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ABSTRACT 

Results of recent surface exploration of Geothermal Power Tanzania Ltd. (GPT) in 2012 and data evaluation in 2013 not only 

including but also exceeding classical fluid geochemistry/geothermometry shed new light on the type of the geothermal resource in 

Rufiji area. 

Gas species and isotope analyses of methane show that the methane is of thermogenic origin and derived from kerogen type II of a 

marine source rock. 

Isotopic analyses of noble gases shows that the helium in the reservoir fluid dominantly consists of crustal helium-4 implying a 

significant residence time within the crystalline Precambrian basement of the Mozambique belt below the sedimentary cover as well 

as the absence of an actively degassing magmatic heat source. A residence time of >50 years is confirmed by mass spectrometric 

analysis of low-level tritium concentration. 

On the basis of stable isotope analyses of the hot spring water, the evolution of Rufiji geothermal fluid can be explained solely by 

interaction of meteoric water with crustal rocks at elevated temperatures. 

Chemical, mineralogical and isotopic analyses of a sample from a massive fossil travertine body were used to calculate palaeo-

precipitation-temperatures. The calculated temperature of the palaeo-fluid is lower than the water temperature of the hottest recent 

spring. The latter has deposited a comparatively small travertine mount implying that the massive travertine body, which is located 

at a slightly higher elevated position than the travertine mount, was most likely formed during the last pluvial highstand. 

A new conceptual model was developed based on the integration of the new results and the combination with the intensively studied 

stratigraphy of the area. The data imply a model characterized by a low-temperature resource which shows no indications for an 

additional magmatic heat source. Therefore, the next step in project development will be the acquisition of seismic data and well logs 

of selected hydrocarbon wells from already identified companies of the oil industry for siting and targeting of the first geothermal 

exploration wells. 

Eventually, previous assessments of the resource potential were compared with the new findings to estimate the economic viability 

of geothermal projects in the Rufiji area. 

1. INTRODUCTION 

Tanzania is characterized by several high- and low-temperature resources which are reviewed e.g. by Kraml & Kreuter (2013) and 

Kraml et al. (2014). One of the three major geothermal regions of Tanzania is located in the low-elevated coastal area. Rufiji 

Geothermal Area with Nyongoni/Ruhoi Hot Spring is situated about 120 km SSW of Dar es Salaam between Kibiti Town in the 

North and Ruhoi River (a tributary of Rufiji River) in the South (Figure 1). Nyongoni/Ruhoi hot spring is situated within a swampy 

area between two forest reserves (Ngulakula Forest Reserve and Ruhoi River Forest Reserve). 

Geologically, Rufiji Area is characterized by a thick sequence of sediments deposited on the Precambrian basement of Dar es Salaam 

Platform (a 2.5-7.5 km deep basin; Figure 1a+b, Mpanda 1997; Figure 1c, Sommer et al. 2005). The latter authors suggest that the 

Precambrian Mozambique Belt in Tanzania largely consists of strongly reworked Archaean crust N of the Great Ruaha (= Rufiji) 

River and of strongly reworked Palaeoproterozoic crust S of this river. The Nyongoni Hot Spring area is located north of Rufiji River. 

The former knowledge about Rufiji Geothermal Area is mainly based on exploration activities of the oil industry (TPDC electronic 

resource; FEC 1999). Additionally, there is a measurement of the water temperature of Nyongoni Hot Spring (71°C; Walker 1969) 

available as well as a qualitatively assessment of the water and gas flow (“small”; Walker 1969). Furthermore, an incomplete and 

unpublished fluid analysis (only Ca, Na, K, Si; FEC 1999) and an incomplete published gas analysis (Walker 1969) exist. 

So far no advanced geochemical methods were applied. The present study fills that gap. For that purpose Geothermal Power Tanzania 

Ltd. (GPT) took samples in September 2012 after a site visit in August 2012 for precise localization of the hot spring (GPS 
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coordinates) and for planning the field work based on site access and other field conditions. The data evaluation took place in 2013 

which has resulted in a refinement of the previous conceptual model. 

 

Figure 1 (a) Geological map of coastal Tanzania with location of cross-section (source: Mpanda 1997). (b) Coastal Basin 

geological cross-section slightly north of Rufiji Geothermal Area (source: Mpanda 1997). Please note deep-reaching 

faults crosscutting the entire sequence down to the Precambrian basement. (c) Simplified geological map of eastern 

and central Tanzania indicating major tectonic domains in the Mozambique belt (source: Sommer et al. 2005). 

 

2. MATERIALS AND METHODS 

Rock (travertine), fluid and gas samples were taken in order to characterize Rufiji Geothermal System. 

The mineralogical, geochemical and isotopic composition of the travertine was determined at the Karlsruhe Institute of Technology 

(KIT), Germany by (i) X-ray diffraction (XRD), (ii) wavelength dispersive X-ray fluorescence analyses (WDXRF), (iii) energy 

dispersive X-ray fluorescence analyses (EDXRF) and (iv) isotope-ratio mass spectrometry (IRMS). The calculated travertine 

precipitation temperatures were corrected for Mg-content in calcite-travertine (Jiménez-Lopez et al., 2006; Tarutani et al., 1969). 

Field parameters (fluid and ambient temperature, pH and EC) were measured with a portable multi-parameter instrument (WTW 

Multi 3480) equipped with a NTC 30 k temperature sensor, pH probe SenTix® 980 and electric conductivity probe TetraCon® 

925. Chemical and isotopic analyses of the fluids were conducted by applying the following methods: (i) combustion catalytic 

oxidation/NDIR method for total inorganic carbon, (ii) photometric method for Boron, (iii) ion-exchange chromatography (IC) for 

anions, (iv) inductively coupled plasma optical emission spectrometry (ICP-OES) for cations, and (v) thermal ionization mass 

spectrometry (TIMS) for stable isotopes. 

Gas-chromatographic analyses of gas composition were done using micro thermal conductivity (GC-µWLD) and flame ionization 

detectors (GC-FID). Mass spectrometric carbon isotope analyses of CO2 were done using continuous-flow isotope-ratio mass 

spectrometry (CF-IRMS). 

Low-level Tritium analyses (mass spectrometrically via 3He) were done at the Institute of Environmental Physics (IUP) in Bremen, 

Germany (for full analytical procedure see Sültenfuß et al., 2009). 

Noble gas samples were analyzed using a MM 5400 mass spectrometer (Thermo Fisher, Waltham, Massachusetts) at the Institute of 

Environmental Physics (IUP) in Heidelberg, Germany. The MM 5400 sector field spectrometer including the initial extraction and 

preparation procedure is described in detail by Friedrich (2007). Further improvements of the procedure are given in Wieser (2011) 

and Kaudse (2014).  

3. RESULTS AND DISCUSSION 

3.1 Field Evidence 

Evaluation of hot spring temperatures measured at the end of the dry season (Table 1 and Figure 2; 26th of September 2012 implying 

least dilution with cold meteoric water) of 65°C could not confirm earlier measurements of Walker (1969) giving 71°C as well as 

more recent measured temperatures of First Energy Company Ltd. in excess of 75°C (2003; DCSRR undated). 
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Table 1 Field parameters of Nyongoni/Ruhoi hot spring 

Ambient temperature [°C] Fluid temperature [°C] Electrical conductivity [mS/cm] pH field 

35.1  64.8 10.73 6.57 

 

Convective heat loss of hottest Nyongoni/Ruhoi hot spring at the related recent travertine mount is <<1 MWth based on a calculation 

of 30°C temperature difference between spring water and measured ambient air temperature as well as an estimated flow rate of about 

2 L/s. A neighboring minor hot spring (>5 m apart from hottest Nyongoni spring) has a measured temperature of 45.4°C which is 

10°C above ambient temperature and therefore only adding a small additional contribution to the natural convective heat loss of the 

geothermal system. 

 

Figure 2 Recent travertine mount (white colored) of hottest Nyongoni Spring in the foreground and fossil travertine body in 

the background. The dark grey surface of the fossil travertine is due to alteration and best visible at the left of the 

yellow T-shirt of the local guide (= travertine sampling site). The white travertine in front of the fossil body is due to 

recent hot spring activity of lower temperature.  

 

3.2 Travertine Sample 

3.2.1 Travertine Mineralogy and Geochemistry 

The major mineral phase in the analyzed travertine sample is low-Mg calcite (<4 mol-% MgCO3 in calcite according to the definition 

of Chave 1952). The trace element composition reveals significant differences between Nyongoni travertine and other Tanzanian 

travertines. In contrast to travertine occurrences in SW Tanzania, Nyongoni travertine is characterized by highest Mn, Ba and S 

concentrations (Figure 3).  

 

Figure 3 Trace element ratios Mn/Ca vs. Ba/Ca of travertine sample Nyongoni (this study) compared to other travertine 

occurrences in SW Tanzania (Leible, 2014; Kraml et al., 2008).  
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3.2.2 Precipitation Temperatures of the Travertine Samples 

Chemical, mineralogical and isotopic analyses of a sample from a massive fossil travertine body (Figure 2) were used for calculating 

palaeo-precipitation-temperatures. The data point of fossil Nyongoni travertine is plotting in the overlapping fields of thermogene 

and meteogene travertines (Figure ). Therefore, calculations of precipitation temperature were done on the basis of the isotopic 

composition of travertine as well as related water and CO2.  

 

Figure 4 Diagram for distinguishing thermogene (red box) and meteogene travertines (blue box). The boundaries of the 

overlapping boxes were taken from Pentecost (2005). The isotopic composition was corrected for the Mg content of 

the low-Mg calcite (Jiménez-Lopez et al., 2006; Tarutani et al., 1969). 

A mean temperature of 58°C was calculated by using two reliable geothermometers based on oxygen isotope fractionation in the 

system CaCO3-H2O (Friedemann & O'Neil 1977: 54°C and Demeny et al. 2010: 61°C). The entire temperature span, being calculated 

by using also fractionation factors of further authors, is between 50°C (Chacko & Deines 2008) and 64°C (Coplen 2007). Therefore, 

the fossil travertine is of thermogene origin documenting the longevity of the geothermal system. 

In case of the system CaCO3-CO2, the calculated precipitation temperatures are overestimated to a various degree, depending on the 

different algorithms applied (Bottinga 1968, O’Neil et al. 1969, and Deines et al. 1974). This is due to a more pronounced variation 

in isotopic composition of carbon dioxide compared to water during the Holocene (Leible 2014). In case of the fossil Nyongoni/Ruhoi 

sample, the 13C-value of the CO2 (-8.8‰, V-PDB) already indicates an admixture of CO2 from root respiration of C4 plants which 

are growing in the swamp. To reproduce the entire temperature span received from the system CaCO3-H2O, a 13C-value of CO2 

should be in the range of -10.6 to -11.1‰ (vs. V-PDB), which is in accordance with a higher proportion of admixed CO2 released by 

reeds and sedges (C4 plants) during the formation of the fossil travertine. 

The calculated mean temperature of the palaeo-fluid that was responsible for the deposition of the paleo-travertine is slightly lower 

than the water temperature of the hottest recent spring. This implies a slightly higher admixed proportion of surface water (and CO2 

from reeds and sedges). The hottest recent spring has deposited a comparatively small travertine mount implying that the massive 

fossil travertine body, which is located at a slightly higher elevated position than the travertine mount (Figure 2), was most likely 

formed during the last pluvial highstand. The more humid conditions during the last Pluvial might also have caused a more 

pronounced belt of reeds and sedges around and within the swampy area. Aliquots of the travertine sample are available for U/Th-

disequilibrium dating to prove this assumption.  

3.3 Water Samples 

3.3.1 Water Chemistry 

Water chemistry (Table 2) is used to assess the source of salinity, fluid evolution and for solute geothermometry. 

Table 2 Results of major and trace element analyses of Nyongoni/Ruhoi fluid.  

Li Na K Ca Mg Rb Sr Ba Fe Mn As 

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

3.82 2410 128 59.9 20.9 0.49 7.59 5.95 <0.01 0.18 <0.1 

 

F Cl Br HCO3 SO4 NO3 PO4 SiO2 B Br/Cl Cl/Br 

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l   

0.33 3218 10.6 1118 18.0 <20 <10 54.1 30.2 0.0033 304.6 
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Source of salinity 

The bromine-chlorine ratio of Nyongoni/Ruhoi hot spring water (0.0033) is (slightly) higher than that of seawater (0.003, Hem 1992; 

Figure ). Therefore, the source of salinity of Nyongoni/Ruhoi fluid can be explained by silicate rock-water interaction/fluid inclusion 

leaching. 

 

Figure 5 Bromine versus chlorine diagram showing the different i.e. higher Br/Cl ratio compared to modern sea water. 

Type of fluid 

For the classification of fluids, several diagrams are useful. In the SO4-Cl-HCO3 diagram the fluid apparently plots in the field of 

mature waters (Figure 6a). This could be due to an admixture of saline basinal brine. 

(a) (b) 

Figure 6 (a) Diagram for classification of geothermal fluids (Powell & Cumming 2010) showing an apparently mature water 

which should be almost fully equilibrated. Please compare with contradicting evidence in Figure 6b. (b) Giggenbach 

diagram for classification and geothermometric assessment of geothermal fluids (Powell & Cumming 2010) indicating 

a mixed fluid (data point appears within “partial equilibration”). 

 

In the Giggenbach diagram (Figure 6b) mature waters should plot near the full equilibration line. However, the data point is plotting 

in the partially equilibrated respectively mixed fluid field indicating contradicting evidence. 

Similarly, mixing calculations based only on two components (DHMW geothermal fluid equilibrated in the Precambrian basement 

and CSW) do not give conclusive results i.e. pointing to the presence of a third fluid component (formation water of a sedimentary 

aquifer). In this context it would be helpful to gain information about the chlorine concentration of the 140°C hot fluid, encountered 

at 1179 m depth in the hydrocarbon well Ruaruke North 1 located about 30 km ENE of Nyongoni spring (see location of the well in 

geological section of Figure 1b). 

 

3.3.2 Solute Geothermometry 

Geo-indicators 

Finally, the concentrations of the solutes are used for geothermometric estimations (Figure 6b, Table 3). The thermometric 

calculations in the second row of Table 3 are based on selective element analyses of calcium (Ca: 22.4 mg/l), sodium (Na: 2472 mg/l), 

potassium (K: 176 mg/l), and silica (SiO2: 32.7 mg/l) done by First Energy Company Ltd. 1999 (cited in DECON et al. 2005). Please 
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note that except for sodium all other element concentrations of FEC differ from those given in Table 2. Therefore, inferred reservoir 

temperatures of FEC above 200°C cannot be confirmed. 

Table 3 Results of different geothermometers in °C applied to own water chemistry data (1st row) and to selective solutes 

analyzed by FEC (2nd row). 1 Fournier (1977), 2 Fournier & Potter (1977), 3 Fournier & Truesdell (1973), 4 Fournier (1983), 

5 Truesdell (1976), 6 Giggenbach et al. (1983), 7 Giggenbach (1988) 

Sample 

Name 

Chalcedony1 

conductive 

Quartz2 

conductive 

Quartz2 

adiabatic 

Na-K-Ca3 Na/K4 Na/K5 Na/K6 K/Mg7 

Nyongoni  76 106 106 184 168 128 186 126 

Ruhoi* 52 84 86 211 189 154 207 n.a. 

* The Nyongoni hot spring is also named Ruhoi hot spring due to its location near Ruhoi river (another synonym is Rufiji hot spring 

due to its location in Rufiji district). The spelling of Ruhoi is also Luhoi in some publications. 

Since gases (section 3.4) and previous hydrocarbon exploration activities of TPDC (undated) and FEC (1999) show that 

Nyongoni/Ruhoi hot springs are related to an oil-field environment, Na/K and Na-K-Ca geothermometers should not be applied 

(Kharaka & Mariner 1989). The latter authors recommend for oil-field formation waters the application of a Mg-correction to the Na-

K-Ca data as well as the application of the “new” Mg/Li and to a lesser degree also the Na/Li geothermometers (Table 4). The 

additionally recommended pressure-correction to the silica geothermometers is negligible due to the shallow depth of the aquifer 

(1200 m → 1°C temperature reduction). 

Table 4 Results of geothermometers in °C recommended for oil-field waters. 1 pressure correction of data from Table 3 as 

well as new Mg/Li geothermometer after Kharaka & Mariner 1989; 2 Fournier & Potter (1979); 3 Kharaka et al. 1982 

Sample 

Name 

Chalcedony conductive 

P corrected1 

Quartz conductive 

P corrected1 

Quartz adiabatic 

P corrected1 

Na-K-Ca 

Mg corrected2 

Na/Li3 Mg/Li1 

Nyongoni  75 105 105 83 171 133 

 

The most reliable geothermometer (correlation coefficient of 0.90 for measured and calculated temperatures of oil-field waters; 

Kharaka & Mariner 1989) in this context yielded a calculated reservoir temperature of 133°C which is very close to the measured 

temperature of 140°C in the aforementioned oil well Ruaruke North 1. 

The evaluation of the fluid chemistry data and the calculation of lower reservoir temperatures effects the expected geothermal 

potential (section 3.6). 

3.3.3 Isotope Hydrology 

Stable isotope results of a fluid sample are reported in Table 5. 

Table 5 Results of Oxygen and Hydrogen isotope measurements of Nyongoni/Ruhoi fluid  

Remark UTM N 

Arc1960 

UTM E 

Arc1960 

sampling 

date 

sampled 

by 

season 18O [‰] 

V-

SMOW 

s.d. 2H [‰] 

V-

SMOW 

s.d. 

 9135132 0484104 03.08.2012 n.s.  dry - - - - 

$ 9135130 0484100 26.09.2012 GPT dry -1.02 0.04 -18.3 0.2 

* 9135135 0484096 25.11.2010 BGS rainy -1.27 n.r. -20.1 n.r. 

* n.r. n.r. 25.06.2010 IAEA dry -1.26 0.04 -17.2 0.6 

s.d. standard deviation; n.s. not sampled; n.r. not reported; * Data provided by Dr. Jean Mujumba (UDSM); $ Analysis done by Dr. 

Paul Königer for GPT; please note the precision of the GPS waypoints which are identical within 5 and 8m, respectively (2 and 4m 

considering only the GPS of GPT’s exploration team). The isotopic composition of three samples corresponds fairly well within 

2sigma standard deviation despite of seasonal variations.  

The evolution of Rufiji geothermal fluid can be explained solely by interaction of meteoric water with crustal rocks at elevated 

temperatures (Figure 7a). 

A magmatic fluid contribution cannot explain a straight 18O-shift to the right of the MWLs. Also a mixture with sea water as well 

as surface evaporation or steam-heating can be excluded from the evolution of the meteoric fluid. 

The predicted isotopic composition of the meteoric recharge (around -18.5‰ D and -3.7‰ 18O) should be checked by taking 

precipitation samples in the Rufiji area combined with surface waters of Ruhoi river etc. in order to verify the model. In the absence 

of own data from the direct field area, a first assessment is done based on IAEA data from the area adjacent to the north (IAEA, 2007; 

Figure 7b). 

There are several water sample analyses in the area north of Nyongoni/Ruhoi hot springs which are close to the predicted meteoric 

water isotopic composition of the recharge area (Figure 7b; encircled symbols). Most of them occur in Morogoro area at and around 

the Ulugulu Mountains. The isotopic composition of the rain water, samples from a drilled water well as well as Mgeta River closely 

match the predicted value. Mgeta River is flowing to the SE (fracture-controlled?) and is finally tributary to Ruvu River. In total, 21 

values (green symbols in Figure 7a) can be used to calculate a mean 2H-value of -18.27‰ and a mean 18O-value of -3.75‰, 

respectively. 
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(a) (b) 

Figure 7 (a) Diagram showing stable isotopic composition of Oxygen and Hydrogen ( notation, V-SMOW) based on IAEA 

data (see text). Isotopic composition of sea water and an evaporation line are plotted for comparison. (b) Map (IAEA 

2007) showing closest matches of surface waters (encircled) with the predicted isotopic composition of the recharge 

water.  

 

The Morogoro rainwater, which precipitates in altitudes around 500 m, has a great significance as possible recharge area but is 

resembled at one place by rainwater collected in 50 m elevation at Ruvu river (far north of the Nyongoni area). Therefore, a recharge 

by local rain cannot be excluded beforehand but a measured Tritium content of 0.00±0.03 TU suggests a negligible admixture of 

local precipitation. Additionally, the mean and median value of the precipitation in the low elevated area (comparable to the elevation 

of Nyongoni area) is significantly different (i.e. isotopically heavier) compared to the predicted values. Therefore, it is most likely 

that a significant amount of meteoric water is infiltrating directly east of Ulugulu Mountains along Tanga Fault Zone, transferred into 

great depths (Figure 1b) and eventually equilibrates in the Precambrian basement. 

3.4 Gas species and isotopic composition 

A published analysis of the free gas phase of Nyongoni/Ruhoi hot spring gave the following composition: 60vol.% CO2, traces of 

H2S, 2vol.% H2, 36vol.% CH4 including higher gaseous hydrocarbons, 2vol.% noble gases plus N2 (Walker 1969). 

The results of an analyzed sample of the free gas phase are reported in Table 6. 

Table 6 Results of gas species (gas chromatographic) and isotopic (mass spectrometric) analyses of Nyongoni/Ruhoi free gas 

phase. A hydrogen-sulfide content of about 1 vol.% is responsible for the sulfuric smell of the hot spring. 

Gas species Chemical formula Unit Result measured Air free calculated 

Hydrogen H2 vol% <0.01 b.d. 

Nitrogen N2 vol% 28.47 1.41 

Oxygen O2 vol% 7.39 := 0 

Argon Ar vol% 0.25 b.d. 

Carbon dioxide CO2 vol% 36.79 56.76 

Hydrogen sulfide H2S vol% 0.88 1.36 

Methane CH4 vol% 26.10 40.28 

Ethane C2H6 vol% 0.118 0.182 

Propane C3H8 vol% 0.002 0.003 

 

Isotope analyses of gas species Unit Result Standard 

13C CH4 ‰ -34.1 V-PDB 

13C CO2 ‰ -8.8 V-PDB 

18O CO2 ‰ 4.4 V-SMOW 

 

The major gas species were used for classification of the gas phase (Figure 8).  
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Figure 8 Ternary diagram of CH4-CO2-H2S after Goff et al. (2000) showing fields for volcano-hosted geothermal systems, 

sediment-hosted geothermal systems, oil field gases, and travertine spring gases. The composition of major species 

indicates that the origin of the gases is typical for oil fields. In case of the incomplete gas analysis of Walker (1969), 

the mentioned “traces” of H2S span an assumed range of 0.1 to 1 vol.%.  

Carbon isotope measurements of methane in the hot spring gas confirmed with a 13C value of -34.1 PDB (Figure 32), that the 

methane is of purely thermogenic origin (i.e. not produced by bacteria) and is derived from the kerogen type II of a marine source 

rock (not from a terrestrial source rock; see e.g. Creaney 1989 for source rock classification). According to Cope (2000) potential 

sources for gas are Lower Cretaceous shales (like in case of Songo Songo) and Older Karroo shales and coals. The lower Cretaceous 

shale is the most likely source rock for the methane gas, since Karoo consists of terrestrial deposits. Carbon isotope measurements of 

carbon dioxide indicate an admixture of organic CO2 released by root respiration within the swampy area in which the springs 

emanate. Oxygen in CO2 indicates a close isotopic exchange with near-surface soil water of the swamp being strongly enriched in its 

oxygen isotopic composition (a future sample of evaporated swamp water can confirm this model).  

 

Figure 9 Diagram for characterization of the origin of methane, modified after Whiticar et al. (1986). 

 

Gas geothermometric estimation 

The hydrocarbon gases of Nyongoni could in principle be used for geothermometry because they seem to be purely of thermogenic 

origin (C1/[C2+C3] = 218; Figure 9).  
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Provided that the CH4 of Nyongoni sample was produced at depth only by high-temperature synthesis and no sedimentary 

hydrocarbons were admixed, a temperature can be calculated applying the methane/ethane gas geothermometer (Darling & Talbot, 

1991). However, this gas geothermometer is calibrated on fumarole gases from the volcano dominated eastern branch of the EARS. 

Therefore, a contamination with hydrocarbons from the sedimentary basin of Dar es Salaam platform (as evidenced by nearby oil 

seep Wingayongo) would falsify the result. A similar contamination with hydrocarbons was observed e.g. at geothermal field Cerro 

Prieto, Mexico (Darling, 1998).  

The isotope results of a Noble Gas water sample, which was taken by using the copper tube technique (Figure 2), are presented in 

Table 7. 

Table 7 Results of the Noble Gas isotope analysis of Nyongoni/Ruhoi fluid in ccSTP/g 

3He  3He 

an-un 

4He  4He 

an-un 

20Ne  20Ne 

an-un 

22Ne  22Ne 

an-un 

36Ar  36Ar 

an-un 

40Ar  40Ar 

an-un 

84Kr  84Kr 

an-un 

132Xe  132Xe 

an-un 

2.05 

E-13 

8.18 

E-15 

8.55 

E-07 

8.63 

E-09 

1.60 

E-08 

6.63 

E-11 

1.71 

E-09 

3.58 

E-11 

6.57 

E-08 

6.88 

E-09 

2.69 

E-05 

1.20 

E-07 

3.28 

E-09 

5.20 

E-11 

2.06 

E-10 

7.09 

E-12 

an-un = analytical uncertainty; ccSTP/g = cubic centimeters at Standard Temperature and Pressure per gram fluid 

 

 

Figure 10 Helium isotope diagram (after Pyle 1993) showing the mixing relations of mantle, crustal and atmospheric 

components.  

The helium isotope data are characterized by a major crustal component (R/Ra = 0.17; Figure 10). The crustal-dominated helium 

isotope ratio indicates the absence of an actively degassing magma body. Furthermore, the crustal helium isotope ratio is supported 

by a significantly higher than atmospheric 40Ar/36Ar ratio of 409 indicating uptake of radiogenic 40Ar during its residence time in the 

K-rich Precambrian source rock (K-feldspar and mica). Also the low concentration of 4He (about 50 times lower than expected; see 

Ballentine & Burnard, 2002) compared to the high 40Ar concentration indicates a K-rich source rock (and not a U-Th-rich source 

rock).  

It can be concluded that the fault, at which the Nyongoni/Ruhoi spring emanates, is a deep-reaching structure down to the reworked 

Archean basement of the Mozambique Belt (Figure 1c). In the directly overlying Karoo sediments (Figure 1b) Uranium can be 

enriched even in form of economic deposits as known from surficial U-mineralization in exposed Karoo rocks to the West of 

Nyongoni/Ruhoi spring (MEM, 1980; Lyimo, 1989). Therefore, U-rich and K-poor Karoo sediments can be excluded as source rock 

causing the noble gas signature of Ngozi fluid. 

 

3.5 Refined Conceptual Model 

Previous conceptual models postulated a magmatic heat source for Rufiji Geothermal Area. The present study could conclusively 

show that this assumption cannot be supported by any data. Also, formerly detected shallow or deep magmatic bodies in 50-4000 m 

depth (DCSRR, undated) by magnetic intensity data from an aeromagnetic survey do not support a magmatic heat source. The 

magnetic data cannot detect shallow molten magma bodies because their high temperature above the Curie temperature would cause 

a “non-magnetic behavior” and, in case the magma bodies are cold (i.e. detectable by magnetic means), they do not contribute in 

driving a geothermal system. Eventually, a hot actively degassing magma body could be excluded by Helium isotope data (section 

3.4).  
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Also the following assumption by DCSRR (undated) cannot be supported due to expected lateral facies changes: “The quality of the 

reservoir (hydrothermal aquifer) is expected to be analogue to the conditions in the Songo Songo gas field (Albian/Neocomian 

sandstones). In the immediate vicinity of Nyongoni/Ruhoi hot spring also Albian sandstone is exposed at Wingayongo oil seep (Figure 

1a) and is present in a shallow hydrocarbon exploration well (Wingayongo-1) which was drilled close to the oil seep”. Furthermore, 

a typical flow-rate encountered in an oil well might be sufficient for a profitable oil production, but not necessarily to produce a 

geothermal fluid and therefore to achieve an economically viable project. Accordingly, a geothermal project would only be successful 

in case a high permeable fault is cutting the sediments where the geothermal well taps the aquifer. As a result, the location of a 

potential drilling target within a eligible fault zone as well as the exact spudding of a borehole to reach that target need the 

implementation of an intensive seismic data evaluation and well planning. 

In summary, Rufiji Geothermal Area is hosting a low-temperature geothermal system within a sedimentary aquifer. Highest flow 

rates might be encountered at deep-reaching fault zones with additional uprising fluids.  

3.6 Resource assessment 

FEC Ltd. used the following data for putting up a geological model (Table 8): 

Table 8 Existing data and evaluations of FEC Ltd. (DCSRR, undated) 

Area Method Result Report/Author 

Ruhoi-Utete Reconnaissance exploration 

(i) Surface geology 

(ii) Hot springs sampled 

 

(i) Reservoir rock: Albian/Neocomian 

(ii) Spring temperature: 75-80°C* 

 

First Energy Company Ltd. (1997-

2002; unpublished)  

(i) Exploration strategy  

Rufiji Trough Magnetic data 

Gravity data 

Geothermometry data 

Surface geological data 

Seismic sections (2D) 

Euler deconvolution (depth map) 

Bouguer anomaly map 

TReservoir: 160-210°C# Na/K; Na-K-Ca 

Block model 

(ii) Geothermal resource base 

calculation by volumetric method 

(similar to Cataldi et al. 1977-

1978) 

Ruhoi-Utete Excel spreadsheets Prospect Cash flow statement (iii) Power project pre-feasibility 

study 

* Hot spring water temperatures of >70°C cannot be confirmed (see data in section 3.1). # calculated reservoir temperatures of >170°C 

cannot be confirmed (see data in section 3.3.2) 

The theoretical and technical geothermal potential of Rufiji Geothermal Area around Nyongoni/Ruhoi Hot Springs (265 km2) is 6.5 

MW based on the geological model of FEC Ltd. The areal extent of their block model is 90 × 45 km (= 4050 km2) for which a total 

potential of >100 MWel was estimated using volumetric method (DCSRR, undated). Please note that FEC’s model is considering 

reservoir temperatures of up to 210°C. Therefore, the 6.5 MW technical geothermal potential seems to be slightly overestimated. In 

case the model is based on a high matrix-permeability identical to that encountered in Songo Songo Gas Field, an additional reduction 

on the geothermal potential should be made. 

4 CONCLUSION 

The data show consistent evidence that a volcanic heat source can be excluded for Rufiji Geothermal Area and all data are in favor 

of a low-temperature geothermal system (<170°C). This implies pumped wells and a binary power plant causing an increased 

electricity price that can, however, still compete e.g. with expensive diesel power. 

The sedimentary aquifer (Albian/Neocomian sandstones) cannot be considered as permeable as in Songo Songo Gas Field due to 

lateral facies changes. For utilization the focus should be on additional permeability related to deep-reaching faults. 

The depth and structural relations of the geothermal reservoir (aquifer) near to Nyongoni/Ruhoi hot springs have to be assessed by a 

comprehensive seismic data evaluation. Finally, the reservoir can be tapped by drilling down to a deep-reaching fault that is 

hydraulically connected to the aquifer and therefore increasing the total flow rate by adding the ascent of additional deep hot 

mineralized water. 

The theoretical and technical geothermal potential of a typical license area of 265 km2 is ≤6.5 MW. The economic and developable 

potential of that specific area is lower compared to the theoretical and technical potential, but nonetheless sufficient for the 

comparatively low energy demand in that rural area. 
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