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ABSTRACT 

The Lupa Goldfield (LGF) is one of the eight 
structural terranes in the NW-SE striking Uben- 
dian Belt of SW Tanzania. The LGF is comprised 
of granitic gneisses with bands of amphibolites 
which are intruded by mafic intrusions including 
gabbros, granodiorites, diorites; and various 
granites as well as metavolcanics. These rocks 
are cross-cut by narrow mafic dykes and aplites. 
SHRIMP zircon U-Pb data are presented for the 
granodiorite and a mafic dyke that cross-cut the 
granodiorites in the Saza area of the LGF, with 
the aim of constraining the mafic and felsic 
magmatism and their implication to gold minera- 
lization. The zircon U-Pb data shows that the 
Saza granodiorites were emplaced at 1924 ± 13 
Ma (MSWD = 2.6) whereas the cross-cutting 
mafic dyke yielded a zircon U-Pb age of 1758 ± 
33 Ma (MSWD = 0.88). The dated granodiorite 
sample was in sheared contact with an altered 
mafic intrusive rock, most likely a diorite, along 
which an auriferous quartz vein occurs. The 
1924 ± 13 Ma age of granodiorites is within error 
of the reported molybdenite Re-Os age of 1937 
Ma determined for the gold mineralization event 
in Lupa goldfields. Although auriferous quartz 
veins are younger than the granodiorites, the 
more or less similar ages between the emplace- 
ment of granodiorites and the mineralizing event 
indicate that the granodiorites might be the heat 
source (or driver) of hydrothermal fluids re- 
sponsible for gold mineralization in the Lupa 
goldfields. This would further suggest that gold 
mineralization in the LGF is intrusion-related 
type. The mafic dykes represent the youngest 
rocks to have been emplaced in the area and 
hence the 1758 ± 33 Ma age of the mafic dykes 

conclude the magmatic evolution in the Lupa 
goldfields during the Palaeoproterozoic. 
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1. INTRODUCTION 

The NW-SE Ubendian Belt of SW Tanzania is bor- 
dered by the Tanzania Craton to the northeast and the 
Bangweulu Block to the southwest (Figure 1). The 
Ubendian Belt consists of high-grade metamorphic rocks 
of sedimentary and igneous origin, including granulites, 
migmatite, amphibolites, biotite gneisses, schists, quartz- 
ites, eclogites and marble. Granites are the main type of 
intrusive rocks, but there are also granodiorites, diorites, 
gabbro and carbonatite rocks [1]. The Belt has been sub- 
divided, on the basis of structural and lithological differ- 
ences into 8 blocks (or terranes) namely: Ubende, Wa- 
kole, Katuma, Ufipa, Upangwa, Nyika, Mbozi and Lupa 
[2,3] (Figure 1). The Ubende, Wakole and Katuma ter- 
ranes are the northwesterly of the eight whereas the 
Ufipa, Mbozi, Upangwa, Nyika and Lupa are on the 
southeast. 

The Ubende terrane is dominated by amphibolites and 
amphibole gneisses which also host mylonitic eclogites. 
Boniface et al. [4]. showed that the Ubende eclogites 
show a MORB-like chemistry and yielded SHRIMP zir- 
con U-Pb ages of 1886 ± 16 and 1866 ± 14 Ma suggest- 
ing the existence of a Palaeoproterozoic ocean floor 
subduction in the Ubendian Belt. The Ufipa terrane is 
mainly composed of granitic biotite gneisses, horn- 
belende gneisses and granet-kyanite gneisses. These 
gneisses host lenses of kyanite-free and kyanite-bearing 
eclogites whose chemistry is similar to back-arc basin 
basalts and yielded SHRIMP zircon U-Pb ages of 593 ± 
20 Ma and 524 ± 6 Ma. This led Boniface et al. [4] to 
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Figure 1. Geological map of south-eastern Africa indicating the 
location of the Ubendian Belt and its subdivision into eight 
structural and lithological terranes, modified after Hanson [5]. 
The position shown by a frame box is part of the Lupa block 
which is the study area in Figure 2. 
 
suggest the existence of Neoproterozoic convergent mar- 
gin in the Ubendian Belt. Dominant lithologies in other 
terranes include alumino-silicate schists for Wakole, mig- 
matitic biotite gneisses (Katuma), mafic granulites and 
syenites (Mbozi), meta-anorthosites (Upangwa), and cor- 
dierite gneisses (Nyika). 

The Lupa terrane (part of which is the subject of this 
study) is dominated by granitic gneisses with amphi- 
bolitic bands and are intruded by mafic intrusions 
including gabbros, granodiorites, diorites; and various 
granites [6]. Metavolcanics are predominantly felsic and 
occur in the Ngualla area. Mnali [6] reported zircon 
U-Pb ages of 1937 ± 47 Ma (MSWD = 230) for the 
Saza-Chunya granodiorite and 1931 ± 44 Ma (MSWD = 
110) for the Ilunga granite and proposed that both types 
of granitoids were emplaced at between 1920 and 1960 
Ma. Note the large MSWD values associated with the re- 
ported ages. 

The Ubendian Belt hosts polymetallic gold and base 
metal deposits in the Mpanda Mineral Field (MMF) 
where gold occurs associated with lead, copper and zinc 
mineralization [7]. Gold has been recovered as a by- 
product of Cu and Pb mining (e.g. at Mukwamba- 
Nyakaliza prospect). On the other hand, gold rather than 
polymetallic Pb-Zn-Au-Ag typical association of MMF 
is found in the LGF [6]. In both the LGF and MMF, the 

mineralization is restricted to the sulphide-bearing quartz 
veins in major shear zones and the link between the gold 
mineralization event and the emplacement of felsic in- 
trusions remain inconclusive [8]. 

This paper presents the SHRIMP zircon U-Pb ages for 
the Saza granodiorite and a mafic dyke with the aim of 
better constraining the emplacement ages of the mafic 
and felsic igneous intrusion events in the Saza area of the 
LGF and their implication to gold mineralization. It is 
shown that the Saza granodiorite was emplaced at 1924 ± 
13 Ma, an age that is within error of the reported gold 
mineralization Re-Os age of 1937 Ma which suggests 
that the granodiorites might be the heat source of hyd- 
rothermal fluids responsible for gold mineralization in 
the Lupa goldfields. The data also shows that the mafic 
dykes cross-cutting the granodiorites were emplaced at 
1758 ± 33 Ma and this concludes the magmatic evolution 
of the Lupa Goldfields during the Palaeoproterozoic. 

2. GEOLOGICAL BACKGROUND 

The geology of the Saza area in the LGF is best de- 
scribed by Mnali [6]. The Saza area is located on the 
eastern margin of the LGF and forms part of the explora- 
tion license of Helio Resources Corp (Figure 2). The 
area is comprised of granitic gneisses which are intruded 
by a body of mafic rocks including gabbros, diorites, 
granodiorites, and granites (locally known as Ilunga 
granites). According to Mnali [6], the gabbros and dio- 
rites are in gradational contact with granodiorites and the 
granodiorites do not show any obvious contact with the 
Ilunga granites. 

Mnali [6] reported a U-Pb bracket age of 1920-1960 
Ma for emplacement of both the Saza granodiorite and 
Ilunga granite. The Ilunga granites are spatially associ- 
ated with minor felsic volcanic rocks whose age is un- 
known. The granodiorites are comprised of mafic xeno- 
liths which points to the presence of an earlier mafic 
magmatism prior to the emplacement of granodiorites 
(Figure 3(a)). 

The granodiorites are then cross-cut by mafic dykes 
(Figure 3(b)) and aplites and these are considered to be 
the rocks that represent the last magmatic event in the 
Lupa Goldfields during the Palaeoproterozoic. Contrary 
to the regional high metamorphic grade that has affected 
Ubendian rocks, the rocks in the Saza area have suffered 
low-grade greenschist facies metamorphism, a reminis- 
cent of the Lake Victoria Goldfields. 

The Saza area is one of the largest gold producing 
provinces and the Saza mine was once the second largest 
gold producer in Tanzania after the Geita mine during the 
pre-independence era [6]. Gold mineralization is associ- 
ated with E-W and NW-SE trending shear zones and 
occurs in pyrite-bearing quar  veins. Most recently, the tz     
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Figure 2. Geological map of the western part of the Lupa goldfield showing the location of the 
samples studied (after [6]). 

 
 

(b)(a)  

Figure 3. Photograph showing (a) the mafic xenoliths enclosed 
in Saza granodiorites (b) a mafic dyke cross-cutting the Saza 
granodiorites. 
 

 

(b)(a)  

OPEN ACCESS 

Figure 4. Photograph showing (a) auriferous quartz vein in an 
E-W trending shear zone at the contact between the granodio- 
rite and an altered mafic intrusive rock. The granodiorite sam- 
ple studied was sampled from this artisanal pit as shown in (b). 
 
ongoing exploration and research works in the LGF by 
Helio Resources have constrained the gold mineralizing 
event at 1937 Ma using Re-Os method on molybdenite 
[8]. 

3. SAMPLES AND ANALYTICAL 
METHODOLOGY 

Samples used in this study were collected a few km  
nearby the former Saza mine (Figure 2). Two samples 
representing the granodiorites (SAZ 06) and mafic dykes 
cross-cutting the granodiorites (SAZ 02) were sampled 

and prepared for zircon U-Pb dating. SAZ 06 is a grano- 
diorite sample that is in a sheared contact with an altered 
mafic intrusive rock most likely a diorite along which an 
auriferous quartz vein occurs (Figure 4). It is comprised 
of plagioclase (40%), quartz (35%), microcline (10%), 
biotite (8%), hornblende (5%) and magnetite (2%) as 
shown in Figure 5(a)). It is composed of SiO2 = 63.3 
wt%, MgO = 1.19 wt% and total alkali contents = 6.44 
wt% (Table 1, compositions expressed on no water free 
basis). On the other hand, SAZ 02 is a narrow mafic 
dyke that was found cross-cutting the granodiorite (Fig- 
ure 3(b)). It is comprised of globular masses of olivines 
(20%), pyroxenes (30%), altered plagioclase (30%) and 
hornblende (20%) as shown in Figure 5(b). It is com-
posed of SiO2 = 49.7 wt%, MgO = 5.59 wt% and total 
alkali contents = 4.44 wt% (Table 1). 

Approximately 2 kg of samples SAZ 06 and SAZ 02 
were crushed and powdered to 250 m. A heavy mineral 
concentrate was obtained using heavy liquids and mag- 
netic separation at the Activation Laboratories of Ontario, 
Canada. Hand-picked representative grains from the 
sample were mounted in epoxy resin together with chips 
of the TEMORA (Middledale Gabbroic Diorite, New 
South Wales, Australia) and 91,500 (Geostandard zircon, 
[9]) reference zircons and polished for imaging.  

Zircon Back-Scattered Electron (BSE) and Cathodo- 
Luminiscence (CL) images were taken prior to analysis. 
The U-Pb analyses of the zircons were made using 
SHRIMP-II. The data were reduced in a manner similar 
to that described by Williams [10] and references therein). 
SQUID Excel Macro of Ludwig [11] was used. Uncer- 
tainties given for individual analyses (ratios and ages) 
are at the one sigma level; however the uncertainties in 
calculated concordia ages are reported as two sigma lev- 
els. The concordia plots and concordia age calculations 
have been prepared using ISOPLOT/EX [12]. 
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4. RESULTS AND DISCUSSION 

SHRIMP U-Th-Pb analytical data for zircons from the 
Saza granodiorite sample SAZ 06 and mafic dyke sample 
SAZ 02 are reported in Table 2. Zircon grains from sam- 
ple SAZ 06 vary from ovoid (Zr 1) to a few prismatic 
ones (Zr 3) with lengths varying from 60 to 110 m 
(Figure 6). On the basis of the CL images (Figure 6), 
zircon grains from the granodiorite sample do not show 
any overgrowth features and a few of them show oscilla- 
tory zoning (Zr 3). Twelve analyses were performed on 7 

 
 

(b)(a)  

Figure 5. Thin-section for granodiorite sample SAZ 06 (a) and 
mafic dyke sample SAZ 02 (b) showing their mineral composi- 
tions.  

Table 1. Major element composition (wt%) of the studied sam- 
ples. 

 Mafic dyke  Granodiorite 

 SAZ 02  SAZ 06 

SiO2 49.7  63.3 

Al2O3 16.9  16.4 

Fe2O3 9.89  3.56 

MnO 0.15  0.04 

MgO 5.59  1.19 

CaO 8.21  3.15 

Na2O 3.36  3.78 

K2O 1.08  2.66 

TiO2 1.50  0.43 

P2O5 0.21  0.12 

LOI 2.65  4.36 

Total 99.3  99.0 

Mg # 53  40 
 

 
Table 2. SHRIMP zircon U-Th-Pb analytical data for Saza intrusive rocks. 

Analysis ID  
Th 

ppm 
U 

ppm
Th

U
 

207

235

Pb

U
 ± %

206

238

Pb

U
± % Rho

206

238

Pb

U
 

207

206

Pb

Pb
 % Discor dancy 

SAZ 02-Mafic dyke             

1.1 core 496 448 1.11 5.36 1.8 0.3522 1.1 0.60 1945 ±18 1805 ±26 –7 

1.2 core 715 557 1.28 4.95 2 0.3284 0.9 0.47 1830 ±15 1789 ±32 –2 

2.1central 64 77 0.83 4.74 5.1 0.3173 1.9 0.37 1777 ±29 1772 ±87 0 

3.1 central 38 85 0.45 5.26 3.9 0.3535 1.4 0.36 1951 ±24 1763 ±66 –10 

4.1 core, zoned 247 218 1.13 4.17 4.1 0.2919 1.4 0.33 1651 ±20 1692 ±72 2 

4.2 core, zoned 825 641 1.29 5.29 1.3 0.3418 0.9 0.71 1895 ±15 1836 ±17 –3 

5.1 core, zoned 1166 789 1.48 2.33 3.3 0.1928 1.1 0.33 1137 ±11 1377 ±59 21 

5.2 rim 487 445 1.09 2.89 3.3 0.2262 1 0.31 1315 ±12 1484 ±59 13 

6.1 central, zoned 596 509 1.17 5.04 1.9 0.3378 0.9 0.52 1876 ±16 1771 ±29 –6 

7.1 central 680 527 1.29 4.11 1.8 0.2892 0.95 0.53 1638 ±14 1678 ±28 2 

SAZ 06-Saza granodiorite            

1.1 central, zoned 101 143 0.70 5.75 2.1 0.3468 1.2 0.55 1919 ±19 1960 ±32 2 

1.2 outer, zoned 95 201 0.47 5.02 5.8 0.3129 1.4 0.24 1755 ±21 1901 ±100 8 

2.1 core, zoned 112 128 0.87 5.1 6 0.325 3.6 0.60 1816 ±57 1858 ±86 2 

3.1 central, zoned 373 345 1.08 4.64 1.5 0.2975 0.94 0.62 1679 ±14 1851 ±21 10 

3.2 outer, zoned 263 354 0.74 4.00 1.8 0.2585 0.86 0.48 1482 ±11 1837 ±28 24 

4.1 central 59 123 0.48 5.68 2.6 0.3507 1.7 0.67 1938 ±29 1918 ±35 –1 

5.1 core, zoned 149 177 0.84 5.72 5.4 0.359 5.2 0.97 1979 ±89 1887 ±23 –5 

5.2 outer, zoned 175 256 0.68 5.60 3.6 0.3503 0.96 0.27 1936 ±16 1895 ±62 –2 

6.1 core, zoned 116 165 0.70 5.54 1.4 0.3432 0.96 0.68 1902 ±16 1913 ±19 1 

7.1 central 76 85 0.90 5.61 2.6 0.3544 1.1 0.43 1955 ±18 1876 ±42 –4 

7.2 outer 50 71 0.71 5.62 3 0.3549 1.4 0.45 1958 ±23 1879 ±49 –4 

7.3 outer 111 266 0.42 4.80 2.1 0.3011 0.96 0.46 1697 ±14 1891 ±34 11 
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zircons of sample SAZ 06 (Table 2). When plotted on a 
concordia diagram (Figure 6), the regression involving 
all the twelve data points yielded an upper intercept age 
of 1903 ± 24 Ma and a lower intercept age of 399 ± 250 
Ma (MSWD = 0.64), all regressions employing Isoplot/ 
Exe of Ludwig, [11]. The upper intercept age obtained is 
indistinguishable from a 7-point concordia age of 1924 ± 
13 Ma (MSWD = 2.6). On the basis of its better précis- 
sion, the concordant age of 1924 ± 13 Ma is considered 
to be the magmatic age of the Saza granodiorite. 

Zircon grains from SAZ 02 are prismatic showing 
good zircon terminals (Zr 2) and a few shows zoning 
which is sorrounded by a structure-less rim (Zr 4, Figure 
7). The zircon grains have lengths varying from 50 to 
120 m (Figure 7). Ten analyses were performed on 
seven grains of sample SAZ 02 (Table 2). When plotted 
on a concordia diagram (Figure 7), the regression of the 
data yielded a 10-point upper intercept age 1758 ± 33 Ma 
(MSWD = 0.88). 

This age is within error of the concordant age obtained 
on analysis Zr 2.1 which yielded 206Pb/238U and 207Pb/ 
206Pb ages of 1777 ± 29 Ma and 1772 ± 87 Ma, respect- 
tively (Table 2). The 1758 ± 33 Ma age is hereby inter- 
preted as the magmatic emplacement of the mafic dykes 
that cross-cut the granodiorites in Saza area of Lupa 

Goldfield. The 1924 ± 13 Ma age (MSWD = 2.6) ob- 
tained for Saza granodiorites is more or less similar to 
the 1936 ± 33 Ma (MSWD = 230) age reported by Mnali 
[6] for the same rocks. The poor MSWD values reported 
by Mnali [6] for the Saza granodiorite (and Ilunga gran- 
ite) led him to propose an age bracket of 1920 - 1960 Ma 
for the emplacement of both types of granitoids. Thus, 
the 1924 ± 13 Ma age obtained by this study provides a 
better constraint for the emplacement of granitoids in 
Saza within the LGF. This age is within error of the re- 
ported molybdenite Re-Os age of 1937 interpreted by 
Mackenzie et al. [8] as dating the gold mineralization 
event in the LGF. The more or less similar ages of 
granodiorite emplacement and gold mineralization event 
suggest that the granodiorites could possibly be the heat 
source (or elsewhere in the world [13,14]. In particular, 
McCoy et al. [14] distinguish “plutonic-related meso- 
thermal gold deposits” of interior Alaska from the oro- 
genic-related deposits as those where ore fluids are de- 
rived from evolving magmas. 

Such a criterion would fit in the age distributions for 
the granodiorite emplacement and gold mineralization in 
Saza area within the LGF.  

The 1758 ± 33 Ma age obtained for the mafic dykes 
that cross-cut the granodiorites in Saza area is younger 

 

 

Figure 6. U-Pb Concordia diagram for the granodiorite sample SAZ 06. Zr 1 and Zr 3 represent the CL 
images of representative zircons showing position of analyses in Table 2. 
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Figure 7. U-Pb Concordia diagram for the mafic dyke sample SAZ 02 that cross-cut the Saza granodiorites 
with CL images of representative zircons indicating position of analyses in Table 2. 

 
than most ages reported on Ubendian granites which 
cluster around ages of 2.0 - 1.8 Ga (i.e. the Mbarali gran- 
ite (2026 ± 8 Ma), the Ufipa granite-gneiss (1864 ± 32 
Ma)) during the Palaeoproterozoic [15, 16 and references 
therein]. The age cluster of 2.0 - 1.8 Ga are interpreted to 
represent the granulite and amphibolite facies peak meta- 
morphic conditions in the Ubendian [15]. This indicates 
that the 1758 ± 33 Ma age of the mafic dykes represent 
the last magmatic event that concluded the evolution of 
the LGF and the entire Ubendian Belt during the Palaeo-
proterozoic times. 
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