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Clarifying Geothermal Systems and Assessing Resource Potential in a Half-Graben Setting of the East
African Rift System by Incorporating Rock Permeability and Geothermal Fluid Evolution
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Geothermal energy is increasingly recognized as a key low-carbon resource in the global energy
transition because it can provide baseload electricity and direct-use heat with very low greenhouse gas
emissions. In tectonically active settings, geothermal systems exploit elevated regional heat flow and
structurally controlled permeability, which enables circulation of hot fluids through fractured volcanic
sequences and crystalline basement aquifers. In Tanzania, national assessments have identified a Southwest
Geothermal Province (SWGP) that includes the Kiejo-Mbaka, Rungwe, Ngozi, and Songwe prospects as
priority areas for commissioning the country’s first geothermal power plants by approximately 2030. Despite
this strategic designation, progress toward development has been constrained by incomplete geoscientific
datasets and insufficiently resolved conceptual models. Earlier investigations focused primarily on regional-
scale geophysics and reconnaissance hydrochemistry, but they did not provide integrated constraints on
reservoir temperatures, fluid flow pathways, permeability architecture, or long-term fluid residence times
and parameters that are fundamental for assessing resource potential and sustainability.

This study establishes an integrated framework to characterize geothermal fluid circulation, recharge
sources, heat supply, permeability structure, and residence times in the Songwe and Kiejo-Mbaka prospects
within the Rungwe Volcanic Province (RVP), southwestern Tanzania. The RVP is situated at the triple
junction between the Eastern and Western branches of the East African Rift System (EARS) and, together
with adjacent rift basins, represents one of Tanzania’s most prospective geothermal regions. Although
national resource estimates exceed 135 MWe for the SWGP, development remains limited by a lack of
quantitative constraints on reservoir geometry, permeability distribution, and long-term sustainability. To
address these limitations, this research integrates four complementary components: (1) hydrochemical and
stable isotope analysis, (2) coupled geophysical and geochemical interpretation, (3) petrophysical and
microtextural characterization of reservoir rocks, and (4) a multi-tracer approach to quantify fluid residence
times. This multidisciplinary strategy provides a more robust and internally consistent basis for geothermal
resource assessment and development planning in the region.

This thesis is organized into seven chapters that build progressively from regional context and methods
to detailed case studies and integrated research.

® Chapter 1 outlines the research background, problem statement, objectives, novelty, and structure
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of the research, and summarizes the Songwe and KiejoMbaka geothermal systems within the
broader context of the EARS and Tanzania’s energy transition.

® Chapter 2 presents the regional geology and tectonics of the RVP and adjacent rift basins, describing
the structural framework, stratigraphic architecture, magmatic evolution, and fault systems that
control heat flow and fluid pathways in the Songwe and Kiejo-Mbaka prospects. It provides the
geological foundation for the more specialized analyses in subsequent chapters.

® Chapter 3 presents laboratory measurements of bulk density, porosity, and permeability on drill-
core and outcrop samples, together with thin-section and SEM-EDS characterization, to quantify
lithological, microstructural, and alteration controls on permeability and to link these to
hydrochemical indicators of active upflow.

® Chapter 4 presents *'Kr, *Cl, *H, and noble-gas tracers to determine piston-flow and dispersion-
model residence times, estimate reservoir volumes, and interpret the spatial pattern of ages and
radiogenic origin of noble-gas accumulation in relation to structural segmentation and permeability.

® Chapter 5 focuses on a half-graben geothermal system in the Songwe field, combining gravity data,
structural analysis, hydrochemistry, and isotopes to delineate recharge areas, map deep high-density
heat-source bodies, and refine the conceptual model of the half-graben geothermal system and its
evolution.

® Chapter 6 presents the geothermal resources in the Songwe Half-Graben and KiejoMbaka prospects.
Use hydrochemistry, stable isotopes, mineral equilibria, and geothermometry to identify main
reservoir domains, and natural thermal power, and develop geothermal conceptual cross-sections of
fluid circulation in each prospect.

® Chapter 7 synthesizes the crucial findings of the research chapters, highlights the major scientific
and applied contributions of this research, and formulates recommendations for future research and
geothermal development in the RVP and analogous rift-hosted geothermal systems.

The integrated framework developed in this research is readily transferable to other rifted volcanic

settings and provides a foundation for future research and geothermal development in the RVP.
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