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Geothermal development projects in Iran

began in indicate that Iran has sub-

stantial geothermal potential in the northern Prov-

inces. With respect higher priority, the region3 

and Sareine are

considered promising for e lec t r ic Power

generation.

Sabalsn region contains of the three promising

Meshkinshahr, Boushli and where

according to studies, the range of

their average subsurface reservoir temperatures are

to hydrogeological, geophysical 

end geochemical interpretations. the Meshkinshahr

area has been selected the first exploration

drilling site. 

In

Interest in the geothermal originated in Iran

James R. McNitt, United Nations geothermal

expert visited Iran (December 1974). that

Iran has very for geothermal energy

development. Upon recommendations in

contract between Ministry of ENEL

per L 'Energia Elettrica of Italy) and

(Tehran Berkeley consulting Engineers o f Iran) was

signed for geothermal exploration in Northern part of

Iran Damavand regions). 

F i n a l reports o f the regional investigations performed

for those areas were delivered during

According to these and investigations of

Electric Power Research Center priorities were

given to the Sabalan,Damavand, and Sahand re-

gions. Such findings were approved by Valgardur

(InterregionalAdviser on Geothermal Energy,

United Nations) on his visit Iran of

since 993, bi I itystudies exploration

drilling and the reservoir capacity in the

Sabalan and regions were carried by EPRC.

AS a result, respectively, the geothermal potential of 

regions are estimated to be 48x10 and

joule .

This article will cover explorationactivities in the

region.

Geology of

is mountain, that

at the present time is the solfatara stage. Surface 

geological surveys of the Sabalanarea show that of

the area is covered by extrusive rocks.

The sabalan region has three geologically distinct

provinces, they follows: Northern, southern and

volcanic provinces. 

types the Northern volcanic province consists 

following ash flows, andesite

porphyry and quartz latite unit.

These have been intruded

believed to be equivalent to the southern quartz

that is from 22.5 to 23.0 m.

Youngest volcanic unit appears t o be an andesite ash 

The southern Volcanic province is bounded on the

north the main road between the cities of and

Ardebil, and extends southeast toward the study area

boundary. Rock types of this province following

in an young to old sequence: 

Alluvium, terrace conglomerates,

sediments, olivine basalt flows, hornblende 

andesite flows volcanic sediments. The 

sediments the oldest rock units in the

Sabalan zone.

The Sabalan province shows characteristics of an

earlier type therefore in
localities there is evidence of weak to violent eruption

o f fluid lava, generally of andesitic to

basaltic composition and thicker Rock

types of this area following in an young to old

sequence:

Alluvium,

sediments, quartz l a t i t e flows, Post caldera

andesite, basalt Iatite flows,

quartz monzonite intrusions, porphyry

flows, andesite flows. and volcanic sedi-

ments

Regional stratigraphy of the Sabalan is related to

the sedimentary (Fig. that is taken from 

data regarding the

and north of Iran in general.

191



Since the Sabalan is covered by volcanic debris and

there no of the sedimentary

substratum. Therefore it is impossible to identify

and structural Structural informa-

tion derived from neighboring regions.

is situated on the eastern part of the

continentalplateau. which lies on an

orogenic between the and

Arabian plates.

As an effect of principal Alpine diastrophism. 

the end chains have converged in the

structural unit of the continental plateau.

The Sabalsn region is situated on the eastern part

of the p l a t e a u , that is near the margin of the Caspian

sea.

Thermal springs

There more than 17 thermal springs in

region. These springs are scattered from the northwest

flank to the southeast of Sabalan and distributed in
groups; Meshkinshahr, Boushli and Sareine

The average temperatures of the thermal springs

about . The hottest springs are Situated in the

Meshkinshahr group and the group

The flow rate i n the Meshkinshahr group is

9000 and in the Sareine group a b u t

there is no record on Boushli group.

flow rate in than in

AS result of local uplifting of the sediments in

sabalan area and due to volcanic forces or fast

of the extrusive rocks. the area is highly fractured. 

According to the fracture studies, it appears that the 

major element influencing of spring's reser-

is the sabalan Caldera. to the and its

associated features (ring fractured, it is found

that there is an excellent collecting area for water

runoff. In fact the caldera area is responsible for di-

recting the ground waters along the fractures into the 

subsurface reservoirs

Reservoir Rocks and

With regard to stratigraphic sequence. permeability

and characteristics, the reservoir rocks of

sabalan. from old to .young. 31

The Cambrian rocks, mainly of limestones.

dolomites and sandstones good

porosity F. F. F .

The succession made up of quartzite 

alternated with limestone and dolomite. also displays a

when fractured F . , Ruteh

F .

The formation with

thickness of about Shale, siltstones sand-

stones be considered as impermeable caprocks. for

the above mentioned Cambrian -Permian succession.

The calcareous rocks of and

limestones (Mid. Jurassic Lower Cretaceous/,

m thick, display permeable

reservoir rocks, that is by

caprock. This formation 

mainly made up of volcanic rocks and lesser

degree, tuffs), layers of limestones and gypsum

present The overall permeability of this

formation is medium, even if it can be high

correspondence with lithoid and slightly lava

or low in layers of tuffs. There also

layers with low permeability that be considered

caprock,
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nature.

The system of structure that winds south of volca-

nic massif presents smaller anomalies to the pre-

ceding ones.

Sabalan lies at the point of intersection of views,

and represents the youngest volcanic eruption. 

The main negative anomalies that of

Meshkinshahr basin on the northern of

Sabalan massif; the anomaly of the basin

basin) that is situated on the eastern side of

Sabalan mountain and the anomaly of the basin

area) that is located on southern part of the

Sabalsn. These three basins the main structures of

geothermal reservoirs in the Sabalan region.

There are two possible interpretation to explain

these relative negative anomalies: 

anomalies caused by real tectonic

filled with recent and partially 

incoherent sediments, lower- density sedi-

ments.

anomalies developed by the presence of 

lower density subsurface volcanic rocks. That is

to say, rocks constituted from tuff and other 

The negative anomaly is thus caused

only by a lateral horizontal variation of the

facies. In support of this second hy-

pothesis there is the ascertained presence of some

volcanic effusive formations inside the "basin"

well as in the central part of the volcanic mass.

The final interpretation of the two possibilities is

that the basins are of a tectonic nature and

filled in part with lighter tuffaceous volcanic form-

tion.

__._".,I-

'

structure

Gravimetric surveys were carried out in the Sabalan

region in order to construct the deep geological 

structures of the area.

the NE sector of the area the strong

corresponds to the chainpositive anomaly

which lies parallel to the Caspian sea.

Regional effects decrease the SW direction, and 

the center of this likely lies outside the
surveyed area in correspondence with the

massif of Sahand.

negative anomaly is caused by an extended

depression filled with lighter volcanic formations.

Details of the high gravity valves as fol-

The structure present to of the

volcanic cone, due to higher density

lows:

Geochemical

Geochemical studies of the region recorded 

types of spring 14 gases, 30 hydrothermal

alteration areas and deposits,and 335 off waters.

samples collected from four zones are

follows: Sareine: 1001, , 1003. 1004, 1007, 1008,

1009, and Boushli: 1006. 1045,

1046,1048,1051, 1052, and Meshkinshahr:

1020,1021,

1022, 1023 and 1075.

The of samples carried out in

different laboratories by Tehran Berkeley consulting 

Engineers and (Italy). The results of the

both analyses well matched.

The results of the chemical analyses (table were

used calculations with computer code

WATCH et e l . such calculations, 

the quartz temperature was selected as reference

temperature (The temperature).

computer codes used to simulate unknown

conditions, certain assumptions are made about the

processes taking place. With the WATCH method of
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i r 5

calculat ion, the i s that there i s no mixing

tak ingp lace . I f however. there i s mixing tak ingp lace

between the thermal water and ground water, the result

of calculat ion wi l l be in error. This i s i n the

case of samples taken from region. First. the

large variat ion flow r a t e o f the springs indicates

that ground water influences the springs f low  ra te .  

Secondly, the temperature i s based on the

r a t i o between the concentration of and K,& i n

the water. mixing w i l l have a t less in f luence on the

temperature than that o f The third reason i s

that whereas the ion ic balance o f the samples is i n

good, the ion ic balance of the calculated deep

Water is f r equen t l y not i n balance.

The table 4 . shows the d i f f e r e n c e between

temperature and temperature f o r the from

together with the ion ic balance for the surface

116

81

-!6

-1.69

18.16

samples and the calculated ion ic balance for the deep

water. Figure 5 shows a and quartz

balance between surface and deep water. The f e l l

i n t o two Categories, those with

agreement between the ion ic balance and those with

r e l a t i v e l y ion ic balance a t surface end those

f o r the deep waters. 

The mixing thermal water with ground water

in f luences the calculated mentioned
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above. Table 5-7 shows several readings

for the from Meshkinshahr, and Sareine.
It is assumed that the discrepancy between the

calculated and due to mixing

of the thermal waters with ground water. If that is the

the calculated quartz temperatures become low,

and in fact a l l temperatures in tables lower

than temperatures. It is of interest to know

whether the three thermal in Sabalan indepen-

dent geothermal systems if the thermal independent 

fluid originates from a c o m n source. of chemical

components in thermal waters temperature dependant.

However. this is not the case for and For a given

geothermal system the ratio is therefore constant 

This indicates that the three areas of

Boushli and Sareine can have c o m n source of

thermal water. If the thermal water at Meshkinshahr. 

Boushli and sareine have c o m n source, it is expected

that this system located at high elevation would be

influenced by boiling effects of springs located

lower elevation, and the springs at elevations
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expected to have higher concentration in CI. Figure 7

shows the relation between CI and elevation of springs

in the Sabalan area.

At present, it seems appropriate to assume

there is only one up flow zone in the Sabalan area, and

such flow zone closer Meshkinshahr than the other

thermal areas.

The main conclusionsof the chemist from the samples

taken in the area follows:

Thermal water is mixed with groundwater. The 

different degree of mixing and local ground

water conditions offsets the results of usual

chemical calculation of subsurface condition

The ratio in water from Sabalan indi-

cates that the thermal waters in Meshkinshahr,

Boushli and Sareine have a c o m n

The low value for sample in the

area is mixing of with groundwa-

ter.

The thermal waters in the Sabalan region originated 

from a high temperaturegeothermal source. Tempera-

tures excess of I50 expected to found in

deep wells.

The up flow zone of Sabalan geothermal system is

expected to be found at relatively high elevation 

and the Meshkinshahr area is considered be the

most promising area for exploration drilling.

The average value for the Quartz and

and respectively.

explorations (geological, geophysi-

cal and geochemical) have been carried in the 

region, Results of the feasibility studies 

performed for three zones of high geothermal potential

in the Sabalan region indicate the

following order of priority: Meshkinshahr. and

According to evaluations, the

average temperature of deep

Therefore the Sabalan region has the

highest geothermal potential in Northern I ran . This

region for the first

electrical generation from geothermal energy in

Iran.

Thus it is concluded that the next step in

geothermal in Iran will be exploration

drilling in Meshkinshahr zone.

In order t o eliminate risk in exploration drilling,

it is highly to carry out magnetotelluric

survey in the area. However the present

geothermal data from Sabalan area is sufficient to

exploration drilling. 
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