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Abstract 

Bulk geochemical data for the Twangiza-Namoya Gold Belt, Democratic Republic of Congo, 

are presented in order to classify the rock assemblages, elucidate their petrogenesis and 

tectonic settings. Nb/Yb and Zr/Ti constraints reveal two suites for the rocks: sub-alkaline to 

andesitic basalts (Suite-1); and alkaline basalts (Suite-2).  Ratios of Ti/Zr = 22–70; Zr/Hf = 35–

42; Nb/Ta = 12–13; Nb/Th = 1–2 and La/Nb = 2.4–3.8 suggest arc-generated mantle melts with 

crustal inputs and arc-fluids metasomatism for Suite-1. The samples have positive LILE and 

negative Nb, Ta, Ti anomalies, enrichments in the LREE over middle and HREE (La/Yb)CN = 

3.6–8.9 with negative Eu anomalies (0.7–0.9) in Chondrite-normalized diagrams. Yb-Th/Ta 

and Ta/Yb-Th/Yb ratios suggest active continental margin settings, whereas Ta/Hf-Th/Ta and 

Nb/Yb-Th/Yb diagrams suggest a depleted MORB source. Ti/Zr, Zr/Hf, Nb/Ta, Nb/Th and 

La/Nb constraints for Suite-2 suggest MORB and oceanic plateau basaltic sources. REE 

patterns show enrichments in the LREE with negative to positive Eu anomalies (0.7– 1.3). Yb-

Th/Ta and Ta/Yb-Th/Yb ratios suggest a within plate tectonic setting. It is suggested that Suite-

2 rocks were sourced from mantle-derived melts with a composition between an enriched 

MORB to OIB.  
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Introduction 

Multiple episodes of magmatism and 

orogenic activities during the 

Mesoproterozoic and Neoproterozoic periods 

characterise the tectonic evolution of the 

Karagwe-Ankolean Belt (KAB) in Central 

Africa (Tack et al. 2010, Fernandez-Alonso 

et al. 2012). The Twangiza-Namoya Gold 

Belt (TNGB) in the Democratic Republic of 

Congo (DRC) is located in the western part 

of the KAB (Figures 1 and 2). The belt 

comprises metasedimentary rocks that are 

intruded by mafic-ultramafic, intermediate 

and felsic rocks dated between ~ 1400 Ma 

and 900 Ma (Walemba and Master 2005, 

Fernandez-Alonso et al. 2012). Geochemical 

characteristics of such magmatic rocks can 

assist in constraining petrogenesis and paleo-

tectonic settings during the Precambrian 

(Best 2002). 

Extensive investigations carried out in the 

eastern part of the KAB (in Rwanda and 

Burundi) applied a combination of 

geochemical, geophysical and 

geochronological techniques (e.g. Klerkx et 

al. 1987, Koegelenberg and Kisters 2014). 

Conversely, the western part (mainly in the 

eastern DRC) has not received similar 

research interests due to poor accessibility. 

As a result, the TNGB geological settings, 

https://dx.doi.org/10.4314/tjs.v48i1.7
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geochemical characteristics and 

geochronology are poorly understood. The 

purpose of this study, therefore, is to 

constrain the origin, petrogenesis and infer 

tectonic settings of the mafic-intermediate 

igneous rocks in the region. 

 

Geological Setting 

Regional geology 

TNGB lies in the Mesoproterozoic 

orogenic belt of central Africa (Hanson 2003) 

that is made up of the northern KAB and the 

southern Kibaran Belt (KIB, Figure 1). The 

NW-SE oriented Paleoproterozoic Ubendian-

Rusizian Belt in eastern DRC separates the 

two belts (Fernandez-Alonso et al. 2012, 

Figure 1). The KAB comprises the Kagera 

and the Akanyaru Supergroups in the east and 

west, respectively, that correspond to the 

eastern domain (ED) and western domain 

(WD) as reported in Tack et al. (2010) and 

Fernandez-Alonso et al. (2012, Figure 1). The 

Akanyaru Supergroup comprises 

metasedimentary rocks that overlie the 

Ubendian-Rusizian rocks. Stratigraphically, 

the Akanyaru Supergroup underlies the 

Neoproterozoic Itombwe Supergroup molasse 

sequences (Walemba and Master 2005). Two 

contrasting tectonic models attempt to 

explain the KAB geodynamic setting and 

evolution. The first model interprets the KAB 

to have developed in the Mesoproterozoic 

extension-compressional settings of the 

proto-Congo craton that existed as a coherent 

entity since 1375 Ma (Tack et al. 2010, 

Fernandez-Alonso et al. 2012). The second 

model favours the Mesoproterozoic 

subduction-collisional setting in the KAB 

(Koegelenberg and Kisters 2014, Debruyne et 

al. 2015). 

 

 
Figure 1: Regional geological framework of the Central Africa region. The insert map refers to 

the Kabanga-Musongati mafic ultramafic intrusions alignment (Map from 

Fernandez-Alonso et al. 2012). 
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Local geology 

The study area is underlain by N-S 

trending rock sequences that extend for over 

7 km (Walemba 2001). The rocks comprise 

mudstones, shales, phyllites, siltstone, 

sandstone and diamictites that are weakly 

metamorphosed into greenschist facies 

(Walemba and Master 2005). The sequences 

are intruded by several mafic sills that are 

referred to as feldspar porphyries and gabbros 

(Pohl et al. 2013). The Lugushwa and 

Kamituga sites comprise metapelite, graphitic 

metapelite, shale, metasiltstone, schist and 

quartzite. These rocks strike NE-SW and dip 

towards the south-east. Post deformation 

pegmatite dykes are also common and are 

associated with the Neoproterozoic granitic 

intrusions.  

Namoya geology comprises strongly 

foliated sericite-chlorite and graphitic-schist 

interbedded with quartz-mica schist whose 

foliations strike NW-SE, dipping N-E. These 

rocks are intruded by multiple sills of 

dolerite, quartz-diorite and feldspar porphyry 

up to 80 m thick. 

 

 
Figure 2: A map showing the local geology of the studied area and location of the samples 

(modified from Milesi et al. 2006). 

 

Materials and Methods 

The study used petrography and whole-

rock geochemistry of 13 samples collected 

from 4 localities, namely Twangiza, Namoya, 

Lugushwa and Kamituga (Figure 2). For 

geochemical analysis, a 0.25 g sample was 

mixed with a flux of lithium metaborate and 

lithium tetraborate for induction furnace. The 

resulting melt was immediately poured into a 

solution of 5% HNO3 containing an internal 

standard, thoroughly mixed for 

approximately 30 minutes to achieve 

complete dissolution. The sample solution 

aliquots were analysed for major elements 

and trace element Sc, on a combination of 

Thermo Jarrell-Ash ENVIRO II ICP-OES 

using major elements detection limits of 0.01 

wt.% and Sc detection limit 2 ppm (Olesik 

1991). Loss on ignition was determined from 

the weight loss after heating the samples at 

1050 °C for 2 hours.  

Another aliquot of the original sample 

was spiked with internal In and Rh standards 

to cover a broad mass range and diluted by a 

factor of 6000 times before been introduced 

into a Perkin Elmer Sciex Elan 6000 ICP-MS 
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for trace element analysis (Olesik 1991, 

Jenner 1996). Trace elements analytical 

reproducibility is better than 10% for most 

elements. Trace elements analytical 

reproducibility for replicate analyses of the 

samples is better than 10%, whereas the 

accuracy of the ICP-MS measurements is 

within 0.5–3.9% from replicate analyses of 

standard material BIR-1 and W-2a. All 

analyses were conducted at the Activation 

Laboratories of Ontario, Canada. Thin 

sections for petrographic studies were 

prepared in the Geology Department of 

Rhodes University, South Africa.   

 

Results 

Petrography 

Examination of the 13 TNGB intrusive 

rock specimens and thin sections grouped the 

samples into mafic and intermediate based on 

their mineralogical composition, textures and 

geological settings. The mafic samples 

comprise gabbro, dolerite and feldspar 

porphyry from Twangiza and Namoya sites. 

The intermediate rocks include diorite and 

quartz diorite from Kamituga, Lugushwa and 

Namoya sites.  

 

Feldspar porphyry 

Under the microscope, this unit comprises 

plagioclase phenocrysts of up to 1–2 mm 

long and minor biotite widely distributed. 

The plagioclases display surficial alteration 

into sericite (Figure 3a). The groundmass 

comprises secondary minerals, including 

fine-grained sericite, calcite, epidote, quartz 

and chlorite. Opaque minerals are 

arsenopyrite and pyrite.  

Gabbro 

Primary minerals include clinopyroxene, 

plagioclase and subordinate olivine. 

Secondary minerals for this unit are chlorite, 

epidote, sericite, carbonates and opaques 

(Figure 3d).  

 

Dolerite 

Mineralogical compositions for this unit 

include clinopyroxene, amphibole, 

orthoclase, plagioclase and biotite with 

feldspar oikocrysts (Figure 3e). The 

clinopyroxene is significantly altered and 

pseudomorphosed by hornblende which is 

altered into chlorite and carbonates.  

 

Quartz diorite 

Typical mineralogy shows phenocrysts of 

plagioclase, quartz, biotite and hornblende. 

Alteration of hornblende and plagioclase in 

their edges is typical into fine-grained 

secondary phases. 

 

Diorite 

Under the microscope, the samples 

display sub-porphyritic to equigranular 

texture, characterised by hornblende 

alteration, plagioclase, quartz, biotite and 

interstitial fine-grained plagioclase matrix 

(Figure 3f). Subordinate phases are chlorite, 

epidote, sericite and carbonate minerals, 

calcite and dolomite.  
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Figure 3: Photographs of TNGB igneous intrusive samples (a) a feldspar porphyry and (b), (c) 

dolerite and quartz-diorite specimen from Namoya, (d) a photomicrograph of gabbro 

showing pyroxene and plagioclase crystals, (e) a thin section of a dolerite sample from 

Namoya showing primary plagioclase, biotite, and alteration phases sericite, chlorite 

and carbonates, (f) a thin section of a diorite sample from Kamituga consisting 

hornblende, feldspar and opaque phase. Plg = plagioclase, Cpx = Clinopyroxene, Opx 

= Orthopyroxene, Bt = biotite, FLD = Feldspar, Hbl = hornblende, Chl = chlorite, Ep 

= epidote, Cb = carbonates and Op = opaque. PPL = plane polarised light, XPL = 

cross polarised light. 

 

Geochemistry 

Whole-rock geochemical data including 

trace element ratios for the 13 TNGB 

intrusive samples are presented in Table 1. 

All major element oxides are reported in 

weight per cent (wt.%) and trace elements are 

in parts per million (ppm). The 

concentrations of SiO2 are within mafic and 

intermediate rock compositions as follows: 

gabbro = 46.77–48.39 wt.%, dolerite = 47.21 

wt.%, feldspar porphyry = 48.50–53.21 wt.%, 

diorite = 52.24–55.36 wt.% and quartz diorite 

= 66.16 wt.%, consistent with the 

petrographic examination estimated 

mineralogical compositions. 

 

Element mobility  

A key concern in studying geochemical 

characteristics of igneous rocks is elemental 

mobility that can be associated with the 

effects of hydrothermal alterations (Best 

2002, Polat and Hoffmann 2003). 

Geochemical characteristics of igneous rocks, 

such as those from TNGB, can provide 

essential constraints on the origin, 

petrogenesis and ancient tectonic 
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environments of their emplacement (e.g. 

Pearce and Peate 1995, Polat and Hoffmann 

2003). We adopted the approach proposed by 

Polat and Hoffmann (2003) of plotting 

mobile large ion lithophile elements (LILE) 

and immobile high field strength elements 

(HFSE) against immobile Zr to test the 

mobility of elements. The plots of LILE 

against Zr of the least altered samples have 

coefficients of correlation (R
2
) between 0.5 to 

0.75. In contrast, the other altered samples 

showed poor correlation coefficients with R
2
 

values below 0.5, except for Ba (R
2
 = 0.72). 

Coefficient of correlation the all samples for 

HFSE and REE when plotted against Zr have 

the following values: Th = 0.68–0.75, Nb = 

0.84–0.98, Yb = 0.45–0.65, Gd = 0.78–0.95, 

Ta = 0.75–0.97, Y = 0.65, Hf = 0.96 and Lu = 

0.61.  

The correlation coefficients of greater 

than 0.75 suggest that the HFSE and REE 

remained immobile during the post-magmatic 

alteration events, and thus suitable for 

geochemical deduction of petrogenesis and 

tectonic settings. The Zr concentration plots 

against trace elements Nd, Nb, Gd and Ba 

classified the least altered and variably 

altered intrusive samples as Suites-1 and 2, 

respectively (Figure 4). 

 

 

 
Figure 4: Bivariate plots of zirconium concentration (Zr) against selected HFSE, REE and 

LILE for TNGB igneous samples, top left) Zr vs Ba, top right) Zr vs Gd, bottom left) 

Zr vs Nd, and bottom right) Zr vs Nb. Samples are split into the least altered (Suite -1) 

and the variably altered (Suite-2) and their corresponding squared coefficient of 

correlation (R
2
) values. 

 

Classification 

The samples were classified using the 

diagram of Nb/Y versus Zr/Ti adopted from 

by Pearce (1996) into two main groups: Sub-

alkaline and andesitic basalts; and alkaline 

basalts (Figure 5a). Sub-alkaline basalts have 

higher Zr contents, lower Nb and correspond 

to the Kamituga and Lugushwa diorites. The 

andesitic basalt sample corresponds to the 

quartz diorite sample (NM-INT-05). Samples 

clustering in the alkaline basalt field 

comprise gabbro, feldspar porphyry and 

dolerite from the Twangiza and Namoya 

sites. These sub-alkaline and andesitic basalt 

samples are classified as Suite-1 with LOI < 

5 wt.% and include diorite and quartz diorite 

samples (Figure 5b).  
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Figure 5: (a) A plot of immobile trace elements ratio Nb/Y versus Zr/Ti after Pearce (1996) 

classifying Suite-1 and Suite-2 rocks into sub-alkaline and andesitic basalts and 

alkaline basalts compositions respectively, (b) plots of Zr concentration against the 

loss on ignition content (LOI). The alkaline basalt samples include gabbro, dolerite 

and feldspar porphyry, classified as Suite-2 (Figure 5b).  
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Table 1: Major oxide and trace element abundances of mafic samples from the TNGB. Major oxide concentrations are given in weight per cent 

(wt.%), while trace elements abundances are reported in parts per million (ppm).  
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SiO2 0.01 39.11 42.21 49.14 45.36 42.37 42.81 43.24 64.21 52.05 50.35 51.38 49.79 53.27 

Al2O3 0.01 11.7 14.1 17.26 13.21 13.62 14.56 15.43 15.42 13.12 13.07 13.04 12.1 13.1 

Fe2O3(T) 0.01 8.16 7.86 9.32 16.94 12.04 12.12 11.31 6.57 9.55 15.71 15.76 10.07 11.08 

MnO 0.001 0.11 0.1 0.06 0.11 0.19 0.15 0.15 0.08 0.16 0.26 0.24 0.17 0.2 

MgO 0.01 8.56 7.64 6.35 9.96 6.34 7.11 8.97 2.11 8.65 4.7 4.76 5.67 6.9 

CaO 0.01 9.69 6.67 0.76 3.19 6.46 5.88 8.67 0.73 9.84 5.84 7.52 8.14 7.43 

Na2O 0.01 3.88 6.06 6.96 3.42 2.81 3.19 1.85 3.27 1.7 1.22 2.02 1.2 0.49 

K2O 0.01 0.03 0.09 0.37 0.04 0.68 0.43 0.05 3.34 0.72 2.09 0.76 1.67 3.01 

TiO2 0.001 1.44 2.41 2.21 1.89 2.04 1.82 1.59 0.97 0.67 1.78 1.93 0.75 0.79 

P2O5 0.01 0.19 0.3 0.29 0.24 0.35 0.32 0.26 0.13 0.09 0.21 0.24 0.09 0.1 

LOI 
 

16.23 12.81 7.68 6.29 12.58 11.93 8.41 2.92 2.11 3.57 2.03 9.35 3.78 

Total 
 

99.1 100.3 100.4 100.7 99.49 100.3 99.94 99.75 98.67 98.81 99.68 98.99 100.2 

Mg# 
 

65 63 55 51 51 59 50 48 53 36 62 35 35 

Ti 

 

10322  16561  14345  12084  13998  12382 10406  5990  4104  11070  11807   4964   4921  

Sc 1 26.00 28.00 32.00 39.00 29.00 25.00 22.00 17.00 34.00 36.00 39.00 28.00 32.00 

Be 1 1.00 1.00 1.00 1.00 1.00 bdl bdl 2.00 bdl 1.00 1.00 2.00 1.00 

V 5 199.00 313.00 339.00 270.00 240.00 210.00 184.00 97.00 201.00 373.00 407.00 221.00 241.00 

Cr 20 490.00 190.00 270.00 540.00 110.00 100.00 100.00 90.00 370.00 100.00 100.00 230.00 320.00 

Co 1 63.00 28.00 30.00 64.00 52.00 47.00 63.00 19.00 46.00 45.00 48.00 40.00 42.00 

Ni 20 220.00 60.00 70.00 230.00 70.00 120.00 220.00 20.00 160.00 60.00 40.00 60.00 70.00 

Rb 2 bdl 8.00 14.00 2.00 32.00 23.00 bdl 136.00 33.00 116.00 29.00 297.00 268.00 

Sr 2 55.00 27.00 125.00 105.00 204.00 324.00 317.00 153.00 183.00 180.00 127.00 84.00 96.00 

Y 2 15.00 23.00 21.00 18.00 22.00 20.00 16.00 36.00 17.00 36.00 39.00 19.00 18.00 

Zr 4 100.00 157.00 144.00 116.00 126.00 110.00 100.00 274.00 83.00 159.00 177.00 100.00 103.00 

Nb 1 21.00 32.00 28.00 21.00 20.00 18.00 16.00 15.00 4.00 8.00 9.00 5.00 6.00 

Cs 0.5 bdl 0.90 bdl bdl 2.40 1.90 bdl 11.60 2.60 27.90 2.90 287.00 137.00 

Ba 3 23.00 30.00 47.00 31.00 197.00 237.00 29.00 1732.00 255.00 259.00 208.00 191.00 286.00 

La 0.1 18.80 26.70 24.60 16.60 19.90 17.80 15.00 49.80 12.80 19.50 22.30 18.90 16.80 

Ce 0.1 38.30 56.30 51.20 35.50 43.30 38.80 32.50 103.00 27.50 43.30 47.30 38.00 35.40 

Pr 0.05 4.58 6.74 6.25 4.37 5.50 5.00 4.17 11.80 3.25 5.30 6.01 4.36 4.09 



Tanz. J. Sci. Vol. 48(1) 2022 

81 

Nd 0.1 19.20 27.90 25.80 18.50 23.50 21.30 17.60 44.60 13.10 22.50 25.70 17.70 16.60 

Sm 0.1 4.20 6.00 5.80 4.30 5.20 4.70 4.00 8.60 3.00 5.60 6.60 4.10 3.90 

Eu 0.05 0.90 1.34 1.75 1.87 1.52 1.83 1.52 1.74 0.88 1.65 1.84 1.11 1.03 

Gd 0.1 3.80 5.70 5.30 4.30 4.90 4.50 3.80 7.10 3.00 6.20 7.00 3.90 3.90 

Tb 0.1 0.60 0.90 0.80 0.70 0.80 0.70 0.60 1.10 0.50 1.10 1.20 0.70 0.70 

Dy 0.1 3.30 4.90 4.50 4.10 4.60 4.40 3.50 6.80 3.20 6.90 7.60 4.30 4.10 

Ho 0.1 0.60 0.90 0.80 0.70 0.90 0.80 0.70 1.40 0.70 1.40 1.50 0.80 0.80 

Er 0.1 1.80 2.60 2.20 2.00 2.40 2.30 1.90 4.00 2.00 4.10 4.50 2.40 2.40 

Tm 0.05 0.24 0.37 0.29 0.28 0.35 0.33 0.27 0.59 0.29 0.58 0.68 0.35 0.34 

Yb 0.1 1.50 2.20 1.80 1.70 2.20 2.00 1.60 4.00 1.90 3.90 4.40 2.30 2.20 

Lu 0.04 0.21 0.31 0.28 0.26 0.33 0.29 0.24 0.59 0.29 0.61 0.66 0.33 0.34 

Hf 0.2 2.50 3.60 3.20 2.70 2.80 2.50 2.40 6.50 2.40 4.60 4.40 2.50 2.60 

Ta 0.1 1.50 2.20 1.90 1.50 1.30 1.20 1.00 1.20 0.30 0.60 0.70 0.40 0.50 

Tl 0.1 0.20 bdl bdl bdl 0.20 0.20 bdl 0.60 bdl 0.20 0.20 1.90 1.60 

Pb 5 bdl bdl bdl bdl bdl bdl 9.00 16.00 6.00 11.00 9.00 9.00 10.00 

Th 0.1 1.90 2.80 2.30 1.80 1.60 1.10 1.00 14.10 3.60 5.20 5.20 5.80 5.70 

U 0.1 0.50 0.70 0.80 0.40 0.40 0.30 0.20 3.40 0.70 1.10 1.10 1.10 1.20 

 

Ti/Zr 103.23 105.49 99.62 104.18 111.10 112.57 104.07 21.86 49.45 69.62 66.72 49.65 47.78 

 

Nb/Ta 14.00 14.55 14.74 14.00 15.38 15.00 16.00 12.50 13.33 13.33 12.86 12.50 12.00 

 

Nb/Th 11.05 11.43 12.17 11.67 12.50 16.36 16.00 1.06 1.11 1.54 1.73 0.86 1.05 

 

Ce/Pb nd nd nd nd nd nd 3.61 6.44 4.58 3.94 5.26 4.22 3.54 

 

La/Nb 0.90 0.83 0.88 0.79 1.00 0.99 0.94 3.32 3.20 2.44 2.48 3.78 2.80 

 

Zr/Hf 40.00 43.61 45.00 42.96 45.00 44.00 41.67 42.15 34.58 34.57 40.23 40.00 39.62 

 

Th/Ta 1.27 1.27 1.21 1.20 1.23 0.92 1.00 11.75 12.00 8.67 7.43 14.50 11.40 

 

Th/Yb 1.27 1.27 1.28 1.06 0.73 0.55 0.63 3.53 1.89 1.33 1.18 2.52 2.59 

 

Th/La 0.10 0.10 0.09 0.11 0.08 0.06 0.07 0.28 0.28 0.27 0.23 0.31 0.34 

 

Nb/Yb 14.00 14.55 15.56 12.35 9.09 9.00 10.00 3.75 2.11 2.05 2.05 2.17 2.73 

 

Zr/Y 6.67 6.83 6.86 6.44 5.73 5.50 6.25 7.61 4.88 4.42 4.54 5.26 5.72 

 

Ta/Yb 1.00 1.00 1.06 0.88 0.59 0.60 0.63 0.30 0.16 0.15 0.16 0.17 0.23 

 

La/Ta 12.53 12.14 12.95 11.07 15.31 14.83 15.00 41.50 42.67 32.50 31.86 47.25 33.60 

 

Eu/Eu* 0.69 0.70 0.96 1.33 0.92 1.22 1.19 0.68 0.90 0.86 0.83 0.85 0.81 

  (La/Yb)CN 8.99 8.71 9.80 7.00 6.49 6.38 6.72 8.93 4.83 3.59 3.64 5.89 5.48 
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Trace elements geochemistry 

Trace elements and ratios are essential in 

characterising rock units and highlighting the 

various subtle changes in alteration-prone 

zones (Rollinson 1993). They are applied for 

the TNGB intrusive rocks to distinguish the 

samples. Suite-1 rocks have trace element 

ratios Ti/Zr = 22–70 which is below the 

chondritic ratio Ti/Zr = 116 of Sun and 

McDonough (1989). Ratios of Nb/Ta (12.00–

13.33) for Suite-1 fall below the typical mid-

oceanic-ridge basalts (MORB) and oceanic 

island basalts (OIB; i.e., Nb/Ta = 15–16), 

indicating crustal inputs and contamination of 

the magma source (Green 1995). 

Comparatively, Suite-1 samples have Zr/Hf 

ratios of between 35–42 that are within the 

chondritic value of 36 as reported in Sun and 

McDonough (1989). However, their La/Nb 

ratios that are between 2.4–3.8 indicate 

typical arc generated magmas that assimilated 

continental crust material (see Stern 2002).  

Suite-2 samples have ratio of Ti/Zr = 

100–113; this feature is comparable to the 

chondritic Ti/Zr ratio of 116, while Zr/Hf 

value of 45 is above the corresponding 

chondritic value (i.e. Sun and McDonough 

1989). The obtained ratios Nb/Ta of 14.00–

16.00 for Suite-2 rocks are within the mantle 

and chondrite material value of Nb/Ta = ~ 

17.5 (Sun and McDonough 1989). 

Furthermore, Suite-2 rocks have La/Nb = 

0.8–1.0 that are below the threshold ratio of 

1.4, suggesting an oceanic plateau basalts 

affinity (Condie 1984, Floyd 1989, Rudnick 

1995). 

The primitive mantle-normalised trace 

element diagrams for the two Suites have 

contrasting characteristics. Suite-1 has 

positive anomalies of LILE (Cs, Rb, K and 

Pb) and negative Nb, Ta, and Ti anomalies 

(Figure 6a). The chondrite-normalised ratios 

(La/Yb)CN  (3.59–8.93) and negative Eu* 

anomalies ranging between 0.7–0.9 for Suite-

1 samples suggest significant plagioclase 

fractionation from their melts. Suite-1 rocks 

are also characterised by relatively flat REE 

patterns in the chondrite-normalised diagram, 

indicating light REE enrichments as 

compared to the middle and heavy REE 

(Figure 6b).  

In contrast, Suite-2 shows relative 

enrichments in Cs and Pb, negative anomalies 

of Rb, K, Sr, and average values of Nb, Ta, 

and Ti in the primitive mantle normalised 

diagram (Figure 6a). The chondrite 

normalised REE patterns of Suite-2 samples 

are generally flat with relatively higher 

chondrite-normalised ratios (La/Yb)CN of 

6.4–9.8 and negative to positive anomalies of 

Eu anomalies (Eu* = 0.7–1.3). These Suite-2 

rocks have distinct REE characteristics and 

are more REE fractionated than rocks of 

Suite-1 (Figure 6b).  
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Figure 6: Trace elements and REE diagrams of the igneous rocks (Suite-1 and Suite-2). 

(a) multiple elements normalised to primitive mantle values and (b) REE 

concentrations normalised to chondritic values. Normalising values are after 

Sun and McDonough (1989). 

 

Discussions 

Tectonic settings 

The negative Nb-Ta and Ti anomalies 

with positive LILE anomalies and flat REE in 

the primitive mantle-normalised trace 

elements diagram characterise Suite-1 

samples (Figure 6a). The negative Nb, Ta and 

Ti with positive LILE anomalies is a typical 

arc magmatism feature and crustal material 

contamination of mantle-derived magmas 

(Best 2002). The origin of negative Nb, Ta 

and Ti anomalies in these arc rocks can be 

attributable to the relative preferential 

mobilisation of LILE by hot fluids under 

pressure, leading to their enrichment over the 

HFSE in a subduction wedge environment 

(Green 1995, Pearce 1996).  

Alternative explanations point to a 

refractory phase such as rutile, which HFSE 

are highly compatible, been retained in the 

mantle magmatic source zone (Gao et al. 

2007) or, the HFSE are sequestrated into 

residual hornblende resulting in the negative 

anomalies (Defant and Drummond 1990, Gao 

et al. 2007). In some other cases, Back Arc 

Basin Basalts (BABB) have similar trace 

element patterns of negative Nb, Ta and Ti 

anomalies with enrichments of LREE and 
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composition transitional between ocean-floor 

and island arc magmas (Stern 2002). 

Nevertheless, these back-arc basin basalts 

lack contamination by upper crustal material 

due to their rapid emplacement through thin 

crustal oceanic rift regions. Suite-2 rocks are 

characterised by neutral to positive anomalies 

of HFSE (Nb, Ta), positive anomalies of Cs, 

Pb and notable negative Rb, Th and Sr 

relative to REE (Figure 6a). These features 

with exceptional highly mobile LILE are 

typical of within plate basalts (Pearce and 

Peate 1995). 

Suite-1 samples cluster in the active 

continental arc field in the discrimination 

diagram (Figure 7a) of Yb against Th/Ta after 

Gorton and Schandl (2000), revealing the 

relative enrichment of Th, due to crustal 

material input into mantle generated magma 

source (Pearce and Peate 1995). In the Ta/Yb 

against Th/Yb diagram (Figure 7b, Pearce 

1989), Suite-1 samples align in the active 

continental margin. 

 

 

 
Figure 7: Trace elements ratio diagrams for the TNGB igneous intrusive rock samples. (a) Yb 

against Th/Ta diagram after Gorton and Schandl (2000), (b) Ta/Yb versus Th/Yb 

diagram after Pearce (1983), (c) diagram of Ta/Hf versus Th/Ta after Manya (2016), 

and (d) diagram of Nb/Yb against Th/Yb after Pearce and Peate (1995). N-MORB, 

EMORB and OIB are from Sun and McDonough (1989), UC from Rudnick and Gao 

(2003) and DMM data from Workman and Hart (2005).  

 

Suite-2 samples plot between the enriched 

MORB and OIB (Oceanic Island Basalt) 

fields in the Yb against Th/Ta diagram 

(Figure 7a). The diagram suggests and 

collaborates with the absence of any crustal 

material contamination in the petrogenesis of 

Suite-2 rocks (Pearce and Peate 1995, Sun 

and McDonough 1995, Best 2002). In the 

Ta/Yb against Th/Yb diagram (Figure 7b, 

Pearce 1983), Suite-2 samples plot in the 

within plate basalts array to transitional 

MORB- EMORB fields. These Suite-2 rocks 

have trace element characteristics resembling 

oceanic plateau basalt intrusions, 

characterised by rapid submarine sheet flow 

extrusion, depletions in REE chondrite-

normalised patterns relative to NMORB 

coupled with positive anomalies of Nb, Ta 

and Ti (Floyd 1989).  
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Petrogenesis 

The immobile trace element ratios Zr/Hf 

and Ti/Zr of TNGB samples (Table 1) 

indicate that they are mantle-derived 

magmas. The lower values of Ti/Zr ratios 

than typical chondrite values suggest crustal 

material assimilation that lowered the balance 

by increasing Zr contents for Suite-1 rocks 

(e.g. Pearce and Peate 1995). Suite-2 rocks 

have Ti/Zr = 100–113 (mean =106) within 

the chondritic ratio of Ti/Zr = 116, indicating 

a mantle source with a composition between 

an enriched MORB and OIB (Pearce 1996).  

The trace element ratios Nb/Th can 

distinguish melts affected by arc generated 

fluids (Green 2006). Rocks affected by arc-

generated fluids have Nb/Th < 5 while those 

not affected have Nb/Th > 7 (Green 2006). 

Suite-1 samples have Nb/Th = 1–2, a feature 

suggestive that they were affected by arc-

generated fluids. In contrast, Suite-2 rocks 

have Nb/Th = 11–16, which precludes the 

participation of arc-generated fluids in their 

genesis (Green 2006). 

Suite-1 rocks plot near the upper crust 

field in the Ta/Hf vs Th/Ta diagram (Figure 

7c), this feature suggests crustal 

contamination of the protolith (Manya 2016, 

Figure 7c). In the same diagram, Suite-2 

rocks plot in the Oceanic Islands Basalts 

(OIB) field indicating a mantle generated 

source with EMORB-like composition and no 

crustal material contamination for the 

protolith (see Manya 2016, Figure 7c). The 

Nb/Yb versus Th/Yb plot (Figure 7d) after 

Pearce and Peate (1995) plots Suite-1 rocks 

in the field overlapping continental and 

oceanic arc fields, suggesting a combination 

of subduction enrichment and continental 

crust assimilation. On the other hand, Suite-2 

rocks align along the MORB-IOB field, 

suggesting partial melting and fractional 

crystallisation dominated processes, with no 

contamination with crustal material (Figure 

7d, Pearce and Peate 1995).  

 

Conclusions 

Geochemical results for samples collected 

from the Twangiza-Namoya Gold Belt 

suggest the following: 

(i) Intrusive igneous rocks from the TNGB 

comprise two geochemically and 

petrographically distinct rock suites; 

Suite-1 rocks from the Lugushwa, 

Kamituga and Namoya sites have sub-

alkaline and andesitic basalt 

composition. Suite-2 rocks from the 

Twangiza and Namoya sites have 

alkaline basalt composition. 

(ii) Suite-1 rocks trace element ratios 

La/Nb, Zr/Hf and Ti/Zr typical are of 

arc magmas. Primitive normalised Nb, 

Ta, Ti anomalies and relative LILE 

enrichments in primitive mantle 

normalised diagram suggest an active 

continental margin setting for Suite-1. 

Suite-2 rocks have ratios of La/Nb < 1 

that are akin to oceanic plateau basalts. 

Additionally, chondritic Ti/Zr and Zr/Hf 

ratios, negative Rb, K, Sr anomalies in-

tandem with neutral to positive Nb, Ta, 

Pb, Ti anomalies in the primitive 

mantle-normalised diagram suggest a 

within plate basalts setting. 

(iii) Both suites display typical near-flat 

REE chondrite-normalised patterns 

showing LREE fractionations relative to 

HREE and slightly negative to positive 

Eu anomalies, features that are typical 

to moderate plagioclase fractionation 

from the mantle-derived melts with 

minor REE fractionation. 

(iv) Insights from trace elemental ratio 

diagrams of Ta/Hf vs Th/Ta combined 

with Nb/Yb vs Th/Yb insights suggest 

that the source of Suite-1 rocks were 

from depleted mantle-derived NMORB 

magmas affected by metasomatisation 

and upper crust material contamination. 

Insights from elemental diagrams of 

Ta/Hf vs Th/Ta and Nb/Yb vs Th/Yb 

indicate that Suite-2 rocks originated 

from mantle-derived source with 

composition between EMORB and IOB.  
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