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Geothermal energy development projects in Iran
began in 1875, Resulfs indicate that Iran has sub-
stantial geothermal potential in the northern Prov-
inces. With respect to higher priority, the region3
of Sabalan, Damavand, Maku-Kfoy and Sareine are
considered as promising prospects for electric Power
generation.

The Sabalsn region contains of the three promising
zones at Meshkinshahr, Boushli and §areing, where
according to geothermometric studies, the range of
their average subsurface reservoir temperatures are
140-251%. pursuant to hydrogeological, geophysical
end geochemical interpretations. the Meshkinshahr
area has been selected for the first exploration

drilling site.

Introduction
Interest in the geothermal e¢nergy¥ originated in Iran
sinceMr, James R. McNitt, & United Nations geothermal
expert visited Iran (December 1974). He reported that
Iran has very promising prospects for geothermal energy
development. UponMr. McNitt's recommendations in [973,
& contract between Ministry of Energy (MOE), ENEL {Ente
Nazionale per L 'Energia Elettrica of Italy) and TB
(Tehran Berkeley consulting Engineers of Iran) was
signed for geothermal exploration in Northern part of
Iran (Azarbaijan & Damavand regions) .
Final reports of the regional investigations performed
for those areas were delivered during [880-1883.
According to these reporis and investigations of
Electric Power Research Center {EFRZ), priorities were
given to the Sabalan, Damavand, Khoy=Maku and Sahand re—
gions. Such findings were approved by Dr. Valgardur
Stefansson (InterregionalAdviser on Geothermal Energy,
United Nations) on his visit to Iran of 1989.

since ! 993, feasibil ity studiesto justify exploration
drilling and approximate the reservolir capacity in the
Sabalan and Damavand regions were carried cut by EPRC.
As a result, respectively, the geothermal potential of
the two regions are estimated to be 48x10 % ana sxip ¥
joule.

This article will cover explorationactivities in the

Sabalan region.

Geology of Sabalan

Sabafan 1s a Quaternary stratovolcanic mountain, that
at the present time is at the solfatara stage. Surface
geological surveys of the Sabalanarea show that most of
the area is covered by extrusive rocks.

The sabalan region has three geologically distinct
provinces, they are as follows: Northern, southern and
Sabalan volcanic provinces.

Rock types of the Northern volcanic province consists
of the following sequernice:Andesite ash flows, andesite
porphyry and quartz latite unit.

These volcanic areas have been intruded by & Monzonite,
believed to ke equivalent (o the southern quartz
Monzonite that is dated from 22.5 to 23.0 m. Y.The
Youngest volcanic unit appears to be an andesite ash
Flow.

The southern Volcanic province 1is bounded on the
north by the main road between the cities of Saraé and
Ardebil, and extends southeast toward the study area
boundary. Rock types of this province are as following
in an young to old sequence:

Alluvium, terrace conglomerates, volcanoclastic
sediments, olivine basalt porphyry flows, hornblende
andesite porphyry flows and pre- volcanic sediments. The
pre-volcanic sediments are the oldest rock units in the
Sabalan zone.

The Sabalan province shows characteristics of an
earlier strombolian type eruptions, therefore in some
localities there is evidence of weak to violent eruption
of moderately fluid lava, generally of ar andesitic to
basaltic composition and thicker blocky Flows., Rock
types of this area are as following Iin an young to old
sequence:

Alluvium, quaternary terrace conglomerate, volcanoc-
lastic sediments, quartz latite flows, Post caldera
andesite, basalt flows, Iatite porphyry flows, andsite
flows, quartz monzonite intrusions, lalite porphyry
flows, mafic andesite flows. and pre- volcanic sedi-
ments

Regional stratigraphy of the Sabalan is related to
the sedimentary substratum (Fig. 1&2) that is taken from
the bibliographical data regarding the surrounding areas

and north of Iran in general.
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Tectonics

Since the Sabalan is covered by velcanic debris and
extrusives, there are no outcrops of the sedimentary
substratum. Therefore it 1s impossible to identify its
feconfc and structural !ineaments. Structural informa—
tion is derived from the neighboring regions.

Azarbaijan 1s situated on the eastern part of the
Turkish continental plateau. which lies on anlintracont-
inental orogenic zone between the Eurasiatic and
Arabian plates.

As an effect of the principal Alpine diastrophism.
the Alborz end Zagros chains have converged in the
structural unit of the continental plateau.

The Sabalsn region is situated on the eastern part
of theplateau, that is near the margin of the Caspian

sea.
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Thermal springs

There &ré more than 17 thermal springs in the Sabalan
region. These springs are scattered from the northwest
flank to the southeast of Sabalan and distributed in
groups; Meshkinshahr, Boushli and Sareine (Fig,})

The average temperatures of the thermal springs are
about 40°C . The hottest springs are Situated in the
Meshkinshahr group (8506‘) and the Boushli group (7700),

The maximum flow rate in the Meshkinshahr group is
9000 !/min and in the Sareine group abut 4000 |/min,
there 1is no record on Boushli group.

Practically all springs display considerably a higher

flow rate in Mav than in Agust.

Hydrology & Hydrogsolcgy

AS a result of local uplifting of the sediments in
sabalan area and due to volcanic forces or fast cpoling
of the extrusive rocks. the area is highly fractured.
According to the fracture studies, it appears that the
major element influencing hydrology of spring's reser-
vair 1s the sabalan Caldera. Due to thecollapse and its
associated features (ring fractured, efe), it is found
that there 1is 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 Caprocks

With regard to stratigraphic sequence. permeability
and poresity characteristics, the reservoir rocks of
sabalan. from old to .young. sr¢ as follows:(Fig. 31

The Cambrian rocks, mainly composed of limestones.
dolomites and sandstones display a good permeability and
porosity (e.g. Soltanieh F. Barut F. Zaigum F. & Lallun
F.}. The permo-Triassic successionmade up of quartzite
alternated with limestone and dolomite. also displays a
good permeabi ity when fractured (e.g. Dorud F., Ruteh
F. & Elika F.).

The Shemshak formation (Jurassic}) with composed
thickness of about [000m Shale, siltstones and sand-
stones can be considered as Impermeable caprocks. for
the above mentioned Cambrian -Permian succession.

The calcareous rocks of Lar, Tiz -Kuh and Orbitoi-
Ina limestones (Mid. Jurassic - Lower Cretaceous/,
approximalety 400-500 m thick, display good permeable
reservoir rocks, that 1is overlaine Ly Karaj forma-
tion{Focene-Oligocene) &5 a caprock. This formation Is
mainly made up of volcanic rocks (Lavas and fc a lesser
degree, tuffs), But layers of limestones and gypsumare
present lovcally. The overall permeability of this
formation is medium, even if focally it cam be high in
correspondence with lithoid and slightly altered lava
or low in layers of ceneritic tuffs. There are also
layers with low permeability that cam be considered

caprock,
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The Deep Geclogical structure

Gravimetric surveys were carried out in the Sabalan
region 1n order tO construct the deep geological
structures of the area.

In the NE sector of the area (Fig. 4} the strong
positive anomaly ¢corresponds to the mountainous chain
which lies parallel to the Caspian sea.

Regional effects decrease in the SW direction, and

the center of this anomaly most likely lies outside the

surveyed area in correspondence with the moun tainous

massif of Sahand.
The negative anomaly 1is caused by an extended
depression filled with lighter volcanic formations.
Details of the high gravity valves are as fol-
lows: (Fig.4)
- The ractangie-shaped structure present to NE of the

Sabaln volcanic conme, due to higher density mass
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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 are: that of Ahar,
Meshkinshahr & Lahrood basin on the northern past of
Sabalan massif; the anomaly of the Nir-Ardebil basin
{Sareine basin) that is situated on the eastern side of
Sabalan mountain and the anomaly of the Sarab basin
{Rushli area) that is located on southern part of the
Sabalsn. These three basins are the main structures of
geothermal reservoirs in the Sabalan region.

There are two possible interpretation to explain
these relative negative anomalies:

o The anomalies are caused by real tectonic depres-

sionfgrabens) filled with recent and partially
incoherent sediments, i.e. lower- density sedi-
ments.
The anomalies are developed by the presence of
lower density subsurface volcanic rocks. That is
to say, rocks are constituted from tuff and other
pyroclastics. The negative anomaly is thus caused
only by a lateral horizontal variation of the
lithological facies. In support of this second hy-
pothesis there is the ascertained presence of some
volcanic effusive formations inside the "basin" as
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 {grabens) and
filled in part with lighter tuffaceous volcanic form-

tion.

Geochemical Explaration:

Geochemical studies of the 8abalan region recorded
65 types of spring waters, 14 gases, 30 hydrothermal
alteration areas and deposits, and 335 run off waters.

The samples collected from four zones (Fig.!) are as
follows: Sareine: 1001, 1202 , 1003. 1004, 1007, 1008,
1009, 1010 and 1G11. Boushli: 1005, 1006. 1045, 10454,
1046,1048,1051, 1052, 1102 and [l103. Meshkinshahr:
1012,1013,1014,1015,1016,1017,1018,1019, 1020,1021,
1022, 1023 and 1075. Ahar: 1070.

The analyses of samples was carried out in two
different laboratories by Tehran Berkeley consulting
Engineers {(T.B} and ENEL (Italy). The results of the
both analyses are well matched.

The results of the chemical analyses (tablel-3) were
used for geothermometer calculations with computer code
WATCH (Andersson et el. 1982). For such calculations,
the quartz temperature was selected as & reference
temperature (Thesubsurface temperature).

When computer codes are used to simulate unknown
conditions, certain assumptions are made about the

processes taking place. With the WATCH method of
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Tablel! Chemica! composition in ag/1 of the samples from Meshkinshahr

T
Sampie oC 1/sec pH/OC SIOJ B Na K Ca Hz 00_7 : 6‘04 h';,s [ F TDS
No.
1012 38.5| 0.7 2.7/25 | s0.0 0.55 | 182,0 | 32.1 28.1 10.30 | 760.0 528.0 | 8s.0 | 83.8 0.6 | 936.0
1013 6.5 | 0.2 35.5/25 | &1.0 0.03 | 20.9 3.9 32.2 6,20 46,0 13%.0 1.8 2.3 | 7.0
1014 42.5| 0,7 6.7/25 [ 109.0 | 0.16 | 221.0 | 16.8 74,2 49,80 | 84s.0 274.0 4.6 1132.0
1015 11.0] 0.1 5.7/25 | 88.8 0.05 1 29,9 3.9 68.1 46.20 | 1232.0 | 134.0 1.5 0.3 | 613.0
1016 37 | 0.1 6.0/24 | 154 3.35 | 322 13.0 80, 2 18.5 376.0 283.0 426.0 | 1,0 | 1464.0
1017 85.5| 16.7 6.8/22 | 1238 7.78 | 690 195.6 | 124.2 | 21,90 | 163 432, 0 953 1.4 | 2610.0
1018 44.5| 0.5 5.7722 | 26 0.50 | 30.5 30,1 82.2 24,30 | 386 480 1.8 1.0 | 878.0
1019 4.5] 0.2 6.8/22 | 60 o.10 | I13.1 5.5 28.1 5.22 78 331 6.0 Lo | 258
1020 .51 0.2 7.5/22 | a7 0.12 ; 1.8 EN 4.1 3.38 125.0 4.8 5.0 0.3 | 253
1021 16,5 0.3 7.6/22 | 58 c.08 | 19.1 4.1 22 5,83 72 12. 12.1 0.1 | za1
1022 22 6.7 7.6/22 | 71 0,07 | 15. J 4.7 47 jue 3.04 77 5.6 0.2 | 174
Tabic 2 Chemical composiiion in mg/I of the sampics from Boushii
0 %) .
Sasple [4 1/sec | pa/%c 5i0, 8 Na K ca He co, 56, Hs | el I3 708
No.
1005 7% 0.1 7.3/22 | 75 24.8 | 2208 266 54,1 31.6 1269 130 2911 2.8 6316
1045 40,5 0,1 6.7/22 | 92 29,16 1 2601 258 130 24.3 1185 274 2804 1.8 6446
1046 41,51 0.1 6.7/22 | Is0 20.52 | 2093 i7s 190 42.5 1620 1856 7.3 | 2094 1.9 7006.
1647 12 0.1 7.2/32 | 60 0.80 7.0 3.0 28,9 4,13 107.0 | 13.4 8.8 245.0
1048 52,5 0.2 T.0/22 | &7 20,57 | 1587 219 180 25,8 1196 235 1988 L5 4729
1051 22.0| 0.2 6.6/22 | %6 23,76 | 1817 219 220 s2.20 | 1710 161.0 2201 1.1 5605, 0
1852 40.5| @.2 6.5/22 | 77.0 | 28.08 | 2093 270 220 59,5 1860 1058 2485 2.5 6474
1102 1.0 6.1 6.5/22 | 40 [ 0,39 28,9 3.2 86.2 26.7 284 245.0 12 0.4 768
Table 3: Chemical composition in mg/l of the samples from Sareinc
0 %
Sample o issec | prAc sio, B Na ¥ Ca Hg co, 50, Hys | et F DS
No,
1801 17 0.1 5.9/22 | 106 0.04 25.3 6.7 54.1 13.40 | 903 34,6 4.3 0.4 190
1002 11 2.3 6.3722 | 84 0.08 12.4 2.¢ 46. 1 12 361 12 3.9 0.4 288
1603 15,5 0.1 5.6/22 | 78 0.04 13.1 2.5 42.1 9.8 139 48 5.0 | 0.4 277
1004 46.51 1.3 6.8s22 | 105 1.94 190.9 | 36 72,1 18.2 932 9% 209.4 | 0.3 936
1097 23 0.1 3.5/22 | 107 0.45 62,1 16.8 44,1 12 190 96 29.1 0.7 446
1008 12,5 | 0.6 7.1/22 | 54 0,10 19.1 1.4 80.2 11.2 198 38.9 3.0 0.8 361
1009 35.5| 1.6 4.6/22 | 24 23 5.3 172 8.6 485 485 0.2 | 2.0 0.5 876
1010 16.5| 0 L 6.5/22 | 56 13.4 2.5 92,2 9.6 25 230 1.0 0.6 sie
1011 11.5] 0.2 | 6.5/22 | 35 2.09 16,1 1.9 36,2 14.6 204 12 8.2 1.1 ax
LaG 4 ——— -
— ! Tabfe ¢ : §ilica, Mk tepperatsres aad jonic Balasce for sarface 1ud deep weier at Sabafar
5 "
£ oem i mmtwamon o bosmte | rorf | ol Surface water ety mites
=1 i Bufance Btlaace
e |
8 12 | tes 52 -ig.8! i
o -t it i 268 LY -[18.%5
= : LI i HI i -89 -8.10
2 1 CoL v, 101 1" P 5.58 -198.08
_ i "a e X NS5 e 5 2.45 N2
2 200 e i i1 us 5.1 7.4
= .8 g 7 M -5.48 -1
- B i 195 AN .68 1.8
el ) . . - 429 §¢ Jni 15.24 JAN )
T TR T e e ez ane 102 1 ] i8.91 16,54
e . . f9dd i i .1 166
lemperature ditflerence (0 ) 1005 116 I By BR7;
ir5  Relalion belwesn fhe differcives a Nak and guarly temperali e 1ee ﬁi; ii; ;-ﬁi’ :1[‘7,;9
and the differences in aonie balance for surlace 1 deo atl s ! |
e e R oo desp matel 147 1 1 6 ¢ 11,32
calculation, the assumpticn IS that there is no mixing 048 121 135 241 241
. o . 1051 121 HE 190 1.68
takingplace. If however. there is mixing takingplace 1653 m 124 By N
102 it {88 i1 15,76
between the thermal water and ground water, the result 1601 o o T iy
. 5 .
X . . . . 7. This is true in the 160 10 2 -1.69 7.5
of the calculation will be in erro his i e I Y 7 T
case of samples taken from Sabalan region. First. the 1o 14 241 ) -156.95
X . . ige} 1 Jog N -185.01
large variation in flow rate of the springs indicates 1008 108 1 18.16 m
; . . eee 120 Jo? .00 -H1.42
that ground water influences the springs flow rate. 1080 107 T ) 9.8
. 1o 81 L £4.67 &M
Secondly, the calculated NaK temperature is based on the i ‘

ratio between the concentration of Na and K, & Si02 in
the water. so mixing will have at less influence on the
NaK temperature than that of S10;. The third reason is
that whereas the ionic balance of the samples is in all
cases good, the ionic balance of the calculated deep
Water composition is frequently not in balance.

The table 4. the difference between Sjo.,

temperature and NaK temperature for the samples from

shows

Sabalan together with the ionic balance for the surface
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samples and the calculated ionic balance for the deep
water. Figure 5 shows a relation between NaK and quartz
balance between surface and deep water. The samples fell
those with relatively good

those with

mostly into two Categories,

agreement between the ionic balance and

relatively poor ionic balance at surface end those

calculated for the deep waters.
water with ground water

The mixing of thermal

influences the calculated geothermometers as mentioned



Table 5 ;| Geothermometers for samples from Meshkinshalr
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Samples Teaperatures in a(.‘
No, L/5 Spring | CH I 154 Qz AMORFPH | Crist, NAK | NAKCA 4] CORR.
ADIAB. 4/5 1/3
I a d4/3 1/3
1012 110 0 350 13 261 | a4 79 74 77
1013 123 7 78 27 269 | -3 81 - --
10144 50 114 14z 137 21 9§ 43 i69 | 21 6o a9 F
101 102 130 127 11 S0 i1 224 | -26 46 - --
1046 37 135 163 154 40 13 63 226 | 46 s0 82 87
1047 17 54 124 151 145 30 101 52 243 | 87 e | tiz2 | 123
1013 45 45 74 78 0 24 0 384 | 22 9s 78 85
1G19 0 1s 82 tie 1o 0 60 13 407 | 4 i1
1020 0 12 59 88 9! 0 38 1 313 | -9 YY
1021 0 17 g0 1oy 108 o 58 11 296 | 14 112
iv22 1] 24 92 120 118 2 69 22 342 | 27 130
Table 6! Geothermomelers for ssmples froa Doushli
Samples Tempersiures in oC
No. L/ | Spring | ¢ 0z 0z AMORFPI | Crist. NAK | NAKCA co CORR.
ADIAB. 4/5 1/3
a n 4/3 173
1o0s 0 717 9q 122 120 4 72 24 | 25| 153 112 138 | 107
1045 o q1 104 13J 128 13 32 34 | 222| 113 97 | toi | i47
1046 4 42 134 161 153 3y 1 61 | 178 §7 78 | 107 | fu3
1047 2 12 32 110 110 0 60 13 | 261 | -4 88
1048 0 53 101 130 126 10 75 31 | 230 | 1¢i 99 | 151 | 1350
1us! a 22 101 129 126 10 78 30 | 215 | 88 85 | 106 | los
1032 0 41 98 123 121 4 72 25 | 222 35 87| 107 | 103
tioz & 1 63 92 24 0 42 0 103 | ~15 34
Table 7 : Geotlhcrmomcters for samples from Sareine
Sauples Temperatures in OC
No. L/s Spring | cH @z 0z AMORPH Crist, NAK | NAKCA co, CORE.,
ADIAB, 43 173
a a 4/3 1/3
1001 o 17 12| 10| 135 10 90 L4l 320 | -23 70
j002 0 11 99 128 | 128 & 77 29 246 | -30 57
JUTER] ] 16 95 124 | 121 5 73 I 25 272 -23 6
1004 ! q7 112 | rq0| 135 19 39 {45 270 33 7 2 So
1007 [ 23 113 | 141 | 136 20 90 i 43 325 22 93 S0 78
108 1 13 77 105 | 106 1 55 s 185!l -m 5i
tooy 1 36 99 128 | 125 3 77 2% 36 -26 53
tote ¢ 17 79 107 | 107 [ 57 10 50| -z26 ]
1014 0 12 57 | 86 | 39 0 36 [ o | 23] -3z 55
above. Table 5-7 shows several geothermomster readings Sareine
} bushli & Sabalan
for the samples fromMeshkinshahr, Boushli and Sareine. < /Meshmsham
; . N SO
It 1is assumed that the discrepancy between the BB DY a0 .
3 bushh & 3abalan 5
calculated NakK and quartztemperature are due to mixing j R
! s
of the thermal waters with ground water. If that is the 25005 SRS
3
case, the calculated quartz temperatures become too Ilow, =9 1
and in fact all temperatures in tables [-2 are lower 20603
. . 1
than the NaK temperatures. It is of interest to know 3
]
whether the three thermal sre¢as 1in Sabalan are indepen- - m-ﬂc-i bushli & Sabalan Vd
i S
dent geothermal systems eor if the thermal independent : \7 e
) o . ! 3 s,
fluid originates froma comn source. Most of chemical [ Ve
components in thermal waters #ar¢ temperature dependant. .. ! 3
However. this is not the case for CI and 8. For a given S @y
500 =
geothermal system the B/Cl ratio is therefore constant B
, L . bl
{Fig 6), This indicates that the three areas of Meshki- i

nshahr, Boushli and Sareine can have & comn source of
thermal water. If the thermal water at Meshkinshahr.
Boushli and sareine have comn source, it is expected
that this system located at high elevation would be more
influenced by boiling effects of springs located &t

lower elevation, and the springs at low elevations are

1
[

Bushlh

B -
Sareine “——

a

2

)

FIG.6 —Relation between Cl & B for samples from meshlkinshahr,
Bushii ., Sareine & 3abalan (ali) the best hnear fit corresponds
to the B/Cl Ratip 275, 20.7.21 & 3035
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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 most appropriate to assume {ha £
there is only one up flow zone in the Sabalan area, and
such flow zone is closer ta Meshkinshahr than the other
thermal areas.

The main conclusions of the chemist from the samples

taken in the Sabalan area are as follows:

Thermal water 1is mixed with groundwater. The
different degree of mixing and local ground
water conditions offsets the results of usual
chemical calculation of subsurface conditionas
geathermometers,

The B/C! ratio in thermal! water from Sabalan indi-
cates that the thermal waters 1in Meshkinshahr,

Boushli and Sareine can have a comn source,

- The low pH value for sample 1012 in the Meshkinsh-
ahr area 1is due to mixing of HyS gas with groundwa—
ter.

= The thermal waters in the Sabalan region originated

froma high temperature geothermal source. Tempera-—
tures in excess of 150 '7(7. are 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 1s considered to be the
most promising area for exploration drilling.

Quartz and NaK

geothermometers are 1300(.‘ and 258c respectively.

The average value for the

Conclusions:

Surface geotherma! explorations (geological,geophysi—
cal and geochemical) have been carried out 1in the
Sabalan region, Results of the feasibility studies
performed for three zones of high geothermal potential
(48){10}5 Joules! in the Sabalan region indicate the
following order of priority: Meshkinshahr. Boushli and
Sareine. According to geathermometric evaluations, the
average temperature of deep reservoirs are Ik?d?c {oz)
and 25 (NaK). Therefore the Sabalan region has the
highest geothermal potential 1in Northern Iran. This
region is recommended for the first explorationdrilling
and electrical generation from geothermal emergy in
Iran.

Thus it is concluded that the next step 1in
geothermal development 1in Iran will be exploration
drilling in the Meshkinshahr zone.

In order to eliminate risk in explorationdrilling,
it is highly recommended to carry out magnetotelluric
survey 1in the Sabalan area. However the present
geothermal data from Sabalan area 1is sufficient to

Justify exploration drilling.

1%

30004

{mg/1)

2000

Cl

1000 +

2
o
2 T T B T T
1000 1500 2000 250¢ 3000 500

ELEVATION (m)

Fig 7 ~ Relation between Cl and elevation if springs in the

Sabalan area
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