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ABSTRACT:- Busia district in south eastern Uganda is one of the areas in the country with a
history of potential for gold mineralisation and exploitation. Gold was first discovered in the
Archaean greenstone belt of Busia by Daviesin 1932. Only small mining operations, mostly artisan
in character, have taken place in the district since then except the newly opened mines by Busitema
Mining Company. However, all recent work in the area indicates potential for gold exploitation.
Both quartz vein-hosted and Banded Iron Formation (BIF)-hosted gold deposits occur in Busia
district. Theresults of Electron Microprobe (EMP) analysis of 10 rock samples fromthe quartz vein
deposits and AAS analysis of 10 rock, 27 soil and 18 stream sediment samples taken from Busia
district are presented in this work.Gold occurs as electrum or native gold inclusionsin pyrite with
fineness in the range of 451 — 863; and as invisible gold in sulphide minerals (up to 5700 ppmin
pyrite). The main ore minerals are pyrite, magnetite, ilmenite, galena, pyrrhotite, chalcopyrite,
covellite and rutile. Gold values of the stream sediment samples average 7.7 ppm Au, the highest
being 38.6 ppm Au. Soil sampling was donein the three areas proposed for follow-up by Mrozet al.
(1991), of which the Tira area has thefirst priority soil anomaly (up to 4.8 ppm Au) followed by the
Osapiri area (up to 2.8 ppm Au). Thereis a strong correlation between the distribution of lead and
that of gold.

Key words: Busia district, Archaean greenstone belt, quartz vein-hosted gold deposits, banded iron

formation-hosted deposits, sulphides.

INTRODUCTION

The Busia gold deposits are in the Archaean greenstone
belt of south eastern Uganda which extends into south
western Kenyaand north eastern Tanzaniaand forms part
of the Tanzanian craton. Thelocation of the present study
is in the sub-counties of Buteba and Busitema and is
bounded to the north by River Malaba; to the west and
south by River Solo and to the east by the Kenyan border;
and by longitudes 34° 00" E and 34° 08’ E; and | atitudes 0°
28 N and 0° 35’ N (Fig. 1). There are two main types of
primary deposits; the auriferous quartz veins that are
preferentially located in the basic metavol canic faciesand
the Banded Iron Formations (BIF) where gold may be
disseminated and/or occur in sulphide-bearing quartz
veinlets (Mroz et al., 1991). Gold wasfirst discoveredin
Busia by Davies of the Geological Survey and Mines
Department (GSMD) in 1932. Thiswasinitialy followed
by arush by various prospectors but preliminary results
concerning grade and volume were not encouraging and

by 1935 only the GSM D was still doing exploration work
inthe area. It is estimated that the cumulative production
between 1937 and 1944, when the major workings ceased,
was 443 kg Au and that between 1949 and 1961, small
mining operations, more artisan in character, yielded
between1.0and 1.5t Au (Mrozet al., 1991). Artisan gold
mining has been going on since then in Busia and other
parts of Ugandaand today gold isthethird leading export
of Uganda. There has been renewed interest in the Busia
areaby the GSM D and by some private firms (e.g. Bureau
derecherches géologues et miniéres (BRGM) and Roraima
Mining Co. Ltd.) and some of their studies haveindicated
potential for gold exploitationinthe Busiaarea. Busitema
Mining Co. Ltd. has recently opened a mine at the old
workings in the Tira sector and remains the only
operational mine in Busia area. Further north, in the
Amonikakinel sector, according to Mroz et al. (1991),
explorationwork by GSMD in 1938-39 |ed to the discovery
of two gold-rich reefs: the Baurle'sreef (300 m, 11.6 g/ton)
and the Geophysical reef (600m, between 0.7 and 59 g/
ton). These old workings remain abandoned.
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Figure 1: Map of Busia district showing Study Area. Inset: Map of Uganda showing location of Busia district (Adapted
from Rwabwoogo, 1998)

In the BRGM report, Mroz et al. (1991) recommended
follow-up work in three areas of Tira, Osapiri and Bukade-
Makina (Fig. 2). In the present work, a soil survey using a
grid of 250 x 1000 m was done in these areas and anomalies
of 4.8 ppm Au in Tira and 2.8 ppm Au in Osapiri were
found. Stream sediment sampling was also done and
values of up to 38.6 ppm Au were noted. Some rock

samples were taken from the underground mine operated
by Busia Mining Co. Ltd. Electron Microprobe (EMP)
analysis of these rocks was also done and gold was found
to occur as native gold or electrum inclusions in pyrite
and as invisible gold in sulphide minerals, the most
important being pyrite.
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Figure 2: Mineralised areas in Busia district including the three areas (shaded) recommended for follow-up by Mroz
et al. (1991) (From Hester & Boberg, 1996)
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GEOLOGICALSETTING

The geology of the area consists of Nyanzian-
Kavirondian volcano-sedimentary formations (Fig. 3)
belonging to the Archaean greenstone belt that extends
into south western Kenya and north eastern Tanzania (Old,
1968). These rocks form the northern part of the Tanzanian

craton. The rock types include banded quartzites,
ironstones, phyllites, greywackes, conglomerates and acid
to basic lavas and tuffs. The metavolcanic and
metasediment series are separated by a ferruginous
banded quartzite that forms an important marker horizon.
The formations are intruded by granite bodies (e.g.
Masaba and Buteba) of Archaean age (Old, 1968) and
have undergone greenschist facies metamorphism.
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Figure 3: Geological map of Busia area showing gold occurrences (Adapted from Hester & Boberg, 1996)
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SAMPLES AND METHODOLOGY

The present study involved taking 66 rock, 40 stream
sediment and 82 soil samples and making field
observations and measurements (e.g. structures). 26 of
the rock samples were picked from the underground mine
at Tira and from these, 10 samples rich in visible sulphides
were selected to make 21 polished sections at the Institute
of Mineralogy and Petrology, Hamburg University
(IMPHU). The remaining pieces of these samples were
ground to fine powder which was analysed for different
elements by AAS (Table 4).

The polished sections were studied systematically by a
reflected light microscope in order to identify gold/
electrum/silver inclusions. EMP analysis of these
inclusions and other ore minerals was done at IMPHU
using a CAMECA SX — 100 wavelength dispersive
instrument in the standard programme mode. The analytical
conditions were: an accelerating voltage 0o 20.0 kV for the
electrum inclusions and sulphide minerals and 15.0 kV for
oxide minerals; a beam current of 20 nA and a beam diameter
of about 1pm. The standards used in the analyses for the
different elements were pure metals for Ag, Au, Bi, Co, Fe
and Ni; chalcopyrite for Cu, vanadinite for Pb and
andradite for Si, Ca and Fe; and synthetic minerals FeAsS
for As; FeS, for S; SbS, for Sb; MnTiO, for Mn and Ti;
ZnS for Zn; Al O, for Al; MgO for Mg and Cr,O, for Cr.
The X-ray lines used were Ko for S, Pb, Fe, Cu, Mn, Co,
Ni, Zn, Al, Si, Mg, Ti, Ca and Cr; Lo for As, Ag, Sb and
Au; and Mo for Pb and Bi.

In addition, 22 soil samples from the areas recommended
for follow up by Mroz et al. (1991); 5 samples taken
vertically from an open pit at the Tira mine and 18 stream
sediment samples taken from streams in the study area at
an interval of about 0.5 km (Table 5); were analysed by a
PERKIN-ELMER 2380 AAS machine for Au, Ag, Cu, Ni,
Zn, Pb and MnO. The samples were dried overnight in an
oven at 105 °C, ground to fine size with a porcelain mortar
and pestle, sieved and digested. The portion less than 63
um was used to analyse for gold while that less than 125
um but greater than 63 um was used to analyse for the
other elements. The very fine portion was used for gold in
order to reduce the nugget effect on sample
representativity and analytical reproducibility. One way
of reducing the effect would be to collect larger samples
than the conventional 5-20 g. This is technically sound
but often impractical (Closs, 1997). On the other hand, by
using an “ultra-fine” gold (< 5 um) fraction and a sensitive

method for gold (detection limit 0.2 ppb), conventional
samples of 5 to 20 g are sufficient to provide reproducible
regional anomalies for subsequent follow-up (Xie and
Wang, 1991). In the present study, as a means of striking
a balance between these two approaches, a particle size
of less than 63 pm and samples of about 500 g (from which
a representative sample was got by the coning and
quartering method) were used. After digestion, Methyl
Isobutyl Ketone (MIBK) was used to extract the gold from
the acid solution.

RESULTS
Ore Minerals

The rock samples selected for EMP analysis were those
rich in visible sulphides and this was not the case with
the BIF hosted deposits in which mineralisation is
probably disseminated. The results of the EMP analysis
are therefore of the quartz vein hosted deposits. These
were formed by mineralising fluids that intruded the
country rock through already existing NW-trending
fractures. The fluids also altered the country rock leading
to the formation of secondary minerals like chlorite,
sericite, epidote, zoisite, calcite, sphene and goethite.

The major ore minerals are pyrite, magnetite and ilmenite.
Others include electrum, galena, chalcopyrite, covellite,
pyrrhotite and rutile. Pyrite is the most abundant ore
mineral and occurs mostly as subhedral to euhedral grains
of all sizes up to about 2mm. It hosts other ore minerals as
inclusions. Electrum occurs as inclusions in pyrite (Fig. 4)
of <20um (but usually about S5um) and is intergrown with
pyrrhotite or galena inclusions in some pyrite grains (Fig.
5). Chalcopyrite and pyrrhotite occur preferentially as
subhedral inclusions of <50um in pyrite while magnetite,
ilmenite, rutile and galena mostly form as independent
minerals. Galena grains in the silicate matrix are usually
subhedral and about 150um. Magnetite occurs mostly as
euhedral elongated grains of <50pm while ilmenite mostly
occurs as polymorphs with a colloform texture and size of
about 100pm. Covellite mostly forms rims around pyrite
grains (Fig. 6) but sometimes occurs as elongate grains of
about 25um. Intergrowths of different minerals are common
especially of magnetite-pyrite-chalcopyrite (Fig. 7),
pyrrhotite-galena-electrum (Fig. 5) or pyrrhotite-
chalcopyrite. Pyrite in many samples has undergone
alteration such that it appears as if it is intergrown with
sphalerite. However, EMP analysis and element mapping
(Fig. 8) show that it is goethite (resulting from alteration)
and not sphalerite.
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Figure 4: Photomicrograph of Sample AM40-3-1 showing an electrum grain in pyrite
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Figure 5: Photomicrograph of Sample AM16-2-1 showing electrum inter-grown with other minerals
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Figure 6: Photomicrograph of Sample AM24-2-1 showing a rim of covellite around a pyrite grain
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Figure 7: Photomicrograph of Sample AM17-2-1 showing mineral intergrowths
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Figure 8: A S-element map of Sample AM33-2-5a. The dark parts (along diagonal from top left to right bottom corner
have been altered to goethite

Gold Mineralisation
In Rock Samples

Gold in the Busia quartz vein deposits occurs as electrum
or native gold inclusions in pyrite or as invisible gold in
the sulphide minerals. The inclusions are solid solutions
of gold with silver together with trace amounts of Bi, Pb
and Cu (Table 1). Fineness ranges from 451 — 863. Element
mapping and Back Scattered Electron (BSE)
photomicrographs of some grains show that Au, Ag and
Bi are distributed homogeneously in the grains (Figs. 9 —
12).

Analyses of pyrite, chalcopyrite, pyrrhotite and galena
show that, gold not only occurs as inclusions in pyrite
but also as invisible gold in these minerals (Table 2). 35
analyses of these minerals were done and 19 of these
indicate presence of gold. Pyrrhotite analyses are in the
range of 0 — 0.47 wt% Au (5 analyses, only one of which

was 0%) while galena is between 0 — 0.52 wt% Au (14
analyses). The galena that occurs as inclusions in pyrite
has gold while that in the silicate matrix mostly has no
gold. Chalcopyrite analyses range from 0 — 0.04 wt% Au
(9 analyses) while those of pyrite are between 0 — 0.57
wt% Au (7 analyses). Given that pyrite is much more
abundant than other sulphide minerals, it is the most
important host of invisible gold. Several grains of
magnetite and ilmenite were analysed for different elements
(Table 3) and no gold was found in any of them. Ilmenite
has high manganese contents while magnetite has low
manganese and titanium contents.

Silver values are between 0 — 0.68 wt% for all the minerals,
with the highest values in galena. Arsenic values are
between 0—0.11 wt%. It tends to substitute for sulphur in
all sulphides except galena. However the extent of its
substitution is minimal and therefore not important as a
control of gold distribution. Unlike in the electrum/gold
grains, there is no bismuth in the ore minerals.
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In addition to EMP analysis, the samples were also
analysed for whole rock metal content by AAS (Table 4).
The highest value obtained was 6.8 ppm Au. Lead has a
very high correlation of +0.9 with gold.

In Soil and Stream Sediment Samples

45 samples were analysed by AAS for Au, Ag, Cu, Ni, Zn,
Pb and MnO (Table 6). There are a number of stream
sediments from Tira, Aget and Nakola rivers with high
concentrations of gold, 38.6 ppm Au being the highest
value. Samples from the soil grids are generally <2ppm
Au. There is an anomaly of 4.8 ppm Au about half a
kilometre north of the present Tira mine and another of 2.8
ppm Au in the Osapiri area. The Osapiri area has a number

10wn An

of samples with >1ppm Au but the values in the Bukade-
Makina area are generally <lppm Au. The Tira area has
the most significant gold anomalies of the areas
recommended for follow-up by Mroz et al. (1991).

The anomalies of gold (Fig. 13) coincide with those of Pb
(Fig. 14), Cu (Fig. 15), Ag and Zn but are completely
different from those of Ni (Fig. 16). Like gold, the above
elements (except Ni) have three anomalies at UTM co-
ordinates (619000, 55000), (620000, 56500) and (619500,
58000).

The soil samples taken from the open pit at Tira mine are
in the range of 0.8 — 7.4 ppm Au with the concentration
generally increasing upwards (Table 5).
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Figure 9: An Au-element map of two electrum grains showing its homogeneous distribution
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Figure 11: A Bi-element map of the same electrum grains showing its homogeneous distribution

125 AJST, Vol. 8, No. 1: June, 2007



A.B. MBONIMPA
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Figure 12: A BSE map of the same electrum grains showing the homogeneous distribution of the high atomic number
(Au, Ag and Bi) elements

Table 1: Results of electron microprobe analysis of ‘electrum’ grains in weight %

SAMPLE Au Ag Cu Bi Pb Total |Stoichiometry| Fineness
#1 |AM16-2-1a | 88.45 8.56 0.03 0.31 0.08 97.35 |AuossAgo.s 850
#2 |AM16-2-1b | 88.36 8.27 0.01 0.33 0 96.97 |AuossAgo.is 854
#3 |AM23-1-1a 58.68 39.16 0.03 0.14 - 98 Au0.45A80.55 451
#4 |AM38-1-1a [ 75.65 21.1 0.2 0.37 0 97.33  |Auo66Ago33 663
#5 |AMA40-1-2a [ 61.61 36.11 0.06 0.29 - 98.07 |Auo4sAgos2 483
#6 |AM40-1-2c | 62.71 34.66 0.03 0.23 - 97.63  |Auo0s50Ago.50 498
#7 |AM40-2-1a | 70.58 29.67 0 0.04 - 100.29  [Auos7Ago43 566
#8 |AM40-2-1b | 69.22 29.92 0 0.06 - 99.19  |Auos6Ago44 559
#9 |AM40-2-3a | 69.54 31.81 0 0.28 0.1 101.63  [Auo.54Ago.4s 545
#10|AM40-2-3b | 67.24 34.02 0 0.38 0.06 101.64 |[AuosiAgoar 520
#11|AM40-2-3c | 71.03 3243 0.05 0.35 0.37 103.86  [Auo.52Ag0.47 525
#12|AM40-3-1a | 88.63 9.56 0.04 0.26 0.89 9848 |Auos3Ago.is 835
#13|AM40-3-1b | 86.77 7.52 7.52 7.52 - 94.58 |Auos6Ago.14 863
#14|AM40-3-1c | 87.99 7.68 0 0.25 - 95.92  |AuossAgo.14 862
#15|AM40-3-2a [ 85.01 13.33 0.01 0.35 0.34 98.7  |Auo77Ago.22 777
#16 | AM40-3-2b 67.6 29.08 0 0.41 0 97.09  |Auos6Ago.44 560
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Table 2: Results of electron microprobe analysis of different sulphide mineral grains in weight %

SAMPLE Fe S As | Cu |Mn| Pb Co| Ni |Zn | Ag | Sb| Bi | Au Total [Stoichiometry Mineral
#1 |AM16-2-1b | 58.65( 40.1 | 0.05 0 0.04 0 0 0 0 0 0 0 024 99.08 Fes 035706 pyrrhotite
# [aM16-2-1c | 141 [13.47] 0 0 [003]86.75] o [ o [o0a] o [ o [ o [o.19] 101.9 [(PbosrFeoos)Sosr galena
#3 [AM16-2-1d | 170 [1332] 0 [ o001 [o.02[ 8701 o [ o [ o Joo2] o [ o [o04] 10251 [(PbooFeror)Soos galena
#4 |AM16-2-1e [45.97(53.59(0.11 0 0.01 0 0 0 [0.05]0.12] O 0 [0.11 99.97 Fe.998:.00 pyrite
#5 |AM33-1-1a | 47.01[51.99][0.07] 0.09 [ 0 0 o o ofoot] o of o] 99.192 [Fe S0 pyrite
#6 |AM33-1-1b | 30.32]34.64]0.06([33.77] © 0 o [ o [oorfoo2] o] o] o 98.82  |CugooFe; 005200 Chalcopyrite
#7 [AM33-1-1c [ 60.16[38.740.07] 0.07 [0.02] © 0 (oot o] o of o fo008] 99.19 [FespSsor pyrrhotite
#8 |AM33-1-4a [ 46.96 [ 52.35(0.05( 0.02 | 0.03 0 0 [0.06]0.01]0.07] 0 0 0 99.55 Fe; 025108 pyrite
#9 [AM33-1-4b | 59.84[38.97[0.07] 0 [o001] o 0 [0.05]002]002] 0 [ 0o [0.15] 99.15 |Fe; 05800 pyrrhotite
#10 [AM33-2-7a | 31.29]34.69]0.05[32.75] © 0 0o [153] o [ooa]l o ] o] o 10035 [Cugos(Fe; 03Nigos)Sios | chalcopyrite
#11 [AM33-2-8a [30.86[34.940.06] 338 0 0 o[ of oJoot] o] o Joo0a] 9971 [CugosFer 0800 chalcopyrite
#12 [AM33-2-8b [31.09[34.49] 0.1 [3328] o 0 ool ool o] ofoos 99 [CugorFer 058199 chalcopyrite
#13 [AM33-2-8¢ | 60.67[39.310.05] 0.06 [ 0 0 ol o] o] o] of o047] 10056 [(FeroAugm)(SscwAsoo) |pyrrhotite
#14 [AM34-1-1 [ 30.92]34.97]0.02[32.73] o 0 o [oo1]ootfoor] o Joo4] o 98.71  |CugosFer 00820 chalcopyrite
#15 [AM34-1-2b [31.12[35.13[0.04] 33.01] 0 0 0 [0.03[oot] o [ o] oo 99.34  [CugosFe 38200 chalcopyrite
#16 |AM34-1-4a | 29.17]34.45 [ 0.04] 34.99] 0.01] o0 o o ofoosl o] ofo 9872 [Cu;03F€09182.00 chalcopyrite
#17 |[AM34-1-5b | 31.18[34.75[ 0.02] 33.06[ 0 0 o [ o [o02]003] o [ o[ 0 99.05  |CugosFe; 035200 chalcopyrite
#18 [AM38-1-1b | 212 [12.81] 0 [o31 [ o [ 861 [ o [o.02] o Joo7] o [ o | o 10144 [(PbogsFeo0oCloo)Soss | galena
#19 [AM38-1-1c | 46.37| 53.01]0.07 | 0.06 0 0 0 [004] O |0.19] O 0 |0.57 100.34  |Fe; 2S5 pyrite
#20 |[AM38-1-1d | 2.07 [12.86] 0 | 042 o [ 8511 o [ o [oo1] o | o [ 0| 0 100.51 | (Pb0osFen0ocu002)S00s | galena
#21 |[AM40-1-2b | 1.04 [12.83] 0 [ 002 0 [ 8584 0 | 0 [005[011] 0 | 0 [023] 100.12 |(PbyooFeoon)Sose galena
#22 [AM40-1-3a | 0 [13.05] 0 0 0 [8345] o [003] o [oss] o [ o ] o 97.11  [(Pbo.soAg.01)S100 galena
#3[AM40-13b | 0 [13.03] 0 0 o | 827 Toot] o [oo1]o68] o [ o [o06] 9651 [(PboosAge)Si oo galena
#24 |[AM40-1-3¢ | 0.01 [13.12] 0 [ 004 | o [ 8512002 o [ 0 {045] o [ 0o | 0 98.76 | (Pby.00Ag01)S09 galena
#5[AM40-1-3d | o [1282] o | o [oo1{8336| o [ o [o02]063] 0o [ o | 0 96.84 | (Pbo.soAg01)So90 galena
#26 [AM40-1-4a | 0.77 [ 12.88] 0 [ 002 o [8s18] o [ o [ o [o4a7] o [ o | o 99.31  [(Pbo.soAg.01)So97 galena
#7 [AM40-2-1c | 1.58 [1321] 0 0 [o0o01]8598] o [ o [oot]ooo] o [ o [o.52] 10141 [(PboorAugo)Soss galena
#28 [AM40-2-4a | 201 [1335] 0 | 0 | o [ 8531 o [ o[ o o4 o o] o 101.07 |(PboosFeoosAgo)Soss  |galena
#29 [AM40-2-5b | 60.9 | 39.4 [0.08] o [ o 0 o o ofooal o] ofo 10042 |Fer 00(So 00AS001) pyrrhotite
#30 [AM40-2-Za | 30.9 [36.23] 0 [33.19] o 0 0o [o0.02]001t] o [ o ] o [o04] 10039 [CuposFe; 00Sz0s chalcopyrite
#31 [AM40-2-zb | 2.01 [13.18] 0 o031 o [87.03] o [o0.02] o Joro] o [ o [0.07] 102.82 [(PboosFerosCoo)Soos | ealena
#32 |AM40-3-1d [ 46.88 [ 52.64(0.07 | 0.01 0 0 0 [0.01]10.07] 0 0 0 |0.06 99.73 Fe; 01108 pyrite
#33 [AM40-3-2¢ | 047 [1271] 0o | o [oo1{8394| o [ o | o Jo27] o [ o [ 0 974 |(Pb, ooFe00sA01)S00s  |galena
#34 [AM40-3-2d | 46.7 [ 5248008 0o [o02] o 0o [0.02]001f008] o | o [o32] 9971  [Fe 0805 pyrite
#35 [AM40-3-2¢ | 47.02) 52.96 | 0.02 0 0 0 0 [0.02| O 0 0 0 |0.22 100.23  |Fe;01S1.90 pyrite
Table 3: Results of electron microprobe analysis of oxide mineral grains in wt %

SAMPLE | Si Ti Al Cr Fe Mn | Mg Ca Zn O Total | Mineral
#1 |AMI16-1-1a 0.04| 31.72| 0.01f 0.01f 3099 543 0.00] 0.06 0.34] 31.82| 100.43|ilmenite
#2 |AMI16-1-1b 0.12| 31.28] 0.00f 0.00[ 27.64[ 8.02 0.01] 042 0.16] 31.49] 99.14|ilmenite
#3 |AMI16-1-1c 0.02| 0.07[ 0.02[ 0.04] 70.89] 0.08) 0.00] 0.00 0.01[ 20.44| 91.58|magnetite
#4 [AM16-1-2a | 008] 31.59] 003 001] 2764] 851 001 029] 0.00] 31.74]  99.9[ilmenite
#5 |AM33-2-1a 0.01| 31.94] 0.00f 0.00[ 28.17[ 871 0.01] 0.04| 0.07| 32.00] 100.96|ilmenite
#6 |AM33-2-1b 0.65| 0.19[ 0.18] 0.03] 69.74] 0.12] 0.07] 0.11| 0.00[ 21.15] 92.24|magnetite
#7 |AM33-2-1c 0.40] 0.15[ 0.15[ 0.00] 69.94] 0.09] 0.06] 0.04| 0.00[ 20.81] 91.63|magnetite
#3 |AM33-2-2a| 001 31.83] 000] 001] 27.15] 896] 0.00] o0.16] 000] 31.74] 99.87|ilmenite
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Table 4: AAS analysis (in ppm except MnO and Fe,O,) of rock samples from Tira underground mine, Buteba granite and
along River Solo

SAMPLE |TYPE Location Au Cu Ni Co Zn Pb MnO% | Fe203%
AM4 [Basalt River Solo - 54 50 65 300 20 0.114 8.571
AM16 |Basalt 28-subdrive | - 83 30 41 200 30 0.692 16
AM17 |Basalt 28-subdrive | - 38 20 38 320 20 0.485 10.571
AM23 |Basalt 45N-drive - 1640 | 330 105 | 1840 | 120 0.294 8
AM24 |Quartzvein 45N-drive 4.8 183 20 127 | 4920 | 180 0.046 0.571
AM33 |Basalt 28S/N-drive | 0.1 103 80 55 560 30 0.687 19.143
AM 34 |Basalt/Quartzvein |28S/N-drive| 2.1 92 10 87 220 120 0.235 5.143
AM36 |Basalt 28-subdrive | 0.7 290 40 45 440 40 0.349 9.714
AM38 |Basalt 28-subdrive | - 198 100 53 200 70 0.367 8.286
AM40 |Basalt/Quartzvein |28-subdrive| 6.8 80 40 58 200 | 460 0.183 7.143
AM 81 |Granite Buteba - 3 10 45 180 40 0.026 0.857
AM 83 |Granite Buteba - 3 10 77 100 40 0.031 1.429

Table 5: Variation of metal content with depth of the soil samples from the Tira open pit mine (Analysis is by AAS and
values are in ppm, except MnO)

SAMPLE DEPTH (m)* Au Ag Cu Ni Zn Pb MnO%
AM63 14 4 1 153 40 309 190 0.019
AM 66 12.5 0.8 1 43 40 131 40 0.039
AM 69 11 6.2 1 44 40 157 30 0.003
AMT72 9.5 6.8 1.5 108 90 330 620 0.17
AM75 8 7.4 1.5 92 60 332 110 0.011
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Table 6: Results of AAS analysis of soil and stream sediment samples from the study area (Trace element values in ppm,

MnO in %)

SAMPLE [TYPE Au Ag Cu Ni Zn Pb MnO%
AMS [Rv* 0.2 0.5 52 70 67 30 0.003
AMY9 [Rv 2 2 119 110 72 90 0.338

AM14 |Rv 0.2 0.5 40 50 63 30 0.003
AM63 |Sl-pit* 4 1 153 40 309 190 0.019
AM 66 |Sl-pit 0.8 1 43 40 131 40 0.039
AM 69 |Slpit 6.2 1 44 40 157 30 0.003
AM 72 |Slpit 6.8 1.5 108 90 330 620 0.17
AM75 |Slpit 74 1.5 92 60 332 110 0.011
AMS84 |Rv 38.6 3 366 60 234 1250 0.279
AMS86 |Rv 16.4 10.5 262 40 155 720 0.072
AMS87 |Rv 30.4 2.5 204 60 356 990 0.351
AMS89 |Rv 20.2 9 243 70 253 2510 0.251
AM90 |Rv 19.4 2.5 106 80 87 250 0.157
AM91 |Rv 1.8 1 93 100 68 60 0.006
AM92 |Rv 3.6 0.5 78 90 52 40 0.085
AM93 |Rv 4.4 0.5 95 100 80 50 0.392
AM99 |Rv 0.2 1 126 100 72 130 0.013
AM101 [SI* 2.8 0.5 58 60 77 30 0.003
AM103 [SI 0.8 0.5 122 100 118 40 0.004
AM106 |S] 0.6 1 72 50 108 40 0.004
AM110 |SI 1.8 1 92 100 123 30 0.003
AM111 [Rv 0.4 1 92 90 86 50 0.005
AM118 [Rv 0.2 0.5 39 60 45 40 0.004
AM121 [Rv 0.2 0.5 36 50 50 30 0.003
AM122 [Rv 0.2 0.5 16 30 37 30 0.003
AM123 [S] 0.6 0.5 105 110 92 50 0.238
AM 124 [SI 0.8 1 79 100 85 40 0.004
AM126 |S] 0.4 0.5 85 70 89 40 0

AM129 |S] 0.8 0.5 107 120 76 20 0.15
AM 130 |SI 0.6 1 113 110 93 50 0.005
AM 131 |[S] 0.4 1 96 120 96 30 0.108
AM132 [SI 0.2 1 79 100 89 40 0.004
AM 133 [SI 0.4 1 58 90 67 30 0.046
AM 134 (SI 0.6 1 73 90 87 30 0.003
AM135 [SI 1.6 0.5 31 60 40 30 0.044
AM 139 |SI 0.4 1 89 100 96 30 0.145
AM 141 [Rv 0.6 1 95 80 69 60 0.006
AM 144 [Rv 0.4 1 47 50 49 40 0.004
AM166 |S] 0.2 0.5 86 100 100 30 0.003
AM168 [SI 0.6 1 72 80 83 30 0.003
AM171 [SI 0.4 1 96 90 83 30 0.003
AM177 [SI 0.4 1 84 120 77 30 0.003
AM 181 [SI 0.2 1 73 90 69 30 0.003
AM 185 |SI 0 1 71 80 87 10 0.001
AM 187 |S] 4.8 - 111 110 73 30 0.183

* Rv — Stream sediment; SI — Soil sample; Sl-pit — Soil sample from Tira mine open pit
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Figure 13: The gold anomalies of both soil and stream sediment samples
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Figure 14: The lead anomalies of both soil and stream sediment samples
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Figure 15: The copper anomalies of both soil and stream sediment samples
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Figure 16: The nickel anomalies of both soil and stream sediment samples
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DISCUSSION

The rock samples selected for study were those rich in
visible sulphides and this was not the case with the BIF
hosted deposits in which mineralisation is mostly
disseminated. EMP analysis was therefore done for the
quartz vein hosted deposits only. These were formed by
mineralising fluids that intruded the basaltic country rock
through already existing NW-trending fractures (probably
related to the Pan African event and the Aswa shear zone).
The fluids brought about a mineral assemblage of pyrite
and other sulphides like pyrrhotite, chalcopyrite, galena,
covellite and oxides like magnetite and ilmenite which are
to be found in both the quartz veins and the surrounding
basaltic rocks. The fluids also altered the country rock
leading to the formation of secondary minerals like chlorite,
sericite, epidote, zoisite, calcite, sphene and goethite.

Gold occurs as electrum and native gold inclusions in
pyrite. The inclusions are a solid solution of gold and
silver with trace amounts of Bi, Cu and Pb. The element
maps of some electrum grains for Au, Ag and Bi and BSE
photomicrographs (Figs. 10— 13) show that these elements
are homogeneously distributed which implies their co-
precipitation. Even bismuth which is of trace amounts is
evenly distributed throughout the grains (Fig. 12).
Fineness of gold is between 451 —863. Of the 16 inclusions
analysed, six are classified as native gold and the rest as
electrum (Table 1).

In addition a significant amount of gold occurs as invisible
gold in pyrite and other sulphides. However the other
sulphides are not important hosts of gold given their
insignificant volume %. The values of invisible gold in
pyrite are in the range of 0 — 0.57 wt% (an average of 0.18
wt% or 1800 ppm). According to Michel et al. (1994), the
gold values of the As-rich pyrite of the Santa Rita gold
vein deposits in Brazil, which is an entirely invisible gold
deposit, are up to 100 ppm Au. Pals et al. (2003) carried
out microprobe analyses (EMP and SIMS) on samples
from the Emperor gold deposit of Fiji and noted that the
values of gold (the highest being 11,057 ppm) in the pyrite
of these deposits were among the highest yet reported.
Using an average value of 507 ppm Au for the pyrite grains
analysed and assuming the proportion of pyrite in the ore
by volume to be between 0.5 — 1.0%, they estimated the
amount of invisible gold in these deposits to be 47 — 92%
of total gold. The volume % of pyrite in the Busia ore is
probably in the same range as that in the Emperor deposits,
in which case invisible gold may be equally important in
this deposit. Invisible gold is usually inaccessible to
traditional extraction methods and if not recognised at an
early stage could lead to loss of gold into the tailings

(Ashley et al., 2000, Larocque et al., 2002). It is therefore
important to establish how much in these deposits is
invisible gold so that any losses that may be taking place
currently are stopped.

Apart from pyrite, the only other minerals with significant
volume % are magnetite and ilmenite. Larocque et al. (2002)
noted that these minerals are of equal importance to
pyrrhotite and chalcopyrite as hosts for gold in magmatic
systems and that in sulphide deficient rocks and oxidised
felsic intrusions, they were the most important. The gold
in them is usually invisible and inaccessible to traditional
recovery techniques and so needs to be quantified in order
to determine the extraction method to be used. The EMP
analyses of the Busia deposits however show that there
is no detectable gold in both magnetite and ilmenite. The
values of manganese in ilmenite (Table 3) are as high as
8.96 wt % which implies that the solution from which
ilmenite was formed was manganese-rich. Manganese
replaces iron in ilmenite and to a lesser extent in magnetite.
The gold values of stream sediments average 7.7 ppm Au,
the highest being 38.6 ppm Au (Table 5). This is unlike the
soil samples which are all less than 4.8 ppm Au with the
exception of some from the open pit mine at Tira. This
shows that streams play an important role of concentration
of the mineralisation. They also however lead to dispersion
and ‘dilution’ of the gold. This may explain why the gold
values are high upstream (e.g. River Nakola) and lower
downstream. The major gold soil anomalies observed are
in the Tira area, north and south of the present workings.
Ofthe other areas proposed by Mroz et al. (1991) for follow-
up, Osapiri which has the highest value as 2.8 ppm Au is
next in ranking. The highest value in the Bukade-Makina
area is 0.6 ppm Au. The gold mineralisation in Osapiri and
Bukade-Makina areas probably originates from the BIF in
the area in which the mineralisation is perhaps
disseminated while that from Tira area is from the quartz
vein deposits.

The anomalies of Pb, Cu, Zn and Ag coincide with those
of gold (Figs. 14 -18) while there is completely no similarity
with nickel (Fig. 19). This may mean that the source of the
nickel mineralisation is different from that of Au, Cu, Pb,
Zn and Ag. It is most probable that the nickel is from the
mafic country rocks (the metabasalts of the greenstone
belt) while these other elements are from the sulphides
introduced by epigenetic solutions which formed the
quartz veins. Therefore, Pb, Cu, Ag and Zn can be used
as indicator (pathfinder) elements for gold. In addition,
lead has a high positive correlation (+0.9) with gold in the
rocks (Table 4). This marks it out as the most reliable
indicator element for gold in the Busia deposits.
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From the samples taken from the wall faces of the Tira
open pit mine, the concentration of gold generally
decreases with increasing depth (Table 6). This may
indicate that the mineralisation is not related to the
underlying rocks but to the epigenetic solutions. The last
solutions crystallising to form veins (which is at the
uppermost level reached by the veins) were gold richer.
Moreover the veins pinch upwards. This was probably a
result of the decreasing amount of fluids but may in turn
have led to a concentration of gold. The gold could also
have been transported as hydrosulphide complexes
(Au(HS),) along fractures with reduction in pressure and
temperature resulting in breakdown of the complexes and
gold deposition (Tolessa, 1999). In addition, given that
calcite forms as a secondary mineral the gold could also
have been carried as CO, complexes.

CONCLUSION

There are two types of gold mineralisation in the Busia
area; the quartz vein-hosted deposits and the BIF-hosted
deposits. In the present study, the bulk of the EMP
analyses are of the quartz vein deposit type of the Tira
area and these indicate great economic potential. The soil
and stream sediment sampling around the BIF in the
Osapiri and Bukade-Makina areas also suggests
possibility of economic potential. Further work is therefore
necessary to ascertain their actual characteristics and
potential.

The ore minerals in the quartz vein deposit at Tira include
gold, pyrite, pyrrhotite, chalcopyrite, galena, covellite,
magnetite and ilmenite. The host rocks which are basaltic
rocks are rich in secondary calcite. Gold occurs as native
gold or electrum inclusions in pyrite with fineness of 451
—863. Italso occurs as invisible gold in pyrite, pyrrhotite,
chalcopyrite and galena. The EMP analyses of the
sulphides and their comparison with other deposits
worldwide in which invisible gold is important, show that
invisible gold in pyrite may contribute significantly to the
gold budget of the Busia deposits.

Soil gold anomalies were found in the areas of Tira (4.8
ppm Au) and Osapiri (2.8 ppm Au). The highest value in
the Bukade-Makina area was 0.6 ppm Au and so this area
is not as interesting as the other two. The soil anomaly in
the Tira area is probably coming from the quartz vein
deposit while the source of the mineralisation in the other
two areas is probably the BIF, in which the gold
mineralisation is perhaps disseminated. Stream sediment
anomalies were found on Rivers Nakola, Tira and Aget,
the highest being, 38.6 ppm Au. The source of

mineralisation in this area is the quartz vein deposit at
Tira.

Lead (Pb) has very high positive correlations with gold in
all types of samples and so is the most reliable indicator
element for gold. Copper, silver and zinc may also be used
as indicator elements for gold in the Busia deposits.

In the present study, geochemical analysis of the BIF at
Bukade-Makina and Osapiri was not done. This is
necessary in order to know their extent and economic
importance. More work (e.g. isotope, REE and Age
determination studies) also needs to be done to determine
the genesis of both deposit types in the area. It is also
necessary to find out the viability of the old workings in
the Amonikakinei sector and of the surrounding areas.

Future systematic sampling and analysis of pyrite, which
is the only sulphide with a significant volume proportion,
is necessary to confirm the contribution of the invisible
gold to total gold. In addition, it is necessary to know if all
or only some pyrite in the quartz veins and the metabasalts
contains gold.
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