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ABSTRACT 

Dofan-Fantale geothermal prospect is one of the geothermal fields in Ethiopia that w 
recommended for further study by UNDP (1973). Currently detailed geological, geochemical a 
geophysical studies are going on. Dofan-Fantale area is located in the Southern Afar Region, 
Ethiopian Rift Valley, which is about 200km NE of the capital, Addis Ababa. Twenty-eight wa 
samples from thermal springs, boreholes, lakes, rivers, and dug wells were collected in the a 
under study. Water chemistry suggests the existence of NaHC03, CaRC03 and NalClRC03 wa 
types. The reservoir temperature as indicated from the geothermometry results of Rabilo 
spring (Sp-4) is close to -250°C. Water - mineral equilibria study has shown that most of t 
common geothermal minerals are over saturated at .... 100Co at atmospheric pressure. Howev 
they are found to be in equilibrium with the reservoir rock at a temperature of -250°C at dep 
The 02H versus 0180 plot has revealed .. 180 - shife of 1.4 %0 for Habilo thermal feature (Sp­
which might indicate higher water-rock interaction than the other hot springs. 

1. INTRODUCTION 

The Dofan-Fantale geothermal prospect is located in the Ethiopian Rift Valley where the Rift 
starts funneling into the Afar triangle, which is in the north western part of the Southern Afar 
geothermal area, about 200 km to the north east of Addis Ababa (figure 1). The Dofan-Fantale 
geothermal area consits of: 

1) Dofan volcano, (9° 19"N, 40° 05" E), that has long been known for its fumarolic activity an 
associated sulfur deposits, (Mohr, 1962). 

2) Fantale volcano (8° 58"N, 39° 54" E), a Quaternary strato volcano characterized by fumaroli 
activity and warm ground. 

Filoa hot springs occur to the north east of Fantale volcano and the combined flow forms a PO( 

surrounded by palm trees. The prominent features in the study area are: the dramaticall 
expanding Lake Beseka and the Awash River. Governmental and non-governmental activitie 
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the area of study easily accessible. The ambient temperature of the area is variable and 
from 22 to 28°C. The elevation of the study area varies from 700 to 1000 m.a.s.l and the 

rain fall is 400 to 800 mm . 

. ve of the study is to carry out detail geochemical investigation that helps for selecting 
the drilling of temperature gradient wells . 
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1: Location map' of the geothet11lal :prospect areas, within the Ethiopian Rift Vaney~ 

ING TECHNIQUES AND ANALYTICAL METHODS· 

1:,:S~mll~liI112 Te~hDift ... 

28 water samples that were collected in the area of study inc.lude 12 thermal' springs, 8 
es, 2 dug wens. 4 rivers, and 2 lakes. 

IIDi.J .. "" .......... spring samples were collected from relatively strong flow rates that remaim: constant 
1iIj:DI~.llnh,f·Ult the year. Borehole samples were collected from the-hand, electric or Diesel pumping 



systems at the depth ranging from 45-180 m. Dug wells, (5-19 m deep) were sampled from the 
water level using plastic bucket tied to a nylon rope. River samples were collected from the 
central part of the channel. Lake samples were collected by deepening the sample vessel t< 
approximately 50 cm and at a distance of 10 meters from the lakeshore. 

The sample size depends upon the type of constituents to be determined (Giggenbach and Goguel 
1989). From each feature, 50ml of sample for stable isotopes, 125ml which is filtered and treate( 
with 1 ml 1+1 HCl for cations, 125 ml of sample which is filtered and treated with 1 mI of zinc 
acetate for S04 and Cl and 500ml of sample for anions were collected and stored in polyethylenf 
double-capped bottles. Electrical conductivity and pH were measured in situ. 

2.2 Analytical Method 

The isotopic ratios 180 /160 and 2H/H were analyzed at the Isotope Hydrology Laboratory, IAEA 
Vienna - Austria. The isotopic results are reported in per mill deviation with respect to the 
Vienna Standard Mean Ocean Water (SMOW), with uncertainty levels of ±O.l%o and ±l.O%o fOl 
180 and 2H respectively, IAEA (1981). Chemical analyses of major and minor ion composition~ 
were carned out at the Geological Laboratory of the Geological Survey of Ethidpia and reported in 
ppm see table 1. 

3. CHEMISTRY OF THE SAMPLED FEATURES 

The assessment of the chemistry of the hot and cold features helps in understanding the water type 
as well as the deep temperature of the system. The water features sampled in the area of study are 
close to neutral to slightly alkaline with respect to pH. Habilo hot sprin~ is the most impressive 
and vigorous thermal feature in the area. Itemerges from a hole like opening and shows geyseric 
effect with no periodicity. The water jets up to lY2 meter high~ There are sinter and travertine 
deposits and small fumaroles around the spring. Its discharge tenlperature is 81.5°C, which is the 
highest in the entire study area: (others range from 42-56°C). It has a relatively high chemical 
composition, (Si02 (364ppm), Na (530 ppm}, CI (432 ppm), and S04 (278ppm). 
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Table 1: Analytical data of water samples from Dofan-Fentale geothermal prospect in ppm. 
\ 

Feature PH Cond Na K Ca Mg C03 HC03 CI S04 N03 F Si02 B 

Code 25°C p,SI25°C 

Sp-1 8.5 1886 383 20 4.3 2.0 8.5 735 150 89 2.7 5.2 63 1.0 

Sp-2 8.6 2115 428 21 8.8 1.3 14 762 194 98 2.9 7.1 70 1.0 

T Sp-3 8.2 1751 360 24 15 6.0 - 662 173 100 5.2 5.2 143 1.2 

SpA 7.5 2649 560 67 12 0.5 - 521 429 285 3.6 11 343 4.0 

Sp-5 8.6 1716 284 19 49 17 19 627 119 108 6.3 6.3 74 0.7 
i'U .. J.~ .L. Sp-6 8.5 1670 338 19 2.0 1.5 15 612 113 98 6.0 6.5 82 OA &&_~.-.. ~ 
. Dofan Sp-l 8.5 1769 319 15 6 2 10 422 167 159 OA 8 123 0.8 

Sp-2 7.7 1850 320 20 5 5 - 381 213 190 0.5 9 105 1 

ile Sp-3 8.6 1929 350 17 5 0.2 11 311 217 182 19 20 144 1 I 

~ " 

pebhile Sp-4 8.4 1780 345 14 4 0.2 10 303 210 177 19 20 61 1 

I{ .,.In .. ,,,I,,, Sp-5 7.6 2347 465 27 20 0.5 - 617 324 157 0.1 21 261 2.2 

Dilen Sp-6 8.0 937 180. 17 12 7A - 414 76 49 2.0 3.3 96 0.2 

·iMerti Bh-4 7.9 2766 345 36 39 17 - 630 223 149 14 3.5 93 0.4 

Merti Bh-7 7.9 1659 256 10 42 10 - 622 87 78 5.0 3.1 86 OA 

Metehara Bh-l 7.7 2376 325 12 85 30 - 758 234 166 7.4 5.3 123 OA 

Metehara Bh-2 8.0 2280 ~80 14 90 30 - 781 194 114 11 4.9 93 0.2 

I"Debhiti Bh-3 8A 1956 380 26 9.0 3.8 11 802 168 85 2.7 5.4 81 0.8 

Kurkura Bh-5 7.8 681 93 8.3 41 12 - 35 35 22 3.6 lA 111 0.2 

r,Bulga Rv-l 8.1 474 76 7.0 20 12 16 234 31 18 4.3 0.9 31 0.2 

Awash.P Rv-2 8.0 513 52 11 46 6.0 6.0 208 22 13 1.4 1.9 23 0.2 
I 

Kebena Rv-3 7.7 240 15 3.0 24 7.0 - 132 9.0 5.5 2.1 OA 34 0.2 

lyJ Arowadi Dw-l 9.1 3806 1052 30 1.5 0.5 174 1337 411 338 164 14 53 1.5 

~rBoloyta Dw-l 7.8 448 33 5 44 12 - 238 14 9 20 0.7 80 0.1 

Beseka Lk-l 9.5 6140 1735 70 2.8 0.5 671 1817 592 542 1.2 35 135 3.8 

Debhile Lk-l 8.6 2082 395 18 50 0.6 16 491 222 164 8.2 22 159 1.5 

_I 
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The Filoa springs emerge near the base and on the downthrown eastern side of a 16-meter 
fault in basalt. They have the highest flow rate than any other spring in the area. This rate is 
liters per second, (UNDP 1973). These springs have Si02 (60-65ppm) and S04 (90-100ppm). 
Dofan spring has lower flow rate than the Filoa springs, (20 litres per second). However, it 
higher S04 (156ppm), and Si02 (123ppm), content compared to Filoa springs. 

Debhile has lower discharge than the Filoa spling, (0.5 liters per second) but it has higher Si 
(144ppm) and S04 188ppm) content than both Dofan and Filoa springs. The boreholes sampled 
the area have low'temperature (27-44°C) and they have also low TDS values (400-700mgll). 
Two dug wells sampled are located in the northern and in the southern part of the study area. 
one in the northern part has very low TDS value of 176mgll. The one in the southern part 
relatively high TDS value of 1830mgll. 

Three rivers were sampled in the area of study, namely Awash, Kebena, and Bulga. All 
perennial rivers that flow to the study area from the highlands. The Awash river which is 
largest of the three was sampled at three points of its course and it was observed that it incre 
chemically north wards. The pH values of the river samples are ranging from near neutral 
slightly alkaline. They have low TDS values (145-390mgll). Beseka lake has a temperature 
27°C and a high CI (638ppm) but low Si02 (150ppm). Its pH is 9.5, which is strongly alkaline. T, 
second lake sampled is Debhile, which is located in the northern part of the study area. It h~ 
lower TDS value than Beska lake, (826mgll). 

4. WATER TYPE IDENTIFICATION 

According to the Langeler Ludwig diagram in figure 2, the chemical composition of the waters 
suggests the existence of NalS04-CI, NaHC03 and CaHC03 water types in the area. 

Cl-S04-He03 ternary diagram is shown in figure 3. This is mostly applied to geothermal waters: 
relation to the applications of geothermometers: 

1) The Features with near neutral to slightly alkaline in pH (7.5-8.2) with relatively S04 and el, t 
278-188ppm and 432ppm respectively plot along the CI-He03 axis close to the high CI regio 
These are important for the application of most geothermometers, e.g: Habilo thermal spring. 

2) The features which are more alkaline and with high HC03 , and/or high S04 content are n 
required in the application of chemical geothermometers The good examples are a) Beseka lal 
with pH of 9.5 and He03 of 1869ppm. b) Arowadi dug well with pH of 8.9 and S04388ppm. 
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2: Langelier-Ludwig plot for water samples from Dofan-Fentale geotbennal prospect 
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... _'-, .............. RATIO AND CHEMICAL GEOTHERMOMETERS 

ratio ~erves the dual purpose: 1.) to detennine qualitatively whether the system is of 
temperature 2.) to detennine whether the different water features originate from the 
or not. 

feature Habilo (Sp-4) and Debhile (SP-5), show relatively high Na/Mg of 1767 and 
'vely and low NalK of 6 and 17 respectively. This might indicate high deep 

spring (Sp-2) and Debhiti borehole (Bh-3A) might have originated from the same 
similar rock environment, because they have similar molecular ratio of Cl/S04 (1.7 

and ClIB (160 and 170). 

Geothernnonneters 

the parameters to be known in the assessment of thennal systems for practical use is the 
....... Ul.lVV.lU."' ... .l.... of the reservoir, (Giggenbach and Goguel 1989). Application of chemical 
lDOlooel:ers is inevitably ·very essential. Most of the geothennometers that are used have 
the highest subsurface temperature to the Habilo thennal spring (Sp-4), followed by 
thennal spring (Sp-5). In figure 4 a ternary diagram is plotted using the percentage 

Itralt10n of the Na, K and Mg and has indicated a general equilibrium· temp.erature of 180°C 

indicated about 250°C for Habilo thennal spring (Sp-4). The silica geothermometer has 
for Habilo. Therefore, from the geothennometry analysis it might be possible to 

that Habilo is the most promising area for more detailed geothermal investigation in the 
'-"',"III""'''' geothennal prospect. From figure 4 above it can be seen that Habilo thermal spring 
.~rc~aClllea the full equilibrium line, but it is above the immature water line, which. might 

that it is partially equilibrated with the reservoir rock at a temperature of 250°C. 
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Rgure 4: Na.-K .. M-gpiot for waters from Dofan-Fentale geothermal prospect 

6. MINERAL WATER EQUILIBIA 

Natural hot waters are saturated with silica in equilibrium with quartz and frequently close to 
equilibrium with: calcite (CaC03), anhydrite (CaS04), etc (Ellis and Mahon 1977). 

Flashing geothermal fluid is a problem- for two reasons: 

1) When s~aJ!J,i11 is ex.tracted frOOT· the: flu.W the solution left behind becomes more and more 
saturated with minerals. 

2) As C(h is e,xtracted from the fluid, Fm0re:.CaC03 (calcite) will precipitate, because calcite is 
one of the few ·minerals that precipitate when temperature is dropped. 

All geothermal fluids contain dissolved solids, and these solids are in equilibrium with the 
reservoir rock· at elevated temperatures and pressures. As the fluid moves to the surface, it is 
conductively',cooied and the possibility of:depositing.some of the dissolved species takes place. As 
a result the lHtehhood of scaling is M'gher: 
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, in order to evaluate mineral deposition (scaling) tendencies of the Habilo thermal 
(Sp-4), the saturation index of selected minerals such as anhydrite (CaS04), Ca-

...... ~£'V&.u·te, Na-montmorilonite, Laumonite, K-montmorilonite, Amorphouse silica, Albite, 
Analcite, Chalcedony, Quartz and Mg-montmorilonite was plotted versus temperature 
Most 6f the common geothermal minerals are over saturated at .... lOO°C at atmospheric 
and they are near equilibrium at -250°C at depth. 
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Figure S: Saturation index versus temperature plot for Habiiu::hotspring 

alSo versus i)2H plot for the water samples collected from the Dofan-Pantale geothermal 
prospect, is given in figure 6: The isotopic ,co~pos~ion' ~~ ~eseka l~ke shows·, hirer' surface 
evaporation eff.t:Jhan Debhtle. lake, resultIng In dlseqwltbnum ennchment of al 0'· and o2H 
,content. 

. The isotopic composition of Habilo thermal feature sho·ws, ~ 180 .. shift' which might-indicate an 
~angeof utO wittLrocks 'having 'higher ~IJO/160}ratio inltdtttton4()~theoriginat;$ow:ce~water .. 
The '180- shift' is in the ,order of 1.40/00 thatmight\show;re_latw~~bigbercireulation'period'and 
longer residenc~tim~,~, well. 

Ifis again possible,to ge.e.that the· Debhiti borehole is.the.reQbar.ge-source fOf,Habilo."sinue-bothlie 
ina line segmentpat;allel "to the ~18Q~axis.with little difference of&~K'content/ which, might be due 
to evaporation effect, as indicated in figure 6 above. Habilodoesn' i h~ve floW.·rate, .. but shows 
geyseric effect, and:thewater simply jets up·to lYz meter highandcback to,thesounle.~fore, it 
is exposed to-evaporation and as aresultlittle deflectionJrom~.acparallcl·linetakes-;.place::· 
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The isotopic composition of the borehole samples of Debhiti and Kurkura are more depleted 
heavy isotopes as cempared to those collected from Metehara and Merti area. 

The isotopic composition of Debhiti and Kurkura ranges from -4.46 to -2.18%0 and fronl -2.75 
6.32%0 for oxygen and hydrogen isotopes respectively. In the contrary those of Metehara and 
range from -0.12 to 0.16%0 and from .09 to 4.58%0 for 180 and 2H respectively. 

Boloyta dug well, Merti borehole, Kebena River, Hubicha and Filoa springs and WeI 
borehole are all clustered in the WMWL showing that they are meteoric in origin, which i 
that they were recently involved in atmospheric circulation, figure 6. 
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Y OF RESULTS AND RECOMMENDATION 

results of the geochemical and isotopic studies of the features of Dofan-Fantale 
prospect can be summarized as follows: 

Lngeler Ludwig diagram, the water chemistry suggests the existence of Na/S04-Cl, 
and CaHC03 water types in the study area. 

deep reservoir temperature determination using the N a/ 400-Kll 0-"'Mg ternary di agram 
shown an equilibrium reservoir temperature of 180°C. The Si02 (quartz with no steam 
and the Na-K geothermometers have estimated 224 and 252°C for equilibrium reservoir 

respectively for Habilo thermal spring. 

saturation index versus temperature plot for Habilo thermal spring has revealed that most 
the common hydrothermal minerals are over saturated at ~ 1 OOoe at atmospheric pressure 
they are found to be in equilibrium with the reservoir rock at ---250°C at depth. 

'10 spring has shown an d80 -shift' of 1.4%0, which might indicate higher circulation 
and longer residence time. 

further geophysical study and drilling of TG-wells around 
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