather high, since no single background
sample exceeds the threshold values. Pour probably
stanniferous areas are clearly distinguished, by mean values
of both Sn and Be above the respective threshold values.
These comprise areas 3, 4, 5 and 6 (Table 17), three of which
are known to be minerallzed, and a single Sn occurrence has
beenreported in the fourth area, independently of the
geochemical results. _

In comparing the Sn and Be data for Bujang lelaka and the
Cameron Highlands, the geochemical distinction based upon the
mean data is emphasised by considering the individuél
sampling points (Fig. 18).  Although the number of samples
1s limited and confirmatory work is required, the data
suggest that three granite areas can be distinguished from
the sediment analyses:~ (a) a barren area drained by four
streams lying north and south of the Cameron Highlands
proper; (b) the mineralized Bujang Melaka area, represented
by three radial s tream sites, and (c) a transition a rea,
consisting of a single granite hill lying between areas

(a) and (b), and drained by two streams. The sediments
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from streams draining each area show the following values:-

No. of Range in ppm.
stream
gites Sn Be
(2) Barren area (Cameron
Highlands) 4 20-22 4-77
(¢) Trans:tion area 2 30-45 4~10
(b) lineralized area (Bujang
ilelaka) 3 35-240 4-35
(11) Lithology. The contents of minor elements other

than Sn and De show broad similarities between the Cameron
Highlands and Bujang ilelaka areas. The low Cr and V content
suggest that the parent granites are less basic than that of
Gunong Benom (Area 1), and not much d ifferent from the
lMenglembu area (Area 4) which also lies within the boundaries

of the lain Range granite (Table 17, Fig. 16).

Sampling Area - 4. lMenglembu, Perak.

This area lies on the western edge of the Kinta valley
tin producing area. Lode tin occurs in the llenglembu
granite, and the risk of contamination from previous mining
activity made the area unsuitable for systematic reconnais-
sance sampling, However, two test samples were taken in
duplicate from a small s tream and its tributary (Fig. 19).

The llenglembu granite forms an outlier close to the
western edge of the ilain Range granite, and probably connected

witn 1t beneath the intervening sedimentary deposits, mainly

of limestone.,
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.Fig.19 Area 4.Menglembu , Perak.
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The analytical data are shown, as before, in Appendix
B5 and in summary in Teble 17,

The four somples show the following main points of
geochemical importance:-

(1) lineralization. The mean Sn and Be values are

higher than in any other area, and the individual samples
all show volues of Sn and Be above the threshold levels
calculated from non-mineralized areas (Table 17). The
difference in Sn vclues (approximately 190 and 5,000 ppm)
between the two individual streams may reflect only different
degrees of contamination, although it may be significant that
the higher value occurs in the faster stream, where residual
concentration d cassiterite could be expected. The Be values
Go not vary sympathetically with Sn in individual gamples.,
(1i) Lithology. Sediments from the two streams have
similar values for most elements other than Sn; - the data,
(Table 17) show a geochemicol pattern for the ferrides not
greatly different from the ilain Range granite areas of Bujang
ilelaka (stanniferous) and Cameron Highlaonds (non-stanniferous).
Both the major and minor alkali elements are however relabive-
ly low in the individual samples which were analysed; the
lack of correlation between Sn on the one hand and KZO’ Li
and Rb on the other is noteworthy, although in secondary
materials leaching could produce this result independently of

e possible primery association.
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Sampling Area - 5, Cinting Sempak,

Pahong - Selangor Dorder.

This rugged area comprises part of the Iain Range granite
lying some 90 miles to the south of the preceding areas,

Nos. 2, 3 and 4 (Fig. 16). The region contains several old
worlkings for both lode end alluvial tin, and the valleys
bordering the granite uplonds are important present-day
alluvial producers.

The granite is predominantly a medium grained biotite
granite with local development of granite-porphyry and micro-
granite, and intrusions of aplite and pegmatite. In
mineral ized areas, cassiterite occurs associated with
pneumatolytic minerals including tourmaline, mica, fluorite
and topaz. Tin ore is usually located in fracture zones in
the granite in thin quarbtz-tourmaline stringers. Few veins
are rich enough to support underground mining methods end
the prohibition, in 1933, of mining by sluicing eluvium from
the weathered granite slopes, led to t he abandonment of most
tin workings in the area (Roe, 1950).

Figure 20 shows the twelve stream sampling sites, at
sach of which duplicate sediment samples were collected, the
analytlcal results for Sn and Be, and the local geology.

Analytical data.

The spectrographic analyses for the twelve sediment
samples are given in Appendix D5, with the results for the
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Flg.20. Area 5. Ginting__Sempak, Pahang= Selangor.




elements of main interest summarised in Table 17.

Geochemical results.

There is a considerable scatter of values between the
sampling sites, and in some cases between duplicate samples
at a given site, especially for Sn itself, This probably
reflects (a) the erratic distribution of individual grains of
cassiterite in samples; or (b) possible contamination from
0ld mine workings. A significant geochemical pattern emerges,
however, by oomﬁaring both the mean and the ronge of Sn
contents with those for other sampling areas (Table 17).

(1) Mineralization. The average and the peak valuss

for Sn and Be clearly reflect the mineralized nature of the
Ginting Sempak granite, when compared with threshold values
calculated for non-mineralized sampling areas. Lven when
all the samples noted as being possibly contaminated (field
data Appendixz B5) are omitted from the results, the anomalous
regional content for Sn still reflects +the mineralized nature
of the Ginting Sempak granites (Table 17).

(ii) Lithology. The geochemical data for many elements
other than Sn and Be show some similarities with sediments
from areas 2 and 3, north of Ginting Sempak, which clso 1lie
within the ioin Range gronites, The fact that V and Cr are
relatively lower may reflect the low ifon content in some of

the samples met in this area.
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Sempling Area - 6, Penang Island.

Penang Islend lies off the West coast of lelaya, some
180 miles northwards from the preceding s ampling area
(Fig. 16). Peaks in the northern half of the island, where
sampling took place, rise to some 2,500 feet. The entire
island consists of granite bedrock. The only report of
mineralization is ffom one locality on the northern coast,
sald to contaln alluvial cassitierite ond associated niobium-
tantalum minerals.

Figure 21 shows the location of the five stream sampling
sites, at each of which two sediment s amples were collected.
The spectrographic results are tabled as before in

Appendix B5 and in Table 17,
The pair of samples .taken at each site (Fig. 21) show
generally good agreement, probably reflscting the absence

of (a) coarse Sn0O, and (b) mining contamination in this areo

2
(i) liinsralization. Doth Sn and De are detected in all

samples, end the mean values compared with un-mineralized
sampling areas suggest thnt the Penang granite 1s probably
stanniferous, despite the discovery so far of only one
concentration in the area (Table 17). It is noveworthy that
the highest Sna nd De valuss occur 2t the site draining
northwards from the hills, as does the one reported occurrence

of alluvial tin.
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Fig.21 Area 6. Penang_lIsland,
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Values for Sn and De in the Penang sediments are lictle
lower than those for the Bujang ‘lelaka area, which is known
to be stanniferous. The similor number of samples taken, and
the samilar disposition of sites sampling the radial drainage,
justify comparing the two arecs directly (Table 17). The
similar mean contents of Sn and De suggest theot the two
granites may have similar potential for mineralization,
although this need not, of course, imply the occurrence of
gimllar economic concentrations in the two areas,

Further prospecting of the Penang arec should be
uniertaken,

(ii) Lithology. Elements other tlan Sn and Be in the
sediments, show rather lover contents of V, Cr and Ni than in
previous areas, but relatively high values for Pb, Li, Rb and
K,0. These suggest the retention of resistant micas from the
parent gronites, along with quartz, in these mainly light

coloured sediments (see also Dukit Yong area, below).

Sampling Area - 7. Dbukit Yong,
Kelantan-Trengganu Borders.

This, the final area investigated, 1s situated in the
north-~eastern corner of ilalaya, some distance from the granite
areas previously described (Fig. 16).

Bukit Yong mountain is composed entirely of granite, and

lies towards the northern end of the east coast granite range.
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Although importaent lode and alluvial tin deposits occur at the
southern end of this range, the maln mass is apparently
barren. No tin is produced in the Dukit Yong area although
cassiterite hos been reported as a minor accessory mineral
disseminated in the granite.

Four radial s treams were sampled in duplicate (Fig. 22).

The spectrographic results tabulated in Appendix BS and
surmmarized in Toble 17, show the following features:-

The pairs of samples taken at each site agree well, with
the exception of a gingle high value for tin (320 ppm) which
wes not confirmed by o chemical method, and was therefore
omitied from consideration in the results.

(1) lineralization. Disregarding the s ingle erratic

high value for Sn, all other Sn and Be rcsults are distinctly
low compared with sediments fromother sampling areas (Table
17). The limited data suggest that the Duklt Yong granite
is probably not significantly stanniferous.

(ii) Lithology. Data for elements other than Sn and Be
in the Dukit Yong sediments show some broad similarities with
samples from Penang Island (Table 17). The Bukit Yong
semples have the lowest contents of Cr, V, Fes0z and A12O6
of the sediments examined. This is reflected in the pale

colours in the samples.

~ 108 =~



Fig,22 Area 7. Bukit Yong_, Kelantan.
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General Discussion,

Taking the results from the seven sampling areas
together, the following mailn points emerge fron this prelim-
inary geochemical reconnaissance.

(1) Sampling and interpretation of results.

The sampling pattern was notable for its economy - both
In the small number of samples representing each area, the use
of stream sites close to the motor roads, and the collection
of sediments simply as grab samples from the stream courses.
All the sediments collected were analysed, and the results
compared without segregating samples according to their
appearance int he field, nor by the colour and bulk composit-
ion of the analytical samples. In view of this, some degree
of scatter in the sample results within each area is to be
expected., Jay (1959) for example, observed inwork in
Rhodesia that Co values varied up to ten-fold between sandy
and clayey sediments collected within a few yards of each
other in a single strean. In general the scatter is
relatively low for many elements in the present s tudy areas
except for Sn and to a lesser extent Be, This is probably
due to the fact that these elements are likely to occur as
discrete mineral grains, while most other elements are liable
to trace constituents of common minerals. The validity of
using stream s ediments as a method for areal sampling is best
shown in Gunong Benom,‘where‘three sites, 8 and 14 miles apart,
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show less than a 3-fold ranse of content for most elements
(Table 17).

Providing the mean analytical results are considered,
slignificant chemical distinctions can be made between the
different areas, from this limited and economical pattern of
samples,

(ii) Tin mineralization. A distinction between

stanniferous and non-stanniferous areas can be made on the
basis of (a) the mean Sn content and (b) the mean Be content
of the sediments. The approximate threshold values
distinguishing mineralized from non-mineralized areas are

48 ppm Sn and 12 ppm Se.

The data suggest an indirect association of De with Sn
mineralization. Individual samples do not show a detailed
correlation between the two elements, but the mean values for
sediments from each sampling area show a high regionsl con-
tent for De in stanniferous areas, and vice versa (Table 17).
It is probable that the two elements occur in s eparate
minerals but have a comon origin assoclated with the granites:
Sn-and Be are often assoclated in late pegmatitic solutions,
and cassiterise and beryl occur together in some lalayan
pegmatites.

Time did not permit an investigation of the mineralogical
form of De and Sn in the sediments, which would be an
interesting topic for future w ork, The separation and
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analysis of heavy and light mineral f ractions would be one
appropriate method.

(iii) Lithology.  Apart from mineralization, lithological
distinctions between the different granites can be inferred
from the minor element assemblage in the sediments, The
results are necessarily tentative in view of (a) the absence
of hard rock samples, (b) the probable variations in leaching
and weathering effects and (¢) the limited number of samples.
Nevertheless, the Gunong Benom area stands apart from the rest
by the characteristic "basic™ faciss of the stream sediments;
while the othzr areas can be arranged in order of the
decreasing content of the ferride elements, which have falirly
homogeneous values within each area.

(iv) Summory. Geochemical reconnaissance is aimed at
selecting areas more favourable than others for further,
more detailed prospecting examination. The present
investigation showed that significant reconnaissance informa-
tion can be obtained from spectrographic analyses of a small
number of easily-collected samples. iioreover, the multi-
element spectrographic data provide (a) coverage for possible
complex mineralizations, in this case Z2e as well as Sn, and

(b) indications of variation between samples from different

areas, related to cirnges in lithology, ' .
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Further work along these lines in IMalaya has confirmed these
preliminary results. Two separate reconnaissance
investigations in N. Rhodesia, one in a niobiferous carbona-
tite area and the other in the Copperbelt, have shown marked
differences in a number of elements in the sediments,

indicating the presence of at least two dilstinct geochemical

provinces.
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CHAPTER 6, THI COPPLRBELT OF WORTHERN RHODESIA.

In contrast to the application of spectrography to
geochemical reconnaissance in Ifalaya, the study of samples
from the Copperbelt mainly concerned the effects of weathering
and soil-forming processes on the vertical distribution of the
ore metals Cu and Co, and several other elements. Yor this
purpose, samples from six soil profiles were examined, In
addition, a limited investigationwas made of latesral
geochemical dispersion in near-surface materials.

The study was suggested by Drs. J. S, Webb and J, Tooms,
and based upon field samples mainly provided by them; 1t
forms a continuation of previous worlk in the Copperbelt by
these and other members of the Geochemical Prospecting
‘ResearchCentre. This includes investigasions by Tooms (1955)
and Govett (1958), concerning mainly Cu and to some extent Co
in soils and stream s ediments; by Webb and Tooms (1959) on
geochemical reconnaissance by the analysis of Cu and Co in the
drainage system; and bj Jay (1959) concerning the gsochemical
dispersion of Co and U, The previous workers generously
made available certain of their field samples, on which the
present work is based. In addition to the foregoing
fundamental studies, the mining groups in the area - without
whose co-operation the former and present w ork would have been
impossible - have been engaged for some time in applied
geochemical prospecting., Published reference to these
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activities are made by Garlick (1953, 1959) and Williams
(1960).

For the present study, six profiles of freely-drained
solls were examined, each developed upon different rock-types
characteristic of the region. These profiles were studied
in some detail in order to determline and compare the
dispersion patterns for particular minor and major elements
under the soil-forming conditions which apply within each
profile.

A second, smaller, group of samples selected from near-
gurface traverses were analysed, in order to compare the
surface contents of Cu, Co, and obther elements developed over
the sub-outcrop of mineralization in two different environ- |
ments, namely, freely-drained soills compared with poorly-
drained soils exbtending into a stream-sediment train.

The objective of the study was to add the multi-element
data furnished by spectrographic analysis to that obtained in
previous work on the geochemical d ispersion of Cu and Co.
At the same time, inter-element assoclations which might be
of value in prospecting, were sought between the main ore-
metals and others not so intensively studled in this area.

ihile the new data reveal nc elements other than Cu and
Co as effective indicators of mineralization, useful observa-
tions were made on the effect of soil-forming processes in
the Copperbelt environment, upon distribucion of the ore-

metals and other elements.
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General Description of the Study Area.

Anton Gray (1929), Davidson (1931) and Jackson (1932)
provide accounts of the geology of the Copperbelt which have
been drawn upon by the writer. flore recent geological data
and discussions are contributed by Garlick and Drummer (1951),
Garlick (1953) and Darnley (1958, 1960), while Dixey (1943,
1944) has investigated the geomorphology of the region in
detail,

Descriptions of the geology in the field areas of the
presentlstudy are provided by Covett (1958), Tooms and Webb
(1959) and Jay (1959) and are quoted in part in the following
summa ry.

Location and topography.

The location of the study areas within the Copperbelt
are shown in Figures 23 and 24,

Broadly, the present-day land surface 1s an elevated
peneplain situated at an altitude of about 4,000 - 4,500 feet;
the most widespread surface within the Copperbelt rspresents
a peneplanation of late-Tertiary age. The terrain is
dominantly flat or gently undulating with slopes rarely
exceeding 1-2° except near the streams and rivers, where
gradients increase as a result of local erosion following

rejuvenation of the drainage system.
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Climate and vegetation.

The Copperbelt enjoys a sub-tropical climate, since the
relatively high.altitude reduces the temperatures and humidity
wirich would otherwise prevail at this latitude. The climate
is markedly seasonal, with dry, temperate winters and warm,
wet summers, Almost all the Total annual rainfall of 45-50
inches, falls between November and May, mainly as heavy
thunder showers. The mean daily maximum temperatures are
about 87° and 57° in October, falling to some 77° and 42° in
July. |

The vegetation consists of open forest é%annah which
covers the region. Almost the only natural clearings are
the small scattered grassy areas of swampy ground, often
seasonal swamps, known locally as dambos. These shallow
depressions often form the "headwater dambos” of streams,
although a second type of dambo occurs along the downstream
courses. In total they occupy only 10% of the land area.

Weathering and soil formation,

Prolonged tropical weathering coupled with low surface
relief ensure that weathering is far in advance of erosional
transport, so that deeply-weathered residual soills, some 20
or even 60 feet thick, are characteristic of t he region. A
detailed soill classification is beyond the scope of the
present investigation, and it is sufficient to distinguish
the Ltwo extreme soil types which occur under freely-drained
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and dambo (impeded drainage) conditions, respectively.

The first group are included in the "Plateau Soils™ of
the Rhodeslas, which are apparently rclated to the ferruginous
lateritic soils of the Transvaal (Wellington 1555, p. 331).
These solls are characterised by a pronounced iron nodule
horizon, and will be referred to 2s latosols, as r ecommended
by Kellog (1948), The following idealised profile descrip-
tion is taken from Jay (195%9), bosed upon measurements of
geveral freely-drained profiles on different rocl types. .

Idealised freely-drained soil profile.

Horizon Thickness Description
Aq 1 in.-3 ins,. Light to dark brown sandy loam.
Ag 2 f£.-10 ft. Duff to reddish brown clay or
sandy clay.
Stone Line 1 in,-6 ins, Quartz or other rock fragments in
clay.
B 2 ft.-6 ft. Red-brown ferruginous clay with or
without ferruginous concretions.
Cq 4 f£t.-10 ft. Off-white and reddish brown mottled
clay.,
Co 4 ft. + Very pale clay, Decomposed

bedrock at base.

The soils developed under the conditions of poor drainage
and seasonal flooding in the dambos, can be described as gley
soils, bpeing characterlistically bleached and clayey below
some 12-18 inches., The surface and sub-surface horizons are

black to grey due to the high content of organic matter.
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Also in contrast with the freely-drained solls, nodule
accumulations are normally absent, It is probable that
the dambo so0ils, at least in the “headwater dembos’ are
mainly residual in origin (Tooms 1955).

The stream sediments in the area, a few samples of which
were involved in the present study, consist mainly of
re-distributed dambo and bank soll meterials.

Geology.

Beneath the mantle of residual weathering products, the
geological formations of the Copperbelt form an essentially
simple succession.

A simplified stratigraphic column for the Coppsrbelt-
Katenga region is shown in Table 18, and an outline geological
map in Figure 23.

The Dasement Complex, comprising Archaean schists,
gneisses, quartzites and conglomerates, with intrusive
granites, outcrops extenslively within the Copperbelt. A
major unconformity separates the Dosement from the sediments
of the Katanga System, whose lowest group, the Lower Roan,
containsg all the‘known Copperbelt ore hodiles, Folding,
followed by erosion, has left only the synclinal remnants of
the Katanga System, and the enclosed bedded mineral deposits,
within the margins of the Copperbelt. Metamorphism 1s
gvident throughout the Copperbelt-Katanga region, and

metasomatism of various types can be recognised in rocks
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Table 18.

System

(Kundelungu Series

KATANG, SYSTEI <

— e e At e e B e A e e e e b mat v

BASEXMENT COIPLEX :-

{UVA SYSTE

LU¥UBU SYSTE:!

Intrusives:

Series

Series

Group

Upper
Kunde lungu

Lower
Kundelungu

krashia

Upper Roan

Lower Roan

only into the ILufubu System.

Simplified stratigraphic column (after Garlick,

1955),
Formation

Sandstones
Sheles
Calcaire Rose"
Small Tillite

Sandstones

Shales .

"Serie Recurrant”

Kalkontwe Lime-
stone.

Big Tillite

Carbonaceous
Shaoles
Quartzite
Argillite
Conglomerate

Dolomices and
Shales

Quartzites
Argillites
Conglomerates

- e S B e mt St e mat M R e v

Quartzite,
Schist and
Conglomerate

Schist, Gneiss

Granites have T o date been found intrusive

Gabbro and minor granophyre intrusions occur in
the Upper Roan, Iwashia, and Kakontwe Limestone,
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ranging from the Dasement granites through almost every
formation of the Katange System (Darnley 1960). Nevertheless,
field evidence of post-DBasement igneous activity is not very
widespread w ithin the Copperbelt.

Granitic Intrusives have to date been found only within
the Dasement complex (Garlick and DBrummer 1951). Basic
igneous rocks mainly comprlse gebbroic sills occurring within
the Upper Roan, iwashia and Kakontwe Limestone (Garlick 1953),.

Bconomic geology.

The Copperbelt ores consist of disseminated Cu, Co and
Fe sulpnides in varying proportions, confinedv?ithin beds of
the Lower Roan sediments. Two main host rocks can be
dilstinguished, namely ores in argillite and in ortho-quartzite:
either type may be more or less calcareous. The ore horizon
rarely exceeds 50 feet in thickness, but may be of great
lateral extent, linor U occurs in a ssociation with some of
the Cu-Co deposits, usually in a partly separated zone, and
is at present recovered walnly at Nkana,

The sulphides often show a zonal arrangement, vertically
and/or horizontally within the ore horizon; the average
mine grade is some 2 to 5% Cu, while Co varies from a trace
to some 0.5%. TFe is also variable, and is often low,
Magsive sulphides occur as local segregations in drag-folds,

or in minor veinlets and are consldered to result from
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localised redistribution under metamorphic conditions.

Secondary sulphide enrichment has affected some, but
not all, of the Copperbelt ore-bodies, usually occurring at
a depth of some 300 feet below the surface, The ore-bodies
are almost completely oxidised above this level. The
primary Cu sulphides are chalcopyrite, bornite and chalcocite,
and the Co sulphide is linnaeite, while the secondary
minerals include chalcocite, malachite, azurite, cuprite,
native Cu and chrysocolla (Dateman 1930).

Other Copperbelt minerals, which are of geologlcal but
not of e conomic interest, comprise the widespread occurrence
of tourmaline, local concentration of fluorite mainly in the
Kakontwe Limestone, of scheelite in folds within the Roan
ore-schale, and elsewhere of traces of o ard V in association
with the Cu-Co-U deposits. Ni is reported as a minor
separate phase only at Nkana (Davidson 1953), and is striking-
ly low within the Cu-Co deposits of the Copperbelt as a whole.
Traces of Ni are present in pyritic disseminétions (Garlick
1953), Like Ni, both Pb and Zn are rarew ithin the
Copperbelt, apart from isolated minor occurrences (Darnley,
1958). t ghould also be noted that whereas economic
concentrations of Cu-Co sulphides are confined to the Lower
Roan, minor disseminations occur at several horizons within
the sediments, notably in the iwashia shales, in several

Upper Roan calcareous horizons, and occasionally within the
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rocks of t he Basement Complex {Garlick 1953 ; Darnley 1960).

Field Sampling and Geochemical Investigation.

The field samples were collected and generously made
available by Drs. Webb, Tooms and Jay.

Soll profiles.

The six soil profiles studied in detall are described in
Table 19, from the field notes of Drs. Tooms and Jay,
published in part in Tooms (1955) and Jay (1959).  The
location of the pit profile sites are shown in Figures 23
and 24.

The six profiles are typical of the freely~-drained
residual latosols vhich occur in the regzon over the varied
bedrock types. These comprise a mineralized shale, a
mineralized felspathic quartzite, and un-mineralized granite,
scnist, felspathic quartzite, and gabbro.

Analytical methods.

The minus 80-mesh fraction sieved from the samples were
taken for analysis., This fraction, which includes the clay
silt, and fine sand grades, has previously been shown to be
both convenient, and the opitimum as regards Cu and Co, for
geochemical prospecting investigations in the Copperbelt
(Tooms, CGovett, Jay ibid).

The sieved samples were ignited at 500°C prior %o
analysis by some or all of the following s pectrographic

techniques. The procedures have been described in detail
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Table 19. Field descriptions of Soil profiles.

Profile No. Bedrock Sample . . s
type & Location. No. Depth Soil horizon and description
l. Mineralized NR:
felspathic 631 0-1! A, Very sandy, yellow-brown soil.
quartzite,
Chibuluma. 632-4  11-10'6 A, Very sandy, red-yellow-brown soil.
Over sub-outcrop
of ore horizon. 635 1016-13%6 B Nodular ferralite, stained qtz.
at base: some black nodules.

636 13161516 B Nodular ferralite.

(do do separated nodules)

637-9  1516-2416 Cl Very sandy soil, mottled red-
brown to off-white; some black
specks; some blue-grey clay at
depth.

6h1-4s 2L1E-3ht C, Mainly blue-grey sandy clay,

-Cp © with some red bands & Fe
nodules externly white;
occasional black specks;
quartz veins at base.

NRT:

2+ Mineralized 108 0-3" Al Sandy clay soil, slightly
shale, Baluba. orange to brown.
Over sub~outcrop{ 109-11 3"=1'0 Al ditto
of ore horizon
(Figurely). 1l2-1k  110-3'0 A, ditto

115-19  3'0-8'0 A2 As above but with abundant
black spots, less at the top.

120 810-910 A2 ditto

121 910-916 B Lateritic clay with black wad.

122-7 916-1216 B Laterite nodular; brown to
yellow with black mottle and
wad; some quartz fragments.

(122 916-10t0 Separated nodules). ;

128-32 12'6-17'6 Cl Mottled clay after shale with !
black wad; ferruginous clay at
top. ;

(129 1316-1116 Separated black Mn wad).

133-37 17'6-22'6 C, Mottled clay after shale, with

black wad. :




Profile No.Bedrock Sanple . . s
type & Location No. Depth Soil horizon and description
}
3. Gabbro s
Chambishl 2946 0-6" A, Dark brown loam.
Over gabbro 2947 61-110 Al Red-brown clay.
intrusive into
dolomite, some 2948-53% 11'0-6'0 A2 Rather redder brown clay
distance down-
slope from ore. 29545 6'0-810 A, hs above with quartz fragments.
2956-9 §10-1210 B Red-brown to brown clay with
nodules, some indurated.
2960~7 1210~2010 C, Brown & yellowish clay, moist
below 14!,
2968-74 | 20t0-2710 G, White decomposed gabbro. Mottled
brown in upper 3'.
2975-77 | 27'0-30'0 02 White decomposed gabbro, last
Toot pelow water.
L, Felspathic NRT:
gquartzite.Baluba 50 Q-3 Al Pale mid-brown, Sandy clay soil
with grass roots.
OvEr.Lower Roan 51-53 M-110 A, Pale red-brown sandy clay soil,
%Sgg;gi:eécgzzi L fewer roots-with depth.
contact; 700 £t up- 54-56 1'0-15'3 i ézszbove, becoming redder towards
slg;igiizghgre. 57 15'3-1613 B Nodular laterite, with some quartz
rubble.
(57 do. Separated nodules).
58-9 16'3-20'3| B Nodular laterite, red-brown matrix
becoming paler at base.
60-62 2013-3613 Cl White decomposed felspathic quart-
‘ —C2 zite, mottled in part with some
pale neutral brown clay.
5. Granite, Baluba NRT: 94 o3 Al Greyish buff sandy soil.
Over granite .
intrusive into 957 ZM-110 Aq ditto
Basement schist,
oot Lower Roan 98100 110-610 A, Buff sandy clay.
contactj 1400 £ 101 610-719 B Nodular laterite.
from ore. (Fig2w). (101 do. Separated nodules).
102 719-10'3 B Nodular laterite.
103-5 10'3-16'3 B Laterite & lateritic clay passing
to Cl into red stained granite with
quartz veins.
106-~7 1613-2113 C, Kaolinized granite.
6. Basement schist, NRT:63 ot3n By Pale grey-buff sandy clay soil.,
Baluba. . o .
Over Basement 64-66 .10 A, Pale red-brown sandy soil.
schist near contact 67-68 110-413 b, ditto.
with Lower Roan; 69 Lt3-heg B Narrow laterite zone with schist
1100 ft. upslope  nelusi
“rom ore (FigureZ2l.) Lneiusions.
- TR (69 do. B Separate nodules).
70-71 419-1313 C,-C, Sericite schist passing below

into quartz sericite schist.




in the sections indicated. The ferruginous nodules and i
segregations picked out by hand from certain of the profile
samples, were crushed separately, ignited, and treated by the

same analytical procedures.

Elements Determined. Procedure. Technique
(Chapter No.)

Be Anode arc, carbon mixing B(Chap. 2)
Rb,Li,da,5r,Na,0,K00 | Anode arc, carbon mixing A(Chap. 2)

Other minor elements | Cathod~layer arc, Li,COz- C1(Chap.2)
carbon buffer metho

AN

Mlajor elements Anode arc, buffer method M(Chap.

The analytical results are tabulated in full in

Appendix D6.

Observed Distribution of the Analysed Elements
in the Soll Profiles.

The profile distributions for the elements which show
the most significant geochemical variations are shown in
Figure 25, with the main soil horizons indicated as A, B, and
C. For easy comparison of elements within each profile, and
between different profiles, a common ppm scale applies to all
the minor elements, and similarly a common scale of % for the
ma jor element oxides. It shouldbe noted that the scale is
linear from 0 to 100 ppm (or O to 10% major oxides); =above
100 ppm or 10% the scale is logarithmic, for convenlence in

plotting (Fig. 25).
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Fig25.Soil profiles, N.Rhodesia.
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It should be bornelin mind that the d ata, based upon
minus 80-mesh samples, primarily concern the friable secondary
products of weathering in the fine sand and clay fractions at
different levels within the soil profile. The coarser
fractions, mostly representing resistant or partially
weathered minerals and rock fragments, are excluded. The
amount of this material var:es considerably with depth, and
with bedrock; for examnle, the gabbro is thoroughly decom-
posed even at tiie lowest sampling depth, whereas fragments of
the more resistant, siliceous rock types may persist into the
A horizons, The elimination of this variable amount of
primary material fromthe samples enables the effects of
weathering to be more directly investigated. In the B
horizon, however, some of the secondary material, usually
a small proportion of the whole, occurs as more or less
indurated concretions which are excluded from the samples;
the minus 80-mesh fraction noturally contalns much of this
illuvial material in disseminated from. Since the ferrugin-
ous nodules probably represent the end-product of accumulation
in the B horizon, some were picked out by hand and analysed
separately (Table 23).

he main features of the distribution of the major and
minor elements within each profile may be summarized from

the data as follows:-
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Profile 1, ilineralized agquartzite.

The profile is characterised by strong leaching of the
moderately solubls elements from the upper horizons.  Cu,
Co and Fe are especially affected, conforming to previous
geochemical observations showing that only weak Cu~Co
anomalies may be developed over mineralization in quartzites
(Tooms, 195535 Webb, 1956).
(a) Strong leaching from %he upper horizons relative
to lower horizons affects Cu, Co, Sr, Fe,
(ba, Cr, K, Li, Mg).*
(b) Concentration or particl retention in the B horizon,
especially in the nodules, is shown by Fe, V, Cr,
Cu, ¥mn, Mo, (Al). '
(c) Elements showing 1little change are Ni, (Al).
down-profile
(d) Elements which decrense in content/are Si, Ti, (ln).
(e) Elements showing accumulation at the immediate
surface, or a relotively small decrease are Si,
Cu, Co, Cr, Ti, Im,

Profile 2. ilineralized shale,

The profile is characterised by much less pronounced
leaching than profile 1.
(2) The following elements are moderately leached, Co

being the most affected: Co, Li, Fe, Cr, (Sr, V, Al)

“Symbols in brackets refer to elements showing the relevant
trend less markedly.
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(c)
(a)
(e)

The b horizon aond the Fe nodules are enriched in

Co, Cu, Fe, Mn, Ba, V, Mo, (Al).

Manganese segregations from the upper C horizon show
specific concentrations of Co, im, Cu, Ni, Da, Pb,
tlo, V, Fe, Al.

Ni, Ti, (X, V, lln, Ba) are relatively constant,

Si increases towards the surface.

S1, !, V show some relative accumulotion in the

immediate surface horizon.

Profile 4. Unmineralized quartzite.

The

profile is characterised by very small variations

~with depth.

(a)

(b)

No element is strongly leached, ignoring the decrease
at surface for elements probably incorporated in clay
material, Slight leaching affects Fe, Cr, Al, Cu.
In the O horizon only the iron nodules show
significant accumulation effects, which involve the
elements Fe, Cu, Cr, V, (o, Mn, Co).

Most elements are constant, namely, Ni, Ti, K, Co;

or approximately so:- Cu, Cr, V, Sr, Da, Li, (Al).

Elements which decrease with depthare:- Si, In,

Local accumulation in the surface horizon is shown

by Si and in
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Profile 5, Dasement granite. (Xaolinised).

This profile shows quite marked cccumuloetions in the
B horizon of F9205 and some associated elements: the D
horizon material has roughly the same composition as the
separated iron nodules. Hloresover, leaching or eluviation of
Fe, Al, Li from the upper horizon is quite pronounced.
(a) Leaching from the upper horizons affects Fe, Li,
Al, Da, Mg.
(b) Elements concentrated or partly retained in the B
horizon, including the nodules, are:- Fe, Cr, V,
Cu, (im, Mo, Al).
(¢) Ni, Sr, (X, Co, Cu) zre relatively constant.
(a) si, Ti, Mn (Ni) decrexse with depth.
(e) Si and iIn show local accumulation in the surface
horizon.

Profile 6, Bnsement schist.

This shallow profile differs from the granite profile
meinly in lacking strong accumulation in the D horizon; even
the ferruginous nodules are enriched in few elements but Fe.

(a) Leaching from the upper horizons affects Fe, Ba,

Sr, Li, V, Cr and Al,
(b) Accumulation in the D horizon is not pronounced.
Fe, Cr, (Li, Cu) are moderately enriched in the

iron nodules,.
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(c) Ni, Co, Ti and Cu remain relatively constant.
(d) Si and IMn incrsnse towards the surface, but only

S1 shows a maximum in the immediate surface layer.

Profile 3, Gabbro.

This profile stands apart from the others, which are all
characterised by some degree of leaching from the upper
horizons, of FGBOS' Cu and Co in particular, In the gabbro
profile, however, these elements have distinctly high contents
in the upper horizons, and Iln, Cr and V show persistence or
accumulation to the actual surface. loreover, e, in, Cu
and Ni decrease sharply in content at depth (Fig. 25).

(a) Overall leaching from the upper horizons strongly

affects Ce, ilg, Nea, ba and Sr.

() Accumulation or relative retention in the D horizon
is shown by Fe, (Cu, Al, Ni), while Co and Cu peaks
occur in the upper C horizon,

(c) No element is really constant although Cr, V and Al
show lesser variations than other elements.

(a) A genernl increase in content towards the surface is
shovn by Cu, :n, Fe, Cr, Ni, Ti, Si, and Li. Te is
almost certainly enriched in the upper profile
horizons relative to the vnaltered gabbro rock
(¢f. data for Chibulumo gebbro). Te 1is strikingly
enriched compared with the present basal material of

the profile, where leaching of iron in the reduced

form has probably occurred.
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(e) Accumulation in the immediate surface horizon is

shown by Si, Ti, ¥Mn, Cr, V, Ni.

Magnitude and Distribution of Individual Constituents

in the Soil Profiles Related to (a) lMineralization
and (b) Lithology.

sajor Elements.

The main features of the major element data (Table 20,
Fig. 25) are as follows :~

(1) s10,.

[ DU LGNS

SiO2 exceeds 55% in the minus 80-mesh fraction of every
soll horizon examined. The surface horizon, especilally in
solls developed from granitic and arenaceous rocks, is often
much more siliceous than immediately underlying materials.

As noted in describing the individual profiles, S1 shows
a general tendency to increase towards the surface, as other
elements, notably Fe and Al, are removed. This is probably
due to the selective elutriatlon of the fine clay and silt
fractions, leaving & high proportion of quartz sand in the
surface horizons.,

(11) Aly0z and Feg03.

Alumina is the second largest component in all the
profile samples, and considercbly exceeds Fe205. Like Fen05,
its content is only moderate in the Copperbelt profiles

compired with many tropical soils (c¢f., Tables 20, 21).
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Table 20 Major constituents and cevbain minor elements in the soil profiles

pectrographic technique

and probable reliability (mean of
Major element photometric technique, probably accurate to ilO% of content.

duplicate determinations):~
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+ In iron and manganese
nodules, respectively.
Nap0, Kp0: Visual semiquantitative method for alkalies, self-consistent within a reproducibility of some +50%.

+ Values calculated by difference from 100%.

I % Oxides(ignited sample basis) P Rerlos ;
Sample depth !Horizon NaZO KZO MgO Ca0 FeZO3 AlZO3 TiO2 SiO2 Mn Cu Co Ni{ Cu:Co Co:Ni Co:FeZO3 Cu:FeZO3 Cu:Fe203 %
’ * * * * * + ppm %  (nodules) |
Profile 1., Mineralized quartzite j
o-12" Ay O .06 42 X,6 2.2 10,4 0.86 8 60 53 15 17! 3.5 0,88 6.8 2h.1
1r10t6M Ao 08 .23 .25 n 2.9 13.8 1,08 8 70 5 18 25§ 2.8 0,72 6.2 17.2
1316M-1516" B 05,28 24 oo L,s  17.0 1,02 77 60 120 30 20| 4.0 1.5 6.7 26.7 11.9
2lren_zlion C 06 .50 ,51 © 7.8 12,2 0.53 78 50 1350 160 21| 8.4 7.6 20,5 173.2
Profile 2., Mineralizdd shale. :
on-31 A .02 .35 .35 .6 3.9 13.5 0.83 81 350 380 32 27| 11.8 1.19 8.2 97.4
31-8! As 05 1.0 W9 om 5,7 22,8 1.06 69 550 550 65 320f 8.5 2,17 1l.h 96.5
gret-10ron . .06 1.1 L5 oo 6.8 23,7 1.00 67 550 600100 30{ 6.0 3.3 14,7 88,2 ( 75.3
171612216 | ¢ .10 1.5 O m 762 26.7 1,06 60 500 900 130 40| 6.9 3,3 18.1 125,0 ( 433,
Profile 3. Gabbro
o1-6" § A 01 .05 0.2 4.6 6.3 13.4 3,8 76 900 25 35 55| 7.2 0,64 5.6 39.6
116! : s 02 .12 0,22 v 8.l 22.86 3,1 65 700 320 L4 60¢ 8,0 0.67 4,8 38.1
L 8r-12t § B LOL .07 0.29 " 14,5 27.1 3,0 55 430 380 34 65{ 1l.2  0.52 2.3 26.2
i 201271 I 12 .ok 2.2% 0,88 4,1 29,2 2.6 60 75 130 35 ho{ 3.7  0.88 8.5 31.7
i 271-30" i Ch 1.2 .05 2.70 1.81 1.6 28.0 1.9 62 8 75 L3z 19f 1.7 2.27 26.9 46.9
Chibuluma gabbro rock {(drill hole).
: } 2.0 5.7 7.5 2.44 7,1 18.5 0.72 56 50 5 14 431 0,44 0,33 1.97 0.7
g ¥ N
Profile 4. Quartzite.
0't-31 [ 0L 15 £.2 L6 2.1 5.5 0,50 92 140 30 <7 14{>h  £0.50 3.3 14,3
11-1513" Ay .05 .65 ¢ 1 4,5 19.8 0,83 72 120 35 11 27 3,0 o.h1 2.4 7.7 ,
15131161 3" B .05 ,55 0 " 6.6 23.5 0,89 68 150 L2 14 32} 3,0 O.h4h 2.1 6.4 20,8
2013136131 C ,03 b5 v " 6.6 23.3 0.85 69 90 4z 9 237 4.8 0.39 1.36 6.5
Profile 5, Basement granite.
;o OMe3N Ay 02,22 <2 £L.6 0,95 6.4 O 92 170 22 L7 18{>3 o.k0 £7.35 23.2
1t-61 Ay .05 1.0 28 2.6 19.0 0,79 76 130 30 7 30{ 4,3 0,23 2,69 11.5
i 6r-71gn B .06 1,0 .35 M 2.0 26.1 0,78 63 210 85 12 28} 7.1 0.43 1.3 9.k 7.2
{ 161312113 C .10 1.5 .55 v 4.9 343 0,56 57 100 35 10 20| 3.5 0,50 2.0 7.1
‘Profile 6. schist. i
o On-3 Ay 03 .30 &2 K6 L7 k7 039 93 90 7 L7 10131 0,70 (hal k.1
i Lthram 1) JA2 1.1 .39 " 4,3 18.8 0,92 72 130 22 10 251 2.2 0.k0 2.3 5.1
AR L TR Yol R L1 1.3 20 0 6.3 18,5 1,00 67 90 25 8 17} 3.1 0,47 1,27 4,0 1.6
{ o Lrgn_jztan C L5 2,0 S o 6,3 22,1 0,95 63 50 20 10 2011 2.0 0,50 1.59 3,20
S
*



Table 21, Composition of some lateritic soils

‘ Analysis %
Sample depth | Naj0 K0 MgO Cal Fe203 A1203 Ti0, 810,
. 1
Laterite, Cuba
0~26M L9 L06 L33 W12 63,0 18.5 .80 3,3
Aluminous laterite, Costa Rica2
o-10" 23 Lk .50 425 15.6 37.1 2.02 19.8
25=40M trace 20 .15 .19 17.0 . 38.5 2.4k 19,7
Laterite clay, Transvaal
C 0-9" 217 L7% 1,40 .11 20,8 27.3 2,11 25.0
924t A7 .75 1,16 .10 20,4 28,0 3,21 26,4
Lateritic podzoly, South Africa3
B3 horizon 1.88 4,62  ,50 .28 10.7 16.4 .85 65.0

1. From "Pedology' J.S.Joffe, 1949 p.473.
2. From Lawton, K. in 'Chemistry of the soil' Bear; Ed,1955 p.67.
-3, From 'Tropical soils' Mohr & van Baren, 1954. p.403,
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Changes in Al content related to the different bedrocks
are rather small, but broadly conform to the lithology,

Thus, in the lower C horizons, the kaolinized granite has the
highest alumina content, the gaboro s econd, closely followed
by the shale,

The vertiecel distribution of A1205 shows in general
little variation other than o slight decrease towards the
surface with a sharp decrease in the actual surface horizons,
particularly in the more sandy profiles (3, 4, 5, Figure 25).

The small o2 ccumulation of AlBO5 in the B horizons,
compared to FeoOz (Figure 25), is emphasised again when
considering ths composition of the iron nodules.

Despite the ferruginous réd colour of the soils, the
iron oxide contvent in the Copperbelt prdfiles shows rather
low volues, which exceed 10% in only one sample. The data
of Jay (1959) for Te in a number of Copperbelt soils confirm
this observatron, |

The highest iron contents occur in the Chambishi gabbro
| profile, reflecting the high content of iron minerals in this
rock type. It may be noted thot values of 8;14% Fed o in
the A2 and B horizons of the gabbro profile, are comparable
with those found throughout the latosol profile over norite
in the Transvaal (Chapter 8). The mineralized shale is
second to the gabbro in the iron content of the near-surface
Copperbelt soils (likewise Al,0s).
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Particularly in profiles over siliceous bedrocks, the
iron probably occurs largely as an oxide coating on the sand
and clay grains, especially in samples from the upper horizons.
This is shown by the paler colour produced by crushing such
samples in an agate mortar.

The content of iron varies considerably with depth, as
described in the individual profiles. Only in the profile
over the gabbro does the iron content of the A horizon exceed
thét of the C horizon; coupled with the general tendency of
iron to accumulate in the B horizon (typically in the iron
nodules), this indicates th:t five of the six profiles are
podzolic in character as far as Fe is concerned.

From the practical viewpoint the limited data suggest
that (a) it is unlikely that the analysis of near-surface
samples for Si, Al or Fe would improve the indicatidns of
bedrock lithology besed upon soil colour and texture, e xcept
for high iron contents indicating the gabbro; (b) there is
no e vidence of significant veriations in the mejor element
concent related only to mineralization (cf. minerslized and
mmineralized quartzites); nor would such variation be
expected on geological grounds, with the possible exception
of Te over ferruginous Cu~Co orebodies.

(1i1) T40

50, Na,0, Cal, :1g0.

2’ 2

Contents of these elements are much lower than for 3109,
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Al O5 and Fe The main varictions down-profile have

2 205
been noted as general leaching of calc-2lkalies from the A
and © horizons, and the tendency for the T10, content to
decrease withd epth. None of these clements shows a
significant preference for the U horizon, nor its nodules.

The cale-2lkalil elements show some variations with
lithology, mainly reflected in data from the C horizon.

Thus, Ko0 is relatively high at depth in the shale, granite
and schist profiles, and probably by incorporation in micas
and clay minerals, has partly resisted leaching in the upper
horizons (Tig. 25). On the other hand, nigh Nay0, Cald and
Mg0O velues distinguish the gabbro profile at depth (Table 20),
but these values do not persist into the uvpper horizons.

The leaching of these calc-alkali elements shows the predomin-
ance of tropical weathsring mechanisms over the bedrock
composition in deciding the contents of mobile elements in
the surface soil.

With the important exception of the gabbro, the Ti
content varies 1libttvle with bedrock type. The high TiO2
content in the C horiZOﬁ of the gabbro profile is distinctive,
and it increases to double this value at the surface.
Minerslogical or chemical determination of the resistant
titanium minercls has often been suggested as an index of

removal by wenthering of more soluble rock constituents
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(Reiche, 1850). On this basis, the 2-fold increase for
Ti0p suggests that weathering and leaching of major soluble
constibtuents has been more extensive for the gabbro than
other profiles.

Mo jor elements: summary.

From the practical viewpolnt of soill analysis as a guide
to lithology, it appecrs from the limited data that:-

(a) Aport from the gabbro profile, the major element
contents in surface soills do not vary by large factors with
the bedrock type. 00ll colour and texture are probably
superior to major element analyses as guides to bedrock
lithology; rapid (chemical) determinction of Fe and Ti might,
however, be investigated for the positive recognition of soils
developed from gabbroic rocks.

(b) There is no suggestion of direct correlation
between the major element composition of soils and underlying
mineralization, in the s ingle comparative case, nomely
between mineralized and non-minerclized quartzites.

(c) The nmain geochemical application of major element
soil analyses lies in indicating the trends of lecching and
accumulation in the various soil horizons. For this purposs,
the moderately-quontitative daota provided by spectrography are
a useful supplement to inferences drawn from field observations

and/or from data for the minor elements.
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" ilinor BElements

Contents of the minor elements as a whole.

The mean values and range of element content encountered
in all the profile horizons and nodule samples examined, are
shown in Table 22, compared with values for the world's soils
tabulated by Swaine (1855).

A cursory survey of the combined data from the six soll
profiles suggests that:~

(a) The colculated "average'soll profile sample is
enriched in Cu and Co relative to the geochemical abundance
of these elements, and to their normal contents in soils.
This observation naturally reflects the inclusion of
mineralized Copperbelt soill profiles. It is, however,
gignificant that %his enrichment is virtually confined to Cu
and Co among all the elements determined.

(b) Thus, the small renge of Ni content, and its
relatively low content even in the mineralized samples,
indicates thot it is not strongly associated with Cu and Co.

(¢) ilo end Pb, from very incomplete data, may possibly
be enriched avove their cbundance in the lithOSpheré: even
their maximum contents, in sevarated nodules are, however,
quentitetively insignificant compared to Cu and Co.

(d) The most abundant of the minor elements in the
"average' soil profile sample are, in order of content:-

Mn®:Cu) Ba) Cop V2 Cr) Ni = Sr21Li (Table 22).
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Tablc 22.

Mean and ranges of constituents in the soil profiles and separated
nodules for 6 N. Rhodesian soils.

Northern Rhodesia soil profile

World soils (after Swaine, 1955).

samples
(total 49 samples).

Content Very Common Range| Very Abundance

Element Low High  |in Litho-
Mean Range sphere ppm
%
510, 6r  (HO) 55-93
A1203 20.2 L, 7-34
Fe,0, 8.0 1.6-14.5(41)
Ti02 1.1 0.39-3,8
K20 0,71 0.04-2.0
MgO 0.45 0,20~-2.7
Na,0 0.11 0.01-1.2
ppm

Mn Los 50-900 (5000) 20 200-4000 X% 1000
Cu 362 7-1350 (3250) | O.h4 3~100 8000 70
Ba 189 Lo-500 (600) 10 100-4000 X% 420
Co 127 £7-240 (4000) (40,1 1-70 300 Lo
v 106 25-200 (380) 1| 20-700 1000 150
Cr 7k 15-120 (700) 0.5 7-1000 >1% 200
Ni 31 10-65 (115) 0.7 8-700 8000 100
Sr 31 10-120 10 60-1000 Looo 150
Li 28 4-90 (100) 1 7-200 2000 65
La 26 £20-105 {0.1 3-90 700 18.3
Ga 20 L33 8 10-80 200 15
Pb - £ 30-30 (90) 042 3-200 8000 16
Mo - € 5-7 (13) £0.1 0,2-7 200 2.3

X Where the extreme values occur in separated nodules, these are

bracketed ( ),
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Content and Verticol Distribution

of Individual Minor Zlements.

(i) Cu.

The adjocent table shows that (a) the Cu content at
depth clearly distinguishes the two mincralized profiles from
all the others, but that (b) in the more accessible upper
horizons, whicha re normally sampled for geochemical prospsct-
ing purposes, some irregularities occur in the Cu values.

Cu content of the main soil horizons (ppm).

Soil | Mineralized Profiles | Un-mineralized profiles!
Horizon . 2. S g, 5, B
Ouartzite Shale Gabbro Quartz- Granite Schist
ite
Al 53 380 250 30 22 7
A2 50 550 320 35 30 22
B 120 600 380 42 85 25
Lower C 1350 200 75 43 515) 20

Thus, bthe upper horizons of the mineralized quartzite are
so depleted in Cu that a value of only 50 ppm represents
underlying mineralization, against a "background” content of
30 ppm over the barren gquartzite. Leaching is facilitated
by the porosity of the Cihibuluma guartzite and its derived
sandy soils. The surface s oill over the mineralized shale 1is

much less strongly leached, probably due to the greater
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content of the primary and secondary clay minerals, and the
effect of their adsorption and base-exchinze properties in
retaining lcns of otherwise s oluble elements, including Cu.
Finally, (c), the Cu content of both A and B soil

liorizons over the gabbro exceeds that of any other profile
except the mineralized shale (likewise Co). The ferruginous
gabbro soil fetains Cu, in and Ni, although these elements
are apparently leached at depth. It is not impossible that
lateral migration down-slope has introduced some of the Cu
and Co from the sub-outcrop of minerslization at Chambishi
(Jay 1959), but anomalous conitents of Cu and Co are generally

found in soils developed over the Coppervelt gabbros.

(i1) Co.
llost of the remarks made for Cu regarding the surface
geochemical anomalies apply in general to Co. Thus reference
to the adjoining table shows that in the A2 soil horizons, the
content of Co over the mineralized quartzite is only twice
that of the barren quartzite, granite and schist: Co in the
gabbro soil exceeds this feeble anomaly over mineralized

quartzite and is only moderately surpassed by the value of

65 ppm Co which distinguishes the mineralized shale,
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Co content of the main soil horizons (ppm).

. - S 1
Soll liineralized profiles Un-minerealized profiles
Horizondd ™
1. 2. 3. 4, 5. 6.
Quartzite Shale Gabbro Quartz- CGranite Schist
ite
Aq 15 32 35 {7 <Y <7
A2 18 ' 65 40 11 7 10
B 30 100 34 14 12 8
Lower C 160 130 43 9 10 10

Two characteristic provlems ing eochemical vprospecting

are thus illusbtrated in the profile data, namely,

(a) the

development over weathered gabbro rocks of relatively high

Cu and Co contents unrslated to economic mineral ization, and

(b) the development over mineralizations of similar grade but

in different host rocks, of quite dissimilar surface anomaliles-

in the case of the Chibuluma quartzite the anomaly is 1little

above the background level for the unmincralized teirock.

Tooms and ‘Webb have drawn attention to these difficulties,

and to possible practical methods for resolving then

(Tooms, 18553

Hebb, 1956).

The recommended approaches are

(a) the field indentificabtion of areas underlain by each

bedrock type, and the use of appropriate local background and

threshold values, as indicated by the geochemical orientation
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survey. (b) The chemical determin-tion of rendily-extractable
Cu rather than total Cu may, in favourable cases, increase

the contrast between anomaliez of low fHotal Cu content

related to mineralization and the background. This method

is successfully applied to stream sediment samples (webb

and Tooms, 1958), but may be less effective in the leached

and dessicated sam les of freely-drained soills. The
practical solution of taking geocihemical prospecting samples

from the L horlzon, to overcome the elfects of leaching

=
3
=
o

from upper horizons, is impracticable and un-economic T

ci
ny
O

o9

Coppervelt because in the deep, mature soill profileg,
horizon often lies over 10 feet beneath the surface.

(c) The chemical determination of Wi in addition to Cu and
Co enables non-gsignificant anomalies related to the gabbro

bedrock to be identified by the relatively low Co:Ni ratio.

Discussion of the spectrographic results.

relatively high in Ni content, giving a Co: N1 rat) c lower
than the ratio in mineralized soills, vhic: is of w1¢ orler

of unity or greater (see Table below, and Tablic Z0,.
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The following table summarizes the contents and ratios

of certain elements in the Ag s0il horizons:

Profile Cu Co Cu°We%05 Coz F020~ Co:HNi
! brm bpm bpm: ppm: DI DL

Mineralized quevizite 50 18 17.2 6.2 0.72
IMineralized shale 550 65 26.5 11.4 2.17
Gabbro | 320 40 38,1 4.8 0,67
Quartzite 515) 11 7. 2.4 0.41
Dasement granite ;20 7 11.5 2.7 0.23
Basement schish ; 32 10 5.1 2.5 0.40

=

In addwision, relatively high contents of Fe and Ti

o ° 1

distinguish the gabbro surface soils, amongst this limite

Qs

0

6]

number of profiles. Consequently, the Co:Te ratio is al
of value In distinguishing the non-significant Co ancmaly.
over the gabbro from anomalies related to mincralization.
The low Co:Te ratio gives a slightly greater distinctlion
between the gahbro and the mineralized quartzite than does
the Co:Ni ratio. Afnalytical e rror must be borne in mind in
considering the s ignificance of these ratios; an advantage
of the Co:Te »atio is that only the minor elemesnt in
determined szemi-cuantitatively.

n the proviem of detecting the weak Cu anomaly
develoned over mineralization in quartzite, contrast w ith

the "taclgrcocund® -rclfils ( 2:1) is slightly improved

(to 2%:1) by using rhe Cusl'e ratio, A similar finding

J
i
|
i

i
|
!
|
!
|



applies to the Co anomaly and the Co:TFe ratio. Né other
elements determined, or their ratios, offered a significant
advantage in distinguishing near-surface soil anomalies
related to mineralization,

These observatilons are based upon data for ohly one
profile over each bedrock type, in some cases from widely
separated localities. Variations, for example in iron
content, in samples from different areas would a ffect the
general a pplicability of the observotions, which clearly
require testing on a wider sampling basis. If this work
is pursued, a rapid chemical method for determining iron,
such as the one descrived by Jay (19592) would be more
economical than spectrography for determining thisisingle

ma jor element.

Minor Elements, other than Cu and Co.

(1ii) M¥n, Ni, V, Cr.

The adjacent tables and Fig., 25 show some feabures
relating the contents of these elements with mineralization

and/or lithology.
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Element contents in the main soil horizons (ppm):-

Mn

Mineralized profiles Un-mineralized profiles
Soil N 2. 3 4y 5. G.
Horigon: | Quartzite Shale Gabbro Quartz- Granite Schist
- ite
Aq 60 350 900 140 170 90
Ao 70 550 700 120 130 130
B 60 550 430 150 210 20
Lower C 50 500 85 20 100 50
i
N1
Al 17 27 55 14 18 10
Ag 25 30 60 27 30 258
B 20 30 65 32 28 17
Lower C 21 40 15 23 20 20
v
Al 50 80 200 32 25 30
A2 60 110 200 55 45 60
B 100 110 160 80 110 60
h}ower C 70 100 190 68 45 80
Cr
Al 22 50 55 20 15 20
A2 25 65 45 35 25 45
B 30 65 38 50 120 70
Lower C 55 90 45 43 32 60
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(1) Relatively high tobal Mn conbtents in the Ao horizons
of the gabbro and shale profiles, distinguish these from
profiles over more siliceous bedrocks. The gabbro s oil also
shows higher contents of Ni and V than any other, no doubt in
association with the high Fe which has already been noted.

(i1) In addxtion to Mn, the Ao horizon of the shale shows
moderately high contents of Ni, V and Te (second only to the
gabbro) and actually fhe highest Cr of all profiles at this
horizon. The contrast in Ni, V and Cr contents between
corresponding horizons of the shale and other profiles is
not large however, rarely exceeding 2-fold (Tables above;
Fig. 25). In this connection, data for a single soil
traverse over the mineralized shale at Baluba show a similar
moderate increase for Ni and Cr immediately over the shale
horizon (TFig. 26). The association of the minor ferrides
with Fe in the srgillite and the derived soils may be due
entirely to normal s edimentary processes, The alternative
possibility that these elements are directly related to the
Cu-~Co mineralization in the shale must remain open, since
samples from a non-mineralized shale profile were not
available for examination. In comparing the mineralized
and barren quartzite profiles, iowever, there is no
indication that the Ni, Cr, V, Mn or Fe convents of the

soils are increased over Cu~Co minerslization (Fig. 25).
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(1iii) It has slready been noted that although the near-
surface horizons of the gabbro s oils have a relatively high
Co content, this is exceeded by Ni. Thus the low Co:Ni
ratio distinguishes the Co anomaly over the gabbro from that
over the mineralized shale, where the Co:Wi ratio exceeds 1.0.
Jay, (1959 p. 69) has previously established this distinction
betweens oils over the Chambishi gabbro and over Cu=Co
mineralization, both in argillaceous host rocks, at Daluba
and Chambishi. he present data show that Ni also
predominates over Co in the A2 horizons of the siliceous
background profiles (Wos., 4, 5, 6), and over the mineralized
quartzite in waich Cu and Co a re leached, but not Ni
(Fig. 25). Thus, rather than the low Co:Ni ratio alone, a
high magnitude of Ni (approx. 40 ppm) should be present for
characterising a soil developed over a gabbro.

(iv) The vertical distribution of Ma in the profiles
(Fig.2 5) shows the following main features:- (a) a minor
accumulation in the surface horizons, probably in association
with organic matter, (b) local accumulation in the B or upper
C horizons, and (c¢) a general lack of direct relationship of
In content with Fe or other predominant elements. The
nodule data (discussed below) provide some detailed compari-

song and contrasts between the accumulation of Fe and Mn,
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(v) The Ni content varies 1little with depth, except in
the gabbro profile, where the content decreases with depth,
paralleling to some extent Te, Cu and Ti. Ni shows 1little
tendency to accumulatew ith Te, Cu or other elements in the
3 horizon, nor in the iron nodules, The relative immobility
of Ni may be due to formation of stable Ni s ilicates
(Rankama and Sahama, 1950, p. 684), but since its content is
low in any of the profiles, 1t maywell be present as a minor
‘accessory incorporated in resistant primary iron oxides, or
residual in secondary iron oxides derived from the weathering
of ferromagnesian minerals or iron sulphides.

(vi) V and Cr show some contrasts with Ni and I'n, by
tending to parallel the distribution of Fe in the un-
mineralized siliceous profiles, Nos. 3, 4, 5 (Fig. 25).
Moreover, the iron nodule data also suggest that V and Cr
follow Fe rather closely in the process of accumulation in

the illuvial B horizon.

(iv) Sr, Ba, Li.

Sr, Da and Li were determined in selected samples
representing only the main profile horizons (Fig. 25).

(i) Li shows some association with KQO, probably retalned
within mica and clay minerals. Slightly higher Li contents
distinguish C-horizon samples over the granite (90 ppm),

schist (65 ppm) and shale (45 ppm) from the other decomposed
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bedrocks, the lowest being the gabbro with 8 ppm Li.
Leaching of Li (likewise Sr), supresses the surface expression
of these variations - . with lithology (Fig. 25).

(ii) For Sr, the only noteworthy variation with lithology
is the higher Sr content in the C horizon over the mineralized
quartzite as compared to the barren quartzibte. Since there
is a similar relationship for Ilg, this probably reflects the
persistent but variable content of carbonates in the Roan
sediments (Davidson, 1854 p. 245), rather than a direct
relationship with mineralization. As with Li, leaching of
Sr prevents the cxpression in the accessible A2 norizons, of
variations in Sr content, related to the bedrock type
(Fig. 25).

(iii) Ba is more abundant than Li or Sr, but in the
profiles examined, it shows relatively small varizations in
content at depth, whiclh cannot be positively related with the
bedrock type or with mineraligzation. Moreover, the effects
of leaching towards the surface again obscure the surface
expression of the convent of Da at depth. The gabhbro
pfofile shows a greater degree of leaching for Da and Sr than
do other profiles, corresponding to the thorough leaching
from upper horizons of Ca and lg, which are rclatively high

at depth.
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Distripbution of the Major and iinor BElements in

Iron Nodules and Manganese Segregations.

The composition of iron nodules separated from the B
horizon of five profiles, and of menganese segregations from
the uvpper C horizon of the mineralized shale, provide some
information on some aspects of accumulation in the illuvial
zone which is typilcal of most Copperbelt soils, The analyt-
ical data of main geochemical interest for the separated

nodules and the surrounding minus 80-mesh material ("the

matrix?) are shown in Table 23.

Iron nodules.

1. The iron oxide content of the separated nodules, and
the factor of concentrationr elative to the adjacent mabrix
material, varies considerably for the five samples examined.
The Fe content varies from 11 to 41% FGZOS’ and: the factor
of concentracion from 2:1 to 6.6:1, Considerable variations
may be expected also between different nodules, from the
seme profile. Thus, in discussing the present data, tne
variable factor of iron concentration must be taken into
accounts the ratio of the content of a particular minor
element in the nodules %o its content in the matrix (its
factor of concentration) is used as an index of its tendency

to accumulase w ith Fe,



Table 23. Composition of (a) nodules separated from soil horizons compared with (b) sicved minus 80-mesh material at the same depth.

L

L2, g e B Oxides [— - Ratios N
Cu Co Mn Cr v Ni Sr Ba Li Ga Mo Pb NaEO K20 MgO Cal }?‘eZO3 Al0z T102 SlOZCH:CO CosNi %gin‘r'ég% gBmFGE%BCF(?nS«?&
Ferruginous nodules separated from nodular laterite fackon |
Profile 1.Minecralized quartzite (B horizon) at 13'6"-15'6" depths.
(a) Fe nodules 350 22 200 210 190 21 10 120 13 20 6 £30f .03 .68 .28 +tr 29.5 19.9 .94 49 15,9 1.0 .0.75  1l.9, ..
(b)~-80-mesh 120 30 60 30 100 20 25 9 8 10 £5 <30} .05 .28 .2k tr 4,5 17.0 1.02 77 4.0 1.50 6.7 26.7 )
material N e g @ O (@) @ (&) ©) ¢ ® o
Ferruginous nodules separated from nodular laterite, brown-yellow with
Profile 2.Mineralized shale black mottle (B horizon) at 9'6/-10'0" depth
(a) Fe nodules 1000 120 2000 250 180 35 38 210 23 30 8 30f .06 1.0 .46 tr 13.3 25.51.03 58 8.3 3.43 9,0 75.3 5.1
(b)~80-mesh 600 110 550 65 110 30 Lo 230 25 20 <5 {30} .06 1.1 45 tr 6.8 23.7 1.00 67 5.5 3.3k 16.2 86.2 '
material Q@ & ® o & @ ® e Q
Black manganese wad ( spots) separated from mottled, partly ferruginous clay, after shale at
1316"-1416" depth (Cy horizon) :
(a) Mp wad 3250 L4000 ¢5000 65 160 115 43 600 100 25 13 90| .05 1.0 .45 tr 7.5 29.0 .81 60 0.81 34.8 533.4 433 1.hs1
(v)80-mesh 550 75 300 7C 90 25 50 200 35 20 <5 £30{ .05 1.1 .58 tr 5.3 22.7 1.05 68 7.3 3.0 141 104 T
material 8 8 s ® o - ] ® - ] o ] O
: Ferruginous nodules separated from nodular laterite at 15'3"-16'3" depth
Profile 4, Felspathic quartzite _ _
(a) Fe nodules 850 48 350 700 380 39 10 110 15 32 11 {30} .03 .43 4.2 tr 40,8 17.8 .66 4o 17.7 1.23 1.2 20.8 6.2:1
(b)X80-mesh L2 14 150 50 80 32 25 170 30 20 £5 {30} .05 .55 &.2 tr 6.6 23.5 .89 68 3.0 0,44 2,12 6.4 ot
material -4 o ® e ® o (0 o & {0) 8 © o]
Profile 5.Basement granite Ferruginous nodules separated from nodular laterite at 6'0'"-7'9" depth (B horizon)
(a) Fe nodules| 80 11 220 120 130 30 17 145 36 26 7 {30} .07 .9 .33 tr 11,2 28.1 .84 59 7.3 C.37 0.98 7.2
(b)}80~-mesh materizl 85 12 210 120 110 28 25 180 L 29 5 (3C| .06 1.0 .35 tr 9.0 26.1 .78 63 7.1 0.43 1.33 9,4 L,3:1
do.overlying fis 30 7 130 25 ks 20 22 220 35 20 «5 - | .05 1.0 .28 tr 2.6 19.0 .79 76 4,z 0,23 2.7 11.5
horizon
l ® @ (® o & (0) (e) @ ® o o
Profile 6, Basement schist . Ferruginous nodules separated from narrow laterite zone at 4'3"-4'9" depth (B horizon), .
(a) Fe nodules 22 7 85 120 65 14 38 330 48 16 ¢5 430 .31 1.8 .53 tr 19.5 26.9 .93 L6 4,6 0.5 0.36 1.6 1:1
(b}80-mesh material 25 8 90 70 60 17 L0 32¢ 30 15 {5 {30} .14k 1.3 40 tr 6.3 18.5 1.0 67 3.1 0.47 1.27 hL.C 3.1
i (@) ¢ ® ® ® & o)

® ©cments showing concentration in nodules: factor approx 2-fold (or analytically significant for major elcments)

" 1 i

" " : factor of 5-fold or over.

O Elements showing concentration in minus 8C-mesh material = factor of C,2-fold.

() Indicates factors below X2-fold but probably analytically significant.
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2. Of the major élements, only Fe itself is strongly
concentrated in the nodules: the contents of ths other
ma jor constituents remain essentially the same as in the
matrix. Increased contents of AlEOB are, nowever, found in
three of ths five nodule samples, and some calc-alkali
elements are slightly enriched in certain iron nodules
relative to the A and 3 (not C) horizonss alkali leaching is
not observed.

5. Cr is tviie element most closely associated with the
iron nodulesz, It is unique among the elements analysed in
concenvrating in all five iron nodules by a facsor of the
sane order opr greacer than the factor for FeZOS,'

4, Cu is also enhanced in all the nodules, but in only

one case (the barren quartzite) is its factor of concentration

)

nigher than that of FezOgc In other words, the Cu:Fe ratio

is in most cases reduced in the nodules compared to the bulk

of the B horizon. (Table 20). From the very limited number
of samples, neither the Cu content nor Cu:Te ratio in the
nodules correlate in devall with mineralization. Four
samples do so, but an important exception is that nodules
from barren quartzite are higher in Cu (and Cu:Te rétio), than
nodules from the mineralized quartzite: +the same applies Lo
Co.

S, V- increases in all five nodule samples, but the

factor of concentration is mostly less than that for Cu.
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6. IIn 1s strongly concentrated in the iron nodules in
only two profiles, the mineralized shale and the mineralized
quartzite. In the three un-mineralized profiles, lMn is only
slightly enriched in the nodules (Table 23).

7. o and Pb are concentrated above their limits of
letection in certain iron nodules, and may be assoclated
fairly directly with Fee as are Cr, V and Cu, The highest
Mo content is 11 ppm, in iron nodules from the barren
quartzite; the mineralized shale, granite, and mineralized
quartzite being next 1in order. Thus, no consistent relation
with mineralization is shown by the present limited data.

8. In contrast w ith Cu, Co is not closely associated
with the iron nodules. The content of Co increases slightly
in three of the five iron nodules, by up to 1l.5-fold. The
increase is insignificant compared to the factor for Fezog
uo to 6,0, 2c .d,s0 that the Cu:Pe raetio is distinctly lower in
all five iron nodules than in the matrix materilal.

9. Ni accumulates in only the most ferruginous sample,
by a 2-fold Factor from 20 to 39 ppm Ni. Like Co, Ni 18 not

directly associated with iron accumulation in t he nodules.

Discuasion.

The distribubtion of iron and other elements in the
ferruginous nodules may be briefly related to the general

distribution of iron in the Copperbelt profiles examined.
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It has been shown that in the upper soil horizons, the
iron content exceeds 10% Fezo5 only over vt he gabbro bedrock,
Moreover, in all but the gabbro profile, iron is leached
from the & lorizon relative to the C. Accumulation occurs
in the D horizon relative to the A in all profiles, but the
iron content does not always exceed the C, at least as
regards the sieved soill fractions. Some allowance must be
made for the exclusion of the ferruginous nodules, although
Jay (1959) notes that their proportion to the whole B
horizon is not usually great, and coarse material containing
less than the. average amount of iron has also been exluded
from the sieved samrles. The iron nodules examined rise to

30 and 40% Fe O5 in the two highest samrles; even here, the

2
predominance of sesquioxides over silica is quite small.
The limifted d ate points to the introduction by illuvial
processes, of Fe with associated minor elements, and
relatively little alumina. Thus there ares imilarities in

five of thne profiles, excluding the gabbro, to the

characteristics of red podzolic soils (Robinson, 1848).

Hanganese segregations.

The manganese segregations from the upper C horizon of
the minerclized shale profile show some important differences
from the iron nodules in their element associations

(Table 23). This is to be expected from the different



patterns which Fe and IMn show in the cycle ofweathering.
These elements tend to be more or less separated in the
procucts of weathering, despite their close association in
many primary rock minerals (Mason, 1952 p. 147).

l. Co is strongly concentreted with Iin in the segrega-
tions examined; the éontent of each metal is approximately
0.5%, and the Co:in ratio is in fach greater than in the
matrix material,

2 Other’elements appreciably concentrated in the
segregations are Cu, Ni, Da, Pb, Li, Mo and V, in that owrder
of concentration in the segregations relative To the matrix.
While Cu shows a 6-fold concentration this is relatively
ingignificant compared to the 53-fold factor for Co; Co in
fact exceeds Cu in these segregations, thus reversing thelr
normal abundance in Copperbelt soills.

3, Cr is not accumulated, and Fe and Al increase by
only small factors,

Geochemicnl mechanisms applying in iron nodules and
rnanzanesc segregations.

#Within the iron nodules, preferential accumulation with
iron is shovn only by the minor elements Cr, Cu, V, Mo, Im
and Ph. Co is only an incidental component of the nodules,
and not s ignificantly concentrated in them. The d ata
confirm observations by Tooms (quoted in Jay, 1959) and also
Jay's own findings, that Co associates to a lesser extent

with Te than with !In in f re=sly-drained profiles.
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Anion adsorpbtion on the iron hydroxide colloid of
vanadate, molybdate, aisenate, selenate and phosphate ions
is the mechanism usually though to explain the occurrcnce of
Cr, V, Yo, As, P in sedimentary iron ores (Ilason, 1952 p.l1lb4).
vhile this may explain the accumuletion of Cr, V and Mo in
the iron nodules, adsorption onto a positively-charged lron
hydroxide colloid cannot explain the association of Cu with
the nodules, If prominence is to bhe given to soil colloida
processes, negatively-charged colloids such as argillaceous
clays or colloidals ilica would have to be involved to
adsorb the polarized Cutt fon (Pereliman, 1957).  Since
negative colloids also include organic substances, several
possibilities cxlist for Cu to be incorporated in such colloids
and then flocculateda in the illuvial L horizon.

On the other hand, it may be assumed the co-precipisation
of Cu {inter alia) from solution, accompanies the precipita-
tion of iron in the illuvial horizon (Tooms, 19653 Covett,

1953). analogous to the chemical “scavenging' action of

precinitated Fe and in hydroxides. The s 0il pH and Eh
gonditionn are then imporsant factors. The role of bhacterial

agenc’es in the precipitation of Te and Im should not be
overiooked, although these processes are incomplebely under-
stood (Roankara and 3ahema, 1950 p. 674; Derrow, 1958).

It

!_Ju

s very probable Shat two or more different mechanisms are
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involved in the accumulation in iron nodules of such varied
elements as V, Mo, Fn, Pb and Cu, coupled with the exclusion
of Co and Ni,

Whatever the detailed mechanism, the work of Webb,

Tooms (1955) and Jay (1959) among others in the Copperbelst
shows that Cu is quite strongly associa%ed with Fe in freely-
drained solls, and the accumulation of Cu with Fe and Al in
the B horizon of temperate podzols is well established
(Pereltmen, 1957),

The pronounced accumulation of Co together with Cu, Pb,
Ba, N1 and other elements in the manganese segretations may
be explained by the adsorption and co-precipitation properties
of manganic hydroxide.

Manganic hydroxide gel, in contrast to that of iron, is
negatively charged and consequently has a high affinity for
adsorption of positive metal lons, the attraction belng great-
est for ions of large size and high charge. Consequently,
oxidate sediments rich in manganese often contain notable
amounts of Li, K, Ca, Ba, B, Ti, Co, Ni, Cu, Zn, Pb and other
elements, while manganese wad may contain up to 2.8% NiO,

8.3% Co0, 9.5% Ba0 and 14% CuO (Rankama and Sahame, 1950 p.650).

Relevance of iron nodules and manganese segregations to

geochemical prospecting.

The foregoing results bhased upon a very limited number
of samples, suggest that the analysis of the above materials

offers 1ittle promise for geochemicsl prospecting purposes.
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Firstly, there are obvious practical and economic
drawbacls in sampling from the zone of nodular accumulation,
which often lies at depths exceeding 10 ft. in the Copper-
belt. Secondly, only specific elements are concentrated in
the iron nodules, and this concentration probably varies with
(a) the concentration of Te itself and (b) the quantity of
the minor element mobilized in solution, rather than its
total content. Thus erratic variations in the minor element
content may occur which are notonly related to mineralization
or lithology: this is illustrated by the abnormally high
content of Cu, Co, Mo and some other elements in the highly
ferruginous nodules from the un-mineralized quartzite profile.

Nevertheless, significant concentratione ffects are
observed in the nodules, notably fcr Cu, Mo and Pb, among
elements which may be related to Cu-Co mineralization, on
geological grounds. Their analysis in nodule samples might
serve as a guide to ore, mainly on a qualitative basis.

Similar considerations probably apply to the analysis of
separated Mn segregations, based upon data from only one
sample. Qualitative indications of Cu-Co mineralization 1s
already implied in the presence of Imn segregations 1in
reasonable amcunt, Thus, Anton Gray (1928 p. 31) notes that
limonite present in most oxidised outcrops over Copperbelt
orebodies is often accompanied by manganese and copper oxides,

and that black sooty oxides "which contain Fe, !In and

- 159 -



sometimes Cu" are common in the oxidised ore zones,

Davidson (1931) refers to the black oxide of Cu, Coy Mn and
Pe occurring in and laterally transported from the oxidised
outcrop at Chambishi, while Jay (1959 p. 141) stated that
except in the immediate vicinity of mineralization (at Baluba)
the concretionary patches of manganese oxides arec absent from

the freely-drained soil profiles.

Conclusions.

Multi~element spectrographic data for the profile and
nodule samples, although limived in number, give some
practical indication of the effects of weathering in the six
profiles éxamined.

From the prospecting viewpoint, no indicator elements
were revealed as alternatives to Cu and Co, the principal ore
metals, Mo, Pb and Ni were detected locally concentrated in
certain iron and manganese segregations, but their values in

:
these selected samples do not correlate with mineralization.
Further investigation of these elements, on a wider sampling
basis might usefully be pursued.

It is suggested thet the ratios of Co:Fe and Cu:Fe merit
further investigation as possible aids in (a) detecting Cu
and Co anomalies in highly leached environments and (b)
distingﬁishing non-significant Cu and Co anomalies related

to gabbro bedrocks.

- 160 -



The investigation indicates the scope for spectrographic
methods, simple enough to be used in a roubtine prospecting
laboratory, in investigating weathering and soil-forming
processes related to geochemical prospecting problems. The
methods employed are suitaeble for similar iInvestigations in
other areas where:-

(a) the geochemical variations sought are large compared
with the modest accuracy of the analytical methods;
and.  {b) the multi-element coverage offered by the spectro-

graph can be used with advantage.

Traverse Samples.

Figs. 26 and 27 present the geologlcal and spectro-
graphic data relating to near~-surface samples collected by
Drs. Tooms and webb for the traverses shown in Fig. 24.

Lach traverse crosses the s ub-outcrop of Cu~-Co mineralization
in shale at Daluba, but the samples comprise soils from the
As horizon of freely-drained profiles on the one hand

(Fig., 26), and dambo soils extending into a stream sediment
train, on the other (Fig. 27).

The data for Cu and Co generally conform to the
distribution for these metals established by the extensive
work by Tooms, (1955); Govett, (1958); Webb and Tooms, (1959)
and Jay, (1959). Thus, while both Cu and Co show

significant anomalies in freely-drained soils, with an
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Fig.26. Traverse: Line 48, Baluba.
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Fig.27. Traverse: Dambol,Baluba,
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anomaly width of some 1200 ft,, higher anomaly peaks occur
in the damho soils and the anomaly width is very much
greacer, Anomalous Cu and Co conbtents extend down-drainage
into goils of the dambo neck and to the stream sediment
train,

The spesctrographic data show the folléwing features
relevant to geochemical prospecting for elements other than
Cu and Cos~

{(a) In the freely-drained soil traverse (Fig. 26) the
main feature of the data is the moderate increase in the
content of boch Ni and Cr immediately over the shale horizon;
this has previously been noted and discussed. The geochem-
ical contrast with the contents of Ni and Cr remote from
mineral ization is some 2-3-fold. Thus these elements are
less effective indicators of mineralization than are Cu and
Co, on the grounds of (i) lower geochemical contrast and
(i1i) limited lateral dispersion, If Ni and Cr are related
t0o Cu-Co mineralization in the shale, as distinct from
lithology, %their limited lateral dispersion would make them
table Tor the precisc location of mineralization within
the broader enomalies developed for Cu and Co.

No other element determined~shows a significant anomaly
related only to the position of the ore shale, However, Da

shows @ minor peak in that vicinity, with a second peak over

(=4

“.n, Ga, V, Bb, Li, Da, Sr, Na, X, Pb, Sn, Mo, Ag.
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the mica schist,. Sr shows a slight anomaly, probably
analytically significant, but not clearly related %o
mineralization.

() Referring to the second traverse (Fig. 27), the
distribution of Ni shows a superficial resemblance, at a
much lower content, to the pattern for Cu and Co. The Ni
peak samnles, however, lie a 1little down-drainage of the
sub-outcrop of mineralization, and the "anomaly" value of
100 ppm is no greacer than that in the freely-drained soils.
These Teatures contrast in detvail with the behaviour of Cu
and Co, but on the limited data from both traverses, it is
at least possible that the Ni anomalies are related to
minerslization,

A geochemical anomaly exists for Cr in the dambo and
drainage samples, but the values are too erratic to suggest
e correlation with Cu-Co mineralization.

An unexpected Teature of the data is that the calc-~
alkall elements 3Da, Li and ¥ show the closest correlation
with the dispersion pattern of the ore metals, Cu and Co.

ribution for Da, while the adjacent

or

IFig. 27 shows the dis-
Takle indicates thet Li and X also parallel Cu to different
degrees, whereas Sr gshows less correlatron, and Na almost

none.



lraverse Cu  X50 Li Da. Sr Nag0
istance N ”. ) ;
(£8.) ppm % ppm prm  ppm %
500 63 .8 35 200 30 .03
700 165 .8 45 200 '35 .05
775 575 1.2 120 400 40 .11
900 1500 1.3 80 650 45 .07
1100 1150 1.0 90 350 40 » 08
2900 1000 .6 70 550 30 .05
4900 165 .6 60 260 21 .10
7200 150 .5 48 250 18 .09
8200 100 .2 40 200 15 .08
9200 63 .15 20 140 4 .08
10200 125 .5 45 220 18 .12
11200 48 .1 15 140 5 .05
12200 12 .06 6 85 8 .03
13200 17 .1 8 125 12 .06

X predominates among the associated elements, and the
roughly similar dispersions of K, Cu, Co, Da and L1 might
suggest that they are contained together within resistant
micas or in clay minerals derived from the mineralized shale,
Other considerations, however, suggest that these elements
have probably been inbtroduced, partly separately, into the
dambo soils from groundwaters draining (inster alia)
mineralized ground, and fixed by precipitation or adsorption
in the organic-rich dambo soils, The erosion of these soils
and their incorporation in stream sediment would explain the
approximate parallel between the different elements in
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their distribution downstreamn, Webb and Tooms, (1859) have
suggested that this mechanism applies, in part, to the
development of drainage dispersion trans for Cu and Co.

Several important features of the present data are
consistent with the foregoing mechanism. Firstly,
precipitation from the groundwater into the dambo solls
would explain the facts that (a) the five elements mainly
associated in the drainage dispersion, Cu, Co, Ba, Li and K,
show higher anomalous contents than they do in freely-
drained soils; and (b) while Cu and Co are clearly related
to mineralization, K, Li snd Ja are probably not, from the
limited soil profile data: the data suggest that leaching
from the weathered schist or granite is the provable source
of X, Li and Ba (Fig. 25).

Secondly, eroslion and physical transport of the dambo
soill material would account for the similar drainage
dispersion patterns for elements which differ in thelr
chemical properties in solution (Cu, Co, Ba, Li and K).

Purtherwork is clearly necessary before drawing firm
conclusions from the preliminary spectrographic data. The
most promising investigation from the practical viewpoint,
would be to establish whether or not Ni and Cr are generally
related to Cu-Co mineralizat:on, by the examination of samples

from suitable mineralized and un-mineraliged areas.
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Secondly, drainage dispersion trains in toth mineralized

and backzround areas should be examined for the cale-alkali
and ore elcments, in order to establish whether the two
groupr of clements are related directly or indirectly in the
drainage system, as a guide to the mechanisms of drainage

dispersicn,.
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CHAPTER 7. DUKANGAMA RIDGE, UGAVDA.

Introduction.

" The samples examined from this area comprised six soil
profiles collected and previously investigated by
J. D. Jacobson (1956), as part of a detailed geochemical
prospecting programme near the Kilembe Cu-Co mine, Uganda.
This programme was commenced in 1954 by Dr. J. S. Webb, at
“he invitation of the Uganda Geological Survey. Encouraging
preliminary results were obtained, and the study of geo-
chemical prospecting for Cu and Co in this hilly tropical
terrain was continued, mainly by chemical analyses for Cu,
(a) in the s oils, by Jacobson (1956), and (b) in the drainage
system, by Holman (1956). Some r esults of investigations of
Cu and Co at Kilembe, contrasted with geochemical prospecting
studies in the Rhodesian Copperbelt, are summarized by Webb
(1956). Research work under Dr. Webb's direction has been
continued at Kilembe by D. R. Clews (in preparation), and in
the present ancillary s tudy.

Previous work had shown that thb s teep topography of
Bukangama Ridge permits surface erosion to compete with
chemical weathering, so that relatively shallow and immature
profiles are developed, in contrast with the mature and
senile soils of the Copperbelt peneplain, Thus, leaching

of Cu from the upper hbrizons, under comparable geological
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conditions 1ls less pronounced af Kilembe than in the
Copperbelt, Moreover, the upper D horizon, wherein Cu and

Co anomalies are well developed, lies on average, only 15"
below the surface at Kilembe (Jacobson, 1956). Geochemical
prospecting by analysis of soil samples for Cu is relatively
straight forward, the principal problem being the discrimina-
tion of Cu anomalies related to minerallzation on the one hand
and dolerite dykes, on the other. The present study was
made, therefore, primarily with the view to studying the
profiles distribution of the common minor elements as a

result of soil formation, and to examine geochemical

distinctions between the bedrock types.

General Description of the Sampling Area.

The following outline is based ond etailed déscriptions
of the Kilembe area from the geochemlcal prospecting view-
point by Jacobson (1956) and Holman (1956)., Their sources
of information in addition to field observations, were
obtained from the work of the Uganda Geological Survey and
the staff of Kilembe Mines Ltd.

Location and topography.

Figure 28 shows the location of Dukangama Ridge and the
profile sampling sites on 1ts south-western slope.
The Cu-~Co mine at Kilembe lies in the Nyalusegi river

valley, in the south-eastern foothills of the Ruwenzori
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mountain range. Bukangama Ridge forms the south-western .
&lde of the valley, and the topography displays the vigorous
relief with steep, straight slopes, typical of the active
erosion which has succeeded the uplift of t he Ruwenzori range
in Recent geological times.

Many valleys near the centre of the Ruwenzori show
evidence of past or present glaciation, but no glacial
effects have been seen below 8000 ft. in the southern part
of the range, and the soils on Sukangama Ridge may therefore
be regarded as free from glacial transportation. Moreover,
althiough g radients vary between 200 and 500, there is no
evidence ofvvidespreéd slipping or terracing of the soil
material,

Drainage.

The topography and surface d rainage of Bukangama Ridge
appears to be independent of any geological control. The
¢ountry rocks strike across the axis of the ridge, and
although some dolerites trend parallel to the ridgc
crest, they are not large enough to have influenced the
topography.

Drooks generally rise inw ater-logged areas at or just
below the gully head, though sometimes there may be a well-
defined headwater spring. On Sukeangama Ridge, running

water appears at surface some 600-800 £t. below the Ridge
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crest. Holman and Jacobson suggest that because of the

steep topography, the water-table lies at a consilderable
depth below surface, at least on the upper slopes, even
during the wet season. Drainage of the s oils probably occurs
mainly by lateral movement in the porous upper horizons of
the soils; there\is little surface s heet-wash even during

troplcal rains.

Climate and vegetation,

Although the area lies close to the equator, the climate
in the elevated foot-hills may be described as temperate.
The a verage rainfall at Kilembe is about 40-50 inches,
falling mostly in two periods, with drier intervels in
January and June. The & aily temperature variation shows
little change from 60 and 800F throughout the year.

Bukangama is situated in the forest belt, but as a
result of nativeagriculbure, the predominant vegetatlon 1s
now elephant grass and bracken. This secondary growth

provides a thick and continuous vegetal cover,

Features ohserved in the solls of Dukangama Ridge by
previous workers show that:-
(a) the ﬁersistent soll cover is dominantly residual and

freely-drained, though appreciable thiclmesses of colluvium

may develop towards the base of slopes,
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(b) active soilc reep is a general f eature, but land
slipping 1s not widespread.

(¢) the profiles are relatively shallow, rarely
exceeding 5-7 ft. in depth (cf Rhodesian Copperbelt, Chap. 6).
The soll horizons are not sharply differentiated. Jacobson
notes that the visual identification of the major A, D and C
horizons is difficult in most cases, since there is often
1little change in the appearance of the soll below the top few
inches. Concretions a re not usually present in the 3
horizon, while soil fragments can co-exist with secondary
products in many different horizons. The soil profiles
are relatively Ilmmature.

(d) Beneath the black top s oil, the profiles are
predominantly red in colour. Jacobson (1556) describes them
as ferralitic soills, after Robinson (1949), indicating that
the red colour derives from retention of iron oxides in the
soil.

The <~meralized soil profile is described below after
Jacobson (1956).

Geology.

The Ruwenzori HMountains form an uplifted block of
Precambrian formations, consisting mainly of migmatite
gneisses, schists, gquartzites and plagioclase amphibolites,

the latter probably of volcanic origin. The Kilembe Series
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Generalized soil profile from Bukangama Ridge

(from Jacobson 1956).

Range : Approx.

Horizon in Ave. Colour Comments
ins. Thick-
ness
Aoo+o - Rotted Vegetation matting
noticeably thicker on ridge
tops.
Ay 0-12 3 Dark grey (dry)|Fine sandy loam, porous and
Black (wet) loose when dry, fibrous,
very thin in cultivated
areas.

Boundary clear or

gradational.
A5 2-18 12 Dark red-brown |Clay loam, massive but
to chocolate friable.
brown
Boundary clear or
gradational.
B 6-96 37 Yellow to red, |Sticky sandy clay.
paler colour Parent material fragments
over granite increase downwards. Stone
rock. line sometimes present
near top of horizon.
Boundary diffuse.
C 6-2 - - Defined as being reached

when the amount of
fragmental parent
material is judged to
be in excess of the
matrix.

- L7E -




which carries the Cu and Co sulphide deposits, occurs as a
relatively small inliler, in-folded in the gnelsses of the
S.W. foothills (llcConnell, 1956). The Series consists
mainly of a group of albite-quartz granulites, derived by
metamorphism of sedimentary rocks; Dbands of plagloclase
amphibolite; and intrusions of alaskite-pegmative and
dolerite.

Rock types which occur at Kilembe iine and on Dukangama
Ridge a re described by Holman (1956) a8 follows :~

The granulites are dark-coloured rocks of fine to medium

grain size, containing quartz, albite, a nd pyroxene, with
sericite, biotite, epidote, iron orz and tourmaline. The
Cu~Co s ulphide orea ¢t Kilembe occurs mainly in the granuliltes,
enclosed bstween a quartz-felspar amphibolite below and a
second amphibolite above.

The amphlbolites are d lstributed irregularly as bands

of varying thickness in the granulites. Therock may consist
largely of dark green amphibole, becoming lighter as the
amount of quartz and felspar increases. The g rain size 1is
also variavle. Scattered grains of chalcopyrite and pyrite
ocecur in the rock, even well away from mineralization.

The permatitic rocks are known locally as alaskites.,
They commonly contain quartz, albite, orthoclase, anorthoclase
and microcline. Grains of pyrite and chalcopyrite may be

gcattered through the rock, more frequently at the marginsg.
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The s hape of the pegmatites is often irregular; usually
they follow the bedding or cut it at a small angle, and may
be up to 60 feet thick, Contacts with the host rock may be
sharp, or gradual over several feet. The country rocks
appear to have suffered very little alteration or disturbance
during emplacement of the pegmatites.

The dolerites are fine to coarse grained, containing
labradorite, pyroxene, blotite and micro~-pegmatite. Gral ns
of chalcopyrite are common, as in many other dolerites in
Uganda which are independent of economic mineralization.

Mineralization.

Chalcopyrite, pyrite, linnaeite, magnetite, and
pyrrhotite are the minerals commonly occurring in the Kilembe
ore, either disseminated in the granulites or as masslve
bands. The mineralization follows the folded structure
imposed upon the beds, but the ore boundaries are indistinct.
The tenor of the ore varles approximetely between 1~5% Cu
and 0.1-0.6% Co.

A zone of oxidation e xtends to about 60 feet below the
surface, with very little secondary enrichment. This
contrasts with oxidation to five times this depth in the
Copperbelt. The host rock is intensively weathered at the
surface, with bands of gossan which may retain small blebs

of sulphides within the iron oxides.
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Field Somples and Geochemical Investigation

at bukangama Ridge.

Unlike the ore occurrence at Lilembe, the greater part
of the sulphide mineralization on Dukangama Ridgew as found

by Jacobson (1956) to occur within the amphibolites.

Figure 29 summarises Jacobson's description of the bedrock
geology revealed by his piltting and geochemical results, for
the traverse which mncludes the profiles for the present
study.

Driefly, the Ridge crest at this point 1s intersected by
a mineralized amphibolite, which becomes barren down-slope.
Thevsurface Cu anomaly indicaces two parallel zones of
mineralization, some 200 f5. apart} Further dovnslope,
bilotite schist and granulite horizons are succeeded by
injection gneiss, end intrucsions of alaskite and dolerite
algo occur within the sampling a rea (Fig. 29).

The six pit profiles collected by Jacobson, and selected
for spectrographic analysis, are listed in the adjacent
tables, with descriptions of (1) the original bulk samples and
(b) the sieved minus 80-mesh frmotzon whichwas taken for

analysis,
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Analytical techniques.

The sieved minus 80-mesh samples were gently ignited at
5000C for two hours, prior to analysis by the following

spectrographic technigues:-

Elements determined Procedure Technigque
(Chap.)
Alkalis:- Na_0, K50, Anode arc, carbon A
Li, Rb, Ba% Sr. mixing. (Chap. 2)
Cu, Co, Ni, Cr, Mn, Cathode~layer arc, Cq
Mo, Pb, Sn, Ag. LioCOz~carbon
buffer method, (Chap., 2)

The results are tavbulated in Appendix B7, and Figures
29 and 30 show the profile distribution for the elements of

main interest from the geological viewpoint.

Observed Distribution of the Analysed

BElements in the Soil Profiles.

Fig. 29 shows the s implified profiled istrivution for the
elements Cu, Co, Ni and Cr, compared with the near-surface Cu
contents, determined chemically by Jacobson (1956)., Figure
30 shows the histograms in more detail, on the scale employed
for the preceding Copperbelt data, to fecilitate comparison
between the two areas,

The main features of geochemical interest in the sample
descriptions and in the observed distributions of the elements

are as follows i~
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l. General f eatures common to the six soil profiles.

(a) There is a generally high content of the ferrides
n, Ni, Gf, and (qualitatively) Fe, even over bedrocks which
are no themselves high in ferromognesian minerals, namely,
the granulite, gneiss and alaskite profiles (Fig. 30). The
highest Ni and Cr values occur together in the ferruginous
clay soils over the dolerite and mineralized amphibolite.
Almost all samples a fter ignition show a generally high
content of red-brown ferruginous clays, even including the
surface layers.

(b) Calc-alkalies Li and Nay0 show low values and little
change with bedrock orw ithd epth, suggesting relatively
complete leaching.,. K50 on the other hand, increases in the
micaceous soll profiles, namely over the gneiss and granulite.

(¢) Leaching from the upper horizons is only generally
seen for Cu, as noted by Jacobson, and is not very pronounced.
In particular, no element shows any tendency todecrease
sharply in the immediate surface horizon.

(d) Changes in concentration down-profile are gradational
rather than sharp, conforming to the field description of the
profiles. In parbicular, there is little evidence of strong
accumulation of any element in the B horizon, with the
significant exception of mineralized ampaibolite. Here,

accumulotion in the B horizon a ffects Cu, Co, Mn, Ni and
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(qualitatively) Fe. This may reflect initial mobilisation
by oxidation of the sulphides. Jacobson (1956) notes in
this connection that black stains of manganese occur along
with gossany oxides in the subsoil of this profile.

(e) The sample descriptions often show co-existence of
brown ferruginous clays and decomposed or even fresh rock
fragments, at several horizons., This dis-equilibrium
emphasises the immcture nature of the soil profiles.

(£) A1l the surface samples show a loss on ignition of
over 20%, of which 9~10% may be due to orgenic matter, in
addition to the loss of 10% related %o residusl moisture

which 1s common to all the samples dowvn-profile.

2. Indications of bedrock lithology and mineralization.

The combination of soil data for several elements
(Figures 29 and 30) provides a more detailed index of
lithology than was possible by Jacobson's work based mainly
on Cu and partly upon Ni and Co.

At the six profile sites, the surface contents of the
ore-metals Cu and Co decrease downslope, away from
mineralization, except for a significant minor Cu peak over
the dolerite. This conforms to Jacobson's findings (1956).
From the limited data, it may be noted that if Jacobson's
threshold value of 100 ppm for Cu is adopted and a Co

threshold of 20 ppm assigned by inspection of the data, then
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the contents of Cu and Co at surface cre anomalous up to

400 feet from the anomely peak (Fig. 29). Only Cu, however,
is anomalous over t he dolerite, and to tiis extent Co appears
more abtroctive as the (single) ore ndicator element,
TPurther work would be necessary before generalizing from

this limited number of samples. fforeover, depending upon
the enalysical techmnique, the higher content of Cu might
make this element preferable for prospecting purposes, at
least in the initial detection of anomalies.

The Cu anomaly over the d olerite reflects the minor
chalcopyrite commonly associated with such basic intrusives.
Providing multi-element analyses are available, the ratio of
Co to Ni clearly distinguishes the Cu-anomalous soil over
this bedrock from that over the mineralized amphibolite
(Fig. 29), as noted by Jacobson (1956). This observation
follows work by Holman (1956) showing that the ratio of Co
to Ni in tropical soils can reflect the low ratios which
characterise basic igneous bedrocks.

At the same time, the contents of Ni and Cr are actually
greater over the mineralized amphibolite than the dolerite
(Pig. 29), although i% is not possibls from the limited data
to decide whether Ni end Cr are related directly to the
Cu~Co mineralization. The high Ni and Cr in the mineral izZed
amphibolite soils mey be either an original characteristic
of the amphibolite, or they may have been introduced along
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with the mineralization. In comparing the mineralized and
barren amphibolite profiles (Figs. 29, 30) it zcprears that
Ni and Cr, while higher in the former, do not increase in
proportion to Co. The possibility that Ni and Cr ére
introduced with mineralization might deserve further
investigation, which should include hard rock samples,
Jacobson has shown that, whereas N1 occurs as a trace
constituent of the Kilsmbe ore, it is also found in soils on
bDukangama Ridge independently of both Cu-~Co mineralization
and of dolerites; he suggests a separate introduction of Ni,
In addition to the high Ni and Cr contents, other
similarities between the dolerite ond mineralized amphibolite
soils are: (i) the sieved somples from both profiles show a
high proportion of yellow-brown ferruginous clays, (ii) Ba,
KZO and NaZO are ¢ omparable and low in both profiles
(Fig. 30; Appendix D7). While this limited data is not
diagnostic, it sqggests thet aport from the ore metals Cu and
Co, there are several simllarities in composition between
soils derived from the two bedrocks. Mineralogical similar-
ities between amphibolites and dolerites, especially with
regard to the ferromognesian components, could easily lead
to rather similar iron-rich soils, The important
distinction for geochemical prospecting purposes remains the

high content of Co, and high Co to Ni rotio (approx. 1.0)

associated with mineralization.
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The mincralized amphibolite profile differs from the
un-mineralized amphibolite, whose soils are lower in Cu,

Co and Ni, higher in K_ 0, Do, and Li at depth, and have a
) P P) pti,

2
more sandy Texture. The soills of the gronulite show the
characteristics of a less bagic facies. The iron oxide
colour is little paler than the amphibolite (P, 11), but the
minor fer-ides, IIn, Ni and Cr are lower than in any other
profile. iloreover, t he granulite has micaceous soils, like
the gneiss, reflected in similar and relatively high contents
of K50, Rb and Li (Fig. 30; Appendix B7), The gneiss

glves rise to the palest soils, and to the lowest Cu content,
especially at depth. The proximity upslope of granulite
enclosing a dolerite dyke, may explain why Co and Ni are
higher in soils over the gneiss than over the granulite.

Soil movement downslope is suggested by the increase of Cu,
In and Cr towards the surface in the gneiss profile; the
lower horizons are probably more representative of the gneiss
bedrock.

The remaining profile, over alaskite-pegmatite, shows a
physical resemblance to the gneiss profile in that both
possess a pale clay rich C horizon. The ubper horizons are,
however, much more ferruginous than the gneiss, in addition
to the anomalous contents of Cu and Co, Coupled with the

increase towards surface of In and Cr, the high content of

ferrides is probably due to transnort by soil creep, or in
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solution, from the iron-rich so0ils of the amphibolite

upslope (Figs. 29, 30). The anomalous surface contents of
Cu and Co may likewise be due to transport downslope, and not
directly reflect the composition of the alaskite bedrock
itself. On the other hand, the relatively high Cu values
over the alaskite persist at depth, and the possibility that
Co, with Pe, Mn and Cr, have been removed by leaching at
depth, should not be overlooked.

Further work is clearly required on hard rock samples,
to follow up the foregoing indications of bedrock lithology
from the soil data. This is especially necessary since
laterial transport of soil components is probably an import-
ant effect in this Terrain.

3. Comparison of geochemical characteristics of Dukangama

end Copperbelt soils.

The contrast in topography and the rate of erosion,
between the ridge at Dukangama and the peneplain of the
Copperbelt have been noted by Webb (1956), in connection with
geochemical prospecting for Cu and Co mineralization in each
area. The most significant differences concern the relative
immaturity of the Dukangema soils compared wit:i the macure
or senile soils of the Copperbvelt. Thus (a) over comparable
geological materials, leac'.ing of the ore elements Cu and Co
is much less pronounced a’ Bukangama; (b) profile

differentiasion is less complete, and (c¢) the depth of soil
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development 1s also less at Bukangama; the B horizon is
accessible at a depth of some 15-18", compared with over

10 feet in many Copperbelt profiles. These are in general
assets in prospecting for Cu and Co at Bukangama. On the
other hand, (a) the stesp slopes at Kilembe promote soil
creep, which may complicate the interpretation of surface
geochemical anomalies, and obscure others under colluvial
cover at the foot of slopes. foreover, (b) soil anomalies
do not persist for such large distances as in the Copperbelt.

The present limived data (a) confirm the characteristic
features of the vertical distributions of Cu and Co in each
area, and (b) add new elements which bring out the following
features (ecf. TFigs. 25 and 30):-

(1) At .Bukangama, there is 1listle leaching from the
immediate surface layer, even of moderately soluble elements.
This contrasts with the sharp decrease in Fe, Cu, Co, Cr, Ba
and Li at the surface in several Copperbelt profiles.

(ii) Accumulation of the minor ferrides in the B horizon
is almost absent in the Bukangama profiles, excépt in the
mineralized amphibolite, for iln, Ni, Co and Cu. Significantly,
segregations of manganese oxideé are noted by Jacobson in this
profile.. Accumulation of ferrides in the B horizon is, in
contrast, a common feature of the Copperbelt profiles,

related with the occurrence of actual iron oxide concretions.
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(1ii) The btenor of the ninor ferrides, especially lMn and
Ni is generally higher in the Jukangama profiles than in
the Copperbelt, reflecting (a) the more ferruginous nature
- of the clays associated with basic rocks such as dolerite and
ampiibolite., These s o0ils broadly compare with the surface
soils over the Copperbelt gabbro. (b) The re-distribution
of the abundant ferruginous clays (physically or in solution)
probably accounts for the mnoderasely high contents of
ferrides over other rock types z t Bukangama, There 1is
insufficient data to infer regional enrichment in the
ferride elements.

(iv) The mobile elemenis, such as Li, Na,0, are leached

2
from the Bukangama profiles even at depth, reflecting

(a) their inherently rapid leaching even from relatively
youthful bropical soll profiles and (b) the relative
shallowness of the profiles. This brings all horizons
above the water-table, below wiich the calc-alkall elements

are relatively retained, as seen at considerable depth over

appropriate bedrocks in the Copperbelt.
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CHAPTER 8, ARGENT, TRANSVAAL.

Introduction.

The geochemical investigation in this area concerns the
distribution of minor elements in a soil profile.developed
over lead mineralization, compered with a second profile
developed over unmineralized norite bedrock,. The profiles
were sampled by Dr. J. S. Vebb, who had previously investiga-
ted the distributions of Pb and Zn from the geochemical
prospecting viewpoint (Webb, 1956), and who proposed the
present multi-slement study.

The spectrographic data reveal assoclations between
certain elements in particular soill horizons, and the
resulits are discussed with reference to the geochemical
mechanisms which may be responsible for the observed element
distribution.

Location and Geology.

The Argent lead mine is situated in the Transvaal,
Mineralization consists of galena in a steeply-dipping quartz
vein system, within a basic igneous country rock - the
Bushveld norite.

Thedeposit is one of several types of metallic lodes
which appear to be connected genetically with the Dushveld
complex: these include, elsewhere in the Transvaal,
auriferous quartz veins; silver ore containing chalcopyrite
and tetrahedrite; galena with zinc blende, and cobalt

deposits (Du Toit, 1939 p. 123).
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Sampling.

The following Table describes the two profiles which

were investigated.

Argent soil profiles (description by Dr. J. S. #ebb).

Dedrock,

Norite
background.

Ore profile;
ten feet east
of Argernt Main
Vein.,

Sample Sample L.
No. depth Description.
L (ins.)
48 0- 6 Roots, which occur through-
out profile.
49 8-16 Concretionary zone.
50 18-20 | bage of rubble zone;
concretions.
ol 0- 4 Blackish-brown; many
roots.
52 4-12 Red-brown sandy loom,
grovelly; some roots.
53 12-24 | Red-brown loam; some roots;
slight ln segretations.
54 24-36 Red-browvn clays with
ferruginous concretions.,
Ferrocrete rubble base;
IIm segretations; with
many roots.,.
55 56-48 Red-brown loam grading

into soft, weatlicred
norite; occasional ln
segretatlions,

Laterisation, which is the predominant soil-forming

process in the area, is reflected qualitatively in (2) the

ferruginous red-brown colour of the inorganic (ignited)
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samples, and (b) by the occurrence of ‘concretions and
ferrocrete rubble zones in the profiles, Segregacions of
manganese oxides occur both within and below the ferrocrete

zone of the mineralized profile.

Spectrographic analysis.

The minus 80-mesh fractions sieved from the lightly
crushed samples were ignited at 500°C prior to spectrographic
analysis. The minor elements were determined by the following
procedures which have previously been described in detail; in
- addition, zinc and Fe were determined by other analysts,

using colorimetric chemical procedures.

Elements determined. Procedure. Technique.
Be Anode arc, carbon mixture | 3 (Chap. 2)
Li, R, &, Sr Anode arc, carbon mixture | A (Chap. 2)

Other minor elements |Cathod-layer arc, LigCOz- | Cq(Chap. 2)
carbon bulffer mixture

Zn . Visual colorimetric Chemical
analysis by dithizone analysis

e Colorimetric analysis Chemilcal
analysis

The analytical data are tabulated in Appendix 38’ while
Fig. 51 shows the profile distribution for the elements of
main interest from the viewpoints of geochemical prospecting

and soil-forming processes.
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Geochemical Results.

Comparison of Element Contents betwecn the

Mincralized and Un-minsralized Profiles.

AT

(a2) Minor elements related to mineralizationi

Pb shows a distinct anomalous content at or near the
surface (0-1f6.) in the minerd ized profile, compared with
the norite background (285 ppm versus 40 ppm Pb). Of the
other elements determined, only Zn sihows values in the near-
surface soils which suggest a relationship to the mineraliza-
tion; the Zn contents over ore and background are 85 and
35 ppm 4n, giving a conbruast factor of only 2-fold compared
with 7-fold for Pb. Pb is by far the best indicator element.

As YWebb, (1956) previously found, Pb shows local
accumulation in two s eporate horizons over mineralization,
nomely, in the organic-rich surface soil, and in the
concretionary zone 2-3 ft. below the surface (Fig. 31).

Pb values of 875 versus 25 ppm occur in the concretionary
horizon in the mineralized and background profiles respective-
ly, more than doubling the anomalous content and contrast
obtained from near-surface samples.

The limited data suggest that prospecting samples in
this area should be taken from the concretionary zone, in
order to improve the detectability of geochemical anomalies
related to Pb mineralization. A similar recommendation is
made by Pereliman (1957) for general spectrographic
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prospecting in Russian podzolic soils, which typically show
pronounced leaching of trace elements from the upper
horizons, and relotive accumulation in the illuvial horizon.
Nevertheless, further investigations on an areal sampling
basis would be required at Argent, to relate the optimum
sampling depth with the effective width as well as the

intensity of the Pb anomalies,

(b) Minor elements probably unrelated to mineralization,

The elements Co, Da, Sr, Li, Cu, Cr, V, Ga, Zr and
Sn, Mo, Ag (appendix Bg), show no significant incrsase in
content in the near-surface soil over mineralization compared
with the background norite, and In and Ni increase by only
smell factors (about 1.5-fold). It is probable that all
these clements arc derived entirely from the bedrock, a nd are
unrelaced to the Pb minerclization, They are non-
significant for practical geochemicol prospecting purposes.
Nevertheless, it may be significant from the viewpoint of the
minor accessory minerals of the ore zone, that in the sample
from the greatest depth over the mineralization, the elements
Co, Ni and Li are slightly enriched by approximately two-
fold, compared with the barren profile.

The relatively high values for Ni (130 ppm), Cr (500 ppm)
and Co (30 ppm) in the near-surfaoce solls a re consistent with
the levels encountered in soils derived from basic lgneous

bedrocks (ilitchell, 1955). Moreover, the Co:Ni ratio is

- 189 -



less than unity, o typicel situation in basic igneous r ocks
which is often reflected in the composition of residual

tropical soils derived from them (Holman, 1856; lYiebb, 1956),

Vertical Distribution of Llements in the Profiles,
Related to Geochemical Processes,

The data for variations with depth of Fe and certain
minor elements can be related to geochemical mechanisms which
mey be involved in developing the soil profile.

(a) The field description suggests that the soil matrix
material changes only gradationally in colour and texture,
despite the sharply defined zone of rubble and iron
concrecions. This gradational change in colour is reflected
by the fairly small change in Fe conbtent in the minus 80-
mesh samples (Fig. 31).

The gradctional increase in Fe content withdepth is
approximately paralleled by the ferrides Ni, Cr, V, and to
some extent by Cu. It is probable that Fe, Ni, Cr, V, and
Cu are retained together in the iron oxide minerals, of either
primary or secondary origin. Data from the Copperbelt
profiles olso, has suggested a fairly close association for
Fe, Cr, V and Cu in freely-drained soils,

(b) The variations with depth of Mn, Pb, ua and Co are
in sharp contrast with the gradational changes for Te 1in

particular, and for Cr, V, Wi and Cu. Although parallel
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distributions between two or more elements need not imply o
common process of geochemical d ispersion, a single mechanism
mey possibly be involved in this case, in the co-precipitation
or adsorption of Pb, sa and Co with precipitaoted mangonese
oxides. Not only are manganese segretations observed in the
field samples, but data for Mn segregotions from the Copper-
belt shale profile, have shown a significant association
between (inter alia) ¥Mn, Co, Ua and Ph. (Cu is not
co-accumulated with these elements in the Argent profile,
probably because it is much less abundant and less mobille
than in the mineralized profile from the Copperbelt).

(¢) Other mechonisms than precipitation of monganese
segregations may, however, have contributed to the accumula-~
tion of IIn, Pb, Da and Co in the concretionary horizon.
Although Te does not c¢losely parallel ¥Mn, Pb, Ba and Co as
regards the histograms for their total contents, FegOz
increases down-profile by some 3% in the sieved samples from
the Argent profile. This increase 1is quantitatively very
large compar=sd with the increases for lMn, Pb, Ba znd Co, and
these elements may well have been co-precipitated or other-
wise fixed by iron oxides in the concretionary zone.

(d) Since Ba and Pb form insoluble sulphates (especially
Ba), and since Fb and other sulphates are produced in the

weathering of galena deposits, 2 mechanism involving the
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sulphate ion may be involved in the related distribution of
these elements (Fig. 31). Sulphate ion might usefully be
determined in future investigations.

(e) The imporbtant surface accumulation shown by Pb, and
to a lesser extent by Mn, Ba and Co, is no doubt related with
organic matter in the surface horizons, Surface enrichment
of Pb, first described by Goldschmlt, is also well-known in
soils of temperate climates, elther independently of
minerzlization (Mischell, 1955) or in soils over lead
mineralization (Webb, 1958).

(f) Turning to relabtively constant elementvs in the
profile (Tig. 31) . the data shows that whereas Co tends to
accumulate in the concretionary zone, N1 does not. This
distinction suggests that either (a) Ni has suffered less
mobilization in solution than Co, thus being less availabla
for retention in the illuvial horizon, or (b) that selective
precipivation has caused the specific retention of Co,
perhaps by oxidation and precipitation with MnOs.

Separation by adsorption processes ls unlikely because of the
similar size and valence of the two ions (Cot¥, 0.72A radius;
witt, 0.694).

(g) The data for Sy, which is not accumulated in the
concretionary zone, shows contresting behaviour to a, Sr
is more mobile than Ba in the zone of weathering, and once in
ionic solution, tends to be removed from the soil; not only
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are Ba compounds generally less soluble than those of Sr,
but the larger radius of Ba™ makes it more strongly
adsorbed by cleys and other colloids, anclagous to the
behaviour of Kt compared with the smaller Na® ion (Rankame

and Sahama, 1950 p. 483).

§_1;erna ry.

The investigation illusbtrates the value of multi-element
spectrographic data in studying the distribution of the
minor elements, including ore metals, in the products of
weathering and soil formation.

From the geochemical prospecting viewpoint, data from the
very limited number of samnles reveals no effective indicator
element ovher than the main ore metal, Pb. The profile
distribution of Pb confirms previous observations of its
tendency to accumulate in both the organic-rich surface
horizon and in the coﬁcretionary zone of the so0il proflile
(Webb, 1958). Subject to the need to determine the effective
widths of Pb anomalies in the two enriched horizons, the data
suggest that prospecting samples should be taken from the
concretionary zone in orxrder to increase the effective content
and contrast of the anomelies, and thereby improve their

detectabllity in geochemical prospecting.
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CHAPTER 9, DEPE NO. 2 CLATMS, S. RHODESIA,

Introduction.

The application of spectrography in this, the final
geochemical investigation in this report, concerns the
geochemlcal d ispersion patterns developed in residual
troplcal soils over a beryl-pegmatite dyke.

The w ork formed part of an intensive study of geochemical
prospecting for Be in Rhodesia and Uganday.commenced in 1958
under the direction of Dr. J. S. vWebb at Imperial College
(Debnam and Webb, 1960; Debnam, 1960, in preparation).

The present study was part of the first phase of the
programme, in which spectrographic analysis was particularly
appropriate because (a) no simple chemical or other test for
Be was then available and (b) multi-element data were
appropriate in the preliminary survey. Subsequent detailed
investigetions have been carried out (=) by rapid chemical
tests f or Be (Debnam and :.ebb, ibid; Hunt et al 1960), and
(b) by the "beryllometer', a portable instrument for
determining Be in the field by neutron activation analysis
(Bowie et al 1960).

The semples examined in the present report were
collected, and proposed for investigation, by Dr. J. S, Webb
and A, H. Debnam; they comprise soils from a single traverse

across the beryl pegmatite and the enclosing schist country
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rocks, The objective was to determine the distribution of
several minor elements including Be, to complement the fore-
going investigations of this element alone. The spectro-
graphic results show distinctive geochemical dispersion
patterns in the soils which reflect (a) mineralization and
(b) composition of the country rocks. Be, Li, Rb, ba, Sr
and Sn show positive anomalies related to Ghe pegmatites, and
Li and Rb in addition to Be appear to be effective indicator
elements for prospecting purposes. On the other hand, the
ferrides Ni, Co, Cr and V, and likewise Cu, show "negative"
enomalies or troughs over the dyke; +the higher values on
either side almost certainly are relatced to the baslec nature
of the schist country irock.
Previous Work.

The foregoing publications by Debnam and webb refer in
detail to the limited amount of previous work concerned with
geochemical prospecting for De. A detailed review is there-
fore not appropriate in the present limited study, but the
following relevant spectrograpnic studies may be noted.

In prospecting for beryl pegmatites in the U.S5.S.1H.,
Zalashkova et a2l (1958) detected De anomalies in plants and
residual soils; for detecting the soil anomalles, Be
concentrations were assessed in arbitrary units by visual

estimates of line blackening. Karaeva et al (1958) used
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conventional comparison standards, and the air-blast A0, arec,
in similar studies in residual soil cover up to L-12 feet
thick, and found both Li and Be to be positive indicator
elements for mineralized pegméfites. The fundamental
geochemistry of Be in rocks of the U.5.8,.,R. has been studied
in detail by Beus (1956); (Beus and Sazhina 1956)»

In Wew England, Stoll (1945) detected a limited primery
dispersion of Be in, wall rocks of mineralized pegmatites,
while prospecting for Be by the spectrographic analysis of
pegmatite rock gamples suggested that mineralization was

absent in another area (Perry and Cooke 19L6).
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Studies of mineral assoclations for particular elements
in pegmatites which have a bearing on the present study, have
shown Rb to be incorporated in beryl (Borovik et al 1958) and
in alkali felspars (Heier ef al 1959); ILiwas low in the
latter felspors, and this element usually concentrates in
biotite and muscovite micas (Siroonian et al 1959).

Jedwab (1956) also notes the association of high Li, Se and

Sn in biotites separated from beryl granulices. Data in the
present Thesis (Chapter 5) has shown a degree of correlation
between Ue and Sn in stream sediments derived from s%annifer—
ous granives in Illzleya, where the nature of the De source is

not yet known.,

General Description and Geochemilcal

Investigation at Bepo No. 2.

Detailed geological descripbions and general information
on the area, and the fleld samples, were provided by
Dr. J. 85, Webb and A, H, Debnam.

The Depe No. 2 pegmatite is situated in south eastern
Southern Rhodesia, in generally flat terrain, where the
vegetation consists of thin sub-troplcal forest gavannah,

In contrast with the deep soll cover developed on the pene-
plain of Northern Rhodssia, the residual overburden at oepe
varies from only a few inches to 8 feet thick, and is a

degraded latosol.
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The pegmetite dyke 1s up to 250 ft. wide over 2 length
of 700 f5, and occurs in tremolite schisu country rock; it
forms a very low ridge feature (Tig. 32). Beonomic
mineralization in the complex quartz-felspar-mica pegmatite
consists mainly of beryl, which shows a zonal arrangement,
apparently associcted Wit quortz bands. servl crystals
reach 12 inches in diameter, and the mineral is worked by
opencasting at vhe western end of the pwgmatite. Near-
surface soll samples examined in the present study were
collected by ... H. Debnam from a traverse across the
pegmatite at 1ts eastern end, where the ground is essentlally

undisturbed by mining activity.

Spectrographic Analysis,

The minus 80-mesh fractions sieved from the soils were
received by the writer, and ignited for 2 hrs. at 500°C prior
to analysis by the following spectrographic techniques, which

are described in detail in Chapter 2.

Llements determined Procedure Technique
(ref. Chap.
2)
Rb, Li, Da, Sr Anode arc, carbon mixing A
Be Anode arc, carbon mixing B
Other minor Cathode arc, large crater,
elements LisC0z-carbon buffer method. C2
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The technique for the c ommon minor elements is a
development of the cathode~layer method which was employed
for all other investigations in this Thesis, introducing a
large crater for maximum sensitivity for the volatile
elements (method C,. Chap. 2.). Decause of the possibility
of bias between twod ifferent semiquantitative arc mechods,
it is not intended to compare the absolute values of results
between areas in whici different methods were employed. A
limlted comparative test on the standard granite G-1, however,
showed thet only Cr was appreciably subject to bias

(enhancement) in the modified techmique Cg.

Geochemical Results.

The geochemical traverses are illustrated in Figs.v52,
33 The first shows the dispersion patterns for elements
which give positive soil anomalies related to the pegmatite,
namely, Se, Li, Rb, 5a, Sr and Sn. The d ata for chemical
determinations of De, which are shown for comparison purposes,
were obtained by oebnam using a rapid test hased upon the
colorimetric reagent Leryllon II (Debnam and “Webb 1960).
It will be noted that there is reasonably close agreement
between the spectrographic and the chemical data, except
towards the northern end of the troverse where the chemical
values are slightly but persistently lower than the spectro-
graphic results. The reagson for this significant detail
discrepancy remains t» be discovered,
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Eig.32. Soil Traverse; Bepe, S.Rhodesia.

(A) Be,Rb,Li,Sr,Ba,Sn.
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Fig.33. Soit Traverse ;Bepe,S. Rhodesic.
(B) Co,Ni,Cr,V, Cu,Mn,Pb,Ga.
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Pig. 35 shows the geochemlcal traverses for the elements
which give negotive enomalies or troughs over the dyke
(N1, Co, Cr, V, Cu), and for those which show little signifi-
cant variation (in, Pb, Ga).

The principal features of the encolytlcal results from the
practical point of view are as follows:-

(a) Be, Li, Rb, Da, 3r and Sn show positive anomalies
'related to the pegmatite. The local varictions for individ-
ual elements within the broad anomaly, however, do not show
a close sympathetic correlation. bg, bLa and particularly
Sn tend to show rather erratic distributions across the
onomaly; there 1s some slight evidence of antipathy between
the location of the peak value for e compared with Rb and Li
(Fig. 32). These local variatbions mey be related to
(i) primary zoning in the pegmatite oge (1i)partial segregation

in the products of weathering .,

(b) Ni, Co, Cr, V and Cu show negative anomalies, or
troughs over the dyke. The higher values on either side arc
almost certainly related to the basic nature of the schist
country rock.

(c¢) in, Pb and Ga show iittle tendency to vary in a
manner that can be related to the geology, although there is,
perhaps, slight evidence that in decreases over the dyke, as
might be expected.
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(d) For the most part, both positive and negative
anomalies have 2 comparable width of the order of 150 f%,
on either side measuved from the contacts of the dyke. The
anomaly width is approximately 550 ft., the sub-outcrop of
the dyke being some 250 ft. 2cross, The d iscrepancy
between the spectrographic and chemical results for beryllium
on a few samples from the north s ide of the dyke has already
been mentioned. If the spectrographic data prove to be the
more reliable, which is by no means certain, then i is
possible that there may be an appreclably wider anomaly for
Be than for the other elements.

The findings of Oebnam and Webb (1960) based upon
chemical determinetions of De may be quoted with reference
to the spectrographic data (Fig. 32). Thése authors found
that the peak value of 80 ppm De fising from a broader
anomaly, reflects the main beryl zone. The observed lateral
dispersion of Be for some 156G £t. on either sgside of the dyke
is undoubtedly derived by secondary dispersion from the dyke,
since samples of the bedrock collected not more than 5 ft.
from the contact gave only background De values. Away from
the main veryl zone, the De content in the minus 80-mesh soil
fraction is fairly uniform and aospears to be unaffected by the
presence of scattered large fragments of e, In contrast,
the beryllometer gives both erratic and much higher results,
reflecting the average bulk composition of the near-surface
soil (Debnam and Webb, 1960 ; Lowic_gt al 1960),
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Purther work by Debnam (1960, in preparation) may
determine to what extenc the homogeneity of the Ze values 1is
due (a) to Be derived from weathering of associated pegmatiie
minerals and (b) %o chemical or blochemical dispersion of
beryl. Beus is of the opinion that 25-50% of the total Be
in pegmatites may be incorporated in felspar and in mica;
moreover, he considers thet high Be contents in these minerals
need not indicate the beryl content of the pegmatite - an
important consideration for interpreting geochemical soil
survey data (Debnam and Webb 1960). Similarly, published
observations of Ghe association between particular elements
and pegmatite minerals suggest that felspars and micas may
contribute to the bulk of Rb and Li respectively, in soils
derived from pegmatites, rather than beryl itself. Such
congiderations are important in considering the individual
anomaly peaks for different elements in the present data
(Fig. 32), in relation to mineral zoning, There is clearly
scope for detailed investigations of trace element associatlons
with particular minerals, both in the primary pegmetite
minersls and in their products of weathering.

(e) In terms of the contrast with the local background,
Li and Be give comparable anomalies. The contrast for Kb is
rather greater, wvhile that for Ba, Sy and Sn is distinctly
less. The strength and homogeneity of the Li and Rb
snomalies are such thaet further attention should be given to
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tho possible value of these elements as geochemical indicators
of mineralized dykes, in addition to Be. (cf Karaeva et al
1558) .

(f) At the southern end of the traverse beyond the
stream, Ba and Sr show a marked rise and Cr, V, Cu, Co and
N1 decrease. The fact that Li, Rb, Be and Sn tend to remain
at the same local background level suggests that the other
variations in composition may well Dbe related To a change in
the lithology of the country rock, and no: to the presence of
a second mineralized pegmatite. Although this observation is
based on only two samples taken beyond the stream at the end
of the traverse, Debnam (pers. comm.) states shat the
decomposed schist changes in appearance in this vicinity.

(g) The samples examined included a limited number of
soils collected over apparently un-mineralized bedrock at
some distance from known pegmatitve dykes. The bedrocks
comprised scirlsts from two localities and a granite; the
spectrographic results for the overlying background solls are
shown in table 24, The d ata are in accordance with the acid
and basic nature of the two bedrock types.

Comparison of the background values over the granite with
the results along the pegmatite traverse (Fig. 32), indicate
that the anomaliss would have either been s uppressed to varying
degrees, or actually eliminated in ‘the case of Sr and Ba, had
the pegmatite occurred in granite country rock, Nevertheless,

- 203 =~



Table 24 ?

Mean anslysis of soils over un-mineralized rocks.

Rock [No, of ppm. |

type |Saoples! Be Li Rb  Sr» Ba Sn Co 1i Cr Vv Cu Im Pb G
1D D

SCHIST B 2.5 25«00 15 75 {7 210 150C ¢.4500 120 370 2200 20 17
ND 1D

SCHIST 4 <1 25 €200 25 657 100 250 1300 140 150 1400 20 25

GRAWITE 2 |7 300 1%00 210 370 8 6 25 170 45 17 650 55 20

Flements sought but not detected (with detection limit, ppR):—

o (€5
((

=
L—-a

‘;>
\,.,a \.—«
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Be;, Li, Rb and Sn would still have shown positive anomalies

indicating the mineralized pegmatite.

Summary.

The following conclusions may tentatively be drawn from
the results of this small scale investigetion.

(a) Determining she overall trace element assemblage in
residual soils may provide a useful geochemical indication in
mapping concealed geology. Two sharply contrasted rock
types, coupled with relatively thin soil cover, provided a
particularly clear illustration in the present study.

(b) From the prospecting viewpoint, the elements Li and
BRb in particular deserve further investigation as possible
indicator elements for mineralized pegmatite dykes, Karaeva
et al (1958) employed a visual spectroscope for determining
Li in prospecting for pegmatites, and this approach might be
investigaved in other areas, including the present one.

In view of the relative mobility of Li and Rb, an investiga-
tion of their dispersion in the drainage system might be
carried out as a possible aid in geochemical reconnalssance

for pegmatites.
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Appendix Ao

Composition of Minor Element Standard Mixtures.

(1)

(11)

Series (a) General Minor Element Standards.

Base. Synthetic "intermedlate igneous rock' composition.
Prepared from Specpure oxides and carbonates, sintered '
at 1,0009C, and having the following calculated
composition (%) :-

3102 Alg0s TegOz Cald MgO0  Nag0 Kgo

59.8 15.1 8.3 7.7 4.5 2.4 2.2

Minor element standards. These were prepared by step-

wise dilution with the base, of a common mixture of 25
minor element compounds, The standards contained
nominally the following amounts (ppm.) of each minor
element ¢~

10,000, 5623, 3162, 1780, 1000, 562, 316, 178,
100, 56, 32, 18, 10, 5.6, 3.2, 1.8 ppm.

The minor elements comprise: 3Be, Ti, V, Cr, in, Co,
Ni, Cuv, 4n, Ga, As, Zr, Np, Mo, Ag, Cd, Sn, Sb, Ce,
Ta, V', Pb, Bi, Th, U,

Series (b) Alkali Element Standards.

Base. Synthetic intermediate igneous vock composition,
but omitting Nag0 and KZOz-
% S1i0g A1205 Fey 04 Cal Mg0

62.%7 15.8 8,7 8.1 4.7
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(i1) Alkali element standards. These were prepared stepwise

from a common mixture of seven alkali metal compounds.
The highest standard contained 10,000 ppm. each of Li,
Rb, Sr, Cs, Ba, and 50,000 ppm each of NagO and Ko0.

The standard series contained 10,000, 3162, 1000, 316,
100, 32, 10, 3.2, 1 ppm each of the minor alkalis, and

five times this amount of the oxides Nag0, KgO.



ApDEICL Ly Gemmposition or synihetic uatrices

Composition %

Base Composition [
No. type | S:'LO2 A1203 Fe203 Cal Mg0 Na20 K20 T:’LO2 MnO
‘ (as Ca003 (as Nach3 (as Mn304)
1 "Granite 68.6 13.6 1.9 1.3 0.37 3.1 5.1 0.2k 0,028
2 "Diabase" 07,3 13.7  10.2 9.9 6.0 1.8 0.57 0.99 0.15
3 "Water 13.4 1.1 1.1 33.9 k.9 5.5 - - -
Evaporate" ! (as MgSOA) (as NaCl)
4 "Intermediate 54.4 13.7 75 7.1 4,1 2.2 2.1 0.74 0.11
igneous rock" i :
. )
|
6 0 .
Al, 3 % ;
) 2
? Fe. 0 :
232 i pure materials.
8 Na2003 ) :
).
9 L12003 )

"Specpure" materials

were used for all nine bases.
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APPENDIX A3.

Intensity data for major element standards

99]

(including all the analysis and internal standard lines investigated).
ANALYSIS ELEMENTS POTENTIAL INTERNAL STANDARDS (* = ADOPTED) H
Sample Al Mg Si Fe Si Ca Na Ti Ca K Ge Ge¥ ILi Ge*¥ Pa* In* ¥ Pd K
2652 2779 . 2881 2920 2087 3158 5302 335k s6Lh  LOLL | 2651 2709 27h1 3039 32ho 3256 3327 Sh21  363L |
.730 1.060 .602 .225 .590 .730 1.005 1.280 JGh5 105 1.055 W34k 732 1.315 .633 .69%  1.053
W-1 725 1.038 574,205 .592 .695 1.03%0 1.250 L28  ,072 1.230  .330 750 1.290 668 .6%0 1.030
.705 1.055 .555 .237 .572 .705 .995 1.222 50 .005 1,230 L342  .732 1.290 .650 700 1.038
700 .oh8 180 .3h0 .h60 .790 .900 1.105 .Lki9 | .45k .150 1.235 .390 .795 1.295 .610 .745 1.082
2W-1+G-1 690 886 A50  .282 05 763 .868 1.048 347 | 415 .065 1.220 34hk 732 1.260 .675 695 1.028
.720  .926 JAbo  ,305 460 J774 0 895 1,125 392 415 .070 1.220 L,347 .755 1.265 .685 .710 1.0k0
690  .615 .25 .330 .200 .800 .733% .833 .520).395 .050 1.215 .310 .770 1,260 .730 .730 1.057
IW-1+2G-1 L7100 .625 266 .345  ,190 .830 .650 .850 .6101| .430 .085 1.215 .345 .770 1.275 .665 .734 1.040
650  ,625 .252  .315 ,105 .810 .670 .800 .546{ .415 .050 1.215 .325 .735 1.265 .585 .700 1,045
600  -.255 246 .310 =527 .875 .375 .163 .700] .395 .035 1.195 .305 .755 1.245 .585 .728 1.045
G -1 610 - ,262 ~232 307 470 .862 .395 .165 .750| .385 .030 1.210 ,295 .7%0 1.240 .580 .718 1.035
L,610 ~,262 228 340 490 .855 455 .175 L,700 ¢ .385 .015 1.200 L.280 .732 1.235 .675 700 1,030
- .360 .603 .030 .152 420 .805 1.280
GLASS SAND ~-.843 621 .025 140 o5 834 1.285
~.855 .573 .012 .090 .389 .793 1,260
BURNT 1.220 .105 0.085 - 555 1.420 218 .030 .369 .780 1.245
REFRACTORY 1.235 .095 .110 =555 1.445 .215 .100 .378 .800 1.270
1.200  .150 .025 -~ 665 1,435 172 012 297 L7755 1.235
.835 1.372 .102 .385
IRON ORE .780 1.372 .102 .378
.825 1.372 .080 . 267
ARGILL 625 -.230 ~.380 1.323% -.095 .3h43 —.05h .045 ,310 784 1.230
I TMESTONE .560 -.270 400 1,342 -~147 .3LO ~,085 .010 ,286  .784 1.195
.625 -,253%3 =365 1.338 =113 .360 ~,085 .022 2315 .805 1.220
1.405..125 1.230 =690 .052 .330 .765 1.240
DOLOMITE 1.510 -,100 1.215 -~.707 060 2335 .75%3 1,240
1.544 0.000 1.241 ~665 .110 375 .770 1.290
Na. .890 450 (5920)1.185 -415 .100 380 .810 1.278
.885 435 3905 1.200 500 .100 .355 .810 1.262
| FELSPAR .880 435 $870 1.200 367 .100 388 .795 1,257
1.430 1.325 .532 ~.455 (3830) ~ 1.685 . 100 L4000 860 1,262
BAUXITE 1.360 1.255 460 —.510 <920 1.625 .070 340 830 1.215
1.385 1.315 498 =475 7822 1.603% .110 .358 .825 1.231
1,136 -.278 ~-.382 ,235 -.535 1.400 -.210 .070 345 764 1,231
CLAY 1.136 ~.295 -.400 .240 ~-.560 1.400 =260 .070 . 332,770 1.205 :
FLINT 1,100 =,272 -.380 .228 -.610 1,405 -, 2L5 .052 ,320 ,760 1.190 %
CLAY 1.000  .154% =09% .350 =187 1.1382 293 .052 305 758 1.175 :
PLASTTC .985  .154 ~110 .325 =145 1.202 «335 .030 300 .735 1.220 :
981 .154 =084 345 140 1322 + 360 .055 310 .7h0 1.220



APPENDIX AlL.

Transformed Density Function for NBO plates

Table of D = log, 539 -~ 0.90
Where d = galvanometer deflection in ems; and do = 100.0 cms,
d cms .00 .25 .50 $75
5 1.281 1,259 1.238 1.217
6 1.198 1.179 1.161 1.143
? 1,127 1.110 1.094 1,079 ,
8 1.064 1.050 1,036 1.022 ‘
9 1.009 0.996 0.984 0.971
10 0.959 0.947 0.936 0,924
11 0.913 0.90% 0.892 0,881
12 0.817 0.861 0.851 0,842
13 0.832 0.823 0.813 0,804
14 0.795 0,787 0.778 0,769
15 0.761 0.753 0.7l 0.73%6
16 0.728 0.720 0,713 0,705 :
17 0.697 0.690 0,683 0,675 %
18 0.668 0.561 0,653 0,647
19 0.6L40 0:.633 0.626 0:619
20 0.613 04506 0.600 0.593
21 0.587 0i580 0,574 0.568
22 0.562 04556 0,55 0. 544
23 0,538 0i532 0:526 04520
2L 0.514 0.508 0,503 0,497
25 0.491 04486 0,480 0.475
26 0.469 o046k 0.459 0,453
27 0.448 0.4h2 0,437 0,432
28 0.b427 0,422 0.416 0,411
29 0,406 0,401 0396 0.391
30 0.386 0.381 0.376 0371
31 0.367 0.362 0,357 0352
22 0.347 0,343 0,338 0,333
23 0.328 0.324 0.319 0,315
3L 0,310 0,305 0.301 0.296
35 0.292 0,287 0.283 0,278
26 0.274 0.269 0.265 04260
37 0.256 0.252 0.247 0.243
38 0.239 0.234 0.230 0,226
29 0.221 0.217 0.213 0.208
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d cms .00 .25 .50 .75
4o 0,204k 0,200 0.196 0.191
L1 0.187 0,183 0.179 0.175
Lo 0.171 0,166 0.162 0.158
4z 0.154 0,150 0,146 0.142
Ly 0,138 0.134 0,129 0.125
4s 0,121 0.117 0,113 0,109
L6 €.105 0,101 0.097 0.093
Y4 0,089 0.085 G.081 0.077
L8 0.073 0.069 0.065 0.061
Lg 0.057 0.053 0.049 0.045
50 c.ok1 0.037 0,033 0.029
51 0.026 0.022 0.018 0.01kL
52 0,010 0.006 0.002 1.998
53 1.994 1.990 1.986 1.682
5L 1,978 1.975 1.971 1.967
55 1,963 1.959 2.955 1.951
56 1.947 1.943 1.939 1.936
57 1.9%2 1,928 1.924 1.920
58 1.916 1.912 1,908 1.90k
59 1,900 1.696 1.892 1.889
60 1.885 1.881 1.877 1.873
61 1.869 1.865 1.861 1.857
62 1.853 1.849 1.845 1.841
63 1.837 1.833 1.829 1.825
64 1.321 1.817 1.813 1.809
65 1.805 1.801 1.797 1.793
66 1.789 1.785 1.781 1.777
67 1.773 1.769 1.765 1.750
69 1.740 1.736 1.731 1.727
70 1.723 1.719 1.715 1.710
71 1.706 1.702 1.698 1.693
72 1.689 1,685 1.681 1.676
73 1.672 1.668 1.663 1.659
7L 1.655 1.650 1.646 1.641

§

+




d ems .00 25 50 .75
75 1.637 1.632 1.627  1.623
76 1.619 1.61%4 1.610  1.605
77 1.601 1.596 1.591  1.587
78 1.582 1.577 1.573  1.568
79 1.563 1.559 1.554 1.549
80 1,544 1.539 I.534 1.529
81 1.52h 1.519 1.515  1.510
82 1.505 1.499 1.h04 1,489
83 1.484 1.479 1.474 1,468
84 1,463 1,458 1.452 1,447
85 1.4k2 1.436 I.431  1.h25
36 1.420 1.h 1.408  1.403
87 1,397 1.391 1.385  1.380
88 1e374 1.368 1.362  1.356
89 1.349 1.343 1.337 1.331
90 1.324 1.318 1.312 1,305
91 1.299. 1.292 1.285  1.279
92 1.272 1.265 1.258  1.251
93 1,244 1,237 1.229 1,222
9k 1.215 1.207 1.199  1.191
95 1,184 1.176 1.168  1.160
96 1.151 1.143 1.134  1.126
97 1.117 1.108 1.099  1.09%0
98 1.081 1.071 1,061 1.052
99 1.0k2 1.03%2 1.021 1.011

100 1,000

J"‘,r
. ol

-



Appendix AQ.

Preparation of Scales for the Evaluating Board.

The scales were drawn on “"Permatrace” drawing material
0.003" thick.

(a) Horizontal scale - log relatdve intensity. (logI)

A linear scale, 15.0 cms. ™ 1.00 log I unit. The range,
from right to left is -1.8 to 4+2.6 log I, enabling all
densitometer readings to be covered in any spectrum step.

Seven verticals are set up at intervals of 0.301 log I,

starting at 0,00 {unit intensity) for step number 1.

(b) Vertical scales - densitometer readings (d).

Values of d were marked at intervals corresponding to
the values of Dy = log (lg_?_ - 0.90) as tabulated above.

The sceale is 20,0 cmé. = 1,00 DT unit.

Markings were begun from the standard density level,
d = 24,0 through which passes the horizontal scale. The
two end verticals were scaled directly, and the others marked

from them.

(¢) Background-correction scale.

This is a separate scale marked on a strip of
i Permatrace’ 17" x 1% x .003", Two scales are marked, 3"
apart., The lower scale carries log I units from 0.0 to 2.7
(left to right), scaled as in (a). “When the scale 1s in use,

these log I values correspond to the separation between the

w P0G -



intensities of the line plus background and the background
respectively. From tables of subtraction logarithms™
"correction values are marked on the upper scale, opposite

corresponding log I separations on the lower scale.

WMitchell, Scott and Farmer. Logarithmic tables for use
in quantitative spectrographic analysis, II. llacaulay Inst.
for Soil Research Ann. Report 1943-4.
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(P2sd®s i prme unless otheruise stated).

Lab. [Field o * s.q.only
No. No. Ti 7= Ni Co Cr Be Mn Pb Sn Sh Ga Pi ) v Cu Ag Loss Rb Ii Ba Sr NaBO KEO
—— i e e st o et P Al A4 10 i A T——— 2 A A 5% — e o e & et e  t— P O W —— s ¢ € T T ——— ? [ SV R e I s - 14" S —tor = — 7‘; - 7Cj’-
G225 | WMM/1a 13 106 7000 Lo N.D., 17 20 L=z 9D 500! N... %2 HN.D., HN.D. 20 2  H.D.Y L.,29%) 5c0 22 50 251.08 1.5
6227 | W/Ab N9 3500 25 n 15 22 L8 ¢0 5000 " 20 it " 20 2 v 3.08% 350 18 4s 181 .10 1.5
6228 | w/2a v 1% 1200 1Y " 32 o 150 69 150 i L5 " s 55 2 a0 - - - - - .

€229 | Wii/2ob | »1%% 1000 15 i 70 0 180 70 5 T L5 i i 50 > n 110,30 - - - - - -

FUJANG MELAKA
6220 | WM/3a | ¥ 1% Ls0o 5 " 15 %5 Leo Lo 45 t 25 " f 25 3 o Loyt 450 35 120 L0t L,15 2.5
6231 1 WA/Zb | 210 650 7 " 17 25 5000 R 105 1 25 " il 30 5 Wl Lhzl heo Lo 150 40 | .15 2.0
6232 | Wi/ { 7000 500 12 n Lo t 520 (O Lo i 15 " " Ls L vl 3,.77%1 2000 30 180 Lo | .07 1.5
6233 | wi/bb | 50CH 350 10 & Lo 6 Los 70 Ls " 15 W i =0 4 wob 5,351 320 35 200 50 | .10 1.5
€23k | vil/5a | »1% ZC00 20 " 20 20 102 0 2ho i 55 ti n h5 3 ot 5,479 80 100 170 60 .70 L.C
5235 | wWii/S5b | 215 3000 20 f 20 h 600 AO 110 o 20 n t 65 10 "o 6,38511200 120 200 50 §.50 4.0
G237 | BW/M £000 650 10 il 15 b zho 80 75 n 35 " i 20 7 ot L ,30% 11000 100 230 50 .60 5.0
6233 | BM/M2 | 5000 550 7 o 15 14 Loo 5D 75 " 20 i i 25 6 ol 2,709 800 90 250 LO {.50 L4.C
CIMERON HIGHLANDS

6240 | CH/ALl | LOOO 350 7 " 25 10 Loo 50 30 " 15 i i 25 2 o} 3,85%1 600 80 250 35 | .40 3,0
62k1 | cH/r2 | 3500 hCO 15 i 25 5 250 70 27 f 25 " ti %5 2 o L,76%11000 80 250 45 {,70 4.0
62L3 | CH/CL | 8200 kOO ! L 18 5 Loo 100 22 f 20 i M 25 2 o L,o5%) 800 70 300 50 {.5 L4.©
G2hh | CE/C2 | 7C00 350 5 i 15 7 270 S0 22 n 25 i i 25 2 ot L 6hg 11000 60 280 50 | .5 L.O
6216 | CH/EL 1% Leo 15 7 o) 6 Loo g0 22 n 25 n i Ls 7 "1 5,15%i 800 50 230 65 {.5 4.0
6247 | CH/Z2 | »1% 6CO 20 10 g 7 550 70 20 i 25 " i 5 7 w5, 2hgi1000 60 250 S50 j.5 3.0
6249 | CH/GL | »1% 750 20 10 7 6 500 80 22 i 25 it L 70 3 "ol 5,05%! 700 4O 250 50 1.0 3.0
6250 | CH/G2 | 1% 1500 30 10 50 5 500 50 20 i 25 i " 70 3 "1 6,11%1 600 Lo 200 L5 4,8 3.C
6252 | CIi/J1 | 1% 2000 45 15 70 L Loo €0 20 L 20 t 1" 60 3 it 15,5741 80 45170 50 .6 2.0
6253 | CH/J2 1% 2000 Lo 7 60 b 700 50 20 it 20 " " 50 4 "oy L,76%t 600 kO 220 45 1.6 2.0

"t A.«hwl.)
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. % RSN IR

§Eb° gield T Zr Ni Co Cr DBe Mo Pb Sn Sb Ga Bi Mo V Cu Ag |Loss | Bb Ii Ba Sr [Nap0 K20

. . % %
PENANG ISLAND

6256 pe/2| 1% %500 25 WNW.D. 10 25 600 5 58 N.D. 25 N,D. N.D. 17 8 N.D.f5.28%} 350 4o 80 15} .13 1.3
6257 | pa/3|3000 2000 10 L4 5 30 S5 %2 " 25 v 10 5 " |3.74% k50 50 80 18| .15 1.5
6258 PG/4 { 8000 600 10 " z 17 13200 160 125 LI o) n " 10 3 v 8.42% 320 7O 35 31 .10 1.0
6259 pg/s | 2000 s00 05 M 3 20 2000 300 130 " so ® " 7 10 % 19.ho% 350 80 35 31 a3 L2
6260 pa/6 {2000 500 15 " 3 15 450 50 35 moz  onmoowo 12 2 ow l6.s5¢li100 80 60 20 W4 3.0
6261 | paf7 2000 300 5 " b 15 500 ko 37w oz vomo12 2 v 8.00%1000 90 70 54 .5 3.0
6262 | P/8|3500 200 7 " 10 12 450 60 3 " ko v M o15 2 " 16,30% 300 70 80 1i} .3 1.3
6263 PG/9 | 3500 300 5 O F 10 10 250 75 L2 mo40  om w15 2 " 18,80% 600 60 50 15} .3 1.5
6264 pG/10l booo oo 7 ¢ 10 17 ko s 35 00w oz v " o17 2 " O R5EM% - - = = | - -
6265 PG/11 4000 500 15 10 & 450 80 22 w30 o172 M 8.3% - - - = - -
. AP/ GAP GINTING

269 SSi »1% 800 17 " 22 N.D. 650 4o 190 L " " L %

6270 SSla | »1% 1200 20 " 15 L k75 55 go " 12 n " gg ; " g'gié iggg Zg gig 28 ‘g i’g
€71 882 »1% 500 7 " 5 7 300 50 20 moo38 m mo35 2 0 1'83% 1200 30 170 60 '5 4.0
6272 SS2a § »1% 700 12 " 2 3 160 50 20 "no35 on it 7 2 0 1.13% 1300 20 150 45 '6 4'0
6273 SS3 1% 2000 25 " 3 3 Lo s0 25 noo318 o "0 2 9 n 2’55% 1100 60 200 50 '8 6.0
6274 SS2a | 3000 500 17 " 2 3 250 90 27 to32 o " 7 3 n 1'84% 1100 70 200 50 '8 4.0
6275 ssk {4000 500 12 L 7 5 350 60 22 A - R no12 2 v 2’25% 1300 60 240 60 ’8 6'0
6276 SSha | »1% LooO 25 " 5 8 1300 L4s 22 LA o no312 3 00n 2096% 1000 60 180 50 6 3.0
6277 SS5 71% Lhooo %0 " 12 4 1000 S50 30 " 7 n mn.20 5 n 1.63% 1100 45 220 60 '7 )'o
6278 SS5a {5000 600 10 i 15 5 350 60 110 moo30 M o35 2 N 2'10% 1100 60 240 50 6 g'o
6279 SsS6 {2000 LOO 10 n 10 8 200 80 35 "no30 n " 7 2 0 3'30% 1400 100 200 50 '9 6'0
6280 SSba {6000 3000 25 " 5 15 300 60 25 moo25 0 "moJ0 2 v 4'29% 1300 70 160 45 '9 4'0
6201 SS7 |3000 2000 20 n 7 10 600 70 350 "no25 n L 7 7 0 3.24% 1100 90 180 50 ’6 0
6282 SS7a | 4000 450 10 " 15 25 40O 50 47 " 20 0 m 25 5 n 4.62% 1200 160 180 50 '6 ioo
6283 888 |6000 375 17 11 30 17 450 65 250 noo25 N mno25 8§ v 4'97% 1600 120 220 50 '8 4'0
6284 SS8a 15000 hoo 17 12 30 30 500 45 L4y0 no25 n mo35 § 0 5'55% 1600 90 220 S0 ’7 4.0
6285 SS9 |3000 40O 15 N.D. 10 30 L4oO 90 700 "mo25 v " 15 10 ¢ 4952% 1600 80 1k0 KO '5 4.0
6286 SS9a | 4000 600 15 " 10 40 450 60 850 o270 mo318 %0 v 5'65% 1600 90 130 4O '4 .0
6288 SS10a} ;1% 2000 25 " 20 17 700 70 550 noo25 u mo20 4 oon 4'93% 2200 120 170 ol. 3'o
6287 | ss10 [3000 2000 25 v 12 1k 900 60 10 " 25 m w25 % w |4 85%h800 110 150 3
6289 SS11 {7000 600 7 " L 25 koo 4o 4O Mmoo 25 n mno1s 2 on 4.25% 2000 110 150 5o 1.0 [
6290 SS11al4000 600 10 " 3 15 300 60 S0 "no20 " "o10 4 o0om 4.80% 200 130 180 ;o 1'0 7'8
6291 s812 {6000  L4CO 7 n 5 25 350 4o 225 L-To IR "oo10 4om 4:93% 800 100 140 4o :7 Z.o
6292 $S12a11200 350 5 " 3 3 250 60 550 25 n 7 L ow L,01% p8oo 90 160 Lo | .7 5:0
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. . ; o 54 only
£E§b° f&gld Ti % Ni Co Cr Be im Pb Sn Sb Ga Bi Ho V Cu fg {ess IRb Li Ba St |Nagd K0
NOa o
% %
BUXIT YONG
6304 | BY/1 | 600 250 5 N.D. 3 & 35 60 27 N.D. 20 N.D. N.D. 7 3 N.DJ7.20%}] 900 55 160 22 ob 3.0
6305 | BY/2 | 600 250 15 " 3 4 300 50 22 n 20 " n 5 2 "1 6.68%) 600 L5 120 25 Lo3.0
6310 | BY/7 | 500 220 {5 n L 4 315 30 N,D, " 15 " 7 2 oy h,30% ) 180 25 130 14 A2 1.0
6311 | BY/8 | 60O 200 N.D. oV L N,p, 120 30 © H 7 n mo17 2 o1 3,49%1150 20 140 12 10 0.8
6314 | BY/11} £E00 200 " " z w 18 4o n " 70 " 5 2 w | L,75%) 600 50 120 20 22 2.0
6315 ! BY/12} 500 220 5 n 5 " 150 45 22 w 0 " " 5 3 o5 2341 450 50 120 18 .3 1.6
6318 | BY/15{1700 1700 12 " 12 v 70 35 320 " 7 it 10 2 n L. 26%) 150 25 80 3 .05 0.7
6319 | BY/16{1000 300 5 " 7 30 30 25 M 5 n " 12 2 " 12,5918 25 60 3 06 0.8
GUNONG BENCH

6320 | GB/1 !>1% kOO 1k " Lo 45 20 N.D. " 5 u 55 5 o 13,8191 350 18 900 220 | 1.3 2.0
6321 | GB/2 ! >1% 30 10 70 L 450 30 noom 7 0 100 5 " 13,60%]350 25 800 200 | 1.3 2.0
6323 | GB/L | 1% 350 25 15 80 10 500 100 noon 10 n " 80 8 v 12,665 1300 35 1500 320 .7 6.0
6324 | GB/5 | »1% 5000 45 10 100 5 350 70 noon 7N " 140 5 mo11,72% 0000 20 1500 400 .9 7.0
&6326 GB/7 4000 5000 50 N.D. 70 4 Loo &0 moon 7 " 60 8 w1 1,60% hooo 25 700 180 | 1.3 6.0
16327 | GB/8 ;6000 Looo 60 " 70 5 450 70 U 7 " 100 7 12,2856 1800 22 700 200 | 1.2 6.0
Sensitivity i'limi’cs: 5 7 - 3 - - 20 320 - 35 5 - - 1 - - - - - -
i i |

* N.D, = Not detected.

* % Loss = % loss on ignition (2 hrs. at 500°C).
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Appendix BS,

MALAYA Sample date
Sampling Area| Sample Field Stream data' %Ségu;esh
No, description Width{ Depth | Flow s enited
£t. | ins. L8N %e
sample)
1. Gunong 6320 Coarse sand 5 6-9 |2ft/ mid-brown
Benom, 6321 Do. 30 yd downstream sec. do.
6323 Coarse sand 3-6 6-12 {1ft/ mid-brown
6324 Do. 60 yd downstrean sec. do,
6326 Sandy gravel 20 12-18 {21t/ neutral-
6327 do. sec. grey
2, Cameron G240 ] = = e - = e e - 15 12 medium |off-wht
Highlands 6241 | - - = - - - - = e - - 1t-grey
6243 I 12 18 do. off-wht |
624l | - - e e e e - e - - do.
G246 ] - - e e m e e e - - - 10 12 fairly {lt~brown
6247 | - - m - e - - - - - fast do,
6249 ! - - - - - - - - - - - 25 12 medium do. ;
6250 ””””””””””” do o 3
)
6252 | = = - - e - = - - 10 18 medium do.
6253 | = = = m == - - - do.
13
3, Bujang 6230 | = == = m - - 10 2L medium |red-brown
Melaka 6231 4 e e e e - e - - - do.
{
6232 = = m = mm = = e = - 15 ol fast pale buff ;
6233 1 = - - - === - - - t
623L | - e e e e e - = - 10 6 medium {mid-brown
6235 | mmmmmm = - do.
6237 ) - - e - o e . - - - L 12 slow mid~brown
6238 ! e e m e = - = = = = do.
L, Menglembu 6226 Stream draining near 4 6 fast re-buff
6227 old lode mines A0
6228 do. tributary of 2 3 slow ochre
6229 above stream. dos
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MALAYA Sample data continued.

Stream data =

o DTV -

Sampling Sample Field Colour
Area. No. description Width | Depth Flow (~80 mest
ft. ins ignited
sample)
5.Ginting 6269 Sand. Numerous 20 2k fast lt-brown
Sempak 6270 do. Dboulders do,
6271 Sand.Near foot of 10 12 medium | v pale grcy
fall
6272 Mine in catchment
area
6273 Sand 10-15 30 fast do.
6274 do. dne
5275 Sand with little silt} 6-10 15 slow v lt-brown
6276 do.
6277 Send and sandy silt 30 36 medium do.
6278 do. do.
6279 Sand among boulders 15~20 26 fast do.
6280 Possible mine contam, 0.
6281 Sand smong boulders 10-15 2h fast Go.
6282 do. dCa
6283 Sand with little silt 20 30 fast do.
6284 0ld mines upstream do.
5285 Fine sand; old mines 22 2h quite do.
6286 upstrean fast do.
62E7 Grade sand; old mines 17 12 gquite do
6288 upstrean fast do
6289 Crand sand 10 12 fast éo.
6290 do. do.
£291 Sand with 1little silt: 25-30 15 fast do.
6282 014 mines upstrean doa
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MALAYA Sample data continued.

F "
Sampling | Sample Field Stream data Ceclour :
Area No Description (-80 mesh |
. P Width| Depth | Flow | ignited |
ft. ins. sample) |
6. Penang 6256 | = = = = = o - - - - - 8 10-15 fast |lt-brown
Island 6257 20 ft downstream do,
6258 | e e = = m - - - - 10 12 fast do,
6259 30 ft upstream doe !
6260 | = - = = = e = - - - - 12 12-2k4 very |lt-grey ;
6261 20 ft upstream slow |lt~brown %
6262 Rocky stream bed 12 15-30 very |lt-brown f
6263 30 ft upstream fast do. ;
6264 Rock pools 20 12-36 very do. i
6265 10 ft downstream fast do. %
7. Bukit 6304 Among boulders 6-8 2k slow pale-buff
Yong 6305 30 yd upstrean !
6310 Among boulders 20 24-328 slow do.
6311 20 yd upstream do.
6314 Among boulders 20 2436 slow 1t-buff
6315 7C yd upstream, at buff
6 ins depth
6318 At 12 ins depth 8 12-24 very off-wht
6319 50 yd upstreanm slow 1t-bufs




AFPENDIX B.6. Scoil Profilcs, N. Rhodesia - Spcctregraphic Analyses (mean),

-

PPM (IGNITED SAMPLE BASIS) % OXIDES !
PRIy * * * * * -f * §
Sample No. Depth éggizgor Ou M2 Cr V Co Ni Ga Mo ST Ba Ii Fb Be La Pb |Nay0 K0 Fe,0, AL,0; Ti0, MgO CaO 830, 510, |
|
NR- PROFILE I MINERALIZED QUARTZITE, CHIBULUMA |
631 oMn-12m 3.9 52 60 22 50 15 17 8 {5 12 Lo 5 <200 30 {30 | .04 .06 2.2 10.%4 0.86 €0.2¢0.6 86.4 |
632,3,4 12n-10'6" Lo 50 70 25 60 18 2512 ' 25110 10 {200 30 €30 | .08 .23 2.9 13%.8 1.08 0.250.6 81.6 .
635 1016"-13'6" 5.5 100 100 50 110 25 2512 » 22 {30 :
36(NODULES) {) 13161151 6" 9.6 350 200 210 190 22 21 20 6 10 120 13 420041425 {30 | 0.3 .68 29.5 19.9 0.94 0.28{0.6 43.6 ULk
36QuatrIx) ) 'O 5.1 120 60 30 100 30 2010 ¢5 23 90 8 <2004l 22 ¢30 { .05 .28 4,5 17.0 1.02 0.240.6 76.9 ;
37,8,9 151624 16m L, 1250 150 45 100 240 26 15 n 30 £30 }
k1,2,3,5 2k rgnazhron 3.3 1250 50 55 70 160 2118 5 120 250 18 €200 105 £{30 | .06 .50 7.8 12,2 0.53 0.51{0.6 78.2 !
i
NRT PROFILE 2 MINERALIZED SHALE, BALUBA |
108" on-3n 5.9 380 350 50 80 32 27 18 {5 18 100 13 <200 20 {30 {.022 .35 3,9 13.5 0.83 0.35£0.6 80.9 5
109,10,11 BH-12m 5.9 450 300 50 90 37 3020 £5 20 120 18 £200 27 {30 }.035 .50 4.6 15.3 0.83 0.334{0.6 78.3 %
112,3,4 121-310m 6.0 500 300 60 80 50 3520 5 22 {30 : |
115-119 31on-8ron 6.2 550 550 65 110 65 30 20 €5 32 200 25 200 27 ¢30 {.05 1.0 5.7 22.8 1.06 0.49{0.6 68.8
120 gron-gron 6.7 500 650 65 90 100 3522 5 35 £30
121 gron-gren 7.2 600 600 50 80 90 3520 5 25 {30
122 (NCDULES)}) 91611-101 0N 7.9 1000 2000 250 180 120 3530 8 38210 23 230 2 35 30 {.06 1.0 13.3 25,5 1.03 0.46£0.6 58.2 5k
122(MATRIX) |) - 7.5 600 550 65 110 100 30 20 £5 40 230 25 200 1 27430 |.06 1.1 6.8 23.7 1.00 0.45{0.6 66.7
1227 gron-12t6m 8.2 850 700 85 120 200 28 23 7 25 30
128-32 1216M-1716" 6.0 750 550 90 110 110 35 22 {5 25 {30
129(Mn Spots) 1316n-1416M 9.1 3250 5000 65 160 4000 115 25 13 43 600 100 230 25 90 .05 1.0 7.5 29,0 0.81 0.45(0.6 59.8 53
129{MATRIX) |) 6.5 550 300 70 90 75 2520 {5 50 200 35 200 35 {30 {.05 1,1 5,3 22.7 1.05 0.58£0.6 67.5
133-7 1716M-226N 5.3 900 500 90 100 130 40 25 £5 Lo 140 45 200 25 {30 1,10 1.5 7.2 26.7 1.06 0.94£{0.6 60.1




i ppm (IGNITED SAMPLE BASIS) % Oxides
T * * * * - % > * 5
Semple Moy Dopth W%l Gu Ma cr vV Co Ni Ga Mo Sr Ba Ii Rb Be Ia Pb |Nay K0 Feoj0, AL,0, T30, Mg0 Ca0 $iC, Si0, |
PROFILE 3. "GABBRO'" CHAMBISHI
14-
2946 on-6M 7.2 250 900 55200 35 55 20 £5 17 45 12 £200 25430 1.013 .05 6.3 13.h 3.8¢0.240.6 76.1
2947 6"-12" | 7.9 {280 700 55 200 45 65 25 (5 30 {30
2948-53 12n-6tot | 7.8 1320 700 45 200 40 60 25 {5 18 70 18420041 3030 |.015 .12 8.4 22.8 3.1 0.22{0.6 65.0
295k,5 f6ron-Brom | 8.7 1200 530 38 160 33 60 25 45 28 ¢ 30 '
2956-59 |8rom-12t0" | 9.2 1380 U430 38 160 34 65 27 45 12 60 15 €200 2.5 30 £30 10,11 .065 14.5 27.1 3.0 0.2940.6 54.8 54
2960~67 [12'0"-20'011110.6 {420 430 40 160 90 45 33 £5 32 £ 30
2968-74 120'0"-27'0" (14,0 130 75 80 220 35 40 30 {5 50 200 L4 £200 b5 (30 | .12 Lok 4.1 29.2 2.6 2.24 0.88 60.4 52
2975,6,7 |27'0"-3010" 12,6 75 85 45190 43 19 25 {5 80 230 84200 1.5 25 £30 {1.2 .05 1.6 28.0 1.9 2.70 1.81 61.6 61
NRT- : PROFILE 4 FELSPATHIC QUARTZITE, BALUBA
50 0"-3M 4.3 30 140 20 3247 1% 5 (5 10 110 104200 <20 {30 | .0l .15 2.1 5.5 0.5040.270.6 91.6
51,2,3 3Nn-12n 3.8 (22 160 25 4o 8 16 Z7 45 £20 £30
54,5,6 12"-15'3" | 6.1 35 120 35 5511 27 14 ¢5 35 280 25 {200 20 £30 { .05 .65 4.5 19.8 0.8340.2 £0.6 72.1
5’?(NODULES))15,3" 16131 7.8 850 350 700 380 48 39 32 11 10 110 15 {200  £20 €30 | .03 .43 L40.8 17.8 0.66 0.2 £0.6 39.8 30
57(MATRIX) D B R b2 150 50 80 1k 32 20 ¢5 25170 30 20 {30 | .05 .55 6.6 23.5 0.89 ¢0.2 [0.6 67.8
58,59 1613"-20'31 7.0 ho 100 50 60 12 30 18 £5 20 €30
€0, 1,2 20'3"-36'3" 6,6 b3 90 43 68 9 23 17 <45 25 140 15 £200 25430 | .03 .45 6.6 23.3 0.85 0.2 (0.6 68.7
NRT- PROFILE 5 BASEMENT GRANITE, BALUBA
Sk on-3n 2.3 22 170 15 2547 18 8 {5 10 110 104200 {20 {30 ;.015 .22 0.95 6.4 0.44 £0.2 £0.6 92.0
95,6,7 312" 12,6 15 140 18 3010 20 10 ¢5 30 {30 ,
98,9,100 12"-6'0" | 5,4 30 130 25 45 7 30 20 {5 22 220 35 200 &1 25¢30 |.050 1.0 2.6 19.0 0.79 0.28{0.6 76.2
101(NODULES] ) 6'Q"-719" | 8.5 80 220 120 130 11 30 26 7 17 145 36 200 23 {30 }1.065 .9 11.2 28,1 0.84 0.33{0.6 58.5
101 (MATRIX) 8.3 85 21012011012 28 29 5 25180 Lo 300 38 {20 [.06 1.0 9.0 26.1 0.78 0.35{0.6 62.6
102 7'9"-10'3'1 8.3 45 160 70 80 7 30 22 6 17 160 60 200 %1 20 {30 |.060 1.2
103,4,5 1013"-1613M 7,6 32 130 45 2010 25 20 ({5 20 {30
106,7 1613m-2113M 8.2 35 100 32 45.10 20 25 {5 17 300 90 300 %1 30 <30 [,20 1.5 4.9 34,3 0.36 0.55(0.6 56.9
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i1 (Tecitnd samle bosis)

L Ot e
% Oxidis

o 3 i e w X % P :

Sarrle Ko, Deyth ;'ﬁiﬁ;“ {Ca ¥a Cr V Co I Ga Mo Sr Ba ILi Ro Ze La Pb | lay0 K,0 Fef0y Al03 Tid, MgO Cad s‘i‘oa.S{Eg
g 11 ‘ -

NRT— PRy TH 6 SCHIST BALUBA

63 Ort.3h 1.6 7 9 20 3% £7 10 L ¢5 10 120 8 <200 {20 £301 .025 .30 1.7 4.7 0.39 0.2€0.6 92.8

> 4,5,6 s oAl 2.8 14 130 35 50 10 17 10 < 25 {30{ '

67,68 12tz H Lo 22 130 45 €0 10 25 1k {5 30 230 20 300 20 ¢3%0] .12 1.1 4.3 18.8 0.92 0.390.6 71.7
59(NODULES) 13 k1 gn k.2 2 8 120 65 7 1k 16 (5 36 330 LS 0 {20 {30| .31 1.8 19.5 26.9 0.93 0.530.6 L46.2
5 9(MATRIY) 3.5 25 90 70 60 8 17 15 «5 k4o 320 320 300 25 ¢30{ .14 1.3 6.3 18.5 1.0 0.400.6 67.4
70,71 Lrgn.iziznt 1.2 20 50 60 80 10 20 15 (5 75 500 65 LOO 28 €30 .45 2.0 6.3 22.1 0.95 0.54D.6 63.0
DRILL-CORE SAMPIES, VICINTTY OF CHIBULUMA "GABBROV

A.Carbonate rich specimer 0.49 L K0 33 50 19 38 9 45 33 33 150 380 £20 (30} 0.8 -2.8
3,Bictite rich specimen | 1.2k 5 50 58 90 1 43 18 {5 230 170 360 1000 25 {30} 2.0 5.7 7.1 18.5 0.72 7.52.4k 55.9%2
50" beyond A
p."Gabbro"(biotite rich) | ,58 5 160 150 210 70 90 16 5 90 130 210 L420 22 430ick.0 ck.0
D.11' beyond C 59 5 140 150 220 63 80 19 5 180 150 190 450 110 £30jck.0 ck.8

’ Elements sought, but below the limit of detection in all samples: Sr ( <20 ppm), Ag (<2 ppuw),

*

+ calculated by difference from 100%

- 255 -

determined by spectrographic technigue for major elements.




Sample descriptions.

Soil profiles Uganda

Pit No. bedrock

Remarks on ignited,

Sample + Ignit-
(and T.C.No.) depth Description Horizon ion minus 80 mesh samples
loss %
0-3" Near black organic soil + mica flakes A 20.6 P
Znaye3n Grey-brown soil, some roots + mica flakes Az 13.4 D)
1. Injection 113n.21 30 (Neutral brown, friable clay lumps, ) 9.6 D
'~ gneiss 2t3n.zgn (few roots + mica. ) 8.3 §) The palest of the profiles;
(p20) Z1Qn.513n Neutral brown, much clay; rock ) } light red brown at surface,
fragments below. ) 8.0 {) very pale in C horizon.
Stzn_grgn ditto. ) B 7.2 |) Clayey rather than gritty,
Brgn.7ign Pale-brown clay + pallid rotted rock ) 5.1 ) especially in surface
7ton-gron Abundant cream-brown clays + rotted rock. c L,0 |) samples.
0-3" Dark-brown organic soil, some roots A 19.3 )
2. Dolerite LS R Drown clay soil; few small rock fragments. A3 14.6 )
dike 1r3n-2rgn ditto. ) 13.5 Middle 1ed-brown through-
(P18) 21gn-z1gun Partly rotted rock fragments, with yellow-) B ) out the profile, very
brown clays. ) 13.5 1) clayey (?Fe,.Al clays).
3rgro5ian Yellow-brown clay + yellow-brown rotted )
rock. c 1307 )
513r.6130 Similar clay; mottled white rotted rock. 13.1 §)
, 0-3t Near blk. organic soil + mica flakes. A 22.3 ;
. By Brown clay soil. A 11.
S ((};i;l;hte 1r3n_orn Brown clay soil; soft micaceous rock 3 )
fragments (iron stained). B 10.8 |) Middle red-brown, very
213713 ditto. 10.1 {) similar to P11, below;
313N prgn ditto. 9,7 |) mica visible in all
Lrgn_gzn Brown clay; mottled brown-white rotted rock. c 9.0 |) samples.
613NN Brown clay; yellow-white rotted rock. 6.8 P
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Sample descriptions.

Soil profiles Uganda

Pit No.bedrock Sample D i otion ] Ignition Remarks on ienited. minus
(and T.C.No.) depth escriptio Horizon| loss % 80 mosh o ampfe oo
0-3" Grey~brown clay soil, roots + A 20.6
rock fragments.
31_1131| Angular rock rubble + yellow-brown clay. Ay 12,5 ;
4 Amphibolite EUNCTE ] B - —vell 1 & bble. ——_— 10.
(Genmony) %agn_gcgn roun=yeLiow gi:{o+ small rounded rubble ; B 11.Z ; Middle red-brown, slightly
’ : aler towards surface where
(P11) Zrgn_fpign izz;é-yellow clay + mottled white rotted ———— 10.4 g gamples are moderately gritty.
Lrgnosign ditto. C 9.4 1)
5'91-6'3"} Pale brown clay + pallid rotted rock. 6.11)
0-34 Dark brown organic sandy soil. A1 23.2 1)
. _ )
ditto. over yellow-
3 ) A 4 1) Colour changes from middle red-
1. " . S )
R 31-115" | brown clay-soil. ) 2. SaCh | browvn in the B horizon, slightly
2. Alaskite 1'31-213" Yellow-brown clay + iron-stained ) ) paler A. very pale C horizon.
(® 9) angular rock fragments. ) 10.4 1) Moderately gritty except C
2131_313N ditto. ) B 1.1 1) horizon clays.
3t3U_4t3] Yellow-brown clay + many small mottled ) )
. rotted rock fragments. ) 8.9
hrzn_sign ditto, white rotted rock )
) . fragments. . c 8.2
5191.7191( Mainly mottled white rotted rock fragments 8.8 1)
7191-319"( mottled white-brown clays. 9.k |
or-6n Near blk. organic soil + roots 24.5 )
gn.-11om Red-brown clay soil + angular rock fragments 13.3
) ) 1'Q"=2'6"] Red-brown clag + angularggick fragmenti? 11.8 ; Middle red-brown, slightly darker
6.M1ne?a11?ed 2'6"-410"} Red-brown clay, small white rock fragments. 11.2 ) (chocolate) in B horizon, very
Amphibolite hron-516"| Yellow-brown clay, small rotted rock ) clayey. Similar to P18.
(P 25) fragments. 11.2
516n-710M ditto, mottled white 10,1 3
rotted rock. , )
7r0M-816M ditto, some very pallid 9.9 1

rotited rock

No nodular concretions were observed in any of the samples.

Horizons designated by Jacobson (56).




APPENDIX B.7. Soil profiles, Uganda. Spectrographic Analyses

ppm, ignited sample basis % oxides | Qualitative Analyses
Pit No. & Sample
bedrock depth Mn Mo Cu Ni Co Cr La Rb Ii Bay K0 Nas0 [Fe AL Ti Ca
o3 850 {5 43 53 16 60 22 25 20 200f 1.1 .06} mod. mod. mod. low
31-113n 650 (5 4o 50 14 70 20 300 20 200! 1.1 .09} 4 low high low
Injection 1130n-p1 30 600 45 35 ks 13 70 20 300 20 200i 1l.2 .06i
Gneiss 213319 650 £5 32 50 14 50 22 350 20 170i 1.2 .08
(P20) 31Qn.ge3n 500 45 30 4o 11 50 22 200 20 170) 1.3 .06
St3N_G1gn k50 ¢5 20 Lo 13 Lo 22 250 30 180} 1.2 .05
Ergi.mign 550 {5 15 Ls 17 45 22 250 20 170 1.1 .05 mod very
7191-g1gn 420 <5 10 55 14 40 22 200 17 160i 1.0 .05{ low high low low
on-3u 750 5 150 73 17 83 23 120 15 200i 0.8 .05! mod mod mod
Dolerite 333N 600 5 150 70 15 g0 20 100 12 200{ 1,0 .07} high low high 1low
dike 1131m-21 g 600 <5 170 90 16 110 20 180 10 150f O.4 .02 4/ n T
(P18) 219n-31gn 500 5 190 100 15 130 20 {100 2 70; 0,5 £.01 n
31gU_5 131 550 5 200 100 20 120 20 <100 7 80{ 0.2 .01} mod " very
5131-613n 650 45 200 120 22 120 20 €100 5 70t 0.1 .02} high " low
o3 450 5 55 326 10 60 21 kO 20 300; 1.7 .13 mod mod mod
-3 3" oo 5 60 37 8 68 20 S00 25 300; 1.7 .12 high low high low
113M-20 30 4oo ¢5 70 32 7 55 20 hoO 20 2501 1.5 .08 L "
Granulite [2'3"-3'3" | 4oO %6 95 31 8 55 23 oo 22 250 1.5 .08 "

(P15) 3rzn-hrgn {250 5 9 32 8 Lo 22 Loo 20 250 1.5 L06;f ! n
hignogizn 1 350 5 100 27 10 Lo €20 500 25 250 1.8 06! mod n very
rav-7rgn 1300 5 120 25 12 bho <20 600 30 320 2.5 .08! high " low

on-3n 1350 6 145 48 26 90 24 120 12 250 0,7 .08! mod mod mod low
Amphibolitej 3"-1'3" 11100 6 160 45 20 100 25 120 12 200} 0.7 .08; high low high mod
(Gossany) {1'3"-213" 900 6 140 45 18 100 25 10C 12 150{ 0.6 .C6i "
(P11) 213n.31gn 90C 6 160 50 25 110 25 100 12 180 0.6 .05 i, & " T
Zigrn_Ligu 750 6 180 60 2C 110 20 100 8 1koy 0.6 .03 : "
Lron_sign 8o 6 180 55 4o 80 20 100 8 200! 0.8 .03islightly " very
?5'9"—6'3" k5o 6 220 45 18 90 €20 30C 30 600f 2.0 .Objhigher " low !




APPENDIX B.7. Soil profiles. Ugandg

ppm, ignited sample basis % oxides Qualitative Analyses *
Tit No. & 3:25;6 Mn Mo Ca  Ni Co Cr La Ro  Ii  Ba |K,0 NaO |[Fe AL Ti Ca Mg
oL L
311_1?311 1(8)88 g 2168 g% %g l:%g %g %.88 %.8 %.28 8:2 :8 Iﬁggh Ii]gg rﬁlggh low low
Mlaskite 113n-213" 550 5 270 55 25 110 20 100 12 120 0.6 .0k "
(P9) 213Nz 300 6 320 50 16 120 220 100 10 100 6.5 .03 1\ T 1 "
31330 250 5 340 55 15 90 2¢ <100 12 100 | 0.6 .03 "
Lrznosign 350 5 280 60 22 65 22 100 14 120 0.6 .03 |mod "
51gt_righ 250 {5 250 50 16 35 22 150 25 140 1.2 .Oh4 jlow mod very "
Drgn.gegn 200 %5 220 55 12 20 L0 100 25 170 1.2 .05 llow high low low "
oM-6M 1800 6 850 105 105 165 26 £100 20 1% 0.5 .06 | mod med mod mod mod
Mineralized | ©"-1'O" 1800 7 1100 110 120 18¢ 35 L1012 50 | 0.3 .03 fhigh low high low low
Amphibolite | 1'0"-2'6" 12500 5 1600 130 150 170 35 {100 14 50 | 0.2 W02 | M " '
(P25) 2'6"-4ror 12000 5 1600 150 12¢ 180 27 100 1k ko | c.2 .02 " l " l
Lron-sren 1700 (5 1400 160 90 150 30 ico 1k ko 0.3 .02 v "
51617 10" 1500 ¢5 1000 1ko 75 130 25 130 14 50 O.4 02 1"™ moa " mod mod
71on-8ren 1700 {5 1200 170 9 13C 25 130 16 ko Ouk .06 | ™ high " low

Elements sought but not detected in all samples (with limits of detectionm, ppm):

Pb( £{30), Sr (£20), Ag (L2).

* arrows show trends of increasing content.
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APPENDIX B. 8, Analytical data for Argent So0il Profiles.

Profile | Sample o * P.P.M. (ignited sample basis) Mean of duplicate determinators Ratio %
No. No. Loss Mnr Pb Ga V Cu Ni Co Cr Ti Zr Be Li Ba Sr Zn+1{ Co:NO. F63203 +
1 L8 S.h 550 L4013 235 43 100 28 675 P1% 1550 1.5 14 100 11 35 0.28
(Norite) ] L9 4.8 b5 2011 200 38 100 24 L5 " 1800 1.5 12 80 9 30 | 0.24
50 5.0 | 525 2511 200 35 8 23 435 "1500 1.5 17 90 11 35 lo.27
2 51 8.1 | 700 28515 260 38 140 35 500 "o1hko0 1.5 19 110 19 85 0.25 8.8
(over 52 7.4 700 300 16 220 45 1% 30 600 n 900 1.5 17 120 14 60 0.21 9.7
ore) | 53 8.0 | 575 170 16 225 43 155 25 600 " 950 1.5 25 100 15 60 {0.16 {10.7
sk 8.5 1450 87517 240 53 160 105 525 c.1% 800 2.0 30 180 11 65 [0.66 12,7
55 7.8 80 550 18 300 50 160 45 P00 ¢.1% 900 2.0 30 110 12 65 0.28 12.6

Other elements sought, but below the limit of detection on all samples:~-

*

8. (K20 ppm)

Mo (K5
Ag (L2

n)
n)

Rb ({200 " )

% Loss on ignition for 2 hrs. at 500°C.

+ Chemical analyses by Misses A.J.MacDonald
and R.Thomas.
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