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ABSTRACT 

A description is given of methods applied in geological field mapping 

and a ground magnetic survey carried out in the low temperature area 

of Brautartunga , where a fluxgate magnetometer was used to map the 

paleomagnetic stratigraphy . Field work and interpretation of a geophysi

cal survey in the same area using a proton magnetometer is presented as 

an example of how this techni que is used in geothermal exploration to 

find the relation between hot springs and faults or dykes in places where 

the basement is partly covered or completely hidden by soil. 

A small tephrochronological study carried Qut in the Snaefellsnes penin

sula is described. Three acidic tephra layers were identified all being 

from the Snaefellsjokull central volcano . Their extent and grainsize 

were studied and the thickness plotted on isopach maps. 

Results of previous studies of three central volcanoes in Iceland visited 

by the author are summarized to compare two deeply dissected central 

volcanoes and their extin¥t high temperature areas with the Krafla active 

central volcano, where a geothermal power station has been built inside the 

Krafla caldera . The Krafla volcano has been vol canically active since 1975. 

The two extinct central volcanoes , Hafnarfjall-Skardsheidi and Reykjadalur, are 

located in the western part of Iceland . They are deeply eroded making 

it possible to l ook at the geology of the high temperature areas at depth 

and their internal structures. 

A brief account is given of the different techniques used in volcanic 

surveillance in Iceland. It serves to illustrate how active volcanoes 

and their associated geothermal fields can be monitored. 
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1 INTRODUCTION 

1 .1 Scope of work 

The author of this report was awarded a UNU Fellowship to attend the 1981 

UNU Geothermal Training Programme held at the National Energy Authority 

in Icel and . The Training Programme is supported by the Uni ted Nations 

University, and the government of Iceland. The training started with an 

introductory lecture course lasting for about 4 weeks on various aspects 

of geothermal science such as geothermal energy around the world , geology , 

geophysics, geohydrology , geochemistry , borehole geology , borehole geophysics, 

reservoir engineering . utilization and economics. 

In the author's view this lecture course provi des a general background know

ledge on most aspects of geothermal energy , and during the two weeks 

geothermal UNU field excursion (29 June-9 July) an opportunity was realized 

to visit most of the geothermal fields in Iceland (low- and high- temperature) 

which included lectures and seminars on each respective area. 

After the four weeks of lectures t he author received a specialized training 

in geology . This included theoretical and practical aspects of tephrachrology 

(3 weeks), a study of tephra layers in Snaefellsnes region (2 weeks), field 

mapping in Lundarreykjadal ur, which in addition to stratigraphical mapping 

involved an exercise in using fluxgate magnetometer and proton magnetometer 

(2 weeks), field work in active and extinct high-temperature areas (2 weeks) 

and volcanic surveillance (3 days) . 

1.2 Geol ogical setting and geothermal fields of Iceland 

Iceland is the biggest landmass astride the Mid- Atlantic Ridge and consists 

nearly entirly of volcanic rocks with small portion of intercalated sediments 

also of volcanic origin. The recent volcanicm is mainly limited to an axial 

rift zone which stretches (in branches) across the island from southwest to 

northeast . 

The oldest dated rocks in Iceland are found in the extreme northwest and east 

and their age is 14- 16 m. y . (Moorbath et al ., 1968). These rocks were 

origi nally erupted in an axial rift zone in the central part of the country 
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but drifted away from it as time passed . Thus the rocks i n general become 

younger towards the active rift zone. 

The rocks are predominantly basaltic, of the tholeiite suite, but about 10% 

of the rocks are intermediate to acidi c in composition. Sediments make up 

only about 5% on the average of the s t rata . In Fig. 1 a geological map of 

Iceland is presented , compi led by K. Saemundsson of NEA 11979). 

The active rift zone consists of en echelon fault and fissure swarms with a 

central volcano sitting in the centr e of each swarm (Saemundsson, 1980). 

The swarms are inclined at a samll angle to the trend of the zone. These 

same structures have been observed in the older part of the island . The 

ruins of central volcanoes have been identified with dyke and fault swarm 

running through the centres. The p r esent fault and f~ssure swarms have 

been interpreted as surface manifestations of the dyke and fault swarms 

of the older and dissected areas. Presently about 80 central volcanoes have 

been identified and about 20 of these have been active in postglacial time 

(last 10.000 years) or may be regarded as dormant . 

A small volcanic zone stretches from WNW to ESE along the snaefellsnes 

peninsula but it can not be classif i ed as a rifting zone. The composition of 

the volcanics r elated to this zone is transitional to alkalic in contrast 

with the tholeiites of the main ri f t zone . 

Most of the extrusives in Iceland a r e regular lava flows but during glaci ati ons 

hyaloclastites and pi l low lavas are formed instead. Submarine eruptions produce 

s i milar product s. 

The predominant types of volcanoes in the volcanic zones are the following: 

a) Lava shields are formed in one but long monogenetic eruption. Subglacial 

eruptions may eventually lead to table mountain f ormations which are predomi

nantly bui lt up of pillow lava , hyaloclasti te with a lava cap at the top . 

b) Monogenetic eruptive fi s sures are characterized by eruption of fluid basaltic 

magma, whichun~yflow over distances of tens or even over a hundred kilometers. 

The length of one individual fissure may reach 120 km. 

cl Central volcanoes (both of strata type and shield volcanoes) . The eruption 
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of intermediate to acid magma is restricted to these volcanoes. Usually a 

caldera subsidence is developed in the central part of the volcano , often with 

a diameter of 10 km. High temperature fields develop in the central part of 

the volcanoes. These volcanoes have a life- span of 0.5 - 1 . 5 m. y. and in deeply 

dissected volcanoes major intrusions are exposed. 

In general the volcanic activity in historical times (i . e. last 1100 years) 

has been more or less continuous and there is a volcanic eruption on the 

average every fifth year . 

As mentioned above the Mid-Atlantic Ridge which is the plate boundary 

between the North-American plate and the Eurasian plate, runs across Iceland. 

Heat flow is anomally high along the plate boWldary. The geothermal gradient 

in Iceland varies from 50· to 160·C/km and is highest close to the axial 

rift zone , but still higher gradients are reported from high temperature 

areas inside the active central volcanoes (Saemundsson and 

Fridleifsson , 1980) The geothermal fields in Iceland are divided into two 

main categories or groups: 

a) High temperature fields, which are always inside an active or dormant 

central volcano. Presentl y about 20 such fields have been identified. 

A geothermal field falling into this group has to have a subsurface tempera

ture of 200 · C or more in the topmost 1000 m. They are predominantly charac

terized by large areas of hot ground, fumaroles , mud pools and high alteration 

state of the rocks (propylitization) . 

There are supposed to be two types of hydrothermal systems within high 

temperature fields in Icel and : 

i) Vapor dominated systems 

ii) water dominated systems 

b) Low temperature fields. There are several hundred geothermal fields 

which fall into this group. The geothermal fields in this group have a 

subsurface temperature of less than 150·C in the topmost 1000 m. These occur 

as warm and hot springs and in some cases as geysers. The water discharge 

is variable but the maximum discharge is 180 LIs of 100 · C hot water 

(Deildartunga hot spring). The hydrothermal alteration is usual l y insigni-

ficant . The aquifers are believed to be along faults and dykes or strati-
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fication boundaries . The low temperature fields are now extensively 

exploited. About 80% of houses in I celand are space heated by hot 

water, and it is used also in green houses , fish hatching etc. 

The high temperature areas are all inside the active volcanic zone but 

the low temperature areas are confined to areas outside the zone. 

2 FIELD MAPPING IN LUNDARREYKJADALUR 

2.1 Introduction 

The low temperature field in the Borgarfjordur region is the largest of 

its kind in Iceland. The natural discharge in this area is between 300 

and 400 lis of 'boiling water. It is situated in the Tertiary region where 

the aquifers are believed to be mainly confined to narrow zones along dykes 

or faults. 

BrautartWlga, the area of study, is demarcated by lines of latitude 64 °30'30" 

and 64 °33'30"North and lines of longitude 21° 25' and 21 °15'45" West (Fig. 1). 

The aim of this field work was to do an exercise in using portable fluxgate 

magnetometer and proton magnetometer, mapping of the main geological features, 

like faults and dykes and the identification of zeolite zones . 

The research was necessary to be able to decide where to drill for hot water. 

2 .1.1 Description of methods 

In this area 18 sections were measured along steep slopes or gullies where 

a continuous succession of lava flows could be observed without much diffi

culties . 

The thickenss of the units was established both from altimeter readings on 

steep escarpements and from direct measurement at the outcrop, considering 

the dip of lava flows. It is difficult to assess the error limits of the 

thickness measurements. Check measurements indicate that the thicknesses 

assigned tend to be a li ttle low 

as 5 percent may thus be present . 

rather than too high. An error of as much 
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Mapping involved also the definition of lava types, measurement of the 

thickness of individual lava flows and sedimentary beds, measurements 

of the paleomagnetic polarity of each individual flow, measurements 

of the tectonic dip and mapping of dykes and faults. 

2.2 Paleomagnetism 

All rocks exhibit magnetic properties , one of which is the tendency of a 

rock specimen to behave as a magnet, with a north and south pole and a 

magnetic axis. This magnetization is a naturally occuring property and 

is referred to as fossil magnetism or natural remanent magnetism (Irving, 

1964) . 

The great majority of observations of paleomagnetism have been published 

since 1930 and particularly since 1950. In the early part of the twentieth 

century Bernard Brunhes, a French physicist, accidentally discovered 

that the remanent magnetism of a lava flow in Centr~l France was exactly 

opposite to the magnetic field; that is , the magnetic poles were reversed, 

but the phenomenon remained unexplained. Later (1926) a Japanese geophysi 

cist, M. Matuyama found that many of the Pleistocene volcano rocks were 

reversely magnetized . In this way the longer epochs of constant polarity 

have been named after the several geophysicists who made contributions to 

this study; for example the Brunhes normal epoch extended from the present 

to about 0 .7 m.y. while the Matuyruma reversed epoch extends from 0.7 to 

2.3 m.y. 

Types of magnetization (Lapedes, 1978) 

i) primary magnetization 

There are three types of remanent magnetization in igneous or sedimentary 

rocks . 

a) Thermoremanentmagnetization (T .R.M.) 

The permanence of natural remanent magnetization of igneous rocks is due 



- 16 -

During the present field work a portable fluxgate magnetometer (Segulmaelir 

FT 74-S,Fjarskiptataekni) was used to measure the magneti c polarity of 

each lava flow. Three t o four s amples were taken from each individual 

layer to identify the magnetic polarity. Effort was made to avoid 

proximity to dykes because the dykes may have reheated the lava flows 

and changed their origina l polari t y. 

2.2.3 Rock t ypes 

The rocks in the Lundarreykjadalur valley, are predominantly 

basaltic flows, but subglacial rocks such as basaltic hyalo-
c l astites and pillow lavas occur close to this area. Sedimentary rocks 

constitute less than 5 % of the total thickness. 

In this report the author uses the classification of ~'i'alker (1959) for 

olivine- basalt and tholeiite. The classification is based on the field 

appearance of the flows. Following are their main characteristics. 

Tholeiite 

- Very fine grained 

- Weathered crust grey to pale brown . Spheroidal weathering uncommon 

- Amygdales empty or bearing celadonite, chalcedony, quartz and chlorophaite, 

usually wi thout zeolites 

- Pipe-amygdales and basalt pegmati t es rare 

- Well-developed flow structure within the body of the rock 

Olivine- basalt 

Much coarses in grain 

- \'leathered crust brown to black. Spheroidal weathering common 

- Amygdales bear zeolite 

Olivine sometimes visible in the hand-specimen 

- Pipe-amygdales and basalt-pegmatites common 

- Flow structure confined to a str eaking out of amygdale 

The basalts with more than about 10 per cent phenocrysts (mainly 

plagioclase) are referred to in this p~per as porphyritic basalts. 
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to the magnetization of different minerals+ during cooling in the 

geomagnetlc field from the temperatures at which they solidify, which 
++ 

are usually above the Curie points of their magnetic minerals. 

b) Depositional remanent magnetization (D. R.M.) 

In sediments the magnetization may arise through the orientation of the 

detrital iron oxide grain by the geomagnetic field during deposition in 

water. 

cl Chemical remanent magnetization (C.R.M . ) 

This form of magnetization may arise during chemical changes, as in the 

growth of grains of hematite in the red sandstone, during or perhaps slightly 

later than deposition . 

il) Secondary magnetization 

However, the original direction of magnetization in a rock sample is often 

mastered by secondary or unstable components of magnetization which grow 

in the rock after its formation. 

a) Viscous remanent magnetization (V.R.M.) is the most common secondary 

component of this form of magnetization. In most rocks there are portions 

of the magnetic minerals which are very easily realigned so that, if the 

direction of the Earth's magnetic field changes, these components realign 

themselves with the changing field. 

+ The magnetic properties of r ocks result from iron oxide minerals present 
to a few percent in many rocks . Two groups are especially important; 
the magnetite (Fe)04) -u1vospine1 (Fe2TiO~) solid solution series and 
t he hematite (Fe203) - i1menite (FeTi03) solid solution series . Inter
growths between magnetic minerals occur frequently. 

++ French scientist Pierre Curie in 1895 discovered that the magnetic 
substances loose their magnetism on heating above a certain temperature 
appropriately named the Curie point . No mineral has a Curie point 
higher than 800·C, for example magnetite has a Curie point of 57S·C . 
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magnetization in the rock. 

b) Isothermal remanent magnetization (I.R . M. ) 
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This type of secondary magnetization is a very important way in whi ch 

the original direction of magnetization is altered when the outcrop 

from which the specimen is obtained is struck by lightning . 

2.2. 1 Magneto-geological mapping in Iceland 

Einarsson and Sigurgeirsson (1955) measured the polarity of basaltic 

lava flows by the means of an ordinary field compass . 

Specimens of a convenient size were removed from the rock and its 

magnetic polarity tested by moving it close to the compass. In most 

cases the permanent magnetization of basalts was strong enough to give 

an easily detected deflection of the magnetic needle . If the north 

magnetic pole of the specimen points downwards when it is placed in the 

original position , the specimen is normally magnetized ; if it points 

upwards it is inversely magnetized (Einarsson and Sigurgeirsson , 1955) . 

This method was later used to map the magnetic stratigraphy of the basalt 

lava pile and the magnetic zonation of the pile was established (Sigurgeirs

son and Einarsson , 1,955) . Later these magnetic zones were correlated 

with the magnetic stripes on the ocean floor (Piper , 1971) . In the early 

sixties fluxgate magnetometers were designed , being far more sensitive 

than the compass . 

In the last two decades the K-Ar- dating method has been applied to the 

basal tic lava flows to date the various magnetic events . The combination 

of K-Ar dating , the use of the portable fluxgate magnetometer in the field 

and the analyses in the laboratory of samples taken in the field , made it 

possible to determine the paleomagnetic pol arity in different areas with 

accuracy and extend the geomagnetlc polarity time scale to 6 .5 m.y. 

(McDougall et al . , 1977). 
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There is no clearcut boundary between the two types and some flows show 

characteristics of both and are thus classified as transitional basalts. 

Very coarse grained and olivine rich lava flows which usually comprise 

many flow units are probably flows from ancient lava shields. 

2.3 Geological mapping 

2.3.1 The lava succession 

As mentioned earlier 18 sections were measured. The total thickness of 

the investigated lava pile is close to 600 m. A representative section 

across the pile is presented in Fig. 2. The tholeiite flows are most 

common in the lower part of the section but olivine basalt and pophyritic 

flows are more common in the central part but the tholeiites become again 

more common in the uppermost part. 

A simplified geological map is shown in Fig. 3. 

Usually very thin sedimentary beds intercalate the lava flows~ They are 

usually only few cm thick and bright red in colour. In the uppermost part 

of the section at least two distinct conglomerate beds are present which 

can easily be traced for long distances and these aided in the correlation 

of the lava sequence across faults. 

The paleopolarity of the flows is shown in Fig. 2 . The lowest part of the 

section is reversely magnetized proceeding into a zone of anomalous polarity 

but the upper part consists of normally ma911etlzed flows. 

By comparing these results to the work of piper . (1971) (£ig.4) and MCDougall etal 

(1977) (Fig. 5) , the polari ty change observed in the measured section is believed 

to represent the Gilbert/Gauss boundary which is close to 3.3 m. y. old. 

The strike of the lava flows is close to NE-SW and dip about 8 ' towards SE. 
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2.3.2 Dykes 

Duri ng field work all dykes were grouped with respect to composition . 

The polarity was measured with a portable fluxgate maqnetometer. The 

knowledge of the polarity of each dyke helps to interprete the gr ound 

magnetic data. 

In all 17 dykes were found in the research a r ea (Fig . 6). The thickness 

and directi on of each dyke was measured in the field. The width of the 

dykes varied from 0.5 to 5 . 0 m. The predominant trend of the dykes is 

NE- SW i . e. roughly parallel to the strike of the l ava flows . The dykes 

are subvertical and usually cut the lava flows at approximately right angles. 

All are basaltic in composition and consti tute only a small fraction of the 

total exposed rock volume. 

2.3.3 Faults 

A number of faults were identified in the field (Fig . 6). These are normal 

faul ts usually with a throw of 10-25 m but the extremes are 5 to 80 metres . 

Mos t of the faults, whi ch in general strike NE- SW , have a throw to the west 

and the plane of these faults tend to be at right angles U> the stratification 

(i.e. dipping 82· NW) . The faults with the opposite throw (i . e . on the 

east side) are close to vertical. 

As seen later there is a conspicuous connection between a particular fault 

and a hot spring . 

2 . 3 . 4 Alteration state of the succession 

Walker (,1960) designated the uppermost zeolite zone as the chabazit~omsonite zone , 

which passes down into the analcite zone at a depth of about 600 ID from the 

top of the lava succession . The analcite zones passes successi ve l y at greater 

depths into the mesolite- scolecite and fur t her down into the laumot ite zone . 

-
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The thermal metamorphism is part of the regional alteration which 

takes place below the water table by reaction of water with the 

basaltic flows to produce secondary minerals in response to the rather 

high geothermal gradient observed in Iceland, which are commonly in 

the order of SO ' to 160 ' C per km {Johannesson , 19771 . 

In Lundarreykjadalur valley, the topmost zeolite-free zone is absent, has 

probably been removed by glacial erosion . The only ~eolites identifie,Q. were 

chabazite and thomsonite suggesting that the lavas belong to the chabazite

thorn soni te zone . 

According to McDougall et al. (1977) lavas within the chabazite- thotlK)sonite 

zone have been metamorphozed at a temperature of less:than 140· C. The zonal 

pattern in Lundarreykjadalur valley is probably similar to the one presented 

by McDougall et al. (1977) (see Fig. 7). 

2 .4 Hot springs 

In the research area there are a few hot and warm springs which will 

be described in this section. The springs are classfied as warm 

springs if the tenperature is in the range of 10-S0 · C, but as hot 

springs if SO·C to lOO · C. The location of the sarings is shown in 

Fig . 6 . 

2.4 .1 Brautartunga hot spring 

The main hot spring in the area is t he Brautartunga hot spring . The 

maximum temperature is 97 · C and the 

\'later springs from a gravel terrace . 

discharge is about 2 l/s. The 

Acco r ding to local information a small hot spring was found west of the 

community house but it was later buried by gravel. 

The hot water o f the Brautartunga spring is presently used for space 

heating of the community house , farm house and for the swimming pool 

but formerly also for greenhouses. 
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2.4. 2 Snartarstadir hot spring 

On the south bank of river Grimsa about 1400 m north-east of Snar tar

stadir farm is a hot spri ng. The temperature is 43- 51'C and the water 

seeps th.rough a post.glacial gravel terrace . The hot springs are seen 

in a 30 ID long stre tch along the river bank. 

Higher up on the slope on the south. side of the valley are a few warm 

springs which seem to be aligned r oughly N-S: 

a. Lowest on the slope and nearest to the river is a quak i ng bog 

about 2- 3 ID in diameter . The maximum temperature is 22"C but 

discharge is negligible . It has been dug out and is about 2 m 

deep . 

b . A quaking bog about 6-7 ID in diameter . Maximum temperature is 

lS'C but discharge is negligible . 

c . A quaking bog about 10 ID dia..!OOter with two eyes of ascent , one 

with a temperature of 12 ' C and the other of IS "C. 

d . A quaking bog about 3-4 in diameter. Maximum temperature was 

recorded 1O,S"C. 

e. A. small pool with a temperature of 13"C and some discharge . 

f . A. quaking bog with two eyes of ascent . The temperatures measured 

were 14 "C and 13"C respectively. 

g. A warm spring with t emperature 9 - 12"C. It is about 6-8 m in mam. 

and is used for drinki.ng water for t he farm Holl. 

In the gully north of the farm Gullberastadir is a warm spring wi th 

a temperature of 11 "C. 

The hot spri ngs in the LW1darreykjadalur valley can easily be related 

to faults which can be traced across the valley . 

At Brautartunga the ground magnetic survey shows clearly the relation 

between a fault and the hot springs (see later) and by the fie ld 

observations the hot and wa rm springs of Snartar stadir could be related 

to a normal fault with a throw of about 20 m (see Fig . 6) . 



A few chemical analyses of hot water from this area are a vailable 

(Table I) . The base temperature is about 130- 140 · C in Brautartunga 

but about 90 ' C at Snartarstadir . 

Place 

Brautartunga 

Snartarstadi r 

Gullberastadir 

Date 

1944 

15/ 11/44 

1969 

19/04/79 

30/6/81 

30/06/81 

" 

" 

Measurements 
of temp. · C 

91.0 

86 . 0 

92.0 

86.5 

96 . 5 

43 - 51 

22 

18 

12 - 18 

10 . 5 

13 

13 - 14 

9 12 

11 

Silica 
temp . 

135 

116 

(64) 

132 

92 

21 
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Table 1. Temperature of thermal waters in Lundarreykjadalur valley. 
Partly from Gunnlaugsson , 1980) . 

2.5 Ground magnetic survey 

Ground map surveys can be successfully used to reveal the 

finer structural details of geothermal areas, especially were the bed

rock is covered by sediments. 

For this reason this method was used to try to find the connection 

between the hot springs and faults or dykes as the bedrock near t he 

ho t springs in Brautartunga is covered by unconsolidated postgladal 

sediments . 
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The geology of the Brautartunga area was mapped p rior t o the ground 

magnetic survey, but due to t h e sediments, the relation between the 

hot springs and faults or dykes was not clear. 

The instrument used was a portable proton magnetometer rrodel Geometrics. 

For the location and topographic control we used an enlarged aerial 

photograph in the scale 1:5000 and a map in the scale 

',50.000. 

The magnetic survey covered an area of 0 . 25 km2 , in all 25 profiles . 

Of these 21 were 400 m long but 4 were 300 m long. The interval 

between measuring points in each p r ofile was 5 m. 

The distance between the 21 first profiles was 20 m but between the 

last four profiles was either 50 o r 100 m (Fig. 8). 

The geomagnetic contour map is shown in Fig. 8. From the shape and 

characteristics of each anomaly it is possible to estblish a fairly 

good model for the basement underlying the sediments. The interpre 

tation is shown i n Fig . 9 . There are two dykes j ust east of the 

Brautartunga farm . Th.e trend of these dykes i s close to NE-SW . 

The eastermost dyke has a reverse polarity but the other has a normal 

polarity . 

Furthermore, there is evide nce from the magnetic survey that the 

normally magnetized dyke transects the reversely magnetized dyk e 

(Fig. 9). 

At least two faults can be identi f i ed from the geomagnetic map. One 

i s a N- S trending fault about 100 m west of the farm Brautartunga . 

The other is a NE - SW trending faul t which seems to run just where the 

hot spring is at t he surface . Wi t h reference to the geological mapping 

these faults are probably normal faul ts . It seems quite obvious, that 

the hot spring is related to the latter one . 

2 .6 Siting o f drillhole 

The surface investigations including geological mapping , geophysical 
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survey and chemical analysis of the hot water in the Brautartunga area . 

has l ed to t he following conclusion: 

a . According to the geological and geophysical survey it seems likely 

that the hot springs and the aqui fer at depth, are connected by 

a subvertical fault (see Fig. 9). 

b. The temperature of the Brautartunga hot spring has varied from 

86° to 96 . S·C , probably due to changes in the ground water level 

i .e . infiltration of cold groundwater . The chemical analyses s uggest 

a temperature of 130- 140 · C at depth. 

C. The most feasible l ocation of a drillhole is about 50 ID NW of the 

Brautartunga hot springs (see Fig . 10) . The aim 'is to intersect 

the north-westerly dipping fault (82°) at 300-400 m depth . 
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3 TEPHROCHRONOLOGY OF THE SNAEFELLSJOKULL GENTRAL VQLCANO 

3 . 1 Methods and usefulness in geothermal exploration 

3.1 . 1 General aspect 

Studies of tephra layers as a tool for various research began in Iceland 

and other countries around 1930. In Iceland these studies led to a 

doctoral thesis: Tefrokronologiska studier pa Island (Thorarinsson , 

1944). He introduced the terms tephra and tephrochronology, and 

uses the word tephra as a collecti ve t erm for all airborne pyroclasts, 

and the.word tephrochronology as the dating method based on identification, 

corre l ation and dating of tephra layers . Thorarinsson (1944) also points 

out the importance of tephrochrono l ogy as a tool in volcanological, 

pollenanalytical , g l aciological , geomorphological and archaeological 

research. 

According to Thorarinsson (1979) tephrochronology has been applied in 

Iceland in different fields such as : 

I Studies of fluvial and wind erosion 

11 Dating of glacier oscillations 

III Dating of ice cores from glaciers 

IV Studies of periglacial phenomena , especially frost crack 

polygons 

V Archaeological studies , especially dating of farm ruins 

VI Pollenanalytical studies of vegetation changes 

VII Establishing a tephroch r onological connection between 

Iceland and other count r ies 

VIII 

IX 

Cryopedological research 

Establishing the volcanic history of active central 

volcanoes a nd t o estimat e volcanic hazards (i. e ,'intensi t y 

of volcanic activity (see chapter 5) 

X Study of eruptive characteristics of volcanoes 

XI Dating of lava flows 
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3.1.2 Field methods 

Where the tephra layers have not been stripped off by wind or water, 

but covered by subsequent soil formation, they appear in more or less 

distinct horizons in the soil profiles . 

To identify tephra layers in the field it is necessary to note their 

colour (which usually reflects the chemical composition) , thickness 

and grain size along with physical characteristics of the grains and 

stratigrafic relation. 

3. 1 .3 Laboratory work 

The samples of tephra layers in the laboratory can be identified by 

the determination of their mineralogical, chemical and physical 

characteristics the microprobe analysis of the glasses being the most 

useful method . Various granulometric parameters can reveal the type of 

explosive activity (Shaw et al., 1974). 

Tephra layers can often be dated by various means, such as by C14_ 

dating of peat soil immediately above and beneath them or trees or 

shrubs embedded in them (Steinthorsson , 1967) . They can also be 

dated by extrapolation f r om other exactly dated tephra laye rs which 

show the ra t e of sedimentation , by dendrochronology, pollenanalysis 

and with the aid of archaeology (Thorarinsson, 1979). 

3.1 . 4 The preparation of samples 

To appreciate the grain size characteristics , the tephra samples should 

be washed to separate organic and soil material. In this process, 

beaker or plastic glass should be used to put the sample in and finally 

cold water t o wash the mixture . After the washing and decanting 

several times the sample is dried. After drying, the different tests 

can be done . 

There are some problems, however, \vhich have to be considerd in the 

interpretation of tephra l ayers . Eaton (1964) listed several cOllUlX)n 
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causes of modification of tephra deposits: 

1) Erratic directional variation of high altitude winds. 

2) Redistribution of particles by erosion and masswasting. 

3) Fluid redistribution of tephra ( t ransportation and reworking 

in oceans and lakes). 

4) Strati graphic complexities tha t prevent cor ration be tween various 

sample points. 

S) Pronounced physical and/or chemical alteration. 

Several other , more subtle variations also lead to (often unrecognized) 

effects which modify tephra deposi t ion. Local thunderstorms commonly 

develop near an eruption . Rain from these storms may scavenge particles 

from the atmospheric tephra (cloud) , thus producing anomalous size 

distribution. A certain fraction of al l eruptions must occur coinci 

dentally with periods of general rain as a weather disturbance passes 

through (Know et al., 1964). 

These probl ems demonstrate the need for more thorough, systematic 

studies of tephra in terms of mine r a l ogical , textural, chemical and 

size characteristics i n addition to geographical d i stribution and 

geometrical configuration. 

3 . 2 An exercise in tracing the phreatric activity of the Snaefells

jokull vo lcano in postglaci a l time 

On the westernmost tip of the Snae fellsnes peninsula is a 1446 m high 

stratovolcano which has been active in postglacial times . Numerous 

basaltic to trachytic lava f lows have erupted during t hat t ime, either 

from the summit crater or from small craters on the lower flanks or on 

the surrounding lowlands . In the Snaefellsnes peninsula three light 

coloured acidic tephra layers have been identified in postglacial 

soil sections (Steinthorsson , 1967, Sigurdsson , 1967). The aim of this 

work was to establish the phreatic activity of the Snaefellsjokull 

volcano and to trace the t ephra laye r s . 

A total of 95 soil profiles were studied in the regi on and their 

location is shown on Fig. 11. The thickness of individual tephra and 
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soil layers were measured and the characteristics of the tephra layers 

studied. In Fig. 11 are shown some representative profiles . As mentioned 

above three light coloured tephra layers have been identified in the 

region and they are con fi rmed by this study . The layers are referred 

to as 80 -1 , 80-2 and 80- 3, counted from top t o bottom. They all seem 

to have a common o r igin ; Snaefellsjokull volcano . Isopach maps of the 

distribution of t he three layers , respectively are presented in Figs . 

12-14 . In some cases the tephra layers have been transported by water 

or been severly aff ected by wind . These cases were omitted . 

80- 1 is the uppermost layer . It is light-coloured acidic tephra , 

gene r ally a t 7-37 cm dep th below the pre sent surface. Its maximum 

thickness is 21 cm close to Olafsv ik northeast of the volcano. The 

axis of maximum thickness stretches northeast from the volcano (Fig . 

13} . The ma ximum grain size is about 6 cm close to the volcano and the 

average size is close to 1-2 cm. The layer consists mainly of frothy 

acidic pl.lIIlice but p itchst o ne fragments are connnon and reach the same size 

as the pumice . Sn-2 is a light-coloured acid tephra and is us ually found 

at 14-120 cm depth . Its maximum thickness is 23 cm northeast of the 

volcano and the axis of maximum th i ckness stretches no r t heas t f r om the 

volcano (Fig. 13) . The grain size is 1- 2 cm close to the volcano but 

decreases to less than 0.2 cm fur ther-away . Most of the fragments are made 

of f rothy pumice but glassy fragments are a l so corrunon. 8n- 3 is the 

lowest l ayer found. It is usually close to the bottom of the soil 

cove r which i s underlain by gravel , morainic material or basement 

rocks . The maximum thickness of this layer i s about 30.5 cm northeast 

of the volcano but its distribution pattern is strange , as can be seen 

from Fig . 14 . The westernmost part of the layer seems to be missing 

for some reason or anoth,er. This layer consists of frothy acidic 

pumice like the others and the grain size is 1- 2 cm closest to the 

volcano but drops to 0 . 2 cm furthe st away . 

A few basaltic tephra layers were found but they could us ually be 

traced to cinder cones in the close neighbourhood of the secti ons that 

they were found in . For example a basaltic teph ra layer from the 

Berserkjahraunskulur craters is found i n many sections west of the 

craters. The age of the upper two light co l oured layers has been 

dated by the means of C14_method (8teinthorsson, 1967). The l ayer 8n- 1 
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+ + 
turned out to be 1750- 150 years old but Sn-2 about 3960- 100 years . 

The bottom layer must be 8000- 10000 years old or so because it is close 

to the base of the soil cover which is assumed to have started to form 

about 10000 years ago. 

It is clear from this research that three major phreatic eruptions 

have occured in the Snaefellsjokull volcano in the last 10000 years 

and the relative dating of the lava flows should be relatively easy 

by using the present k nowl edge of the age relations i n the area . I t 

would be useful to date the layer Sn- 3 . 

4 GEOLOGY OF HIGH TEMPERATURE FIELDS IN ICELAND , ACTIVE AND EXTINCT 

4 . 1 An active high temperature field: Krafla 

4 . 1.1 General geology 

The structure of the active rift zone in northern Iceland is dominated 

by large fault and fissure swarms (Fig. 15). Most of the swarms pass 

through different central volcanoes where fissure. eruptions , differ

en t iated rocks and high temperature geothermal fields are concentrated. 

Two of the central volcanoes in this region have de veloped calde ras ; 

Krafla and Askja. The Krafla volcano and fissure swaon is reviewed 

by Bjornsson et al . (1977) , and the following description is based 

on that paper but the main places of i nterest were visited. The 

Krafla fissure swarm is about 100 km long and has a maximum width 

of 10 km . The Krafla central volcano forms a low broad shield about 

25 km in diameter and in the central part of the volcano is a caldera . 

It measures about 10 km east- west and about 8 km north-south (Fig. 16) . 

It formed during the last interglacial period and has since bee n filled 

almost to the rim wi th volcanic material . The caldera' 5 collapse 

almost certainly followed the eruption of a sheet of dacitic welded 

tuff , which is exposed around the caldera and is an airfall tuff , 

blown mainly towards the north- east from a source near the centre of 

the caldera . A shield volcano with a diameter of at least 20 km 

existed before the caldera formation, and its remnants enclose the 

caldera on the east and west sides , exposing lavas and breccias 
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dipping outward at low angles. 

A high temperature geothermal field lies within the caldera (Fig. 16). 

Drilling has revealed temperatures> 340 ' C at 2 km depth. Basaltic 

intru'sions become increasingly common below 1.2 km depth and granophyre 

intrusions are found in some wel l s near 2 km depth. 

About three km south of the Krafla calder is another high temperature 

geothennal field, the Nama£jall field and drilling to a depth of 1 . 8 

km has revealed temperatures of over ·290·C. The latter area is in the 

same fissure swarm as runs through the Krafla volcano . 

The composition of the eruptives of the Krafla volcano r anges from 

olivine tholeiites to rhyolites. The basalts of the f i ssure swarm 

through Narna£jall and Krafla area are usually quartz normative 

tholeiites. 

Basaltic fissure volcanism is concentrated mainly within the Krafla 

caldera and near Namafjall . In postglacial time about 20 eruptions 

have occurred in the Krafla caldera and its nearest surroundings and 

about 15 in the Namafjall area. Nost of the fissure eruptions are 

basaltic, but andesite and dacite flows have also been erupted in 

both areas . Voluminous silicic eruptions have not occurred in post

glacial time but four subglacial silicic eruptions within and around 

the Krafla caldera have produced large domes or ridges during the 

last glacial period (Hlidarfjall and Jorundur). The Krafla caldera 

contains explosion c raters that h a ve ejected small quantities of rhyolitic 

pumice . The most recent such crate r was formed in 1724 at the beginning 

of the 1724-29 volcanic episode (Nyvatn fires). Tephrochronological 

studies indicate that postglacial volcanism (i.e .less than 10000 

years) in the Namafjall and Krafla areas occurred in two main periods ; 

(1) in early postglacial time and (2) during the last 3000 years. 

The period of repose may have lasted more than 4000 yrs. The Krafla 

and Namafjall part of the fissure swarm have erupted 6-7 times each 

during the latter period of activity . volcanism near Krafla has 

been concentrated along the central part of the fissure swarm during 

this period; earlier it was dispersed over the entire caldera. The 

largest volume of basaltic lava produced in a single eruption in the 
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area comes from the prengslaborgir-Ludentsborgir crater rowan the Nama

fjall part of the swarm about 2000 yrs ago. Its total volume has 

been estimated as 2-3 km 3 and the areal extent is about 220 km2 . 

Few flows of the swarm , however, exceed 0 , 2 km3 . 

4 .1. 2 Historic volcanic activity in Krafla 

Only two major volcanic events have occurrred in the Krafla fissure 

swarm in hi storical time . The first in the years 1724-1729. It 

started with the fonnation of the explosion crater Viti which ejected 

both silicic pumice and basaltic scoria along with mud and rock dehris . 

Ithas been suggested that the formation of the V.tti explosion crater 

may have been caused by magma injection into the hydrothermal system. 

In the following years a repeated activity is recorded , many earth

quakes and opening of ground fissures . New steam and mud craters 

were fomed in the Krafla and Namafjall geothermal fields, but little 

or no volcanic activity was noticed. In 1727 a fissure eruption 

started in Leirhnukur near the centre of the Krafla caldera . This 

eruption continued with lapses until late 1729. The lava flows 

covered about 35 km2 but the fissure is about 11 km long and discon

tinuous . A small eruption was reported on this fissure in 1729. 

The second volcanic event started in December 1975. It followed 

an inc reased seismic activity earl i er that year culminating with 

an earthquake swarm and a small eruption . There have been 6 

volcanic eruptions until now. The activity has been characterized 

by inflation and deflation periods . These periods have been described 

by Bjornsson et a1. (1979). The inflation periods are characterized 

by : 

1 . Continuous and nearly constant. upli ft of the Krafla region . The 

maximum uplift is near the centre of the caldera, 7-10 mm/day 

decreasing outwards to less than 1 nun/day at a distance of 10 

km from the apex of upli ft. 

2 . Gradually increasing seismic activity within the caldera after the 

land elevation has reached a certain cri tical level. 

Decreasing or no seismic activity within the fissure swarm outside 



the caldera. 

3. Gradual widening of fissures near the center of uplift up to 

lmm /day. 

The inflation is interrupted by a sudden subsidence/deflation which 

usually lasts few hours or days. It is characterized by: 

1. Subsidence of the Krafla region. The maximum subsidence near 

the center of the caldera has been from 3 to about 250 cm, but 

decreasing outward . 

2 . Continuous seismic tremor (volcanic tremorl which usually starts 

at the same time as the subsidence and lasts for few hours . 

3 . Earthquake swarm in the fissure zone outside the Krafla caldera . 

4. New fissures and east-west widening of the fissure swarm a t the 

same place as the earthquake swarm. Widening of 2 m has been 

measured during a subsidence event. 

5 . Subsidence of the active part of the fissure swarm , sometimes 

e xceeding 1 m and uplift of both flanks of the swarm amounting 

to tens of centimeters. 

6. Development of new geothermal areas or increased activity in old 

ones. Increased pressure in drillholes. 

7 . Outpouring of basaltic lava , mostly within the caldera during 

some deflation. 
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The inflation is interpreted as being caused by magma transported 

from below and accumulati ng in a magma chamber at a shallow depth 

within the Krafla caldera. The deflation on the other hand is caused 

by release of pressure in the magma chamber by widening of the rifts 

and flow o f magma into the fault swarm north of the caldera. This 

flow is accompanied by volcanic t r emors , faulting and thermal act

ivity in the fault swarm . The movement of the magma has been mapped 

with the help of migrating earthquakes (see Fig. 11). In this model 

the earthquakes in the caldera are caused by inelastic deformation 

of the crust above the magma chamber . 
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4.1.3 Geothermal field 

In the Krafla central volcano and the associated fissure swarm are two 

reported high temperature geothermal fields (Stefansson , 1981). 

Ooe is the Krafla field proper which is inside the caldera (Fig. 16). 

The other is the Namafjall field which is in the fissure swarm some 

5 km south of the caldera . During the present volcanic activity a 

third field has been fanned north of the caldera (Fig. 16), the 

Gjastykki field . 

The eastern part of the Krafla geothermal field was mapped by use of the 

Schlumberger D. e. resistivity method. The resistivity measurements 

show a good correlation between surface alteration and a low resis-

ti vi ty region in the depth range 0-800 m (Fig. 18) but at greater 

depth the resistivity measurements show somewhat a rrore complicated 

picture. Inside the low resistivity region the values seem to increase 

beneath 800 m. So far 17 wells have been drilled in the field , the 

first one in the year 1974 . One of the wells is used to monitor 

the ground water level . 

From information obtained by drilling , a geological cross-section of 

the drilling area has been constructed (Fig . 13) . The sub-surface 

rocks can be split into three main lithological units : 

(1) Hyaloclastite formation 0 - 700 m (2) lava formation (mainly 

altered basalt lavas) in 700-1200 m and (3) intrusive formation 

(dolerite, granophyre etc.) down to at least 2200 m. 

The Krafla geothermal system consists of two separate geothermal 

zones: The upper zone between 200-11 00 m depth is a water dominated 

system with a temperature range o£ 19S-21S"C and the lower zone below 

1600 m with temperatures between 300 and 340·C . The latter is considered to 

be vapour dominated and it has a high content of gas (like C02) and a 

high en thalphy . 

The re seems to be a barrier between the two zones at about 1100 m 
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depth but in part of the area (near Byeragill. this barr ier seems to 

be absent where there is an upflow channel from the lower zone to 

the surface. 

Building of a geothermal power plant in Krafla started simultaneous 

to the production drilling in early 1975 and was completed in 1977. 

The power plant is designed for 60 MW (two turbines each 30 MW). So 

far only one of the turbines has been installed but due to production 

difficulies only about 12 MW are presently being generated. 

4.2 Reykjadalur central volcano 

Reykjadalur central volcano was visited and all the main units were 

inspected. It is located in the nort heast part of the Snaefellsnes 

peninsula between Borgarfjordur and Dalir districts. 

The diameter of the central volcano r anges from 25 to 30 km. The 

centre itself is represented by a caldera apptoximately 10 km in 

diameter, which is best exposed i n the Reykjadalur valley. The 

flanks of the volcano extend,., on average , between 10-13 km out from 

the caldera rim (Johannesson 1975). 

The extrusive rocks of the volcano can be divided into the following 

four series : 

1. The Reykjadalur t hick layered series form the base of the volcano 

and also part of the cone itself. These series con sist mainly of 

thick tholeiite flows which dip outwards closest to the volcano. 

The base of the series is abou t 6.0 m.y. old and the total thick

ness is 250-300 m. 

2 . The main phase of d i fferentiated extrusives lies conformably on 

top of the preceding series. These series comprise most of the 

interTf\'2:diate and acid .!.extrusives · of the .Reykjadalur volcano. The 

r o cks enclose both l ava f lows and pyrocl asti c mate rial like ash 

and unwelded ignimbri tes . The thickness varies from 10 to 200 m 

and two thirds of the rocks are acidic in c omposition. 

3. Unconformably on top of the differentiated rocks is the Reyk1adalur 

thin layered series which is at least 600 m thick . The series 
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consist of numerous thin tholeiite flows generally 2-4 m thick. 

4. Caldera filling and the final differentiated extrusives . 

At some t.ime during the formation of the thin- layered series a caldera 

was formed and this caldera was gradually filled by volcanic and sedimen

tary rocks, many of which are unconsolidated and later intruded by 

cone sheets. The following are the main units of the caldera filling 

(Fig . 20).: 

1. As the floor of the caldera subsided screes (talus-breccias) were 

formed on the sloped of the caldera escarpment. 

2. Rhyolite flows from the early stages of the caldera occur on the 

lower slopes of the Reykjadalur valley. 

3 . Basal tic pillow lavas , hyloclastites and t wo - tiered jointed flows 

intercalate with the breccias of unit Ot. 

4. A 25 m thick tuffaceous sediment with leaf impressions occurs in 

Kalfagil in Reykjadalur. 

5 . A 200 m unit of basaltic subaerial lava flows overlies unit 4. 

6. A unit of basic-intermediate lava flows overlies unit (4) in 

Kalfagil in Reykjadalur. 

7. Units (5) and (6) are covered by a sedimentary bed, which has 

been found in many places inside the caldera and also outside 

the caldera rim , near Lambahnukur , indicating that no subsiden

ce occurred after the bed was laid down . Plant fossils are abun

dant east of Kalfagil. 

8. A unit of miscellaneous volcanic rocks overlies the sedimentary 

bed. The lower part of the unit consists of irregularly columnar 

jointed lava flows and the upper part consists of hyaloclastites 

and pillow lava. 

The hyaloclastites and pillow lavas of unit 8 in the caldera filling 

seem to be formed under subglacial conditions and when traced 

across the caldera rim they overlie a ti l lite horizon . This horizon 

has been dated 4.3 - 4.4 m.y. 

Intrusi ve rocks 

A few large intrusive bodies occur at t he present erosional surface 

• 
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with the exception of the Baula complex . 1 n the Reykjadalur 

central volcano the intrusives are mainly dykes and cone sheets (Fig . 21) . 

Johannesson (1975l divided the intrusives into 3 groups. 

1 . Intermediate and acid dykes. These dyk es cut the thick- layered 

series and are presumably feeders to the main phase of differen t i 

ated rocks. These have been extensively penetrated by later cone 

sheets . 

2. Basic to acid cone sheets. These cone sheets tend to follow the 

trend of the caldera rim , and also tend to form a circular inclined 

funnel - like structure around the volcano . An individual cone sheet 

does not cover more than a few degrees of an arc . The sheets dip 

decreases o utwards from t he cen t re of the caldera from 45 ' t o 10 ' . 

The intensity distribution of the sheets depends on the host rocks . 

They intrude more easily ignimbri tes and other acidic rocks along 

with talus-breccias of the ca l dera than the basal t ic l a va flows . 

3 . Late rhyolite cone sheets and intrusives. The main difference 

between rhyolite and basic cone s heets i s that each rhyolite cone 

sheet can be traced for many k i lometers . The sheets have a dip of 

about 45 · towards the centre of the caldera. 

Baula and Litla Baula intrusions are about 10 km south of the southern 

caldera rim. These are the youngest intrusions i n this area . The 

Baula compl e x is according to the K- Ar dating about 3 . 4 m. y . old 

(Johannesson , 1975l . It consists of columnar-jointed rhyolite 

tFig. 22). At the base of Mt . Baula rhyolite dykes cut the intrusion 

and form concentrically i nclined sheets . These usually dip about 

45" towards Baula. This intrusion seems to have uplifted the overlying 

lava flows . This intrusion consis t s of rhyoli t e and has intruded at 

shallow level. 

Li tla Baula is a volcanic vent fi l led wi th rhyoli te breccias and wi th 

a rhyolite plug in the centre . Traces of t he eruptives which seem 

to be mainly tephra are to be found just north of the vent. 

During the life - span of the centra l volcano (around of 1.5 m. y . if the 

Baula comple x is e xcluded) , a great va r iety of volcanic rocks were pro

duced , but only a few of them had the characteristics to be able to 
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act as a reservoir rocks. The rocks units whi ch are more likely to 

have high porasi ty are mainly hyaloclasti tes, coo91omerates , 

sedimentary layers, ignimbrites, pillow lavas and talus-hreccias 

and sone intrusives such as Baula, ~ ... hich is usually columnar jointed. 

In the Reykjadalur volcano the most intense hydrothermal alteration 

has taken place around the caldera r im where the cone sheets are m:>st 

numerous . 

The alteration displays a zonal distribution (Fig. 23). Laurrontite 

forms a zone 2- 5 km wide outside the caldera rim but inside it is 

a zone dominated by epidote . The most intense alteration is in the 

rocks originally unconsolidated like talus-breccias and hyaloclasti t es. 

It seems reasonable to conclude that the paleohydrothermal system in 

Reykjadalur was confined to these rocks and that the heat was donated 

by the numerous cone sheets intruding these rocks. 

4 . 3 Hafnarfjall-Skar6shei6i central volcano 

4 . 3.1 Geological succession 

The author had the opportunity to visit for four days the Hafnarfjall

Skar6shei6i central volcano, which is located similar to Reykjadalur 

central volcano in t he deeply eroded Tertiary region of western Iceland , 

and was able the re to observe on surface many of t he deep seated 

geological features of a central vo19ano. 

The geology of the central volcano and its surroundings has been mapped 

by Franzson (1978) and the data here is mainly from his work. 

The setting of the central volcano is so~what anomalous as is sum

marize below. 

The Borgarfj6r6ur regional anticline is a major structural feature in 

the Tertiary succession of western Iceland. For most of its length , 

from Hredavatn in the northeast towards Borgarnes in the southwest it 

is characterized by a gentle curuature, but at its sout.hern end west 
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of Hafnar fjall it splits up into a number of sync lines and anticlines 

(Fig . 25) . 

The rocks at the crest of the anticline at Borgarnes have been dated 
+ with the K-Ar method to be 13.2-2 m.y. (Moorbath et a I.,1 96B) and 

+ 9. 4- 0.7 m.y. (Aronson and Saemundssan, 1975). The succession of the 

anticlinal c res t dips gently and becomes younger towards a synclinal 

axis on the Snaefellsnes peninsula to the northwest . It is believed 

that the synclinal axis represent the location of an axial rift zone 

which became extinct some 6 m. y . ago and that this succession was 

derived from that rift zone . 

Just east of but paralel to the. Borgarnes anticline r uns a major 

unconformity . To the north it is called the Hredavatn uncon£ormity, but 

the Hofn unconformi ty to the south , named after a locality near the 

farm of Hofn where it is best exposed. 

The succession to the east and above the unconformity ha s been shown to 

get progressively younger towards the ReykjaneS- Langjokul l 

axial rift zone or from 6- 7 m. y . to Recent. This has led to the 

conclusion that the unconformity represents the division between 

successi ons derived from two different axial rift zones , i . e . the one 

On the Snaefellsnes peninsula which became extinct some 6- 7 m.y . ago 

and another rift zone which became active about 6-7 m.y . ago and which 

is called the Reykjanes- LangjOkull r ift zone . 

As mentioned earlier a central volcano within an axial rift zone is 

the locus of maximum intrusive and extrusive activity within each 

s warm . The position of the Hafnarfjall-Skar6strei6i central volcano at 

this crustal boundary brings out the differential strain response of 

these two different crusts , i . e. the relative rigidity and impermeability 

of the ol de r crust to the west and the young ductile crust of the 

developing axial rift zone to the east as indicated in Fig . 24. 

This may explain some of the features found in the central volcano , such 

as the flexuring of the basalt succession east of the unconformity , the 

certain alignment of the larger intrusives para1e1 to and east of 
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the unformity, the relatively sudden disappearance of the dyke

swarms near to the unconformity etc. 

Somewhat anomalous for the Hafnarfjall-Skar6shei6i central volacno (as 

well as the Reykjadalur onel is the long life span of about 1 . 5 ro . y. 

(i . e. from about 5 . 5- 4.0 m.y . ) but according to Saemundsson (1979) the 

normal lif e span of central volcanoes in Iceland is 0 . 5- 1. 0 ro . y . 

The volcanic activity of this central volcano can be divided into 4 

main phases (Fig . 25) with respect to age , eruptive centres, composition 

and structural characteristics . 

1. Brekkufjall phase . Characterized by basaltic volcanism followed 

by voluminous and copious extrusion of differentiated rocks whi ch 

led to a caldera collapse in Br ekkufjall area (about 5 km in 

diameter) . 

2. Hafnarfjall phase is characterized by a thick sequence of mainly 

basaltic composition as well as some rocks of more evolved 

composition. During this time a major caldera formed in the 

Hafnarfjall region (see Fig . 27) consisting of three partially 

superimposed basins. The diameter of the caldera as a whole is 

about 7xS km and has a total subsidence about 800-1000 m. The 

subsidence structure is filled with rock format i on divisible 

mainly on lithological grounds into the following 5 units: 

a) The lowest unit consists of a succession of thin basalt l ava 

flows of maximum thickness is about 200 m. 

b) Overlying the basalt unit lies a hyaloclastite unit, wi th 

a maximum thi ckness of about 300 m. 

c) The lower agglomerate unit consists primarily like the under

lying unit, of basaltic hyaloclastite . This unit has a maximum 

thickness of about 200 m. 

d) The andesite unit is a mixture of lavas and hyaloclastltes 

and has a maximum thickness of about 500 m. 

e) The upper basalt unit has about 100 m maximum thickness and 

apparently tops the caldera succession. 

The pyroclastic units which would be considered to have a relatively 

high porosity and permeability are believed to have formed due to 

the interaction between the erupting magma and the water of the 



caldera lake . 

3. SkarOshei6i phase . The succession belonging to this phase 

consists mostly of basalt and rocks of rhyolite composition. 

Included in the l at,ter is a very interesting igniffibrite 

eruption centre. 

4. The HeiOarhorn phase . This phase is represented by a succession 

of basaltic rocks with a subordinate amount of more evolved 

compositions . 
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When the central volcano and the associated fissure swarm became extinct 

about 4 m.y . ago as previously mentioned , another f issure swarm developed 

to the east of the central volcano , issuing lavas which gradually buried 

Hafnarfjall-Skar6shei6i central volcano and this succession is called 

on Fig . 26 the Hvalfjordur lenticu lar lava unit . 

4 . 3 . 2 Intrusions 

A dyke swarm is a deep erosional equivalent o f the active fissure swarms 

of the active rift zones , such as in Krafla . Fig. 26 shows the rose 

diagram representation of the dyke swarm associated with the Ha fnar

fjall - Skar6shei6i central volcano. 

Cone shee t s 

Inclined intrusions are common within the core of the central volcano 

and these are likely to represent cone sheet swarms propagating out 

from the deeper seated larger intrusives , Fig.27. These cone sheets 

seem t o have been most actively formed during the caldera formation 

i n the Hafnarf jall area. 

Larger intrusives 

Fig. 28 shows the locations of surface exposures of large intrusions 

and also locations of inferred intrusions , which are deduced from 

data such as converging cone sheets updoming o f the roof above the 

intrusions, and the hydrothermal aureol around these. 
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4.3 . 3 Al t eration 

The rocks wi thin the core of the central volcano show in general 

a high alteration state , similar to that found in the Reykjadalur 

central volcano and wi thin the Krafla high temperature area . It i s 

very evident that the heat source of the high temperature areas in 

I celand are the high percentage intrusives assembled in the core of 

these volcanoes. 

5 VOLCANIC SURVEILLANCE 

5 . 1 The aim of this surveillance is to estimate the hazard of 

volcanic activity in thermal areas . 

In different places like a geothermal field, situated in an active 

volcano-tectonic area where lavaflows , earthquakes, ashflows and mud 

avalanches are frequent and may threat_en i nhabited places, it seems 

reasonable to try to reduce the damage to already exi sting installations 

and human life and to design future installations with respect to the 

possible danger . 

In order to know what kind of protective measures could be taken in 

certain place , different studies can be made such as: 

a) tephrochronol ogy, coul d be appl ied in studies of e r uption history 

and eruption- mechanism of volcanoes (see chapter 3). 

b) chemical analyses (i f there is an active volcano in the surrounding 

area) in order to study the amount , composition and temperature of 

gases to emerge from the volcano . 

c) VOlcanology can help us to know the types of volcanic eruptions 

and intensi t y of volcanic cycles . 

In Iceland the volcani c prediction is a combination of critical evaluation 

of historical records, a study of t he field evidence mainly, tephro

chronology, and the inf ormation collected in the mon i toring station 

from tiltmeters and seismometers (see chapter 5 .2) . A network of 

seismometers has been established in the last two decades in Iceland. 

The aim is to monitor the axial rift zones and the fracture zones in 

northern and southern Icel and . I t is hoped that the system may give 



early warnings of major volcanic and tectonic events ,(Fig. 29). 

In many cases a detection of changes in the level of activity may 

give indication of abnormal state usually preceding major events. 
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Recently, samples of ground water, especially hot water, have been 

sampled regularly and the radon content measured. This method has 

been used quite successfully in Chi na for earthquakes prediction but 

so far success has been limited in Iceland (Hauksson and Goddard, 1975). 

Slgvaldason (1979) has reviewed the monitoring efforts in Iceland . 

Three volcanoes are constantly monitored, Katla and Heimaey in 

southern Iceland and Krafla in northern Iceland. 

5 . 2 . Surveillance of the Krafla central volcano 

In a place like Krafla where volcanic activity during the last 6 years 

has been vigorous it is of importance to monitor the volcano in 

order to predict forthcoming events and thus possibly reducing the 

risk of important places such as the Reykjahlid village, the Kisil

diajn diatomite factory and the Krafla power station being damaged . 

For this reason since 1975, three institutions (Orkustofnun, the 

University of Iceland and the Nordic Volcanological Institute) have 

been operating tigether a volcanic observatory in the Rey~ihlid village. 

In this observatory i nf ormation from all the instruments installed 

around Krafla geothermal field are collected in order to monitor 

the volcanic and tectonic activity of the Krafla central volcano. 

The instruments installed around the Krafla field (Tryggvason, 1979), 

are : 

1) Monitoring of fumarole gases installed in different places and 

with the function of sampling gases to know chemical changes and 

also the gases emitted from furnaroles are analysed every few 

weeks. 

2) Tiltrneter. 

The tilt measurements are of three types: 
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a) Water table tiltmeters of two components installed in the 

Krafla power house. 

b) Three electronic continously recording tiltmeters, one in the 

Krafla power house, the second about one kilometer north of the 

explosive crater viti , and the third in Reynihlid by Myvatn. 

c) In addition there are twelve spirit level tilt stations in 

the area . 

3) Three seismometersare located within 10 km of Krafla and addi

tional three are within 50 km distance (Brandsdottir and Einarsson, 

1978). 

All the data from the monitoring stations are collected in 

the observatory at Reynihlid village, and can be interpreted in order 

to predict volcanic or tectonic event and subsequent planning to 

evacuate or to protect the town, the diatomite plant and the power 

station in the event of an eruption. 

As described in 4.1 the activity in Krafla is characterized by 

inflation and deflation periods. During inflation the tiltmeters 

record an increased ground elevation towards the centre of the 

caldera but a rapid decrease during deflation . In Fig . 3D is shown 

a diagram of ground level changes for one station . 

The seismicity is low during the inflation period but often increases 

shortly bef ore deflation starts as well as during the deflation 

(Fig. 30 ). Just before deflation the C02content of fumaroles increases 

and so does the pressure in some of the drillholes . This suggests 

a relation between magma and the hydrothermal system . 
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Simplified geological map of the northeastern volcanic zone i n Icel and . Two 
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Fig. 20 Two schematic sections across the caldera. The 

units of the caldera filling are numbered as in 

the text (1 to 8) ; the reykjadalur thick-layered 

series (a), Main Phase of differentiated extrusives 

(b), Reykjadalur thin-layered series (c), and 

intermediate and acid cone sheets and plugs (d) 
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Fig . 21 The average strike and dip of cone sheets . The 

Reykjadalur and Laugardalur calderas are indicated 

and the broken line marks the outer limits of cone 

sheet occurrence : star -like symbols are basic plugs . 
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Fig . 23 a Dis tribution of laumonti te and epidot e in t he 

Reyk jadalur central volcano 
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F i g . 23 b A section t hrough the Reykjadalur cent ral vo l cano, western 

Iceland , showing the metamorphi c zones around i t . Lar ge 

do ts, chabazi t e-thomsonite zone ; medium dots , ana l cine 

zone ; small dots , mesolite- scoleclte zone; ho r izon ta l 

lines , laurnontite zone ; crosses , epidote zone . From 

Johannesson, 1975 . 
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Fig . 28 Approximate location of major i ntrus i ons. Vertical 

lines = exposed . Horizontal lines = inferred intrusion . 

1. Skessuhorn gabbro 
2. Hrossatungur gabbro 
3 . Hroar gabbro 
4. Inferred gabbro , west Hafnarfjall 
5 . Flydrur granophyre 
6. Tungukollur granophyre 
7. Hvanneyri intrusion 
8. Hafnardalur gabbro 

(Franzson, 1978) 
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