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[ Summary of the thesis ] 

 
The subcontinental lithospheric mantle (SCLM) is the cool and relatively rigid layer of mantle 
immediately beneath the continents. The nature and composition of SCLM has been examined 
via the study of mantle xenoliths brought to the surface from the deep mantle (30 km to more 
than 200 km) during tectonic-related magmatism (e.g., kimberlites or alkaline lavas). The 
study of xenoliths provides important information about the physical and chemical 
compositions of the upper mantle. The Tanzania Craton is underlain by a thick mantle root (at 
least 200 km) that is both chemically and physically distinct from the asthenospheric mantle, 
suggesting formation by unique processes confined to the Archaean (> 2.5 Ga). The Tanzania 
Craton is therefore considered an excellent location for gaining a more robust understanding 
of the origin, evolution and the survivability of the SCLM beneath Tanzania. In order to 
understand these processes, we have studied the petrography, mineral major and trace element 
compositions, Sr-Nd-Hf isotope systematics and the physical characteristics (presented in 
chapters 2-6) of mantle xenoliths from Northern Tanzanian volcanic centres Lashaine, Eledoi, 
Pello-Hill and Olmani on the eastern margin of the Tanzania Craton. 
 
The majority of mantle xenoliths from Northern Tanzania experienced multiple metasomatic 
events that obliterated the original melt depleted major and trace element nature of the residual 
peridotites, making it difficult to determine the timing of initial melt extraction. The 
metasomatism was not, however, extensive enough that all aspects of the original melt 
depletion were overprinted (e.g., Mg# of olivine and HREE and Lu-Hf isotope systematics). 
The oldest metasomatic event of samples studied here were recorded in cluster garnet of 
clinopyroxene (cpx)-free garnet harzburgites from Lashaine. Sm-Nd model ages of such rocks 
represent a minimum age of LREE-enrichment (TDM ~ 2.5 Ga) . Formation of the Tanzania 
Craton appears to be prior to ~ 2.8 Ga, the average minimum depletion age provided by TRD 
data from mantle xenoliths (Chesley et al., 1999). This implies that the timing of 
metasomatism and orthopyroxene enrichment are unresolvable suggesting that metasomatism 
occurred soon after initial SCLM formation.  
 
The oldest metasomatic event appears related to subduction in the early Proterozoic that was 
associated with the introduction of slab-derived hydrous melts in the mantle and evidenced by 
the trace element signatures (e.g., negative Nb-Ta anomaly), high orthopyroxene contents 
(high silica) and Nd-Hf isotope systematics (e.g., time-integrated LREE-enrichment; low 
Sm/Nd ratio). Trace element signatures of this event can be summarized by high 
LREE/HREE, low absolute HREE, low HFSE, high LILE, and high Zr/Hf. These events 
caused cryptic metasomatism reflected in samples that seem to be residual after high degrees 
of melting (40%) and represent the most highly refractory xenoliths sampled from the 
Tanzania Craton. Densities and seismic velocities of Northern Tanzanian samples suggests 
that orthopyroxene enrichment was not widespread and confined to the margin of the craton, 
in marked contrast to the Kaapvaal and Siberian Cratons. Orthopyroxene enrichment at the 
margin of the Tanzania Craton appears linked with a subduction zone environment (~ 2.5 Ga). 
Recent rift-related metasomatism can be recognized by the occurrence of clinopyroxene in 
veins and as interstitial grains and the occurrence of introduced phases in melt-pockets. Recent 



 Summary of the thesis 

 

 

metasomatic events caused modal metasomatism and re-fertilization (e.g., presence of two 
phlogopite generations). 
 
Metasomatism clearly changes the composition of the refractory mantle and has significantly 
reduced the seismic velocities of studied samples (~10-13%), but not to an extent that the 
Tanzanian SCLM is unstable. A thermal anomaly (African deep-mantle Superplume) beneath 
the Tanzanian Craton, extends upward to at least the base of the lithosphere under the rift 
system. The pervasive metasomatism, disrupted geothermal gradient together with the 
physical properties (density and seismic velocity) of the Northern Tanzanian mantle xenoliths 
suggest that the SCLM interaction with asthenospheric material is still be active today. Overall 
the SCLM beneath Tanzania has undergone about 12% metasomatism, mostly associated with 
recent volcanism that started at ~ 8.0 Ma. Additional metasomatism (at least three events) is 
needed to make the lithosphere unstable (i.e., above isopycnic). This process would take tens 
of Myr at current rates to develop increased negative buoyancy potentially leading to SCLM 
delamination and destabilization of the craton. Increased rifting and associated metasomatism 
associated with the continued development of the East African Rift System could significantly 
reduce this timescale but currently there is no reason to predict rapid lithospheric mantle 
destabilisation and destruction of a stable craton within 10 Myr. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                        


