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ABSTRACT 

The Ambado-Pk20 field is located in the centre of the Republic of Djibouti, this area is affected by faults and is dominated 

by several types of formations such as basaltic and rhyolite series. The area lacks surface manifestations, but the water wells 

have high temperatures. This geochemical study is focused on sampling and analysis (physico-chemical, trace elements and 

isotopes) of twenty-six boreholes in the PK 12, PK 20, Nagad, Douda, Damerjog and Ali Ouné sectors. The chemical 

characteristics of water wells in the Ambado-PK-20 study area are generally Cl-HCO3-Na type and are low mineralized at 

PK 20 but high mineralized at Nagad, Douda and Damerjog. The nature of the water wells may be from the groundwater 

(superficial water). The silica geothermometer and cation geothermometer give relatively wide temperature values. This can 

be explained by the fact that these water wells are immature and, therefore, classic geothermometers cannot be applied in 

this study. Thus, the reservoir temperature could not be estimated using those methods. The stable isotopic (δD and δ18O) 

composition and Cl/B ratio were used to determine the origin of the water. The water wells are meteoric waters from the 

superficial water, and they are not mixed with seawater. In order to improve this study, it is recommended to carry out 

temperature gradient or logging measurements in the boreholes and further analyses to estimate the reservoir temperature. 

1. INTRODUCTION  

The Republic of Djibouti has a 23,000 km2 surface area and is located on the East Africa rift between Somalia and Ethiopia 

(Figure 1). Geologically, Djibouti is characterized by surface manifestations like volcanic rocks, faults, fumaroles, hot and 

warm springs etc. 

s  

Figure 1: Numeric model (Gtopo30) of the Afar Triangle. The black square indicates the Republic of Djibouti. 
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The Ambado-PK 20 field (Figure 2) is located in the center of the Republic of Djibouti. This area has high tectonic activity 

related to the opening of the Gulf of Tadjourah. It is affected by dense fault networks mainly along the E-W direction that 

disappears to the east in the side of the Hayabley volcano, so the Hayabley volcano is posterior to the faults by covering the 

basalt of the gulf (marker of the opening of the Gulf of Tadjourah), and to the west these faults curve at the approach of 

Arta's relief bulge (Med Daoud et al.). 

This geochemical study focused on sampling and analyses (physico-chemicals, trace elements and isotopes) of twenty-six 

boreholes waters in PK 12, PK 20, Nagad, Douda, Damerjog and Ali Ouné sectors. These samples were collected from 

January 30 to February 6, 2017. The purpose of this study is to determine the chemical composition of water from boreholes, 

to classify these waters and to determine their origin. On the other hand, the geothermometers were used to estimate the 

reservoir temperature. 

This geochemical study will be composed as follows: first of all, the sampling methodologies and analytical protocols will 

be detailed and then the results and discussions of these analyses will be discussed. 

 

Figure 2: Djibouti, geology and geothermal surface manifestations (CERD). 

2. METHODOLOGY 

The geochemical study of the Ambado-PK20 site focused on sampling 26 boreholes (Figure 3). Some in-situ measurements 

were taken of the field such as: temperature measurements, pH, conductivity and verification or updating coordinates of the 

boreholes. These field parameters were measured using a pH-meter pH EUTECH instruments 610, conductivity EUTECH 

instruments COND610 and two electronic thermometers (Hanna Check Tempet Quick Fisher Scientific). The calibration of 

pH and EC are made earliest every day collection. Generally, the sample measurement was performed with a margin of error 

equal to ± 0.1°C for the temperature, 1 s/cm for electrical conductivity and 0.01 units for pH. 

The major cations and anions major concentrations were determined at the chemistry laboratory of CERD (center study 

research of Djibouti) by liquid chromatography (HPLC) using a Dionex TM ICS 3000 chromatograph. The carbonates 

(CO3
2-) and the bicarbonates (HCO3

-) were dosed by the method of Gran (by titration with HCl), by colorimetry with 

ammonium molybdate method for silica (SiO2) and the boron (Br) was analyzed with ICP – AES HORIBA. 
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Figure 3: Locations of the boreholes in Ambado-PK-20 area. 



Daher and Idil. 

 

Table 1: Results of physicochemical analyzes performed on samples of Ambado-PK20 water wells. 
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3. RESULTS AND DISCUSSION 

The results of the analysis of twenty-six (26) samples from borehole waters in the Ambado-Pk20 area are presented in Table 

1. The samples from the borehole waters of PK-20 area, PK-12 Dorale hare slightly mineralized with a conductivity between 

1236 and 2482 μS/cm.On the other hand, in the Nagad, Douda and Damerjog zones, the samples are strongly mineralized 

with conductivities between 4300 and 13900. The pH values of these waters are between 7 and 7.9, which shows that these 

waters can be classified as neutral. The temperatures of the samples varied between 37.3-61.4°C (see Table 1). 

3.1 Classification of the Samples 

The Piper diagram (Piper, 1944) uses major elements to represent the different facies of groundwater. It allows a 

representation of anions and cations on two specific triangles whose sides show relative contents each of the major ions 

relative to the total of these ions (cations for the left triangle, anions for the right triangle). Figure 4 shows that the dominant 

anion in the analyzed waters is the chloride ion. This means that all waters are chlorinated. For cations, the dominant ion is 

Na-K. As a result, the waters can be attributed to sodium chloride and potassium facies. 

  

Figure 4: Piper diagram of Ambado-PK20 borehole water. 

The ternary diagram Cl-SO4-HCO3 proposed by Giggenbach (1991) is used to distinguish different types of geothermal 

waters. The interpretation of the geothermal water chemistry is performed on the basis of an initial classification in terms of 

the major anions Cl, SO4 and HCO3.The position of a data point in such a triangular diagram is obtained by first summing 

the concentrations of the three constituents involved. In the present case: 

34 HCOSOCL CCCS 
        (1) 

The next step is to calculate %-Cl, %-SO4and %-HCO3 using the following equations: 
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It appears from the Cl-SO4-HCO3 ternary diagram (Figure 5) that these waters are not mature waters and peripheral waters. 

In addition, these waters are located along the Cl-HCO3 axis of the diagram. This means that these waters are Chlorinated-

Bicarbonates. 
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Figure 5: The Cl-SO4-HCO3 ternary diagram of the borehole waters from the Ambado-PK20 area. 

3.2 Solute Geothermometers 

Applying geothermometry to analyze the chemical composition of the sampled waters enables estimating the temperature at 

which the waters were carried in the subsurface. In this study, most of the known chemical geothermometers were applied to 

the sampled waters from the Ambado-PK20 drilling. The results are reported in Table 2. The dissolved silica may be 

controlled either by chalcedony or by quartz. However, according Arnórsson (1975) and Michard (1990), basalt medium, 

silica dissolved is rather controlled by the quartz at temperatures above 150-170°C and chalcedony for temperatures below 

that limit. 

Silica geothermometry (quartz and chalcedony) shows that the temperatures vary between 84-144°C while the cation 

geothermometry gives temperatures between 45-168°C (see Table 2). For these waters, geothermometers give a broad range 

of temperature values. This can be explained by the fact that these waters are immature and therefore classic 

geothermometers cannot be applied. 
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Table 2: Chemical geothermometers applied to borehole water at the Ambado-PK 20 site. T(°C)in this case. 

  

3.3 Origin of Waters 

3.3.1 Isotopes 

In the study area, oxygen and hydrogen isotopes are plotted and compared to the global meteoric line (GMWL) and the local 

meteoric line (LMWL). Equations for GMWL defined by Craig (1961) and LMWL defined by Fontes et al. (1980) are 

respectively: Dd = 8 * d18O + 10 and Dd = 8 + 0 * d18O. 

  

Figure 6: Isotopic composition of the borehole water at the Ambado-PK20 site. 

The analysis of stable isotopes, deuterium and oxygen-18, drilling water showed that experimental points of the study area is 

placed very close to the right of the GMWL. Therefore, these waters (Figure 6) are of meteoric origin and they contribute in 

major part to their charge. Likewise, the surface waters are close to the right of the LMWL. This can be explained from the 

fact that surface water does not come from the same source of water because of the shift Dd is superior than 4%. 
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3.3.2 δD /Cl Ratio 

Deuterium diagram chloride function show as whether water drilling are mixed with seawater. On the one hand, the low 

concentration of chloride (see Table 1) of this drilling water shows that there is no infiltration of seawater. On the other 

hand, Figure 7 below shows that these waters are far away from the mixing line. Hence these waters drilling is not mixed 

with seawater. 

  

Figure 7: δD vs Cl- diagram of boreholes water at the Ambado-PK20 site 

3.3.3 Cl/B Ratio 

The report in B and C geothermal water was used to obtain information on the origin of these waters (White, 1957a,b; White 

et al., 1963; Truesdell, 1976) to assess the mixture of hot water and cold water in the areas of geothermal systems and 

evaluate other characteristics of these systems (Ellis, 1970; White, 1970; Fournier, 1977, 1979; Arnórsson 1985; Janik et al, 

1991; Truesdell, 1991). 

The concentration of chloride and boron rainwater and groundwater is generally much lower than geothermal fluid. Figure 8 

shows that water in this area is far from being seawater and concentrations of these two components (Cl and B) are low in 

these waters (Ambado PK-20). As a result, the water sampled from Ambado PK-20 can be groundwater. 

  

Figure 8: δD vs Cl-diagram of water at the Ambado-PK20 site. 

4. CONCLUSIONS AND RECOMMENDATION 

In this pre-feasibility study, twenty-six drill holes were analyzed to estimate reservoir temperatures and to determine the 

origin of water at sampled wells. The chemical characteristics of the water from the Ambado-PK-20 study area are usually 

chlorinated-sodium bicarbonate-types, and are low mineralized in PK 20 and strong mineralized for Nagad, Douda and 
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Damerjog. These waters can be a result of a small infiltration of seawater. The waters of these wells can be groundwater 

(groundwater of Djibouti). These waters are immature and are not balanced with the rocks of the reservoir; therefore, the 

calculations of classical geothermometry are not applicable to estimate the reservoir temperature. To do this, it is suggested 

that temperature gradient or logging measurements should be carried out in the boreholes, as well as additional analyses such 

as isotopic analysis (sulfur 34, oxygen 18 and sulfates) may help to give estimates of the reservoir temperature. 
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