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General Aspects of Thermal Aectivity in Ieeland
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tand | - RESEARCH INSTITUT:
GL03565 ~ EARTH SCIENGE LAB.

Thermal areas in Iceland have been classified into high and low tem-
high temperature areas are confined to the active volcauic belt, frequently
The low temperature areas are mainly situated in the
from thermal springs and drillholes is estimated
verage temperature of roughly 120 °C. With few
low in total dissolved solids in particular those
th the wall rock. Most of the utilized thermal
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ssociated with acid volcanic rocks.
Tertiary flood basalt areas. The total flow
it the present as some 2700 l/sec with an a
exceptions the Icelandic thermal waters are
Jements not influenced by mineral equilibria wi
mergy is used for domestic heating purposes.

General geology

lceland is almost exclusively built up of volcanic rocks, mainly flood basalts
vith subordinate andesitic and rhyolitic rocks and minor intrusions of gabbro
and granophyre. The oldest rocks exposed are basaltic lava flows of Tertiary
age. These Tertiary rocks are confined to two areas: a) W. Iceland, the NW.
Peninsula and the Middle N. Iceland and b) E. and SE. Iceland. (Fig. 1.)

The Tertiary rocks are separated by a zone of younger voleanics of Quater-
nary and Recent age, mainly basaltic tuffs, palagonite breccias, lava flows and
pillow lavas. Within this area a zone of active volcanism crosses the country
from NE. to SW. This volcanic belt forms the continuation of the rift zone of
the Mid Atlantic Ridge. Another subordinate active volcanic area is situated
on the Snaefellsnes Peninsula.

The volcanic zone is characterized by several central volcanoes, many linear
volcanoes, and numerous faults and tectonic fissures. In S. Iceland they trend
SW-NE. but in N. Iceland nearly N-S. The dominant type of volcano, the

is as a rule closely connected with the tectonic fractures.
der than the active volcanic zone

eruptive fissure,
The tectonic active zone is, however, much wi

(Stefansson, 1967).
In Quaternary and Recent times there appears to have been a certain pe-
riodicity in the volcanic and tectonic activity. (Jonsson, 1967).
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Thermal activity

Thermal activity in Iceland is very widespread. Fig. 1 gives an impression
of the distribution of the thermal activity. It should though be pointed out that
it is impossible to map every spring or spring group on such a small scale map'
so the density of points gives no picture of the intensity of the activity in each

(0 High tempersture aracs
{mainly soltataros and fumorores)
©  Hotwa'er springs 75-10Q° C

QO w . e 45~ 75°C

20~45° ¢

- " " -

o - - -

< 20°C

é Mineral water spring.

—— Approx.toundory of ochive
volcanic zone

T Terhary voleancs.
JJB7.

Fig. 1 — Mineral and thermal springs of Jceland 1 — Reykjanes-Eldvérp; 2 — Krysuvik-
-Trdlladyngja; 3 — Brennisteinsfjoll; 4 - Hengill; 5 —~ Geysir Area; 6 — Solheimajskull
(sub-glacial); 7 — Torfajskull; 8 — Grimsvétn (sub-glacial); 9 — Vonarskard: 10 — Ker-
lingarfjoll; 11 — Hveravellir; 12 — Kverkfjsll; 13 — Askja; 14 — Ketildyngja; 15 — Na-
mafjall-Krafla; 16 — Theistareyikir

RE — Reykjavik; A — Akranes; R — Reykholtsdalur; SN — Snaefellsnes Peninsula; WP
NW — Peninsula; SA - Saudarkrokur; OL — Olafsfjsrdur; MNI — Middle N. Iceland;
NEI — NE Iceland; SE — Selfoss; RM —Reykir Mosfellssveit '

.

Two types of thermal areas have been recognised in Iceland (Bddvarsson,
1961); hig temperature areas and low temperature areas. It is relatively easy to
define geographically a high temperature area but this is difficult and sometimes
impossible for the low temperature thermal activity. In this article four geo-
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ellsnes Peninsula; WP
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cland  (Bodvarsson,
is relatively easy to -
cult and sometimes
5 article four geo-

z sraphically distinct high temperature areas two and two of which are closely

onnected are considered at two (areas 3 and 15 on Fig. 1) although previously
considered as four (Bédvarsson, 1961). Furthermore one area (5, Fig. D)
Jassified by Bodvarsson (1961) as borderline case between high and low tem-
peratures areas is here considered as truly high temperature on the basis of the
high silica content in the surface springs waters.

The present authors agree with Bodvarsson (1961) that no well defined

its exist between high and low temperature activity although area 5 on Fig. 1
ot considered as borderline case between the two. On the other hand the
nmost part of the Southern Lowland presents probably such a bor-

lim
s I
northwester
derline case.

Bodvarsson (1961) favoured to distinguish high and low temperature areas
on the basis of base temperature. The concept of base temperature is based on
a hydrothermal model where all the thermal water is considered to be of me-
reoric origin and that it becomes heated by contact with hot rock. The highest
:emperature reached by the water during its deep circulation is defined as its
base temperature. Present data suggest that subsurface temperatures exceed
200 °C at depths of less than 1000 m in high temperature areas but are ge-
nerally less than 150 °C at similar depths in low temperature areas.

Tablo 1 — Natural surface discharge in the main low temperature areas

i g e gt

i v Total flow Mox.
Artea s surface temp. Remarks
| ° 0
i Southern Lowland 330 100 Many shallow drillholes
; Total discharge 385 1fs
i Reykholtsdalur 300 100
{ NW. Peninsula 250 100 One drillhole in the largest
3 group of springs issues 20 1/s
© Middle N. Tceland 130 89 One deep drillhole at Lau-
f galand (1080 m), issues
8 1/s, temp. 93° C

NE. Jeeland 145% 100

Other areas 50+
| Total 1205

¥ Source:Bodvarsson (1861)
* Rough estimate




Table 2 — Total discharge from drillholes in thermal areas in Tceland

Total Max. | §irface manifestation :
Area flow temp. of thermal activity Remarks
1/sec °C
Reykir, 290 88 | Many surface springs, | 70 drillholes, max. depth mead
Mosfellssveit flow substantial, 1200 m, mostly natural flow, and
] 7 temp. 83° C A : A
Reykjavik 360 146 Surface springs, 23 deep drillholes, max, wate
flow 11 Y/sec., depth 2200 m, numerous B¢
temp. 88°C shallow driltholes. Most of
' the water is recovered by areas
pumping. {abo
Saudérkrokur 35 70 Insignificant springs, | 12 drillholes, - max, depth face
temp. 35° C 480 m, natural flow. " una
Olafsfjardur 35 57 A single surface 13 driltholes, max. depth .
spring, small flow, 580 m, natural flow. = i
temp. 50° C L
Némafjall 60 >260 Intense fumsrolic ac- | 3 drillholes, max. depth s
tivity, temp. 100° C 630 m, natural flow. :
Selfoss 80 94 Insignificant warm 8 drillholes, max. depth
spring that disap- 500 m. Practically all the
peared at the begin- water i3 recovered by pump-
ning of the century ing. i
Hengill 400 > 260 Springs and fuma- 18 deep drillholes, max. 4
rolic activity, temp. - | depth 1200 m, many shallow
100°C wells. Natursal flow. ¢
Krysuvik 20 220 Intense fumarolic 4 deep drillholes, max. depth
activity, temp. 100° C 1200 m, many shallow wells,
natural flow.
Total 1480

OFeTH M

The high temperature areas are characterized by large area of hot ground, fu-
maroles, mud pools, and sometimes solfataras. Near the surface the rocks are
intensely altered. Water issued at the surface is in most cases negligible. All
the high temperature areas are situated within the zone of active volcanism
often emerging at high altitudes, 300—1500 meters above sea level. Most of
them are closely connected with acid volcanism (Jonsson, 1961, Arnason et al.,
1968). At the surface the thermal activity is frequently concentrated along per-
meable faults and fissures but drilling in few areas has shown that the hydro-
thermal reservoir at depth is more or less continuous and more extensive:

The low temperature areas are characterized by hot water springs often with
high flow rates and surface temperatures ranging from 15°—100 °C. Hydro-
thermal alteration around the springs is as a rule insignificant. Most of the low
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.mperature areas are situated in valleys and stretches of lowland along the
.ast, mainly in the Tertiary flood basalt areas. Frequently the hot springs are
ined up along permeable dykes and faults. The very high natural rates of dis-
charge in some of the low temperature areas has been attributed to high per-

qeability of contacts between lava flows, ie. their vesicular tops and bottoms,

snd occasionally sedimentary intercalations.

A separate low temperature area on Snaefellsnes is characterized by spring
waters high in total carbonate.

Bodvarsson (1961) has estimated the total heat output in high temperature
areas as roughly of the order of 10° cal/sec and the total sensible heat output
(above 4°C) of springs as roughly 18% calfsec. The integrated flow from sur-
face springs and drillholes is estimated as some 2700 1/sec at the present with

an average temperature of roughly 120 °C. Drilling has increased the total flow

greatly.
Table 1 gives the integrad flow of natural springs in the various low tem-

perature areas and table 2 the flow from drillholes in most of the well drilled

thermal areas.
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Fig. 2 gives the subsurface temperature in 3 drillholes: a) from the Hengijj
high temperature area, b) from Reykjavik, a low temperature area, and c) Akra.
nes, where there is no surface manifestation of thermal activity. Drilling in va.
rious parts of the country outside thermal areas has established a near surface
thermal gradient of 34-165 °C/km. In many areas the surface thermal gradien;
has been observed to be controlled by movement of hot water at depth (Pal-
mason, 1967). This fact has lead to the conclusion that shallow drilling to
establish the local thermal gradient is an effective method in the exploratmn
for natural sources of thermal energy. :

Regardmg theories on the origin of the thermal energy the reader is- referred
to Bodvarsson (1961) and Einarsson (1942).

Extensive deuterium analysis support that the thermal Waters are of meteoric
origin. (Bodvarsson, 1962, Arnason, 1967).

.

Chemistry of the thermal water

+ When the chemical composition of thermal waters in Iceland is compared
with thermal waters in other parts of the world, e.g. New Zealand, U. S. A,
and Japan it becomes evident that the Icelandic thermal waters are lower in
total dissolved solids, in particular those elements whose concentration is not
influenced by solution equilibria with the wall rock (See Ellis and Mahon,
1964, 1967, Sigvaldason, 1966).

- Analysis of representative thermal waters is given in table 3 together with an
analysis of a thermal brine from Reykjanes (analysis 3). Waters from the low
temperature areas are lower in total dissolved solids (analysis 4—5) than waters
from the high temperature areas (analysis 6—8).

The hot spring water in the low temperature areas is on the whole alkaline
(pH 8.0—9.5) as well as the deep water tapped from drillholes in both low
and high temperature areas. Alkaline springs occur in some of the high tem-
perature areas but acid sulphate springs and occasional carbonate springs are
more typical (analysis 9—10). Evidence from deuterium analysis suggests that
the water in the sulphate and carbonate springs is of local meteoric origin.

- The alkaline water in the high temperature areas is strongly reducing whereas
the sulphate water is oxidising and the carbonate water oxidising or reducing.
In the low temperature areas the water is generally weakly reducing.

Drilling in recent years for thermal water in low temperature areas and
outside thermal areas has revealed hot water of the connate type scarcely known
in surface springs. This type of water is higher in total dissolved solids than
other thermal waters, in particular Cl~ and Ca®* (analysis 1—2). This typ2
of water is often but not always connected with marine sediments. At any rate
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all the drillholes are situated close to the present level so percolation of ses
water into the hydrothermal system cannot be excluded.

In Reykjanes a notable brine issues from several surface springs and one
shallow drillhole (analysis 3). The brine is considered to have been formed by
circulation of sea water through the hydrothermal systema with subsequent
rock/water interactions. Deuterium analysis favours this hypothesis.

Gas analyses show that CO2z, H2S and H: are the dominant gases in the high
temperature areas whereas Nz is dominant in the low temperature areas (Sig-
valdason '1966). i

Recent drilling in two high temperature areas has revealed deep water very
low in chloride (see analysis 6). The temperature at the bottom of the drillholes
(600—800 m) is 260—270 °C. At this temperature and pressure corresponding
to 600—800 m water column the water will be close to its boiling point. Boiling
of the water at greater depths with the separation of a vapour phase ascending
to higher levels and condensing there could explain this low chloride con-
centration. In other high temperature areas explored by drilling to date, the deep
water is always well below its boiling point for the corresponding pressure.

-Exploitation

Geothermal energy is one of the most valuable natural resourcs in Iceland.
About 20% of the energy consumption in the country comes from thermal
energy. Most of it is used for domestic heating purposes. This utilization
which is unique for Iceland makes thermal water with temperatures as low as
50 °C a valuable source of energy. Today about half of the population in the
country lives in houses heated by natural hot water and this figure is increasing
every year. The Reykjavik Municipal District Heating Service (Hitaveita
Reykjavikur) is the largest heating service installation and serves about 75 000
inhabitants of the city. Four smaller communities have also installed such

~ heating services together with many farms in the vicinity of the thermal. springs.

Greenhouse heating by natural hot water was initiated in the 1920’s and
has since been of ever increasing importance. Fig. 3 shows haw the greenhouse
farming has developed since it was initiated. ;

The use of geothermal energy for industrial purposes has been small indeed
up to the present time. It appears though that the utilization of geothermal
fluids for the idustries will increase much in the near future.

This year the production of diatomaceous earth from an underwater deposit
in lake Myvatn in Ne. Iceland was initiated. Due to the high water content of
this deposit (80—85% ) a low cost energy is required to dry it and this energy
is provided by natural hot steam from the nearby high temperature area at

Namafjall.
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