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( i ) 

ABSTMCT 

The main g e o l o g i c a l f e a t u r e of the r e s e a r c h area i s a T e r t i a r y 

f l o o d b a s a l t p i l e , about 2.7 km t h i c k , w i t h i n which are three 

T e r t i a r y c e n t r a l volcanoes. The "basement" c o n s i s t s of f a u l t e d 

and t i l t e d b a s a l t s , probably about 12-13 m.y. old. These b a s a l t s 

were o v e r l a i n by the Hredavatn sedimentary horizon, 7 m.y. ago, 

followed by l a v a s of the H a l l a r r a u l i c e n t r a l volcano which was a c t i v e 

from 6.7 to 6.0 m.y, ago. The time sequence of the volcanism was 

of a c i d i g n i m b r i t e s , then intermediate flows, and f i n a l l y t h i n 

t h o l e i i t e flows. The volcano d i d not evolve the s t r u c t u r a l or 

geothermal c h a r a c t e r i s t i c s u s u a l l y a s s o c i a t e d with c e n t r a l 

volcanoes. 

The R e y k j a d a l u r c e n t r a l volcano became a c t i v e about 5.8 m.y. 

ago and i s s i t u a t e d on a s e r i e s of t h i c k t h o l e i i t e flov.'s which o v e r l i e 

unconformably the H a l l a r r a u l i c e n t r a l volcano. Voluminous a c i d i c and 

some i n t e r m e d i a t e rocks formed f i r s t and were succeeded by t h i n 

t h o l e i i t e flows. A c o l l a p s e c a l d e r a , 10 km i n diameter, then formed 

and was f i l l e d v/ith v o l c a n i c s . A f t e r the formation of the c a l d e r a , 

a b a s i c to a c i d cone sheet swarm, about 20 km i n diameter and c o n c e n t r i c 

to the c a l d e r a , intruded the country rocks. About 4.3-4.4 m.y, ago, 

soon before the volcano became e x t i n c t , a massive'icecap covered the 

volcano and i t s e n v i r o n s ; the Holtavorduheidi sedimentary horizon 

covered the area e a s t and southeast of the volcano at t h i s time. 

The Laugardalur c e n t r a l volcano c o n s i s t s of a c a l d e r a and i t s 

v o l c a n i c f i l l i n g ; i t may be p a r a s i t i c to the Reykjadalur c e n t r a l 

volcano. L a t e r , 3.4 m.y, ago, a c i d tephra was erupted from the 

L i t l a Baula vent and the Baula a c i d i n t r u s i o n was emplacedat t h i s 

time. 



( i i ) 

V o l c a n i c a c t i v i t y was renewed about 2 m.y. ago, represented 

by the S n j o f j o l l s e r i e s and a few more recent v o l c a n i c s . 

The T e r t i a r y b a s a l t s are t h o l e i i t i c . The rocks from the 

c e n t r a l volcanoes show a trimodal volume d i s t r i b u t i o n , with b a s a l t s 

and r h y o l i t e s more abundant than rocks of intermediate compositions. 

Three d i s t i n c t breaks occur i n the chemical p r o p e r t i e s : between 

the o l i v i n e t h o l e i i t e s and the quartz t h o l e i i t e s ; between the quartz 

t h o l e i i t e s and the b a s a l t i c i c e l a n d i t e s ; and w i t h i n the d a c i t e s . 

The b a s a l t s were d e r i v e d from the Upper Mantle, o l i v i n e t h o l e i i t e s 

being produced by a g r e a t e r degree of p a r t i a l melting and/or at 

g r e a t e r depths than the quartz t h o l e i i t e s . On volume and time 

r e l a t i o n s and on geocheraical grounds, the a c i d and intermediate 

v o l c a n i c s a r e considered to be d e r i v e d by two-stage m.elting of the 

I c e l a n d i c lower c r u s t . The a c i d magmas were generated f i r s t , followed 

by i n t e r m e d i a t e magm.as from p a r t i a l l y melting the residuum a t a 

high e r temperature. Although t h i s process i s f u e l l e d by b a s a l t i c 

i n t r u s i o n s w i t h i n the lower c r u s t , the l a t e appearance of b a s a l t s 

in. the centra], volcanoes i s a t t r i b u t e d to the density-depth r e l a t i o n s 

between the c r u s t and the r i s i n g magma. 
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CRAPTER 1: 

INTRODUCTION 

Scope of Study 

The area d e s c r i b e d i n t h i s t h e s i s i s loc a t e d i n western 

I c e l a n d , i n the upper p a r t of B e r g a r f j o r d u r and across the mountain 

range i n t o the southern p a r t of the D a l i r area ( F i g . 2.1). The 

area i n v o l v e d i s about 30x30 km but i t has not been mapped 

completely and gaps occur i n the mapping, as can be seen on the 

G e o l o g i c a l Map ( f o l d e d a t the back of the t h e s i s ) . 

The work was o r i g i n a l l y suggested by Dr. K r i s t j a n Saemundsson 

of the N a t i o n a l Energy A u t h o r i t y , Department of Natural Heat, 

I c e l a n d , as p a r t of a much bigger p r o j e c t which has been i n progress 

f o r s e v e r a l y e a r s , i n v o l v i n g the mapping of the e n t i r e western 

f l a n l i of the western v o l c a n i c zone ( c a l l e d the Reykjanes-Langjokull 

zone i n t h i s s t u d y ) , ^ 

The main aim of the study, f o r the N a t i o n a l Energy A u t h o r i t y , 

was to e s t a b l i s h the s t r a t i g r a p h y (and age) and the s t r u c t u r a l -

t e c t o n i c f e a t u r e s of the a r e a . I t was hoped that the study would 

supply some new e x p l a n a t i o n s of the p u z z l i n g B o r g a r n e s - a n t i c l i n e and 

the h i g h l y abnormal geology of the S n a e f e l l s n e s peninsula. I t was 

a l s o hoped that the study would give c l u e s to understanding the 

o r i g i n and perhaps the d i s t r i b u t i o n of the vigorous geothermal 

a c t i v i t y i n the s o u t h - e a s t e r n p a r t of the area(especiaify i n R e y k h o l t s d a l u r ) , 

which i s of great economic value. 

Along with the s t r a t i g r a p h i c a l v/ork a l a r g e number of samples 

were c o l l e c t e d to e s t a b l i s h the geochemical f e a t u r e s of the T e r t i a r y 

r o c k s . I t was important to compare the geochemistry of the older rocks 

of the r e s e a r c h area w i t h the geochemistry of T e r t i a r y rocks from 

othe r a r e a s a l r e a d y studied and wi t h the geochemistry of the more 

4 NOV 1975 
p-

L 



r e c e n t v o l c a n i c s i n the x-esearch area and the surrounding areas. 

I t was hoped that d e t a i l e d s t r a t i g r a p h i c a l and s t r u c t u r a l s t u d i e s 

of the c e n t r a l volcanoes i n the ar e a , along with chemical a n a l y s e s 

of the inter m e d i a t e and a c i d rocks, would r e v e a l some new evidence 

on the o r i g i n of these rocks. 

P r e v i o u s Work 

The geology of the area was r e l a t i v e l y unknown u n t i l the 

present i n v e s t i g a t i o n . During the l a s t century and at the beginning 

of t h i s century a few Scandinavian and German g e o l o g i s t s t r a v e l l e d 

through the ar e a , without t a k i n g n o t i c e of anything but the prominent 

Mt, Baula and the l i g n i t e beds i n the area west of Hredavatn, 

Thoroddsen (1906) t r a v e l l e d around Borgafjordur and examined 

the l i g n i t e beds, and he mentioned many other g e o l o g i c a l phenomena 

most of which are more r e l a t e d to the Quaternary geology of the area 

than to the T e r t i a r y basement. Thoroddsen (1901) a l s o published the 

f i r s t u s e f u l g e o l o g i c a l map of I c e l a n d . 

Bardarson (1923) s t u d i e d i n d e t a i l the p o s t g l a c i a l d e p o s i t s 

(mainly marine d e p o s i t s ) i n the B o r g a r f j o r d u r area and de s c r i b e d them 

i n h i s c l a s s i c a l paper on s e a - l e v e l changes i n western I c e l a n d . 

The next c o n t r i b u t i o n to the knowledge of the geology of the 

area was made by German and Dutch g e o l o g i s t s i n the 1950's, Schwarzbach 

(1956) d e s c r i b e d the area around the Grabrok l a v a f i e l d and P f l u g (1959) 

s t u d i e d the l i g n i t e s of Hredavatn and Holtavorduheidi, Rutten and 

van Bemmelen (1955) s t u d i e d the geology of the Baula complex, 

T r , - E i n a r s s o n (1957, 1962) was the f i r s t s c i e n t i s t to study 

the T e r t i a r y l a v a p i l e , f o r which was e s t a b l i s h e d the f i r s t palaeomagnetic 

map (1957), but without r e l a t i n g h i s r e s u l t s to the ge o p o l a r i t y time 

s c a l e which was e s t a b l i s h e d l a t e r . 

P i p e r (1971) repeated t h i s palaeomagnetic study and obtained a 

s i m i l a r p a t t e r n , but he r e l a t e d the geomagnetic p a t t e r n to the 
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magnetic anomalies of the ocean f l o o r . 

R e c e n t l y Saemundsson and N o l l (1974) have mapped the area around 

the H u s a f e l l c e n t r a l volcano, towards the a c t i v e v o l c a n i c zone. 

S i n c e 1971, K. Saemundsson together w i t h groups of I c e l a n d i c 

undergraduate students have conducted g e o l o g i c a l mapping i n the 

e a s t e r n and s o u t h - e a s t e r n p a r t s of the B o r g a r f j o r d u r area. 
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CHAPTER 2: 

GEOLOGICAL SETTING OF THE RESEARCH AREA 

Iceland i s the biggest landraass a s t r i d e the M i d - A t l a n t i c 

Ridge, c o n s i s t i n g e n t i r e l y of volcanic rocks w i t h a.small p o r t i o n 

of i n t e r c a l a t e d sediments, also of volcanic o r i g i n . The oldest 

rocks, which are exposed i n the extreme east and northwest of the 

i s l a n d , are from 12 t o 16 m,y. o l d (Moorbath e t a l . , 1&68) and they 

d i p towards the a c t i v e volcanic zones. The Recent volcanism i s l i m i t e d 

t o two vol c a n i c zones ( r i f t i n g zones; Fi g . 2.1), The eastern 

v o l c a n i c zone terminates towards the south a t the Vestmannaeyjar 

i s l a n d s and t o the n o r t h i t i s o f f s e t westward by the Tjornes Fracture 

Zone' (Saemundsson, 1974). The western volcanic zone (the Reykjanes-

L a n g j o k u l l zone) i s the c o n t i n u a t i o n of the Reykjanes ridge and fades 

out n o r t h of L a n g j o k u l l , but was formerly continous from L a n g j o k u l l 

g l a c i e r t o the Skagi peninsula, where i t possibly j o i n e d the Kolbeinsey 

r i d g e . The northern p a r t became e x t i n c t about 3-4 ra.y. ago according 

t o Saemundsson (1974), but rocks of considerably younger age (about 

0,7 m,y,) have been reported from the Skagi peninsula (Everts e t a l , , 

1972), A small area of a c t i v e volcanism stretches from VMV t o ESE along 

the Snaefellsnes peninsula, but i t cannot be c l a s s i f i e d as a r i f t i n g 

zone, ' 

The volcanic zones consist of en echelon f a u l t and f i s s u r e 

swarms w i t h a c e n t r a l volcano s i t t i n g i n the centre of each swarm 

(Saemundsson, 1974). The f a u l t swarms are i n c l i n e d at a small angle 

to the t r e n d of the volcanic zone. 

The volcanism i s r e s t r i c t e d t o three p r i n c i p a l types of 

volcanoes:-

1, f i s s u r e s which produce the bulk of the basalts i n Iceland; 

2. lava s h i e l d s which i n t e r c a l a t e w i t h the flows produced 

by the f i s s u r e s : and 



F i g . 2.1 S i m p l i f i e d g e o l o g i c a l map of Iceland showing 
the known c e n t r a l volcanoes and main t e c t o n i c 
f e a t u r e s . V e r t i c a l s t r i p e s : a c t i v e or dormant 
c e n t r a l volcanoes; h o r i z o n t a l s t r i p e s : e x t i n c t 
c e n t r a l volcanoes. The a c t i v e volcanic zones are 
bordered by heavy l i n e s and a n t i c l i n e s and synclines 
are shown by conventional symbols. Areas covered 
by F i g . 2.3 and the Geological Map are i n d i c a t e d . 

Sources : Sigurdsson (1967), Hald e t _ a l . , (1971), 
K. Saeraundsson, pars, comm., Th Einarsson, pers. comm. 
and the author's own observations. 





3. c e n t r a l volcanoes which produce a l l the intermediate 

and a c i d rocks. 

At present about 57 e x t i n c t c e n t r a l volcanoes of T e r t i a r y and 

Quaternary age are kncvn, and 21 others which are e i t h e r a c t i v e or 

presumably dormant along w i t h f o u r on the Reykjanes peninsula which 

have no d i f f e r e n t i a t e s exposed at the surface but are represented 

by high temperature areas. I n a l l , 83 volcanoes occur (Fig. 2.1) 

The s y n c l i n a l s t r u c t u r e of the a c t i v e volcanic zones may be due 

t o l o a d i n g and subsequent sagging of the lava flows, which were 

erupted i n s i d e i t (Walker, 1960). 

The geology of western Iceland i s more complicated than t h i s 

simple model described above. The main anomaly i s the presence of the 

Borgarnes a n t i c l i n e ( F i g . 2.2), which breaks the inward dipping trend 

of the T e r t i a r y lava flows. This a n t i c l i n e stretches from the coast • 

south of Borgarnes v i l l a g e , north-eastwards as f a r as Langavatn and 

V i k r a v a t n where i t disappears beneath the Hredavatn sedimentary horizon. 

The main p a r t of the research area i s on the eastern f l a n k of the 

Borgarnes a n t i c l i n e . The flows on the western f l a n k d i p north-westwards, 

as f a r as the Setberg area (Sigurdsson, 1970a), where the d i p changes 

across the a x i s of the so c a l l e d Snaefellsnes syncline. 

I n the n o r t h e r n p a r t . o f the research area the dips are towards 

the n o r t h e a s t . This d i p changes again i n the extreme n o r t h , near the 

southern coast of Hvammsfjordur, where the rocks d i p towards the south 

and southeast. This change i n the d i p d i r e c t i o n i s caused by an 

unconformity running along the southern coast of Hvammsfjordur, w i t h 

the rocks d i p p i n g south and u n d e r l y i n g the rocks having n o r t h - e a s t e r l y 

d i p s . The d i p and s t r i k e r e l a t i o n s suggest a large block of basalt 

p i l e of s i m i l a r age, extending from Haukadalur i n the east t o 

A l f t a f j o r d u r i n the west. 

There are numerous c e n t r a l volcanoes i n western Iceland (Fig. 2.3). 

Three of them are included in.Athis study; I l a l l a r m u l i , Re^'kjadalur and 
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R E I O A F J O R O U R 

SELiNGSDALUa 

H R A P P S E Y 

H V 4 M M S F J 0 R 0 U R 

A L F T A F J O R O U R 
KJADALUR 

S E T B E R G 

^ C E N T E R ? 

L A U O A R D A L U R 

ARMULI MUSAf^LLL 

S K A R O S f i E i O l ^ ^ 

r r - H A F N A R ^ . A L L — 

F A X A F L 0 I 

; s 10 15 20 2 5 Km. 

• 2 3 - 0 

F i g . 2.3 Centr a l volcanoes i n western Iceland. The h o r i z o n t a l 
l i n e s show the known d i s t r i b u t i o n of intermediate and 
acid rocks. 

Sources : Sigurdsson (1970a), Saemundsson and N o l l (1974), 
Hald e t a l . , (1971) and the author's observations. 
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and Laugardalur, The former two were mapped c a r e f u l l y and part of 

the t h i r d was mapped roughly to e s t a b l i s h i t s connection w i t h the 

r e s t of the ai-ea. Very l i t t l e i s known about the other c e n t r a l 

volcanoes i n western Iceland, except f o r the two Setberg complexes 

(Sigurdsson, 1970a) and the H u s a f e l l volcano (Saemundsson and N o l l , 

1974); mapping of the H a f n a r f j a l l volcano i s i n progress (H. Franzson, 

pers. comm,), 

The c e n t r a l volcanoes have great s t r a t i g r a p h i c a l s i g n i f i c a n c e , 

because they p i n - p o i n t the l o c a t i o n of an a c t i v e volcanic zone at a 

given time. 

The topography of the area i s complex and can be di v i d e d roughly 

i n t o three main groups:-

(1) the high mountain range n o r t h of Nordurardalur and 

T h v e r a r h l i d , which extends westwards along Snaefellsnes; 

(2) the H o l t a v o r d u h e i d i - B o r g a f j a d a r d a l i r peneplain i n the 

eastern p a r t of the area, about 300-400 m.a.s.l,; 

(3) the Myrar-Stafholtstungur peneplain i n the south-western 

p a r t of the area, about 20-100 m,a,s,l. Group 1 coincides w i t h the 

c e n t r a l volcanoes and i t s height must be a t t r i b u t e d t o a high e f f u s i o n 

r a t e a t the time of t h e i r formation. Group 2 roughly corresponds t o the 

areas o v e r l y i n g the Holtavorduheidi sedimentary horizon, which marks 

a major change i n the s e t t i n g of volcanism i n the area. Group 3 

corresponds roughly t o the rocks un d e r l y i n g the Holtavorduheidi 

sedimentary horizon, which i n t u r n seems to coincide w i t h a low e f f u s i o n 

r a t e . 

G. Palmason (pers. coram.) has r e c e n t l y made an accurate g r a v i t y 

map of Iceland and has k i n d l y allowed the author access t o the pa r t 

concerning t h i s research area ( F i g , 2.4), The research area i s on the 

western slopes of the c e n t r a l Iceland g r a v i t y bowl (Tr, Einarsson, 1954), 

and on the slopes are a few peaks which coincide w i t h the c e n t r a l 



2 f 3 C -

HVAMMSFJOROUR 

REYKJAOALURVV. 

tUGARDALUR 

HA.LIlASMULiyC.V. 

FAXAFLOl 

0 5 10 KM 

F i g . 2.4 An unpublished g r a v i t y map (preliminaz^y) of western Iceland 
( k i n d l y made a v a i l a b l e by Dr. Gudmundur Palmason). 
T w o - m i l l i g a l isopachs are shown along w i t h the l o c a t i o n of 
the .-<.. three c e n t r a l volcanoes i n the research area. 



i 

volcanoes (except H a l l a r m u l i ) , suggesting high density m a t e r i a l w i t h i n 

the volcanoes, i n c o n t r a s t w i t h the surrounding areas. 

Th. Sigurgeirsson (pers. comm.) has conducted an aeromagnetic 

survey over the B o r g a r f j o r d u r - D a l i r area and has also k i n d l y allowed 

the author access to the p a r t concerning t h i s research area ( F i g . 2.5). 

Again, anomalous f e a t u r e s are detected over the c e n t r a l volcanoes, 

e i t h e r p o s i t i v e or negative (except f o r H a l l a r m u l i ) . 
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F i g . 2,5 An unpublished aeromagnetic map of western Iceland 
( k i n d l y made a v a i l a b l e by Dr. ThorbjSrn Sigurgeirsson) 
(1) Reykjadalur 
(2) Laugardalur 
(3.) H a l l a r m u l i 
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CHilPTER 3: 

THE PLATEAU BASALT PILE (VIICRAVATN-HVITARSIDA) 

I n t r o d u c t i o n 

The mapped s e c t i o n l i e s across the eastern f l a n k of the 

B o r g a r n e s - a n t i c l i n e (Saemundsson, 1967; Th. Einarsson, 1968) and 

the lava flows d i p from 1° t o 12° towards the southeast ( F i g . 2.2). 

The area was mapped by the author i n the summer of 1971 and the 

data presented as a B.S, d i s s e r t a t i o n of the U n i v e r s i t y of Iceland 

(Johannesson, 1972). The f o l l o w i n g summer the whole p r o f i l e was 

re-checked and extended towards the n o r t h ; the V i k r a v a t n - G r j o t h a l s 

area was revised completely, e s p e c i a l l y a graben west of Hredavatn. 

The geology i s shown on the Geological Map ( f o l d e d at the back of 

the t h e s i s ) . The southeasternmost part of t h i s map i s p a r t l y based 

on a survey done by undergraduate students from the U n i v e r s i t y of 

Iceland (Albertsson et a l . , 1971; Gudbergsson et a l . , 1971). The 

f o l l o w i n g d e s c r i p t i o n i s a b r i e f sunmiary of Johannesson (1972) w i t h 

some r e v i s i o n s and new i n t e r p r e t a t i o n s . 

I n the region, a l l the lava flows are b a s a l t i c except those 

belonging t o the H a l l a r m u l i c e n t r a l volcano (described i n Chapter 4 ) . 

The b a s a l t i c p i l e i s d i v i d e d i n t o 12 series using V/alker's (1959) 

f i e l d c l a s s i f i c a t i o n . The c l a s s i f i c a t i o n i s based on appearance, 

g r a i n s i z e , phenocryst content and amygdales, but not on chemical 

composition of the lava flows. However, the t y p i c a l f i e l d t h o l e i i t e 

t u r n s out t o be quartz normative t h o l e i i t e and the t y p i c a l f i e l d o l i v i n e 

b a s a l t t u r n s out to be o l i v i n e normative t h o l e i i t e . Thus the f i e l d 

term " t h o l e i i t e " corresponds roughly t o the petrochemical term "quartz 

t h o l e i i t e " and the f i e l d term " o l i v i n e b a s a l t " t o the petrochemical 

term " o l i v i n e t h o l e i i t e " . Also common i n the f i e l d are lavas which show 

c h a r a c t e r i s t i c s of both the t h o l e i i t e type and the o l i v i n e basalt type. 
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I t is. probably meaningless t o draw conclusions about the chemistry 

of such lavas from the f i e l d c h a r a c t e r i s t i c s alone. 

I n a d d i t i o n t o Walker's (1959) c l a s s i f i c a t i o n , the w r i t e r has 

adopted the term "compound lava f l o w " (Walker, 1971) f o r very coarse­

grained, o l i v i n e - r i c h lava flows which show flow u n i t s t r u c t u r e and 

have no i n t e r c a l a t e d c l a s t i c beds. These flows are thought t o have 

t h e i r o r i g i n i n s h i e l d volcanoes which more a p p r o p r i a t e l y should be 

c a l l e d lava s h i e l d s (Walker, 1971). 

During the i n i t i a l f i e l d work (1972) the magnetic p o l a r i t y of 

every f l o w was determined i n the f i e l d using a portable f l u x g a t e 

magnetometer. In the summer of 1973 a l l the lava flows of the 

e n t i r e s e c t i o n were d r i l l e d by N. D. Watkins and L. K r i s t j a n s s o n 

and the magnetic p r o p e r t i e s and p o l a r i t y measured i n the laboratory 

at the U n i v e r s i t y of lipde I s l a n d . The tv/p- sets of r e s u l t s are nearly 

i d e n t i c a l except f o r the bottom s e r i e s . A c o r r e l a t i o n of the se c t i o n 

w i t h the palaeomagnetic time scale i s shown i n Fig. 3.11. I . MoDougall 

has made K-Ar datings on a number of samples from the section (Table 

3.1). The palaeomagnetics and K-Ar data i s t o be published i n the 

near f u t u r e (McDougall et a l . , 1975). 

The lava p i l e w i l l be described from bottom t o top. The p r o f i l e s 

and t h e i r l o c a t i o n s are shown on Figs. 3.1 and 3.2. The magnetic 

p o l a r i t y , as determined i n the l a b o r a t o r y , i s also shown and the 

K-Ar datings are l i s t e d i n Table 13.1. 

Normal f a u l t i n g made c o r r e l a t i o n s between the various p r o f i l e s 

o f t e n very d i f f i c u l t but most of the c o r r e l a t i o n s were double checked. 

The r e g i o n a l d e s c r i p t i o n ends w i t h a group of plagioclase-phyric flows 

which date from the Mammoth event of the Gauss epoch and which are 

of the same age as the oldest g l a c i a l horizon discovered i n Iceland 

so f a r (AfcDougall and Wensink, 1966). The lava p i l e which f o l l o w s 



F i g . 3.1 

A map showing the l o c a t i o n s of the p r o f i l e s of the representative 
s e c t i o n ( F i g . 3.2) through the T e r t i a r y lava p i l e i n the B o r g a r f j 3 r d u r 

area. 
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F i g . 3.2 A r e p r e s e n t a t i v e s e c t i o n through the lava p i l e i n the 
B o r g a r f j o r d u r area, from Nordurardalur to H v i t a r s i d a . 

• T h o l e i i t e flow 

O l i v i n e b a s a l t flow 

P o r p h y r i t i c flow 

Compound lava flow ( l a v a s h i e l d ) 

Thin t h o l e i i t e f low 

Intermediate flow 

I g n i r a b r i t e s 

[3̂  Sedimentary bed 

iv] Scree ( i . e . no outcrops) 

^ G l a c i a l horizon ( i n c l . t i l l i t e ) 

Open c i r c l e ; reverse magnetized flow. 
S o l i d c i r c l e : normally magnetized flow. 
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s t r a t i g r a p h i c a l l y on top of the described se c t i o n has been mapped 

by Saemundsson and N o l l (1974). 

S t r a t i g r a p h y 

(1) Hredavatn s e r i e s ( f l o w s up t o no. 11 i n s e c t i o n NP i n F i g . 3.2). 

A l l rocks which l i e s t r a t i g r a p h i c a l l y below the H a l l a r i n u l i 

c e n t r a l volcano are grouped under t h i s heading even though they 

include many d i f f e r e n t rock types. The mapping of the area turned 

out t o be extremely d i f f i c u l t because of extensive normal f a u l t i n g 

and r a t h e r poor exposures. There s t i l l e x i s t more u n c e r t a i n t i e s 

about the g e o l o g i c a l s t r u c t u r e of the Hredavatn s e r i e s , than any^t/here 

e l s e i n the area discussed i n t h i s t h e s i s . The normal f a u l t s form 

a mosaic p a t t e r n of predominantly NW-SE and NE-SW f a u l t s ( F i g . 10.1). 

West of Hredavatn, a pronounced grabe/i s t r u c t u r e i s present which 

i s bounded on i t s south by a very large f a u l t (the Dyngja-fault, 

F i g . 10.5), the throw of which has not yet been established. A 

c o r r e l a t i o n could not be made across t h i s f a u l t i n s p i t e of several 

attempts. The t e c t o n i c s of t h i s area w i l l be dealt w i t h i n more 

d e t a i l i n Chapter 11. Underlying the Hredavatn series i s a t h i c k 

lava p i l e of at l e a s t 600 m which has not been mapped i n d e t a i l ( F i g . 

3. 2).and which w i l l not t h e r e f o r e be described. The thickness of 

the Hredavatn s e r i e s i s about 250 m. The very c h a r a c t e r i s t i c of the 

s e r i e s i s the i n f l u e n c e of water d u r i n g the formation of most of 

i t s u n i t s . 

The Hredavatn series s t a r t s w i t h a 20-30 m t h i c k , compound lava 

f l o w ( F i g . 3.3). I t c o n s i s t s of numerous flow u n i t s which have black-

weathering surface. The rock i s coarsegrained and extremely r i c h i n 

o l i v i n e . This u n i t i s only found i n s i d e the graben west of Hredavatn. 

The best exposures are on L i t l i T h r i m i l l and Hestabrekkur. 

O v e r l y i n g the compound lava flow i s a 10-15 m t h i c k , very 
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F i g , 3.3 L i t l i T h r i m i l l , a compound lava flow (a) showing a flow 
u n i t s t r u c t u r e . The o v e r l y i n g Hredavatn sedimentary bed 
(c ) i s exposed r i g h t of the normal f a u l t (b) followed by 
tvvo-tiered p o r p h y r i t i c (d) and t h o l e i i t e (e) flows. 

- • • it:..-> v ^ j ^ = " ^ ^ : ^ : - r -

F i g 3 4 Hestabrekkur n o r t h of Hredavatn. The Hredavatn sedimentary 
bed (a) f o l l o w e d by the lower part of a t w o - t i e r e d por 
p h y r i t i c lava flow ( b ) . The compound lava (c) flow i s 
exposed l e f t of the stream, l e f t of a normal f a u l t (d) w i t h 
a downthrow to the r i g h t . 
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p e r s i s t e n t , p l a n t - b e a r i n g sedimentary horizon, which has been r e f e r r e d 

t o i n the l i t e r a t u r e as the Hredavatn beds. I t has been described 

by many ge o l o g i s t s i n the past ( l a t e s t summary by Schwarzbach, 1956). 

These sediments can be tra c e d , at l e a s t , from Vikravatn-Fossadalur 

eastward through the graben, across the Nordurardalur v a l l e y , and 

as f a r south as S t a f h o l t s k a s t a l i . I n Hestabrekkur, northwest of 

the Hredavatn farm ( F i g . 3,4), the lower part of the layer consists 

of a 3 m t h i c k , dark brown s i l ^ t o n e w i t h t h i n bands of l i g n i t e s . 

The upper part c o n s i s t s of sc o r i a and of plagioclase-phyric hyalo-

c l a s t i t e which i s an aqueous f a c i e s of the o v e r l y i n g b a s a l t s . A 

d i a t o m i t e w i t h some pla n t f o s s i l s occurs i n the same sedimentary 

hor i z o n i n Brekkua and V e i d i l a e k u r . L i g n i t e i s q u i t e common and i s 

t h i c k e s t i n S u r t a r b r a n d s g i l (about 50 cm t h i c k ) . At S t a f h o l t s k a s t a l i , 

the beds con s i s t s of pl a n t - b e a r i n g s i l t s t o n e and sandstone, at least 

10 m t h i c k , o v e r l a i n by i g n i m b r i t e from the H a l l a r m u l i c e n t r a l 

volcano. I n many places the p o r p h y r i t i c flows, which l i e on top of 

the sediments, have flowed i n t o water and formed p i l l o w s and hyalo-

c l a s t i t e s . The sediments are water-transported g r a v e l , mud, and 

laminated s i l t sediments deposited i n a lake. The f i e l d r e l a t i o n s h i p s 

i n d i c a t e t h a t sediments accumulated i n a depression, probably a 

t e c t o n i c graben, p a r t l y f i l l e d by the lake. 

Overlying the sedimentary horizon i s a u n i t of plagioclase-phyric 

flows showing very r e g u l a r columnar j o i n t i n g . The thickness varies 

from 100 m i n H a l l a r m u l i ( F i g . 3.5) t o 15 ra i n the area west of 

Nordurardalur v a l l e y ( F i g . 3.4). I t s thickness soath of H a l l a r m u l i i s 

un c e r t a i n because of poor outcrops i n a boggy lowland, but i t i s 

considerable. I n H a l l a r m u l i are four flows but only one west of 

Nordurardalur v a l l e y . I n the area around V e i d i l a e k u r , two of the 

p o r p h y r i t i c flows are below the Hredavatm beds. The flows are very 

p l a g i o c l a s e - p h y r i c and the phenocrysts can reach 1-2 cm i n size. 
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Intei-bedded w i t h the p o r p h y r i t i c flows are plagioclase-phyric 

h y a l o c l a s t i t e s which have been formed at the same time as the 

flows. The h y a l o c l a s t i t e s are most o f t e n 3-4 m,thick but south 

of H a l l a r m u l i t h e i r thickness reaches at lea s t 10-20 m. 

The p o r p h y r i t i c flows do not o v e r l i e the sediments everywhere 

but i n s t e a d , a t w o - t i e r e d t h o l e i i t e flow covers them - probably the 

same fl o w which covers the p o r p h y r i t i c flows. This t h o l e i i t e flow 

i s 20-50 m t h i c k and i s e a s i l y t r a c e d from S v a r t a g i l across the 

Nordurardalur v a l l e y as f a r west as lake Vikravatn. The problem 

of t w o - t i e r e d columnar j o i n t i n g has been discussed by Saemundsson 

(1970). He believes t h a t the lava flows ponded i n v a l l e y s and 

depressions where they developed columnar j o i n t i n g . The p e c u l i a r 

d i v i s i o n of flows i n t o lower colonnades and upper c h i l l e d entablatures 

i s explained by water f l o o d i n g the lavas w h i l e t h e i r i n t e r i o r s were 

s t i l l molten. 

The topm.ost u n i t of the Hredavatn series consists of o l i v i n e 

b a s a l t flows and i s about 100 m t h i c k i n the H a l l a r m u l i area ( F i g . 

3.5), but only 30 m west of Hraunsnefsoxl. South of H a l l a r m u l i , the 

thickness of t h i s u n i t decreases r a p i d l y (see Chapter 4 ) . The number 

of flows i s greatest i n the H a l l a r m u l i area. South of H a l l a r m u l i , 

t h i s unit- i s represented by a compound lava flow;, ( F i g . 4.2). This 

u n i t of o l i v i n e b a s a l t f l o w s , thus forms a topographic high i n the 

H a l l a r m u l i area, where, at t h a t time the H a l l a r m u l i c e n t r a l volcano 

was s t a r t i n g i t s a c t i v i t y . 

(2) H a l l a r m u l i c e n t r a l volcano ( f l o w s no. 12 t o 13; described i n 
Chapter 4 ) . 

(3) K o l v i d a r h o l t series ( f l o w s no. 14-25) 

This s e r i e s i s up t o 45 m t h i c k , and consists of t h i n t h o l o i i t e 

f l o w s . I t i s found i n H a l l a r m u l i , K o l v i d a r h o l t and at the base of 

Hraunsnefsoxl. I t i s t h i c k e s t on K o l v i d a r h o l t , northeast of S v a r t a g i l , 
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but gets t h i n n e r i n both d i r e c t i o n s from there. The t h i c k - l a y e r e d 

G r j o t h a l s s e r i e s r e s t s unconformably on top of the K o l v i d a r h o l t 

s e r i e s i n the area northeast of S v a r t a g i l but conformably at 

Hyaunsnefsoxl. The number of flows v a r i e s from 5 t o 15 and they are 

v e s i c u l a r and w i t h hardly any i n t e r c a l a t e d c l a s t i c beds. The flows 

have black-weathering surface but are f i n e - g r a i n e d and no z e o l i t e s 

are present; they thus show t h o l e i i t i c a f f i n i t i e s . This series i s 

perhaps the f l a n k succession of the H a l l a r m u l i c e n t r a l volcano. 

(4) G r j o t h a l s t h i c k - l a y e r e d s e r i e s (flows no. 27-57b). 

This series i s p a r t of the Reykjadalur t h i c k - l a y e r e d series (see 

Chapter 5) which can be traced, at l e a s t , from H a l l a r m u l i i n the south 

t o Budardalur i n the n o r t h and from Sanddalur i n the east t o Lang-

avatnsdalur i n the west. The part described i n t h i s chapter i s on 

G r j o t h a l s and Hraunsnefsoxl (F i g . 3.6). I t i s about 180 metres t h i c k 

and numbers about 30 flows. The thickness of the series decreases 

towards the west and northwest. West of Sata the series i s w i t h i n 140 m 

t h i c k and becomes even t h i n n e r f u r t h e r west. 

Most of the flows are t y p i c a l , t h i c k t h o l e i i t e flows but two u n i t s 

of p o r p h y r i t i c flows are present. The lower u n i t i s found over a wide 

area, from G r j o t h a l s t o Saturdalur n o r t h of Vikravatn. I t i s also 

probably found n o r t h of the Reykjadalur c e n t r a l volcano (see Chapter 

5) . I n Hraunsnefsoxl (F i g . 3.6) the u n i t i s 20-30 metres t h i c k and 

con s i s t s of 4-5 flows. They are plagioclase and/or pyroxene phyric 

and gabbro x e n o l i t h s are abundant i n places. The f u r t h e r n o r t h , the 

more compound becomes ti e nature of the u n i t . I n Bjarnadalur and 

Vesturardalur the u n i t c o n s i s t s of o l i v i n e r i c h compound lava. The 

upper pa r t i s r a t h e r poor i n o l i v i n e phenocrysts but the lower h a l f 

has up t o 50% of o l i v i n e phenocrysts. 

The upper p o r p h y r i t i c u n i t i s 10-20 ra t h i c k (1-2 plagioclase 

p h y r i c f l o w s ) and forms the top of the se r i e s west of Holmavatn, and 



F i g , 3.6 Hraunsnefsoxl i n Nordurardalur, exposing the t h i c k t h o l e i i t e 
flows of the G r j o t h a l s (Reykjadalur) t h i c k - l a y e r e d s e r i e s , 
w i t h two t h i n u n i t s of p o r p h y r i t i c flows (a) and at the top 
i s an intermediate flow (b) from the Reykjadalur c e n t r a l 
volcano. The lower slopes are formed of Recent l a n d s l i p (c) 

F i g . 3.7 S i d u f j a i l seen from T h v e r a r h l i d . The S i d u f j a i l series (a) 
separated from the Sleggjlaekur series (b) by a 20 m t h i c k 
sedimentary bed ( c ) . 



n o r t h along G r j o t h a l s , I t i s also present at the top of Hraunsnefsoxl. 

Sediments are r a t h e r r a r e i n t h i s s e r i e s , apart from the t h i n 

red beds which are common. One sedimentary horizon accompanies the 

lower p o r p h y r i t i c u n i t . I t i s formed of bedded sandstone and con­

glomerate w i t h rounded pebbles and boulders. Another sediment i s found 

on S k a l a f e l l , southeast of G l i t s t a d i r , but i t s place i n the s t r a t ­

igraphy i s not c e r t a i n because of f a u l t i n g . I t consists of bedded 

sandstone, s i l t s t o n e and c l a y . 

(5) G r j o t h a l s t h i n - l a y e r e d series ( f l o w s no, 57-99). 

This s e r i e s i s p a r t of the Reykjadalur t h i n - l a y e r e d series 

which extends at l e a s t from K a r l s d a l u r i n the south t o Haukadalur i n 

the n o r t h and from Holtavorduheidi i n the east t o Langavatnsdalur i n 

the west. The main pa r t of the series w i l l be described i n Chapter 5. 

The part described i n t h i s chapter i s on G r j o t h a l s and T h v e r a r h l i d . 

The s e r i e s i s about 470 m t h i c k , but the thickness increases considerably 

towards the n o r t h . The number of flows i s about 50, and most of them 

are t h i n and v e s i c u l a r , although t h i s f e a t u r e changes along the 

s t r i k e . I n the southern p a r t , the lavas tend t o be t h i c k e r and w i t h 

fewer vesic .les but f u r t h e r n o r t h one goes, the t h i n n e r and more v e s i c u l a r 

the f l o w s . 

The bottom h a l f of the s e r i e s i s a mixture of rather t h i n t h o l e i i t i c 

and p l a g i o c l a s e - p h y r i c flows. The number of flows i s uncertain because 

of f a u l t i n g , but i s about 35, Followed northwards, t h i s part i n t e r -

f i n g e r s w i t h t h i n , v e s i c u l a r , o l i v i n e basalt f l o w s , e s p e c i a l l y west of 

Raudabergsvatn. Sediments are very rare i n t h i s p a r t , except f o r a 

few t h i n red beds, which i n d i c a t e s a r a t h e r high e f f u s i o n r a t e . 

Between Lundur and F i s k i v a t n i s a u n i t of t h i c k t h o l e i i t e flows. 

I t i s 20-60 m t h i c k and c o n s i s t s of 2-7 flows. The thickness of the 

u n i t decreases r a p i d l y towards the south, and i s not found on the 
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western side of Nordurardalur. Underlying t h i s u n i t are two 

sediment l a y e r s , each 5-10 m t h i c k and consist of bedded t u f f and 

sandstone. 

The topmost lava u n i t c onsists of extremely plagioclase-phyric 

flows (up t o 50-60% phenocrysts). The thickness of the u n i t varies 

from 25 t o 150 metres. I t i s t h i c k e s t south of the Kviar farm, where 

i t appears t o be about 150 m, but i t i s very poorly exposed. Only 

9-10 flows are exposed ( t o t a l about 80 m) and i t must be assumed t h a t 

the r e s t of the u n i t c onsists of sediments r a t h e r than lava flows. 

Only about 10-15 metres of bedded sandstone are exposed on a r i v e r 

bank northeast of the Kviar farm. When the u n i t i s followed along 

s t r i k e t o the n o r t h and northeast, j u s t across the r i v e r L i t l a Thvera, 

the thickness decreases t o 30 m and 3-5 flows. On the mountain peak, 

j u s t northeast of L i t l a baula, i s a 60-70 ra t h i c k p o r p h y r i t i c u n i t 

which i s most l i k e l y the same u n i t . I t seems l i k e l y that the t h i c k - . 

ness d i s t r i b u t i o n i s caused by the topographical d i f f e r e n c e between 

the c r a t e r ( s ) and the lowlands south and southeast of the Reykjadalur 

c e n t r a l volcanic region. The flows were erupted somewhere north of 

Mt. Baula, probably near:the caldera rim and flowed south and south-

eastwards and down the slopes of the c e n t r a l volcanic region (where 

the u n i t i s t h i n n e s t ) . When they reached the lowlands they tended 

t o become t h i c k e r because of ponding. The sediment d i s t r i b u t i o n 

can be explained s i m i l a r l y because on the assumed slopes of the 

c e n t r a l volcanic r e g i o n , few sediments have been found, but i n the 

lowlands the sediments are both t h i c k and abundant. 

(6) Sleggjulaekur s e r i e s ( f l o w s no. 100-156). 

This s e r i e s i s about 520 m t h i c k and has been traced from the 

inner part of T h v e r a r h l i d t o S i d u f j a i l ( F i g . 3.7 ; Johannesson, 1972) 

and Kroppsmuli (Gudbergsson e t . a l . , 1971). I t i s also i n the 

lowlands west of Reykholtsdalur and H v i t a r s i d a ( i n c l . Veggjahals). 



The number of flows i s about 60 and they are of a l l types. The 

bottom part of the s e r i e s c o n s i s t s mainly of o l i v i n e basalt flows 

and few t h o l e i i t e and p o r p h y r i t i c flows. I n the middle of the 

se r i e s i s a u n i t of p l a g i o c l a s e - p h y r i c f l o w s , about 5-7, which can 

be tra c e d from T h v e r a r h l i d and K l e i f a r south along the Veggjahals. 

The upper h a l f of the ser i e s c o n s i s t s mainly of t h o l e i i t i c flows 

i n t e r c a l a t e d w i t h few o l i v i n e b a s a l t and p o r p h y r i t i c flows. 

Because of f a u l t i n g t h i s s e r i e s i s not as w e l l established as 

the others. The number of normal f a u l t s i s enormous and they make 

c o r r e l a t i o n i n some cases extremely d i f f i c u l t . Some of the 

i r r e g u l a r i t i e s of the ser i e s must be explained by the lavas f l o w i n g 

i n a landscape marked by t e c t o n i c f a u l t i n g and erosion. Most of 

these f a u l t s are NW-SE t o E-W and were already a c t i v e i n T e r t i a r y 

times. The problems of the f a u l t s w i l l be discussed i n Chapter 10. 

In t h i s t e c t o n i c environment, sediments were l a i d down. Sediments 

are more common i n t h i s s e r i e s than i n any other series i n the 

Borgarf j o r d u r area. Thin red beds are comm.on but t h i c k e r sediments 

form up t o 20% of the ser i e s and i n some places even as much as 30%. 

Because of the sediments the outcrops i n t h i s s eries are poorer than 

expected. Most of these sediments have been described i n d e t a i l 

by Johannesson (1972). Most consist of sandstone and conglomerate 

but i n a few cases of f i n e r m a t e r i a l . The topmost of the sediments 

i s found i n K l e i f a r and i n the gorge of the K j a r r a r i v e r and stretches 

f u r t h e r n o r t h , through Svarthamar and i n t o T h v e r a r h l i d and Holtavor­

d u h e i d i , (Chapter 6 ) . I t v a r i e s both i n thickness and type. I n the 

area from K l e i f a r t o Svarthamar (Figs, 3,8-3,10) i t consists of 

sandstone and coarse conglomerate w i t h rounded boulders which range 

i n s i z e from a few cm t o 1-2 m. North of Svarthamar the layer becomes 

f i n e r , of sandstone and s i l t s t o n e . A l l the other sediments i n the 
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F i g . 3.8 Svarthamar i n T h v e r a r h l i d : a 25 m t h i c k outcrop of T e r t i a r y 
conglomerate (see F i g . 3.9). 



F i g . 3.9 A poorly sorted conglomerate i n Svarthamar i n T h v e r a r h l i d 
(see F i g . 3.8). 

F i g . 3.10 The same sedimentary bed as i n Svarthamar. I t consists 
mainly of sandstone and s i l t s t o n e , but i n the centre of the 
bed i s a l e n t i c u l a r body of conglomerate (a) and the top of 
the bed (b) has been baked by the o v e r l y i n g flow ( c ) . 
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s e r i e s are more r e s t r i c t e d i n t h e i r d i s t r i b u t i o n and most of them 

cannot be t r a c e d over long distances and o f t e n end up against 

f a u l t escarpment. The thickness of the s e r i e s as a whole decreases 

towards the n o r t h but accurate measurements f o r the northern part 

are not a v a i l a b l e . On the other hand, the thickness of the sediments 

increases towards the n o r t h . 

(7) S i d u f j a i l s eries ( f l o w s no. 157-179). 

A 20 m t h i c k sedimentary layer o v e r l i e s the Slegg.julae .kur. 

I t can be t r a c e d from S i d u f j a i l ( F i g , 3,7), through K j a r r a r d a l u r and 

t o the T h v e r a r h l i d area. I n S i d u f j a i l the main part consists of 

bedded sandstone and s i l t s t o n e w i t h r h y o l i t i c ash and l i g n i t e s near 

the top. I n T h v e r a r h l i d both basic h y a l o c l a s t i t e s and acid i g n i m b r i t e s 

are present. This sediment was f i r s t described by Einarsson (1957). 

•Pflug (1959) conducted p o l l e n a n a l y s i s study of i t . 

The S i d u f j a i l s e r i e s i s about 310-320 m t h i c k and i s found on 

S i d u f j a i l and H u r d a r b a k s f e l l , and f u r t h e r south i n Kroppsmuli and 

Flokadalur (Gudbergsson e t . a l . , 1971). The s e r i e s consists of 

about 30 flows n e a r l y a l l of which are t y p i c a l t h o l e i i t e flows and 

u s u a l l y t h i c k . I n Kroppsmuli the s e r i e s i s about 340 m t h i c k . Red 

beds are conmion and two t h i c k sediments were found. Near the top of 

the s e r i e s i s a 5 m t h i c k layer of t u f f and clay sediments. The 

other i s i n the lower p a r t of the s e r i e s . I t i s about 40-45 m t h i c k 

w i t h one lava f l o w i n the middle of i t , and consists mainly of brown 

s i l t s t o n e and sandstone, and f i n e to coarse conglomerate w i t h angular 

and rounded boulders. This layer has been traced from S i d u f j a i l 

through K j a r r a r d a l u r and T h v e r a r h l i d and i n t o the Holtavorduheidi 

area (Chapter 6) . 

(8) Thorgautsstadir s e r i e s ( f l o w s no. 180-190). 

This series i s about 100 m t h i c k i n H v i t a r s i d a . I t i s also 

found on Skaneyjarbunga and Kroppsmuli (Gudbergsson e t . a l . , 1971) 
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where i t i s about 140 m t h i c k . I n H v i t a r s i d a the series i s found 

i n Thorgautsstadagil and cons i s t s of 13 flows, most of which are 

o l i v i n e b a s a l t flows w i t h few t h o l e i i t e and plag i o c l a s e - p h y r i c flows. 

Red beds are common. One layer of 1-2 m t h i c k sandstone and f i n e 

conglomerate i s present i n Thorgautsstadagil but the same layer 

i s about 14 m t h i c k on Skaneyjarbunga. 

(9) H a a f e l l series ( f l o w s no. 191-258). 

This s e r i e s i s about 210 m t h i c k i n H v i t a r s i d a and has been 

tr a c e d over an area from K j a r r a r d a l u r t o Flokadalur. The thickness 

south of Reykholtsdalur i s u n c e r t a i n because of poor outcrops and 

f a u l t i n g . I t consists of t h i n , very v e s i c u l a r t h o l e i i t e flows which 

are very c h a r a c t e r i s t i c and easy t o recognise. They are usu a l l y 

very t h i n , 2-3 ra on average compared w i t h 5-15 m f o r ordinary t h d l e i i t e 

f l o w s . Usually 1/3-1/2 of the thickness i s s c o r i a , 2-3 o l i v i n e 

b a s a l t flows and plag/px-phyric flows are present i n the middle 

p a r t of the s e r i e s . The number of flows i s about 70 but i t i s nearly 

impossible t o give an accurate number f o r the series because many lava 

flows pinch out and new ones come i n . Red beds are rare i n the series 

which p o i n t s t o a high e f f u s i o n r a t e . There are four sedimentary 

horizons and the thicknesses range from 5 t o 10 m. They consist of 

c l a y - r i c h m a t e r i a l t o sandstone w i t h small rounded pebbles. I n the 

highest bed ( i n Husagil i n s i d e Samstadir) are a few plant f o s s i l s . 

The s e r i e s may have i t s o r i g i n i n the area around the 

Skardsheidi c e n t r a l volcano (Saemundsson, per. com.) and possible 

having the same r e l a t i o n s h i p s w i t h the volcano as the Reykjadalur 

t h i n - l a y e r e d s e r i e s w i t h the Reykjadalur c e n t r a l volcano (see Chapter 

5 ) , The thinness of the flows may thus be a t t r i b u t e d t o topographical 

circumstances, i . e , flov/ing down the f l a n k s of the c e n t r a l volcanic 

region. 
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(10) Haukagil s e r i e s ( f l o w s no. 259-271). 

The thickness of t h i s s e r i e s i s uncertain i n H v i t a r s i d a 

because of a gap i n the middle part caused by poor exposures. I f 

the thickness i s c a l c u l a t e d from the s t r i k e and d i p a f i g u r e of 

140 m i s obtained, where of 1/3 i s not exposed. I t has been mapped 

i n Raudsgil (Albertsson e t . a l . , 1971) v/here the thickness i s about 

180 m and the author has mapped the same series on Steindorstada'dxl 

and found a s i m i l a r thickness:. This series consists of t y p i c a l 

t h o l e i i t e flows both i n Hvidarsida, Raudsgil and Steindorstadabxl, 

The number of flows i n Raudsgil and Steindorstadaoxl i s about 30 

but i n H v i t a r s i d a only 14 flows are exposed. Thin red beds i n t e r ­

c a l a t e most of the flows. I n Husagil ( i n s i d e Samstadir) are two 

t h i c k sediment l a y e r s . The lower one, which i s at the bottom of the 

s e r i e s , i s 15-20 m t h i c k and co n s i s t s predominantly of brown sandstone 

and f i n e , bedded conglomerate. The upper one i s about 10 m t h i c k and 

co n s i s t s of grey t o yellow t u f f and clay sediments as w e l l as coarse 

r h y o l i t i c ash ( i g n i m b r i t e ?) w i t h pieces of black b a s a l t i c pumice. 

This ash i s probably from one of the c e n t r a l volcanoes i n the 

Skardsheidi region. I n Haukagil i s a 2 m t h i c k conglomerate w i t h 

angular t o rounded boulders and a y e l l o w i s h t u f f and clay matrix. 

(11) M i d g i l series ( f l o w s no. 272-283). 

I t i s about 70 m t h i c k and made of 10-11 flows. Six of the 

flows are p l a g i o c l a s e p h y r i c and the re s t are t h o l e i i t i c or o l i v i n e 

b a s a l t i c . This s e r i e s i s also found on Signyjarstadahals, and 

Raudsgil and Steindorstadaoxl (Albertsson e t . a l . , 1971), where 

i t i s n e a r l y 80 m t h i c k . Some of the flows are extremely plagioclase 

p h y r i c (up t o 50%) w i t h a few pyroxene phenocrysts as w e l l . Thin red 

beds i n t e r c a l a t e the flows but near the bottom of the series i s one 

f i n e conglomerate, 2-3 m t h i c k . 
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(12) K i n n a r g i l series ( f l o w s 283-319). 

A 10-15 m t h i c k sedimentary horizon o v e r l i e s the M i d g i l s e r i e s . 

The main part consists of brown siltstone and sandstone but the uppermost 

par t c o n s i s t s of f i n e conglomerate w i t h rounded pebbles. 

The K i n n a r g i l s e r i e s i s about 300 m t h i c k i n H v i t a r s i d a . I t 

i s also found i n Raudsgil and Steindorstadabxl where i t i s somewhat 

t h i c k e r ( A l b e r t s s o n e t . a l . , 1971; Saemundsson and N o l l , 1974). 

This s e r i e s consists mainly of t h o l e i i t e flows w i t h a few o l i v i n e 

b a s a l t and p l a g i o c l a s e p h y r i c f l o w s , i n a l l nearly 40 flows. Thin 

red bed i n t e r c a l a t e nearly a l l the flows, but i n the upper h a l f of 

the s e r i e s are 3-4 t h i c k e r sediments (each 1 t o 4 m t h i c k ) , mainly 

of bedded conglomerate. 

On t o p of the K i n n a r g i l s e r i e s f o l l o w s a g l a c i a l horizon and 

group of p l a g i o c l a s e p h y r i c lava f l o w s , which together provide a 

u s e f u l marker horizon, A magnetic r e v e r s a l from normal t o reverse 

also occurs at t h i s s t r a t i g r a p h i c boundary. The i n t e r p r e t a t i o n i s t h a t 

the reversed flows represent the Mammoth event of the Gauss epoch 

and t h a t the g l a c i a l horizon marks the onset of the Quaternary 

g l a c i a t i o n s which f o l l o w at regular i n t e r v a l s higher up i n the 

succession (Saemundsson and N o l l , 1974). 

Age Relations 

The palaeomagnetic scale f o r the B o r g a r f j o r d u r area (Fig. 3.11) 

and the K-Ar datings (Table 13.1) give an absolute age f o r the various 

s t r a t i g r a p h i c s e r i e s . McDougall et a l . (1975) have dealt i n d e t a i l 

w i t h the c o r r e l a t i o n between t h i s scale and the ocean-floor scale. 

The upper p a r t of the s e c t i o n f i t s remarkably w e l l w i t h the revised 

time scale f o r the ocean f l o o r (Cox, 1969; Talwani et a l . , 1971) 

although the bottom 1000 ra of the s e c t i o n cannot be c o r r e l a t e d as 

e a s i l y , because of unconformities and a possible h i a t u s . The Gauss and 
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F i g . 3.11 The K-Ar ages, w i t h p r e c i s i o n l i m i t s i n d i c a t e d , p l o t t e d against 
the aggregate s t r a t i g r a p h i c thickness above the base of the 
sequence. P o l a r i t y log f o r the sequence i s given adjacent t o 
the thickness axis (black, normal p o l a r i t y and white, reversed 
p o l a r i t y ) . Upper part of the diagram shows the p o l a r i t y time 
scale a f t e r Talwani et a l . (1971). The pr o p o r t i o n of sediment 
present per 100 m of section i s shown on the r i g h t . Modified 
a f t e r McDougall et a l . , 1975. 
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Sample 
number 

NP286 

NP270 

NP258 

NP233 

NP209 

NP208 

NP199 

NP184 

NP177 

NP172 

NP162 

NP150 

NP113 

NP76 

NP13 

NP12 

NP7 

NP2 

Calculated age 
i n (m.y.) 

3.49 ± 0.07 
3.44 ± 0.06 

3.64 ± 0.06 
3.68 + 0.05 

3.36 ± 0.07 
3.54 + 0.06 

3.52 .t 0.02 
3.60 + 0.07 

2.77 ± 0.11 
2.88 + 0.11 

4.12 ± 0,11 
3.80 + 0.08 
3.74 ± 0.07 

3.64 + 0.07 
3.56 + 0.06 

4.05 ± 0.06 
4.12 + 0.05 

4.12 + 0.06 
4.09 + 0.05 

4.19 ± 0,06 
4.22 ± 0.05 

4.67 ± 0.09 
4.53 ± 0.06 

5,03 ± 0.08 
4.85 + 0,06 

5,45 + 0.09 
5.16 + 0.09 
5.18 ± 0.09 

5,62 ± 0.09 
5.92 ± 0.07 
5.79 ± 0.07 

6. 18 ± 0.09 
6,22 ± 0.07 

6.20 + 0.10 
6,30 + 0.07 

6.75 ± 0.11 
6.73 + 0.08 

7,11 ± 0.12 
7,00 ± 0.09 

Mean age 
i n (m.y.) 

3.46 ± 0.07 

3.66 ± 0.06 

3,45 + 0.13 

3.56 ± 0.08 

2.82 1 0.11 

3.89 ± 0.20 

3.60 ± 0.07 

4.08 + 0.06 

4,10 ± 0.06 

4.20 ± 0,06 

4.60 ± 0,10 

4.94 ± 0.13 

5.26 i 0.16 

5.78 ± 0.15 

6.20 ± 0.09 

6.25 ± 0.10 

6.74 ± 0.11 

7.05 ± 0.12 

..Table 3.1 K-Ar ages of some lava flows from the .Borgarf j b r d u r area. The 
. sam.ple numbers r e f e r t o flows i n Fig.. 3.2. (From.I. McDougall 



G i l b e r t geomagnetic epochs are e a s i l y recognized and Epoch 5 as w e l l , 

but the l a t t e r i s s h o r t e r than expected, probably because of a lower 

e f f u s i o n r a t e and a possible unconformity. The magnetic s t r a t i g r a p h y 

i s more complicated below Epoch 5, due t o numerous short magnetic 

events. The lower boundary of Epoch 6 (Opdyke, 1972) i s probably 

at the bottom of p r o f i l e NS and the t h i c k normal event, exposed i n the 

K o l v i d a r h o l t s e r i e s and the bottom p a r t of the G r j o t h a l s t h i c k - l a y e r e d 

s e r i e s , i s probably anomaly 4, on the revised time scale (Talwani 

et a l . , 1971). 

The main s t r a t i g r a p h i c a l features of the 2.7 km t h i c k section are 

shown i n F i g . 3.12. The Hredavatn sedimentary horizon r e s t s unconformably 

on top of f a u l t e d and t i l t e d b a salts. These basalts may be considerably 

o l d e r than the rocks o v e r l y i n g them. A ba s a l t flow from the core of 

the Borgarnes a n t i c l i n e has been dated by Moorbath e t a l . (1968) and. 

an age of 13.2+2.0 m.y. was obtained. The s t r i k e and d i p r e l a t i o n s 

i n d i c a t e t h a t the rock und e r l y i n g the Hredavatn sedimentary horizon 

may be of s i m i l a r age, or s l i g h t l y younger. Thus there i s a gap of 

about 6 m.y. between the sediments and the underlying basalts. Two 

more unconformities occur i n the lava p i l e ; one betife^mthc l<o!.vi.ciarliolfc-series ond the 
Qrjothals tKick-Uijered Series, and the okli«r between the <^rjot^a\s ttiin-layerffd Series and the 

forks tfie fedi/nitnPary 'ric^"part of the pile. 

The p r o p o r t i o n of sediments i n the whole section i s about 15% of 

the t o t a l thickness. D e t r i t a l beds (sedimentary and j ^ o c l a s t i c ) 

c o n s t i t u t e about 6% of a 4.5 km t h i c k s e c t i o n i n the Reydarfjbrdur area 

i n eastern Iceland (Walker, 1959), which i s considerably less than 

i n the B o r g a r f j o r d u r area. 

The e f f u s i o n r a t e can be established by using the palaeomagnetic 

data and. the K-Ar-datings. I t i s on average about 730 m/m.y., but 

v a r i a t i o n s occur (see McDougall et a l . , 1975); f o r example, the e f f u s i o n 

r a t e near the bottom of the s e c t i o n i s much lower than elsewhere. 
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CIIAPTER 4: 

THE MALI.ARMULI CENTRAL VOLCM'iO 

The H a l l a r m u l i c e n t r a l volcano l i e s on the eastern f l a n k 

of the Borgarnes a n t i c l i n e . The r e g i o n a l lava p i l e dips 
o o 

from 2 t o 1 0 towards the east and southeast. I t i s rath e r 

d i f f i c u l t t o p i n - p o i n t the centre i t s e l f because no s t r u c t u r a l 

or geophysical anomalies (Figs. 2.4 and 2 . 5 ) , u s u a l l y associated 

w i t h c e n t r a l volcanoes have been found or observed. The flows 

which belong t o the volcaiio have s i m i l a r s t r i k e and d i p t o the 

flows of the plateau basalt around. The field?/ork suggests t h a t 

the main c e n t r a l a c t i v i t y took place i n the area between S v a r t a g i l 

and H 8 1 1 ( F i g . 3 . 5 ) and probably down-dip i n the lava p i l e . 

The G r j o t h a l s r i d g e and the H a l l a r m u l i are dissected by a 

number of NE-SW to N-S running f a u l t s . The downthrow i s us u a l l y 

on t h e i r western side (see Chapter 1 0 ) , but there are exceptions. 

One prominent f a u l t , w i t h an opposite throw, runs from G l i t s t a d i r 

south along H a l l a r m u l i and reaches the boggy lowlands about 0.5 km 

east of H B l l . I t i s also l i k e l y t h a t t h i s f a u l t extends f u r t h e r 

south along the eastern side of the low ridge Veggjahals from 

H 5 1 1 t o S t a f h o l t . No rocks r e l a t e d t o the H a l l a r m u l i c e n t r a l 

volcano have been found east of the f a u l t , except f o r one flow 

of b a s a l t i c i c e l a n d i t e and one fl o w of r h y o l i t e about 0.5 km 

south of the Hamraendar farm (Fig. 4 . 1 ) . 

The e a r l i e s t rock u n i t associated w i t h the volcano i s an 

i g n i m b r i t e l a y e r a t S t a f h o l t s k a s t a l i and a very t h i n i g n i m b r i t i c 

l a y e r on top of the p o r p h y r i t i c u n i t northeast of Veidilaekur. 

The i g n i m b r i t e at S t a f h o l t s k a s t a l i o v e r l i e s the Hredavatn beds. 

I t i s up t o 1 0 m t h i c k yellow t o red-brown i n colour, and contains 

a few small x e n o l i t h s of mainly basic m a t e r i a l ; i t i s o v e r l a i n by 
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F i g . 4,1 R h y o l i t e and b a s a l t i c i c e l a n d i t e flows 
(the three small hummocks l e f t of the farm), 
about 500 m south of Hararaendar i n 
S t a f h o l t s t u n g u r . 
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t h o l e i i t e f lows. The same i g n i m b r i t e i s probably exposed i n a 

poor outcrop about 1 km northeast of Veidilaekur. On top of t h i s 

i g n i m b r i t e l a y e r i s the topmost u n i t of the Hredavatn series. 

I t i s t h i c k e s t i n the H a l l a r m u l i area and t h i n s towards the SW. 

At S t a f h o l t s k a s a t a l i i t has disappeared alt o g e t h e r . A few t h i n 

i g n i m b r i t e l a y e r s i n t e r c a l a t e the upper p a r t of t h i s u n i t 

(F i g . 4.2). 

On top of the Hredavatn s e r i e s l i e s the main acid succession 

of the H a l l a r m u l i volcano which thickness varies from 10 t o 100 m. 

I t i s t h i c k e s t on H a l l a r m u l i , up t o 100 m, but becomes gradually 

t h i n n e r towards the n o r t h and south (F i g . 4.3). The volcanic 

sequence con s i s t s of a l t e r n a t i n g i g n i m b r i t e layers and intermediate 

lava flows w i t h a few i n t e r c a l a t e d plant-bearing mudstone and 

conglomerate beds. 

On H a l l a r m u l i the lower h a l f of the sequence consists of 

f o u r i g n i m b r i t e layers i n t e r c a l a t e d w i t h occasional intermediate 

lava flows but the upper h a l f consists of intermediate lava flows 

only, which are best exposed south of T o r f d a l u r (Fig. 4.4). Each 

i n d i v i d u a l f l o w i s of f a i r l y l i m i t e d extent, from a few tens of 

metres up t o 500 m. Some of the flows have followed r i v e r 

courses, which were cut i n t o the i g n i r a b r i t e l ayers (Fig. 4.5). 

Each i g n i m b r i t e l a y e r on H a l l a r m u l i can be d i v i d e d roughly 

i n t o 5 u n i t s . The bottom p a r t consists of f i n e ash which i s 

r a t h e r unconsolidated and contains few and small x e n o l i t h s 

( u s u a l l y about 0,5-1 m t h i c k ) . Due t o hydrothermal a l t e r a t i o n 

the ash has p a r t l y been converted to clay ( m o n t m o r i l l o n i t e ) . Then 

there i s , i n most cases, a r a t h e r sharp change to a coarser 

i g n i m b r i t e c o n t a i n i n g b i g pieces of pumice and x e n o l i t h s , but 

s t i l l r a t h e r unconsolidated. The centre of each la y e r i s f i r m l y 
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Olivine basalt flow 

5 ^ Ignimbrite 

Compound lava flows 

Acid scoria 

F i g . 4,2 Section through the topmost part of the 
Hredavatn s e r i e s , about 250 m no r t h of 
Varmaland, 
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C : Varmaland, 



consolidated and o f t e n welded; the pieces of pumice are f l a t t e n e d 

and x e n o l i t h s are abundant. Then there i s again a gradual 

continuum t o an unconsolidated i g n i m b r i t e and at the top i s a 

f i n e grained ash. This s u b d i v i s i o n i s only v a l i d f o r the 

H a l l a r m u l i area i t s e l f . West of Nordurardalur and south of 

H a l l a r r a u l i the f i n e ash at the bottom and top i s missing and the 

i g n i m b r i t e s have not welded centre. 

The f i n e ash at the bottom i s probably an a i r f a l l deposit 

formed a t the beginning of an e r u p t i o n . The main part of the 

i g n i m b r i t e i s then form.ed during the main outburst as an ash flow 

or a "nuee ardente" deposit. The ash at the top e i t h e r s e t t l e d 

from the dust l e f t i n the a i r a f t e r the ash f l o w had come t o a 

r e s t or i t formed as an a i r f a l l t u f f a f t e r the e r u p t i o n changed 

i t s character t o more P l i n i a n type a c t i v i t y . This s u b d i v i s i o n 

i n d i c a t e s a p r o x i m i t y t o the e r u p t i v e vent(s).. 

Most of the x e n o l i t h s are angular and reach up t o 3-5 cm i n 

s i z e , but u s u a l l y they are much smaller. They are of a l l types from 

bas a l t t o r h y o l i t e and p i t c h s t o n e . No p l u t o n i c x e n o l i t h s have been 

found except f o r a r a t h e r coarse-giained r h y o l i t e , which i s 

probably from a shallow i n t r u s i v e body. The x e n o l i t h s are less 

abundant i n the two lowest i g n i m b r i t e layers ( 1 . and 2. l a y e r ) but 

most abundant i n the f o u r t h l a y e r . 

The f i r s t and t h i r d layers are the main i g n i m b r i t e layers 

and both of them have welded centres. 

The f i r s t i g n i m b r i t e l a y e r ( F i g , 4.4) i s reddish i n colour and 

has maximum thickness of 15 m. At i t s base, j u s t north of H b l l , 

are v e r t i c a l moulds a f t e r tree trunks. The layer i s t h i c k e s t 

near T o r f d a l u r and t h i n s towards the north and i s not present 

west of Hraunsnefs6xl, I t has been found i n one outcrop south 
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F i g . 4.5 I c e l a n d i t e lava flow, showing p l a t y flow-
s t r u c t u r e p a r a l l e l to w a l l s of a r i v e r course. 
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of H a l l a r m u l i , approx, 1 km northwest of H j a r d a r h o l t , where i t 

i s less than 10 in t h i c k . I n many places, e s p e c i a l l j ' i n the 

southern p a r t of H a l l a r m u l i , t h i s la3'er i s o v e r l a i n by about 

10 m thickness of cross-bedded sediment w i t h pebbles and boulders 

of a l l types w i t h a tuffaceous matrix. Occasionally an intermediate 

f l o w separates layers 1 and 2. 

The second la y e r i s yellow-green i n ccilour, 2.5-5 m t h i c k , 

and f i n e r i n g r a i n than the three others, and probably e n t i r e l y 

formed of a i r f a l l t u f f . I t i s o f t e n d i f f i c u l t t o d i s t i n g u i s h 

between la y e r s 2 and 3. 

The t h i r d l a y e r i s also yellow-green i n colour but about 

20-25 m t h i c k (Fig. 4.4). I t i s t h i c k e s t i n T o r f d a l u r and t h i n s 

towards the south and has not been found south of H511. I t i s also 

considerably t h i n n e r west of Nordurardalur (7-10 m) and appears t o 

have been re-sedimented. I n Fossadalur the l a y e r i s accompanied by 

pl a n t - b e a r i n g lake deposits. I n the H a l l a r r a u l i area t h i n sediment 

(0.5-1 ra) w i t h s i l i c i f i e d tree trunks and an occasional intermediate 

lava f l o w separate layers 3 and 4, 

The f o u r t h l a y e r i s red-brown i n colour and 5-15 m t h i c k . 

I t i s t h i c k e s t near S v a r t a g i l and t h i n s t o the n o r t h and t o the 

south. 

The bulk of the intermediate flows o v e r l i e the f o u r t h i g n i m b r i t e 

l a y e r . They vary i n number from 1 t o 7 and can vary i n thickness 

from 2 t o 25 m but occasional t h o l e i i t e flow occurs also among 

the intermediate flows (Fig. 4.4). This group of intermediate 

flows i s t h i c k e s t i n the area from T o r f d a l u r t o Varmaland and no 

flows occur west of Hraunsnefsf3xl or south of S t a f h o l t k a s t a l i . 

Most of the flows are b a s a l t i c i c e l a n d i t e s and i c e l a n d i t e s , 

but d a c i t c flows were also i d e n t i f i e d . Only one r h y o l i t e flow has 
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been found so f a r , i n a p a r t i c u l a r l y poor exposure about 0.5 km 

south of the Hamraendar farm (Fig, 4.1). This r h y o l i t e flow 

occurs east of the f a u l t running along the eastern side of 

Veggjahals, probably s t r a t i g r a p h i c a l l y s l i g h t l y higher than the 

inter m e d i a t e flows described above. 

The youngest d i f f e r e n t i a t e d rocks i n the H a l l a r m u l i area i s 

a one metre t h i c k r h y o l i t i c ash l a y e r accompanied by s i l i c i f i e d 

t r e e trunks on K o l v i d a r h o l t . Conformably on top of the 

d i f f e r e n t i a t e d rocks of the H a l l a r m u l i c e n t r a l volcano l i e s the 

K o l v i d a r h o l t s e r i e s (see Chapter 3) which may represent a f l a n k 

succession of the volcano. 

A f t e r c e n t r a l a c t i v i t y ceased, the volcano was buried by f l o o d 

b a s a l t flows and subsequently cut by dykes, some of which intruded 

the i g n i m b r i t e s and formed s i l l s ( F i g . 3.5), A l l the s i l l s are 

b a s a l t i c except f o r one of i c e l a n d i t e . 

The H a l l a r m u l i c e n t r a l volcano i s h i g h l y abnormal compared t o 

other mapped c e n t r a l volcanoes in. Iceland (Walker, 1963; Sigurdsson, 

1966," F r i d l e i f s s o n , 1973; see also Chapter 5). One of the main 

d i f f e r e n c e s i s the absence of i n t r u s i v e sheets, cone sheets; or 

l a c c o l i t h s and the associated a l t e r a t i o n aureoles which u s u a l l y 

accompany mature c e n t r a l volcanoes. The only i n t r u s i v e s are a few 

• dykes, most i f not a l l of which were in t r u d e d a f t e r the volcano 

became e x t i n c t , and the evidence f o r a shallow r h y o l i t i c i n t r u s i o n ( s ) 

The analcime z e o l i t e zone i s s l i g h t l y higher i n the H a l l a r m u l i 

area than the surrounding areas. 

During the f ieldv/ork no evidence of a caldera or c i r c u l a r i t y 

i n s t r u c t u r e was found e i t h e r , which i s common among c e n t r a l 

volcanoes. 
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As mentioned e a r l i e r , no g r a v i t y or magnetic anomalies or 

other i r r e g u l a r i t i e s (Figs.2.4 and 2.5) have been detected over 

the volcano and the surrounding areas. 

The age of the lowest i g n i m b r i t e (1 km northeast of 

V e i d i l a e k u r ) i s about 6.7 m.y. ( F i g . 3.2) and the topmost i g n i r a b r i t e s 

are about 6.2 m.y. No K-Ar datings are a v a i l a b l e f o r the rocks 

from the f i n a l stages of the volcano but combining the a v a i l a b l e 

K-Ar dates and the palaeomagnetics, a minimum age of 6.0 m.y. i s 

obtained f o r the K o l v i d a r h o l t s e r i e s . The l i f e span of the 

H a l l a r m u l i c e n t r a l volcano, as we know i t today, was thus of the 

order of 600,000 to 750,000 years. This i s i n an agreement v/ith 

the estimated average l i f e span of c e n t r a l volcanoes i n western 

Iceland of 0.5-1.0 m.y. (Saemundsson and N o l l , 1974; Piper, 1971). 

The thickness of the p i l e , from the f i r s t d i f f e r e n t i a t e s 

u n t i l the end of a c t i v i t y r e l a t e d t o the volcano ( i n c l u d i n g the 

topmost u n i t of the Hredavatn s e r i e s and the whole of the 

K o l v i d a r h o l t s e r i e s ) , i s about 200-250 m, which gives an e f f u s i o n 

r a t e of 35 m/100,000 years thus c o n t r a s t i n g w i t h 73 m /100,000 years 

f o r the lava p i l e i n the BorgarfjfJrdur area as a whole (McDougall 

e t a l . , 1975). The e f f u s i o n r a t e i n a c e n t r a l volcanic area i s 

u s u a l l y much higher than f o r the basalt p i l e around i t . These 

f i g u r e s thus suggest abnormal con d i t i o n s i n the area during the 

volcano's l i f e - t i m e . Perhaps the main d i f f e r e n c e from other c e n t r a l 

volcanoes i s that the H a l l a r m u l i c e n t r a l volcano appears t o represent 

a peri o d of low e x t r u s i o n r a t e compared t o the succession above i t . 

The H a l l a r r a u l i c e n t r a l volcano i s the oldest i n the 

Borgarf jtJrdur area but according t o the s t r a t i g r a p h y i n 

Nordurardalur the a c t i v i t y of the Reykjadalur c e n t r a l volcano 

s t a r t e d less than 200,000 years l a t e r . 
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CHAPTER 5: 

THE REYKJADALUR CENTRA.L VOLCANO 

I n t r o d u c t i o n 

The Reykjadalur c e n t r a l volcano l i e s i n the heart of the 

mountain range between B o r g a r f j o r d u r and D a l i r . Except f o r Mr. Baula 

(Rutten and van Bemmelen, 1955) the area has not been described 

before. Mapping was c a r r i e d out i n the summers of 1972, 1973 and 1974. 

Because of the enormous size of the area involved, parts of 

i t could not be mapped i n d e t a i l . The main d i f f i c u l t i e s encountered 

were poor exposure, and intense f a u l t i n g i n the eastern and southeastern 

p a r t s of the area. The centre i t s e l f i s represented by a caldera, 

approximately 10 km i n diameter, which i s best exposed i n the 

Reykjadalur v a l l e y ( a f t e r which the volcano i s named). The f l a n k s 

of the volcano:extend, on average, about 10 km outwards from the 

caldera rim, but sometimes they extend f o r up t o 13 km. The actu a l 

diameter of the volcano thus ranges from 25 t o 30 km. 

The e x t r u s i v e rocks of the area can be d i v i d e d i n t o f o u r main 

groups or s e r i e s : -

1. The Reykjadalur t h i c k - l a y e r e d series 

2. The Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s 

3. The Reykjadalur t h i n - l a y e r e d s e r i e s 

4. The caldera f i l l i n g and the f i n a l d i f f e r e n t i a t e d 

e x t r u s i v e s . 

The i n t r u s i v e s r e l a t e d t o the volcano can also be subdivided 

i n t o t h r e e groups (dykes belonging t o the plateau basalt are described 

i n Chapter 9 ) : -

1, Intermediate and r h y o l i t i c dykes, which are feeders 

t o the Main Phase of d i f f e r e n t i a t e d extrusives. 



2. B a s a l t i c t o r h y o l i t i c cone sheets and s i l l s , which 

are feeders t o the t h i n - l a y e r e d series and t o the 

f i n a l d i f f e r e n t i a t e d e x t r u s i v e s . 

3, R h y o l i t e cone sheets and other i n t r u s i v e bodies from 

the f i n a l stages of c e n t r a l volcanic a c t i v i t y i n the 

area. 

S t r a t i g r a p h y 

(•'-) - Reykjadalur t h i c k - l a y e r e d s e r i e s 

The s e r i e s froms the base of the volcano and also part of the 

"cone" i t s e l f . The flows d i p about 2°--5° towards the volcano from 

the n o r t h , the south and the west ( i t i s not exposed on the eastern 

s i d e ) . The d i p changes a b r u p t l y about 2-3 km outside the caldera rim, 
o o 

where i t was found t o d i p 5 -25 outwards, forming a c i r c u l a r 

s t r u c t u r e on the volcano's western side (Fig. 5.1). The dips of the 

slopes of the cone would be increased i f c o r r e c t i o n s are made f o r the 

r e g i o n a l d i p . The thicknesses of the t h o l e i i t e flows measured on the 

slopes i n d i c a t e t h a t they were extruded on a f l a t topography r a t h e r 

than on a steep slope. The main cause of the observed di p may be u p l i f t 

r e s u l t i n g from l a t e r i n t r u s i v e a c t i v i t y , perhaps of acid i n t r u s i o n s 

at shallow depths. The r e g i o n a l d i p curves around the volcano (F i g . 5.2) 

and t h i s may be caused by sagging of the f l o o r of the volcano due t o 

the load of l a t e r volcanics s i m i l a r t o the Breiddalur c e n t r a l volcano 

i n eastern Iceland (Walker, 1963). 

A s e c t i o n through the s e r i e s i n the G r j o t h a l s area (the G r j o t h a l s 

t h i c k - l a y e r e d s e r i e s ) has been described i n Chapter 4. The series 

r e s t s unconformably on top of the K o l v i d a r h o l t series and the H a l l a r m u l i 

c e n t r a l volcano, i n the southern p a r t of the region. There i t consists 

mainly of t h i c k t h o l e i i t e f l o w s , w i t h two u n i t s of p r o p h y r i t i c flows; 

the lower u n i t also occurs n o r t h of the Reykjadalur volcano. 



Fig. 5.1 Unconformity (a) between the Reykjadalur t h i c k -
layered s e r i e s (b) and the o v e r l y i n g Reykjadalur 
t h i n - l a y e r e d series Cc). A lava flow from the 
Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s i s 
exposed on the r i g h t of the photograph ( d ) . Note 
the c i r c u l a r , outward-dipping s t r u c t u r e of the 
t h i c k - l a y e r e d s e r i e s . 
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F i g . 5.2 The present e l e v a t i o n ( i n metres) of the top of 
the Reykjadalur t h i c k - l a y e r e d series. 
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The s t r a t i g r a p h i c a l l y lowest rocks, which were examined north 

of the volcano, are exposed i n the gorge of the Haukadalur r i v e r 

n o r t h of H a r r a s t a d i r . Poorly exposed t h o l e i i t e flov/s are o v e r l a i n 
i 

by an olt^vine-rich compound lava f l o w which can be traced f o r at. 

l e a s t 10 km towards the n o r t h . This f l o w i s succeeded by an 

i c e l a n d i t e flow, which i s the oldest Sahc rock i n the area 

around the Reykjadalur volcano. I t i s not c l e a r v/hether t h i s p a r t i c u l a r 

f l o w has i t s o r i g i n within the c e n t r a l volcano, but i t i s thought 

l i k e l y . The i c e l a n d i t e f l o w i s o v e r l a i n by a 50-75 ra t h i c k u n i t of 

t h i c k t h o l e i i t e flows succeeded by a p o r p h y r i t i c u n i t , the same as on 

the southern side of the volcano. This u n i t can reach up t o 50 m i n 

thickness but i s u s u a l l y about 25 ra. I n Haukadalur and Hordudalur 

the u n i t c o n s i s t s of a t y p i c a l compound lava flow, but elsewhere 

c o n s i s t s of o l i v i n e b a s a l t flows and p l a g i o c l a s e - p h y r i c flows. The 

topmost p a r t of the s e r i e s c o n s i s t s of about 150 m of t h i c k t h o l e i i t e 

flows which are i n t e r l e a f e d by a few intermediate flows i n Sbkkolfsdalur 

and Sudurardalur. Thin red c l a s t i c beds i n t e r c a l a t e w i t h most of these 

flows. 

The s t r a t i g r a p h i c thickness of t h i s s e r i e s , from the i c e l a n d i t e 

f l o w i n the gorge of the Haukadalur r i v e r upwards, i s about 250-300 m 

and the thickness on Hraunsnefsb'xl, i n Nordurardalur, i s about 200 m. 

I t i s thus l i k e l y t h a t the compound lava f l o w and i c e l a n d i t e flow i n 

the gorge of Haukadalsa r i v e r correspond i n time t o the compound lava 

f l o w u n d e r l y i n g the Hredavatn beds and t o the d i f f e r e n t i a t e d rocks 

of the H a l l a r m u l i c e n t r a l volcano. 

(2) The Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s 

This s e r i e s which l i e s conformably on top of the preceding s e r i e s , 

includes most of the intermediate and acid extrusives of the 

Reykjadalur c e n t r a l volcano. I t s t o t a l thickness varies from 10 t o 200 m. 

Very few b a s a l t flows i n t e r c a l a t e w i t h the acid rocks, although there 
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i s a 50-75 m t h i c k u n i t of t h i n t h o l e i i t e flows i n Vesturardalur. 

The-series consists both of lava flows and fSyroclastic m a t e r i a l (ash 

and unwelded i g n i m b r i t e s ) but due t o l a t e r i n t r u s i v e a c t i v i t y , the 

stratigz-aphy south and southeast of the caldera rim i s d i f f i c u l t t o 

assess; some of the i g n i m b r i t e s and the ash have been replaced by 

basic cone sheets and s i l l s ( F i g . 5.3). The e a r l i e s t rocks belonging 

t o t h i s s e r i e s are a few r h y o l i t e flows and a huge a c i d i c i g n i m b r i t e 

l a y e r ( s ) whose thickness could not be established due to the d i f f i c u l t i e s 

described above. I t c e r t a i n l y runs i n t o tens of metres. This 

l a y e r may consist of more than one e r u p t i v e phase. I t i s greenish i n 

colour and o f t e n considerably a l t e r e d , and small x e n o l i t h s are common 

w i t h i n i t . The i g n i m b r i t e may have had i t s o r i g i n near the top of 

the volcano (which l a t e r collapsed) f l o w i n g down the eastern and 

southeastern slopes of the volcano, but i t s f u l l extent i s not known 

because i t disappears down-dip. The l a y e r i s t h i c k e s t at the head 

of A u s t u r a r d a l u r and i n Mjoidalur. The a c t i v i t y spread soon to other 

areas, from Vesturardalur t o Haukadalur. Most of the lava flows 

have t h e i r o r i g i n i n vents and dykes outside the cone of the volcano. 

Seven of these vents have been i d e n t i f i e d (see Geol. Map); the best 

exposed vents occur i n V i l f i l s d a l u r (Fig. 5.4). Each e r u p t i o n s t a r t e d 

w i t h a explosive phase ( P l i n i a n phase) forming a 2-10 m t h i c k bedded 

tephra l a y e r (Fig. 5.5), which contains numerous b a s a l t i c x e n o l i t h s 

of up t o 0.5 ra i n diameter. A f t e r the i n i t i a l explosive phase a 

hi g h l y viscous r h y o l i t i c magma was extruded and, due t o i t s high 

vis'cosifc^, a small dome-shaped body was formed over the vent (Fig. 5.4). 

Some of the intermediate and a c i d flows have t h e i r o r i g i n on the slopes 

of the cone, and perhaps near the o r i g i n a l summit. Their volume i s , 

however, small compared w i t h those erupted away from the cone. I t 

i s d i f f i c u l t t o estimate the volume r e l a t i o n s between the intermediate 

and ' r h y o l i t i c rocks but roughly estimated, the r h y o l i t i c rocks make up 
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F i g . 5,3 B a s i c s h e e t s and s i l l s emplaced i n unwelded 
i g n i m b r i t e of the Main Phase of d i f f e r e n t i a t e d 
e x t r u s i v e s i n Mjoidalur. 
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F i g , 5.5 Bedded r l i y o l i t i c lephra (a) u n d e r l y i i i g a r h y o l i t e 
lava f l o w (b) of the same e r u p t i o n ; belonging t o 
the Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s i n 
V i l f i l s d a l u r . 

Fig. 5 . 6 The upper l i l l i t e i n the Reykjadalur t h i n - l a y e r e d 
s e r i e s . The t i l l i t e (a) i-ests on a polished 
surface of lava flow ( b ) . P i l l o w lava (c) 
o v e r l i e s the t i l l i t e . Svarthair.ar north of 
Jbrva-Thverdaiur. 
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about t w o - t h i r d s of the whole s e r i e s . 

(3) Reykjadalur t h i n - l a y e r e d series 

This i s the most spectacular s e r i e s i n the whole research area 

and c o n s i s t s of numerous t h i n v e s i c u l a r flows, most of which show 

t h o l e i i t i c c h a r a c t e r i s t i c s . On the o u t s k i r t s of the area these 

t h i n t h o l e i i t e flows i n t e r f i n g e r w i t h t h i n , v e s i c u l a r o l i v i n e basalt 

flows. The flows are u s u a l l y not t h i c k e r than 2-4 m. Three 

p a l g i o c l a s e - p h y r i c u n i t s occur i n the upper p a r t of the s e r i e s , 

and a few intermediate and r h y o l i t e flows i n t e r l e a f w i t h the series 

n o r t h of the caldera. The t o t a l thickness of the series i s not known; 

i t s minimum thickness i s about 600 m but i t may be as t h i c k as 1000 m. 

The thickness i s greatest near the volcano, p o i n t i n g t o close 

r e l a t i o n s h i p s between the c e n t r a l volcano and the series. 

The s e r i e s r e s t s unconformably on top of the prece ding series 

i n the immediate v i c i n i t y of the volcano (F i g . 5.1) but i t i s 

conformably on top of the u n d e r l y i n g series f u r t h e r away (6-7 km from 

the caldera r i m ) . Flows belonging t o the s e r i e s d i p about 5° outwards, 

close t o the caldera rim, but l e v e l o f f about 2 km outside the time 

and s t i l l f u r t h e r away they tend t o f o l l o w the r e g i o n a l dip. 

The s t r u c t u r e of the s e r i e s i s i r r e g u l a r and complicated by 

contemporane 'Ous f a u l t i n g , accompanied by a few small unconformities 

which may be caused by s h i f t i n g of a c t i v i t y from one part of the area, 

t o another, and by erosion. 

The p o r p h y r i t i c u n i t s , which vary from 15 t o 75 m i n thickness, 

have a high p l a g i o c l a s e content. The phenocrysts can reach 2-3 cm i n 

s i z e , but are u s u a l l y less than 0.5 cm. The p o r p h y r i t i c flows are 

u s u a l l y two or three times t h i c k e r than the t h i n n e r t h o l e i i t e flows. 

Most of the p o r p h y r i t i c flows seem to have t h e i r o r i g i n i.\ear the 

centre of the c e n t r a l volcanic region, from whence they flowed 

outwards and down the slopes of the volcano, e s p e c i a l l y towards the 
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south and southeast. The lowest p o r p h y r i t i c u n i t includes, i n a 

few places on the northern side of the volcano, p i l l o w lavas and 

h y a l o c l a s t i t e s which i n d i c a t e the presence of water at the time of 

e x t r u s i o n . 

Sediments are rare i n t h i s s e r i e s . The t h i n red beds of c l a s t i c 

m a t e r i a l , which are so common i n the T e r t i a r y lava p i l e , are missing 

a l t o g e t h e r and the few sediments present are cross-bedded stream 

deposits, r a r e l y exceeding 5 m i n thickness. They are more common 

on the volcano's southern and eastern slopes, and, as mentioned i n 

Chapter 3, the upper p a r t of t h i s s e r i e s , i n T h v e r a r h l i d , contains a great 

amount of sediments. 

The formation of the ser i e s was i n t e r r u p t e d at l e a s t twice by 

e r o s i o n a l f o r c e s , probably g l a c i a t i o n s . The e a r l i e s t evidence f o r 

a possible g l a c i a t i o n i s i n d i c a t e d by a conglomerate i n Saurstadagil 

(eastern slope a t 580 m a . s . l . ) and i n S l e t t i d a l u r (350 m a . s . l . ) . 

The conglomerate i s about 10-15 m t h i c k . I t consists of boulders which 

are up t o 1-2 ra i n diameter, angular t o rounded, w i t h a tuffaceous 

matrix. The basement on which i t r e s t s i s not exposed and the layer 

i s confined t o the immediate neighbourhood of the caldera. The o r i g i n 

of the l a y e r i s not c e r t a i n but tv/o explanations may be considered : e i t h e r 

a mud fl o w ( l a h a r ) , or a t i l l i t e . The author favours the l a t t e r explanation 

because of the r e l a t i v e l y great extent of the conglomerate layer. 

About 100-200 m higher up i n the ser i e s i s a major break, accompanied 

by an unconformity close t o the caldera rim. This break i s c e r t a i n l y 

due t o a major g l a c i a t i o n as borne out by the polished surface of the 

un d e r l y i n g f l o w and the f o l l o w i n g t i l l i t e ( F i g . 5.6). Near the 

volcano the g l a c i e r carved out shallow v a l l e y s , which were l a t e r 

f i l l e d by p i l l o w lavas and h y a l o c l a s t i t e s , o f t e n accompanied by s i l t -

stone and sandstone. These rocks can be traced across the caldera rim 

where they i n t e r f i n g e r w i t h the topmost u n i t of the caldera f i l l i n g . 
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The thickness of the horizon i s u s u a l l y about 10-30 ra on the northern 

slopes but i t thickens towards the east, and merges w i t h the 

Holtavorduheidi sedimentary horizon (Chapter 6). This horizon of 

t i l l i t e , p i l l o w lavas and h y a l o c l a s t i t e s i s considered t o be formed 

under g l a c i a l c o n d i t i o n s , e i t h e r as a r e s u l t of an extensive T e r t i a r y 

ic e sheet or of a b i g mountain g l a c i e r covering the volcano and the 

surrounding areas. The Holtavbrduheidi horizon (Chapter 6) i s 

u n d e r l a i n bj' a t i l l i t e , suggesting a massive g l a c i a t i o n , but the 

lack of t i l l i t e s i n the T h v e r a r h l i d area and f u r t h e r south i n d i c a t e s 

t h a t the g l a c i a t e d area was confined t o the volcano and i t s nearest 

surroundings. The sediments of the Holtavorduheidi horizon could 

t h e r e f o r e be ascribed t o an outwash-plain from the g l a c i e r s on the 

highlands around the volcano. 

The h y a l o c l a s t i t e / p i l l o w lava horizon i s o v e r l a i n by a f u r t h e r 

100-200 m of t h i n t h o l e i i t e flows which, however, are missing i n the 

area south of S n j o f j o l l , probably due t o erosion before the S n j o f j o l l 

s e r i e s was formed. 

Walker (1963) described unusually t h i n t h o l e i i t e flows on the 

f l a n k s of the Breiddalur c e n t r a l volcano. He suggested t h a t they are 

t h i n because they flowed down the slopes of the volcano. This 

e x p l a n a t i o n may be v a l i d f o r the t h i n flows around the Reykjadalur 

c e n t r a l volcano and the K o l v i d a r h o l t series. I t i s more d i f f i c u l t t o 

accept f o r the t h i n t h o l e i i t e flows of the H a a f e l l s e r i e s , (Chapter 3) 

because no unusual t i l t i s observed i n t h a t area. However, these flows 

may be derived from another c e n t r a l volcano (Skardsheidi) about 30 km 

f u r t h e r south (McDougall e t a l . , 1975). 

(4) The caldera f i l l i n g 

Some time d u r i n g the formation of the t h i n - l a y e r e d series a 

collapse caldera, about 10 km i n diameter, was formed. Volcanic a c t i v i t y 

went on d u r i n g and a f t e r the collapse, forming a great v a r i e t y of 

v o l c a n i c rocks and e v e n t u a l l y f i l l i n g the caldera completely. Many 
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of these rocks are loose i n character and l a t e r cone sheets e a s i l y 

penetrated them, causing a great deal of disturbance. The e x t r u s i v e s , 

and the accompanying sediments i n s i d e the caldera, have been d i v i d e d 

i n t o 8 main u n i t s . F i g . 5.7 shows tv/o schematic sections scross the 

caldera. 

1. As the f l o o r of the caldera subsided, screes ( t a l u s - b r e c c i a s ) 

were formed on the slopes of the caldera escarpment (Fig. 5.8). These 

breccias show a great v a r i a t i o n i n character, p a r t l y due t o the great 

v a r i e t y of contained rocks and p a r t l y due t o g r a v i t a t i o n a l and f l u v i a l 

s o r t i n g . The breccias are u s u a l l y coarsest nearest t o the caldera rim 

and they d i p inwards, becoming f i n e r and o f t e n laminated near the 

centre of the caldera; l e n t i c u l a r bodies of coarse breccias occur 

interbedded w i t h the f i n e r m a t e r i a l . I t i s o f t e n d i f f i c u l t t o 

d i s t i n g u i s h between genuine t a l u s - b r e c c i a s and h i g h l y a l t e r e d and 

b r e c c i a t e d lava flows. 

2, One or more r h y o l i t e flows from the e a r l y stages of the caldera 

occur on the lower slopes of the Reykjadalur v a l l e y . The exposed 

thickness of the r h y o l i t e i s about 150-200 m, but as i t has been replaced 

p a r t l y by l a t e r cone sheets the o r i g i n a l thickness i s uncertain. The 

r h y o l i t e i s one of the e a r l i e s t v o l c a n i c s i n s i d e the caldera, and i t 

may have been erupted d u r i n g the subsidence of the caldera f l o o r . 

3. B a s a l t i c p i l l o v / lavas, h y a l o c l a s t i t e s and two-tiered j o i n t e d 

flows ( F i g . 5.9) i n t e r c a l a t e w i t h the breccias of u n i t ( 1 ) , at the 

head of Reykjadalur, but because of poor outcrops l i t t l e i s known 

about the extent and thickness of t h i s u n i t . Normal f a u l t i n g i n t h i s 

p a r t of the caldera made f i e l d w o r k d i f f i c u l t ( Fig. 10.1). Some of the. 

h y a l o c l a s t i t e s show evidence of having been redeposited under aqueous 

c o n d i t i o n s , 

4, A 25 m t h i c k tuffaceous sediment w i t h l e a f impressions occurs 

i n K a l f a g i l i n Reykjadalur, I t has not been found elsewhere. 
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F i g . 5.7 Two schematic sections across the Reykjadalur caldera. The 
u n i t s of the caldera f i l l i n g are numbered as i n the t e x t ( 1 t o 
8 ) ; the Reykjadalur t h i c k - l a y e r e d series ( a ) , Main Phase of 
d i f f e r e n t i a t e d e x t r u s i v e s ( b ) , Reykjadalur t h i n - l a y e r e d series 
( c ) , and intermediate and acid cone sheets and plugs ( d ) . 



F i g . 5.8 Talus-breccias (scree) dipping i n t o the Reykjadalur 
caldera i n Sanddalur. 

1 

F i g . 5.9 Two-tiered, columnar j o i n t e d basalt flow i n the 
Reykjadalur caldera f i l l i n g ( u n i t 3) at the 
head of Reykjadalur. The flow o v e r l i e s and i s 
o v e r l a i n by redeposited h y a l o c l a s t i t e s . 
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5. A u n i t about 200 m t h i c k of b a s a l t i c s u b a e r i a l lava flows 

( F i g . 5.10) o v e r l i e s the previous u n i t s . The number of flows i n the 

u n i t i s about 12-15 and each i s about 10-25 m t h i c k . They do not 

normally have a rubbly top but, instead, a plane surface. This i s 

due t o the flows ponding i n s i d e the caldera and s o l i d i f y i n g as a . 

lava pool. As a r e s u l t , many of the flows are coarse-grained and some 

have raicrogabbroic t e x t u r e s . Some of the flows have t h e i r o r i g i n 

outside the caldera, and flowed down the.slopes i n t o the caldera. 

The lower p a r t of the u n i t has s u f f e r e d severe a l t e r a t i o n i n the 

c e n t r a l p a r t s of the caldera. 

6. A u n i t of basic-intermediate lava flows, less than 75 m t h i c k , 

o v e r l i e s u n i t (4) i n K a l f a g i l i n Reykjadalur. The bottom part of 

the u n i t c o n s i s t s of p i l l o v / lava but t h i s gradually changes t o 

sausage-like bodies separated by brecciated p a r t s of the same flow, 

caused by r a p i d c h i l l i n g by water. 

7. U n i t s (5) and (6) are covered by a sedimentary bed, v/hich has 

been found i n many places i n s i d e the caldera and also outside the 

caldera rim, near Lambahnukur, i n d i c a t i n g t h a t no subsidence occurred 

a f t e r the bed was l a i d down. The thickness of t h i s u n i t i s about 

10 t o 25 ra and although i t c o n s i s t s m.ainly of s i l t s t o n e , sandstone 

and c l a y occur i n places. I g n i m b r i t i c m a t e r i a l i s common i n the 

western p a r t of the caldera but i t does not form a continuous layer. 

Plant f o s s i l s are abundant east of K a l f a g i l . These include leaf 

impressions, a great number of pine needles, and some pine cones. 

8. A u n i t of miscellaneous volcanic rocks (Fig. 5.10) o v e r l i e s 

the sedimentary bed. The present exposed thickness i s about 200-250 m 

but the upper p a r t may be missing. This u n i t has been traced across 

the n o r t h e r n and eastern caldera rim, where i t merges w i t h the 

Holtavorduheidi sedimentary horizon and w i t h the t i l l i t e / h y a l o c l a s t i t e s 

of the t h i n - l a y e r e d s e r i e s . The lower p a r t of the u n i t consists of 



F i g . 5.10 The Reykjadalur caldera f i l l i n g i n Geldingadalur. 
U n i t s exposed: a, t a l u s - b r e c c i a s ( u n i t 1); b, sub-
a e r i a l lava flows ( u n i t 5): c, sedimentary bed 
( u n i t 7 ) ; and d, h y a l o c l a s t i t e s and p i l l o w lavas 
( u n i t 8 ) . 

1^' 

F i g . 5.11 Intermediate lava flows showing p i l l o w - l i k e 
s t r u c t u r e s caused by r a p i d c o o l i n g i n the 
presence of water. On the eastern slopes of 
Gamalhnukar. 
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i r r e g u l a r l y columnar j o i n t e d lava flows, and the upper pa r t consists of 

h y a l o c l a s t i t e s and p i l l o v / lavas. Some of the h y a l o c l a s t i t e s have been 

re-deposited. Thin sedimentary beds and r h y o l i t i c ash i n t e r c a l a t e 

w i t h the lava lows and the h y a l o c l a s t i t e s . The flows are b a s a l t i c 

t o i ntermediate i n composition and they u s u a l l y display p i l l o w - l i k e 

f e atures ( F i g . 5,11), The Gamalhnukar h y a l o c l a s t i t e i s the t h i c k e s t 

l a y e r of t h i s u n i t , about 150 ra t h i c k . Small l e n t i c u l a r b a s a l t i c 

i n t r u s i v e bodies are common i n the h y a l o c l a s t i t e s and they may be 

oogenetic w i t h the h y a l o c l a s t i t e s , formed as offshoots fi'om the 

magma vent. The s t r u c t u r e and composition of t h i s u n i t raises the 

i n t e r e s t i n g question as t o whether i t was formed under subaqueous or 

g l a c i a l c o n d i t i o n s . The caldera had been f i l l e d at the time of formation 

of the sediments u n d e r l y i n g u n i t ( 8 ) , l e a v i n g l i t t l e or no space f o r 

a deep lake. I t i s thus u n l i k e l y t h a t u n i t (8) was formed under 

subaqueous c o n d i t i o n s . Deep water would be needed t o form some of the 

t h i c k e r l a y e r s of t h i s u n i t . I t is more l i k e l y t h a t the u n i t was 

formed s u b g l a c i a l l y . This i s supported by the occurrence of t i l l i t e 

u n d e r l y i n g the corresponding p i l l o w lavas and h y a l o c l a s t i t e s outside 

the caldera. The volcano was thus covered by an i c e cap where subglacial 

e r u p t i o n s occurred. 

I n t r u s i v e A c t i v i t y Related t o the Reykjadalur Central Volcano 

Intense i n t r u s i v e a c t i v i t y took place during the l a t t e r 

h a l f of the volcano's l i f e - s p a n . No l a rge i n t r u s i v e bodies are exposed at 

the present erosion l e v e l , except f o r Mt, Baula. The i n t r u s i v e s are 

mainly dykes and cone sheets which form a c i r c u l a r , i n c l i n e d , f u n n e l - l i k e 

s t r u c t u r e around the volcano. The i n t r u s i v e s can be divid e d i n t o 3 groups. 

(1) Intermediate and acid dykes cut the t h i c k - l a y e r e d series 

south of the caldera rim ( e s p e c i a l l y i n A u s t u r a r d a l u r ) . These dykes 

are feeders to- the Main Phase of d i f f e r e n t i a t e d rocks. They have a 

NE-SW trend and have s u f f e r e d severe hydrothermal a l t e r a t i o n . I t i s 
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d i f f i c u l t t o reconstruct some of these dykes because they have been 

e x t e n s i v e l y penetrated by l a t e r cone sheets. The dykes r a r e l y exceed 

10 m i n thickness. 

(2) Basic to acid cone sheets form a c i r c u l a r , i n c l i n e d swarm 

around the, volcano. The swarm i s s l i g h t l y elongated from NE t o SW 

(Fig. 5.12), These sheets may be feeders t o the Reykjadalur t h i n - l a y e r e d 

s e r i e s , and t o the f i n a l d i f f e r e n t i a t e d e x t r u s i v e s . The sheets tend t o 

f o l l o w the trend of the caldera rim, but towards the southwest t h e i r 

s t r i k e tends t o change t o NE-SW, which i s the same trend as f o r the 

dyke swarm i n t h a t area (see Chapter 9). An I n d i v i d u a l sheet does 

not cover more than a few degrees of an arc. 

Most of the sheets are basic and t h e i r thickness ranges from 0.25 

to 4 ra. The m a j o r i t y are about 0.75-1 m t h i c k . I t i s d i f f i c u l t to 

assess the age r e l a t i o n s h i p s between the various sheets but the fin e - g r a i n e d 

are u s u a l l y older than the coarse-grained sheets. This may be due t o 

an increase i n geothermal gradient as the i n t r u s i v e a c t i v i t y progressed. 

Some of the youngest sheets co n s i s t of gabbro or granophyre. 

A few basic plugs occur near the outer margin of the cone sheet 

swarm ( F i g . 5.12), K i r k j u f e l i i n Haukadalur, which i s the biggest of these 

plugs (about 100 m high) consists of coarse-grained and v e s i c u l a r 

b a s a l t , i n d i c a t i n g a shallow depth of i n t r u s i o n . 

G r a n i t i c and e s p e c i a l l y gabbroic x e n o l i t h s are commonly enclosed i n 

the sheets. Many of the sheets are plagioclase and/or clinopyrdxene phyric. 

Inside the caldera the main pa r t of each sheet i s p o r p h y r i t i c and only a 

t h i n outer margin i s aphyric. Outside the caldera the c e n t r a l parts of 

the sheets are p o r p h y r i t i c and o f t e n v e s i c u l a r , compared w i t h wider, 

dense and aphyric outer margins ( F i g . 5.13), The contacts between 

the v e s i c u l a r and p o r p h y r i t i c centres and the dense and aphyric 

margins are r a t h e r sharp. The d i f f e r e n c e between the r e l a t i v e thicknesses 

of the aphyric margins i n s i d e and outside the caldera may be due t o 
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Fig. 5.12 The average s t r i k e and d i p of cone sheets. The 
Reykjadalur and Laugardalur calderas are 
i n d i c a t e d and the broken l i n e marks the outer 
l i m i t s of cone sheet occurrence; s t a r - l i k e 
symbols are basic plugs. 
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d i f f e r e n c e s i n temperature of the host rock; i . e . higher i n s i d e the 

caldera than outside (due t o higher i n t r u s i v e a c t i v i t y ) . The 

sheets i n t r u d e d i n t o the country rocks outside the caldera would 

thus tend t o form t h i c k e r margins. 

The dips and s t r i k e s of the sheets are v a r i a b l e and tend t o 

comply with the d i p and s t r i k e of the surrounding country rock. 

These i r r e g u l a r i t i e s tend t o increase away from the caldera rim, 
o 

The d i p decreases outwards from the centre of the caldera, from 45 t o 
o 

10 ( F i g , 5.12). The intensit Y, d i s t r i b u t i o n of the sheets depends on 

the type of host rock. The sheets are most common i n the i g n i m b r i t e s 

of the Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s , which they intrude 

to a great extent ( F i g . 5.3). The cone sheets tend t o form t h i c k e r 

s i l l s i n the i g n i m b r i t e s (less than 30 m t h i c k ) . The high concentration 

of sheets i n the i g n i m b r i t e s i s r e f l e c t e d by a b i g magnetic anomaly 

over the areas where the i g n i m b r i t e s are t h i c k e s t (Fig. 2.5). The 

number of sheets i s also higher i n the t h i n - l a y e r e d s e r i e s , where they 

o f t e n reach 20% of the rocks compared w i t h 5-10% f o r the t h i c k - l a y e r e d 

s e r i e s . This d i f f e r e n c e i s caused by the sheets i n t r u d i n g along the 

boundaries between the flows, r a t h e r than c u t t i n g the c e n t r a l parts of 

the flows. 

I n s i d e the caldera the sheets are accommodated i n the talus-breccias 

and the r h y o l i t i c f l o w ( s ) at the bottom of the Reykjadalur; here they 

form a more complex s t r u c t u r e than outside the caldera. The oldest 

sheets are f i n e - g r a i n e d and aphyric and they tend t o f o l l o w the trend 

of the caldera rim. The younger sheets which are much more coarse-grained 

are confined t o the southern part of the caldera, forming a NW-SE trending 

swarm. The sv/arm can be d i v i d e d i n t o 3 or 4 p a r a l l e l u n i t s . The 

sheets are most-intense i n s i d e each u n i t (up t o 80%, Fig. 5.14) but drop i n number 

between the u n i t s . The sheets d i p on average about 45° towards the 
centre of the caldera, but some of the l a t e s t sheets are nearly v e r t i c a l . 



7.; 

F i g , 5.13 Basic cone sheet w i t h a v e s i c u l a r , p o r p h y r i t i c core and a 
dense, aphyric margin. 

F i g . 5.14 Basic cone sheets i n K a l f a g i l i n Reykjadalur 



75 

The lowest u n i t c o n s i s t s mostly of aphyric sheets but the topmost 

u n i t has the highest number of p o r p h y r i t i c sheets, o f t e n c r y s t a l 

cumulative or gabbroic i n character. 

3 R h y o l i t e cone sheets and i n t r u s i o n s from the f i n a l stages 

of the c e n t r a l a c t i v i t y i n the area. A number of arched r h y o l i t i c 

sheets and plugs occur i n s i d e and outside the caldera. These are 

younger than most of the e x t r u s i v e s from the volcano. The sheets 

are u s u a l l y about 10-15 m t h i c k . They d i s p l a y columnar j o i n t i n g 

( F i g . 5.15) and have a d i p of about 45° towards the centre of the 

caldera; each sheet can be traced f o r many kilometres - much longer 

than any basic sheet. The sheets are most common northeast and east 

of the caldera. By. f a r the biggest sheet i s found at the head of 

Sanddalur; i t i s about 100 m t h i c k and forms an arched feature on 

the caldera rim. The sheet i s bordered on both sides by basic sheets-

which are about 2 ra t h i c k . The inner dyke dips about 50°, and the 

outer about 30° inward. The contact between the basic and r h y o l i t i c 

dykes i s poorly exposed but seems f a i r l y sharp. Enclosed i n the 

r h y o l i t e sheet are fragments of basic m a t e r i a l . These h.ave f i n e - g r a i n e d 

margins (= c h i l l e d ? ) . S i m i l a r features have been described from eastern 

Iceland (Blake, 1966). Blake e t a l . (1965) argue t h a t composite dykes 

and net-veined complexes are the r e s u l t of basic dykes t r a n s e c t i n g a 

body of a c i d magma. This heats up the acid m a t e r i a l and mobilizes i t 

u n t i l the basic magma i s no longer able t o pass through i n the form of 

a dyke, but instead forms p i l l o w s , c h i l l e d against the acid magma. The 

aci d magma may then r i s e along the centre of the basic dyke, and may 

possi b l y reach the surface. The fragments i n the c e n t r a l part of the 

sheet described above could t h e r e f o r e be parts of the basic p i l l o w s 

brought up by the r h y o l i t i c magma. 

Small p i t c l i s t o n e plugs occur on the caldera rim and many of these 

can be traced i n t o cone sheets. The most impressive of these plugs i s 



F i g . 5.15 A r h y o l i t e cone sheet on the caldera rim i n 
Sanddalur. 

F i g , 5.16 A d a c i t e plug on the northern rim of the 
Reykjadalur caldera. The plug merges w i t h a 
cone sheet on the l e f t ( a ) . 
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Lambahnukur ( F i g , 5,16), on the northern caldera rim, which i s one 

of the youngest. I t i s columnar j o i n t e d and can be traced t o a 

. 1-2 m t h i c k sheet which dips about 45° inwards. In the centre of 

the caldera i s a r h y o l i t i c plug which i s severely a f f e c t e d by 

hydrothermal a l t e r a t i o n . 

The Baula complex (Figs. 5,17 and 5.18) was described by 

Rutten and van Bemmelen (1955) who argued t h a t i t was considerably 

younger than the surrounding lava p i l e and was probably of e a r l y 

Quaternary age, Mt, Baula i t s e l f i s a pyramid-shaped body r i s i n g 

about 600 m above i t s v i s i b l e base. I t consists of white-grey, v e s i c u l a r , 

r a t h e r coarse-grained r h y o l i t e , which i s u s u a l l y columnar j o i n t e d . At 

the base of Mt, Baula, r h y o l i t e dykes cut the i n t r u s i o n and form con-
o 

c e n t r i c a l l y i n c l i n e d sheets ( F i g , 5,19), These u s u a l l y d i p about 45 

towards Baula, The i n t r u s i o n arched up the lava flows on top forming 

a dome-like roof s i m i l a r t o t h a t of the Sandf e l l l a c c o l i t h i n eastern 

Iceland (Hawkes and Hawkes, 1933). The only evidence f o r t h i s dome-like 

roof i s found on the n o r t h side of Baula, i n M a e l i f e l l s g i l and on 

M a e l i f e l l . The flows d i p steeply outwards near the contact but the 

d i p decreases gr a d u a l l y away from the contact. The flows underlying 

the i n t r u s i o n seem t o form a very shallow bowl, but the base of the 

i n t r u s i o n i s not exposed. I n c l i n e d r h y o l i t e sheets spread over a wide 

area around Baula, w i t h most of them dipping towards i t (Fig, 5.19). 

The t h i c k e s t sheets are the L i t l a Baula plug and the S k i l d i n g a f e l l 

sheet, both east of Baula i t s e l f . On the western side of Baula, parts 

of the country rocks are brecciated due t o the r h y o l i t i c sheets i n t r u d i n g 

the contact between the i n t r u s i o n and the lava p i l e . F i e l d evidence 

suggests t h a t Baula i s a shallow i n t r u s i o n . 

• L i t l a Baula d i f f e r s from Baula i n t h a t the volcanism reached the 

surface, producing r h y o i i t i c tephra. L i t l e Baula i s a volcanic vent 

f i l l e d w i t h r h y o l i t i c breccias. These incorporate blocks from the 



F i g . 5.17 Geological map of the Baula complex. Yellow, 
r h y o l i t i c dykes and i n t r u s i o n s : pink, 
intermediate and r h y o l i t e flows of the 
Main Phase of d i f f e r e n t i a t e d extrusives of 
the Reykjadalur c e n t r a l volcano; light-brown, 
r h y o l i t i c vent breccias; brown, B a e l i p i l l o w 
lava from the l a s t g l a c i a t i o n ; blank, T e r t i a r y 
f l o o d b a s a l t ; black a l l u v i u m deposits. 
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F i g . 5,18 The Baula complex. Baula i n t r u s i o n ( a ) , L i t l a 
Baula vent ( b ) , and S k i l d i n g a f e l l ( c ) . The 
Grabrok Recent lava f i e l d i s i n the foreground. 
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surrounding basalt flows, some reaching tens of metres i n width. 

The r h y o l i t i c breccias c o n s i s t mainly of small r h y o l i t i c blocks i n f i n e 

a s h - l i k e matrix. A sedimentary bed about 25 m t h i c k occurs on the 

n o r t h side of L i t l a Baula. This was deposited i n a v a l l e y cut i n t o the 

T e r t i a r y lava p i l e . The sediment consists of light-brown clay, w i t h 

v a r y i n g amounts of a c i d pumice and ash. The bed i s laminated, and i t 

dips s l i g h t l y towards the mountain slope. The sediment merges w i t h 

the breccia found on the southern slope and i t may thus be of s i m i l a r 

age t o the e r u p t i o n which formed the breccia, R h y o l i t i c dykes were 

i n t r u d e d i n t o the vent towards the end of the e r u p t i o n . They cut both 

the breccia and the sedimentary bed. The dyke contacts consist of 

p e r l i t e , which suggests r a p i d c o o l i n g i n a subaqueous or s u b g l a c i a l 

environment. Two basic and a few normal f a u l t s cut the vent breccias 

and the sedimentary bed. 

Further west, on Hundadalsheidi, two n e a r - c i r c u l a r r h y o l i t i c 

vents are found, l i n e d w i t h obsidian. They are less than 20 m i n 

diameter and may be r e l a t e d t o the Baula complex. 

Age Relations 

A simple s t r a t i g r a p h i c sequence i s constructed i n Fig, 5,20, 

I t shows the palaeomagnetics of the various series and the age sequence 

of the main events i n the l i f e of the volcano. The palaeomagnetic 

p o l a r i t y was measured by a f l u x g a t e magnetometer but due t o secondary 

magnetism i n the rocks, caused by hydrothermal a l t e r a t i o n , the r e s u l t s 

are probably not r e l i a b l e , K, Albertsson (Ph,D, t h e s i s , i n prep,) has 

K-Ar-dated s i x samples from the volcanic sequence of the volcano. 

The datings are l i s t e d i n Table 5,1, 

The main episodes i n the a c t i v i t y of the volcano can be dated by 

combining the palaeoraagnetics and the K-Ar dates. The Main Phase of 

d i f f e r e n t i a t e d e x t r u s i v e s are dated from 5,2 t o 5.8 m,y, o l d ( i , e . 

Epoch 5 ) , and the event may have l a s t e d f o r a few hundred thousand 
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F i g , 5,20 A schematic diagram showing the main e x t r u s i v e 
and i n t r u s i v e events of the Reykjadalur 
c e n t r a l volcano, along w i t h the palaeomagnetic 
p o l a r i t y of the sequence and the a v a i l a b l e 
K-Ar datings. 
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H-24 (no. 85 ) 4 81 + 0 13 m y 

V-11 (no. 253) 5 79 + 0 14 m y 

M-4 (no. 170) 5 16 + 0. 15 m y 

H-57 (no. 117) 4 34 0. 12 m y 

H-16 (no. 79 ) 4 43 + 0. 18 ni y 

B-10 (no. 10 ) 3 39 0. 17 m. y 

H-24 I c e l a n d i t e f l o w i n the gorge of the Haukadalsa r i v e r , north of 
H a r r a s t a r l i r . 

V-11 I c e l a n d i t e flow from E i n i b e r j a g i l i n Vesturardalur. At the 
bottom of the Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s . 

M-4 I c e l a n d i t e flow from B e i g a l d a g i l i n Austurardalur. Near the 
top of the Main Phase of d i f f e r e n t i a t e d e x t r u s i v e s . 

H-57 I c e l a n d i t e flow from the top u n i t of the caldera f i l l i n g , on the 
eastern side of Gamalhnukar. 

H-16 O l i v i n e t h o l e i i t e flow from Svarthamai- on Jor v a i i i u l i , over'lying 
the t i l l i t e h orizon i n the t h i n - l a y e r e d series. 

B-10 Baula r h y o l i t i c i n t r u s i o n . 

Table 5.1 K-Ar ages of some rocks from the Reykjadalur c e n t r a l volcano. 
The num.bers i n brackets r e f e r t o chemical analyses i n the 
Appendix. From K. Albertsson, Ph.D. t h e s i s i n prep. 



years, according to these datings. The topmost volcanics of the 

caldera f i l l i n g are about 4.3 t o 4.4 m.y. o l d ( i . e . G i l b e r t ) and the 

Baula i n t r u s i o n i s as young as 3.4 m.y. The K-Ar date of the i c e l a n d i t e 

f l o w , i n the gorge of the Haukadalsa r i v e r , i s d e f i n i t e l y f a r too 

young because the rocks o v e r l y i n g the flow are as o l d as 5.8 m.y. The 

t r u e age of the flow may be i n the region of 6.5 t o 7.0 m.y. 

I t i s not known at what time the caldera collapse took place. 

I t i s l i k e l y t h a t i t occurred a f t e r the e x t r u s i o n of the Main Phase 

of the d i f f e r e n t i a t e d rocks and t h a t subsidence had ceased by the 

time of d e p o s i t i o n of the p i l l o w lava and h y a l o c l a s t i t e horizon 

i n the upper pa r t of the t h i n - l a y e r e d series. I t i s more than l i k e l y 

t h a t subsidence was a gradual process, spanning thousands of years. 

The g l a c i a t i o n , which occurred at the end of the a c t i v i t y of 

the Reykjadalur c e n t r a l volcano, i s dated at about 4.3-4.4 m.y., which 

i s considerably e a r l i e r than the onset of the Quaternary Ice Age which 

s t a r t e d about 3.0-3.1 m.y. ago (McDougall and Wensink, 1966). 

The Baula complex i s , according t o the K-Ar-datings above, 

considerably younger than the other volcanics r e l a t e d to the Reykjadalur 

volcano, and i t may be t h a t Baula i s r e l a t e d t o the Snaefellsnes 

vol c a n i c zone ( f r a c t u r e zone) which, according t o Sigurdsson (1.970)a, 

became a c t i v e about 2.0 t o 2.5 m.y. ago. The age d i f f e r e n c e , however, 

discourages p o s t u l a t i n g such a r e l a t i o n s h i p . 

I f the Baula complex i s excluded, the l i f e - s p a n of the Reykjadalur 

c e n t r a l volcano would have been i n the region of 1.5 m.y., which i s a 

much longer l i f e - s p a n than the 0.5 t o 1,0 m,y, reported f o r other 

c e n t r a l volcanoes i n Iceland (Saemundsson and N o l l , 1974; Piper, 1971), 



CfiAPTER_6: 

THE HOLTAVQRDUHEIDI SEDIf.TENTARY HORIZON AHD THE SNJOFJOLL VOLCANIC SERIES 

I n the area east of Reykjadalur, i n Holtavorduheidi and f u r t h e r 

east and south from t h e r e , i s a t h i c k sedimentary horizon which i s 

of the same age as the t i l l i t e s and the h y a l o c l a s t i t e s around the 

Reykjadalur c e n t r a l volcano. Unconformably on top of the sedimentary 

horizon i s a series of basalt flows and h y a l o c l a s t i t e s of Matuyama age 

( S n j o f j o l l volcanic s e r i e s ) . 

H o l t a v o r d u h e i d i sedimentary horizon 

This horizon r e s t s on a group of plag i o c l a s e - p h y r i c flows (R-

magnetized), 20-30 m t h i c k , and t h i n red beds which i n t e r c a l a t e w i t h 

the flows. The flows and the red beds re s t on a 2 m t h i c k layer of 

r h y o l i t i c ash which can be trace d westwards where i t passes i n t o a 

10-20 m t h i c k sedimentary bed, c o n s i s t i n g of sandstone and f i n e 

conglomerate. 

Towards the south the Holtavorduheidi sedimentary horizon becomes 

t h i n n e r and s p l i t s i n t o 3-4 d i s t i n c t horizons separated by u n i t s of 

basalt flows (see Chapter 3 ) , The sediments were traced as f a r east 

as the gorge of the H r u t a f j a r d a r a r i v e r where the sediments disappears 

down-dip; here the horizon r e s t s on a t h i c k series of t h i n o l i v i n e 

b a s a l t flows which are part of a la r g e r lava s h i e l d . At the head 

of Nordurardalur the horizon r e s t s on an intermediate lava flow 

(N-magnetized). Towards the west the sedimentary horizon s p l i t s i n t o . 

two p a r t s ( F i g . 6.1). The lower one can be traced up the slopes of 

the Reykjadalur c e n t r a l volcano where i t passes i n t o the t i l l i t e s and 

h y a l o c l a s t i t e s described i n Chapter 5; the upper one underlies the 

S n j o f j o l l s e r i e s and r e s t s on a 100 m t h i c k (approx.) group of t h i n 

t h o l e i i t e flows (N-magnetized) from the Reykjadalur c e n t r a l volcano 

( F i g . 6.1), separating i t from the lower p a r t . 
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There are great v e r t i c a l and l a t e r a l v a r i a t i o n s i n the 

sedimentary horizon and interbedded w i t h the sediments are a few 

lava flows and h y a l o c l a s t i t e s . In most parts of the horizon, 

three d i s t i n c t d i v i s i o n s can. be observed: 

(a) The bottom of the sedimentary hoi-izon i s nearly always a t i l l i t e / 

conglomerate layer (Figs.6.2 and 6.3), wliose thickness varies from 

2 t o 10 m. The rock fragments are angular t o rounded and up t o 2 m 

i n diameter. The layer shows very poor lamination and sometimes no 

lamina t i o n at a l l . The mat r i x consists of t u f f , s i l t or f i n e 

grained sand. The under l y i n g f l o w s , where exposed, have had t h e i r 

rubbly top cleared o f f , but t h e i r surface has not been polished. 

This layer has been traced westwards and i s probably the same as the 

t i l l i t e j u s t outside the caldera r i m of the Reykjadalur c e n t r a l 

volcano. 

(b) Basic and intermediate h y a l o c l a s t i t e s , p i l l o w lavas and 

i r r e g u l a r l y columnar j o i n t e d flows ( e n t a b l a t u r e type, N-magnetized) 

o v e r l i e the t i l l i t e / c o n g l o m e r a t e layer. The thickness varies 

l a t e r a l l y from a few metres t o over 50 m. A s i n g l e lava flow may 

change from h y a l o c l a s t i t e / p i l l o w lava type through entablature type, 

suggesting an aqueous environment but not a deep lake, t o ordinary 

s u b a e r i a l flow. The intermediate flows have t h e i r o r i g i n nearby i n 

the Reykjadalur c e n t r a l volcano, of which they c o n s t i t u t e one of the 

l a t e r a l u n i t s . 

(c) The bu l k of the sedimentary horizon consists of sandstone, f i n e 

grained conglomerate, and i n some places clay and s i l t s t o n e occur. 

The sandstone, which forms the main part of t h i s u n i t , i s usually 

crossbedded and ripple-marks are very coimnon. The thickness of the 

u n i t v a r i e s from 50 t o 150 m or even more. The conglomerates contain 

boulders of various sizes ( F i g . 6.4), embedded i n a s i l t y or sandy 
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F i g . 6,2 T i l l i t o - l i k e conglomerate at the base of the Holtavorduheidi 
sedimentary horizon, i n B u r f e l l s a i n n r i i n Nordurardal'jr. 
Note the gradual decrea.se i n the number of boulders uiTv^ards. 

F i g . 6.3 T i l l i t e at the base o f the Hoitavorduheidi sedimentary 
horizon i n Hvassardalur. Note the subangular to rounded 
shape of the boulders. 



F i g , 6,4 Conglomerate interbedded i n the sandstone of the Koltavorduheidi 
sedimentary horizon, at the head of the Nordurardalur. 
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m a t r i x . The boulders are rounded and suggest t r a n s p o r t by v/ater. 

Interbedded w i t h the sandstone are s i l t s t o n e a.nd numerous seams of 

l i g n i t e (up t o 1 m t h i c k ) accompanied w i t h three trunks; l e a f 

impressions are common i n the sandstone and s i l t s t o n e . I n the 

g u l l i e s at the head of Nordurardalur, t h i n layers of r h y o l i t i c ash 

and d i a t o m i t e are present and an i g n i m b r i t e layer was found i n the 

innermost part of T h v e r a r h l i d (5-10 m t h i c k ) . 

Tr. Einarsson (1962) described part of these sediments and the 

interbedded flows and suggested a r e l a t i v e l y young age f o r them, 

i . e . l a t e r Pliocene or e a r l y Pleistocene, P f l u g (1959) has 

analysed l i g n i t e m a t e r i a l from t h i s horizon and found a "cool" f l o r a 

w i t h c o n i f e r s , s i m i l a r t o t h a t of Breidavik i n Tjornes. Einarsson 

(1962), however, p o i n t s out t h a t w h i l e the Brei d a v i k f l o r a r e f e r s 

t<sf low ground, the f l o r a of Holtavbrduheidi could r e f e r t o much 

higher e l e v a t i o n , i n which case i t s cool character i s not necessarily 

an i n d i c a t i o n of recent age. 

The H oi t a v o r d u h e i d i sedimentary horizon i s i n many aspects 

s i m i l a r t o the sands of the outwash-plains i n southern Iceland today. 

I t must be concluded t h a t at the e a r l y stage of the formation of the 

sediments, a g l a c i e r was present on top of the Reykjadalur c e n t r a l 

volcano and covered at l e a s t the area east t o the gorge of Hr u t a f j a r d a r a 

and the innermost p a r t of T h v e r a r h l i d . Subglacial and/or subaquatic 

e r u p t i o n s took place i n the area, e s p e c i a l l y at the ea r l y stages. 

The v o l c a n i c a c t i v i t y was greatest i n the Reykjadalur c e n t r a l volcano, 

where mountains of h y a l o c l a s t i t e s v/ere formed underneath the g l a c i e r . 

These loose m a t e r i a l s were e a s i l y eroded and transported by g l a c i e r s 

and streams; the m a t e r i a l was then deposited on the outwash-plain, 

probably a f t e r the g l a c i e r s had been reduced i n size and v.'ere only 

confined t o the high ground around the volcano. 

The r i v e r s c o n s t a n t l y dug channels i n t o the outwash-plain, along 
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which lava flov/s found t h e i r way. This i s common i n the upper 

par t of the succession where compound lava flows (R-magnetized) 

flowed along some of these channels. These flows have t h e i r 

o r i g i n i n the area n o r t h of S n j o f j o l l , where they have a much greater 

e x t e n t . 

The sedimentary horizon was covered by younger rocks of 

which we have l i t t l e or no traces l e f t , due t o severe erosion during 

the e a r l y p a r t of the Quaternary g l a c i a t i o n u n t i l the formation of 

the S n j o f j o l l s e r i e s . 

There i s a marked d i f f e r e n c e i n the i n t e n s i t y of normal 

f a u l t s betv/een the un d e r l y i n g s t r a t a and the s t r a t a on top of the 

sediments, suggesting a lower r a t e of f a u l t i n g a f t e r the sediments 

had been l a i d down. The S n j o f j 5 1 1 s e r i e s r e s t s unconformably on 

top of the sediments i n the area at the head of Nordurardalur; i n 

the n o r t h e r n part of T h v e r a r h l i d , T e r t i a r y lava flows l i e unconform-

ably on top of the sediments, but f u r t h e r south the unconformity 

g r a d u a l l y disappears. The sedimentary horizon thus represents a 

d i s c o n t i n u i t y i n the volc a n i c production of the area. The length of 

t h i s break i s d i f f i c u l t t o assess but the age d i f f e r e n c e between the 

u n d e r l y i n g and the o v e r l y i n g volcanic series becomes greater towards 

the n o r t h . The volc a n i c a c t i v i t y d i d however, not cease altogether 

i n the area. Later, a few b a s a l t i c plugs i n t r u d e d the sediments. 

The proposed g l a c i a t i o n , represented by the t i l l i t e near the' 

base of the sediments, took place about 4.3-4,4 m.y. ago, which i s consider­

ably older than the oldest previously described of 3.1 m.y. (McDougall 

and Wensink, 1966; Saemundsson and N o l l , 1974). 

The S n j o f j o l l volcanic series 

I n the S n j o f j o l l area a l a t e Quaternary volcanic series r e s t s 

unconf ormably on top of the Holtavorduheidi sedim.entary horizon. The 
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thickness of t h e s e r i e s i s about 350 m but the topmost part has 

been removed ttirough g l a c i a l erosion. The series consists of 

o l i v i n e - r i c h s u b a e r i a l lava f l o w s , and h j ^ a l o c l a s t i t e s and p i l l o A v 

lavas formed under g l a c i a l c o n d i t i o n s ( F i g . 6,5), The h y a l o c l a s t i t e s 

u s u a l l y r e s t on t i l l i t e s which i n t u r n o v e r l i e a polished surface 

of the lava flows below. 

The flows i n the lower h a l f of the series are r a t h e r t h i c k 

and have a rubbly top, and red beds occur interbedded w i t h them. 

On top of the p l a t f o r m south of T r b l l a k i r k j a , a 5-10 m t h i c k sediment 

occurs, which c o n s i s t s of conglomerate and sandstone; i t i s poorly 

exposed and could p o s s i b l y be of g l a c i a l o r i g i n . Higher up i n the 

p i l e the lavas are o v e r l a i n by a t i l l i t e , h y a l o c l a s t i t e , and p i l l o w 

lava ( F i g , 6.6), The t i l l i t e i s reddish i n colour and r e s t s on a 

polished surface of the u n d e r l y i n g flow ( F i g , 6,7), and i s usually 

less than 1 m t h i c k . On t o p of the t i l l i t e l i e s a s u b g l a c i a l f a c i e s 

of the b a s a l t i c volcanism, w i t h a p i l l o w lava at the bottom and a 

h y a l o c l a s t i t e - b r e c c i a above. The thickness of the horizon varies 

from 20 m i n the southern part of the area t o 100 m i n the northern 

p a r t ( F i g . 6,6). On top of the g l a c i a l horizon r e s t s a 100-150 ra 

t h i c k sequence of b a s a l t flows which have buried the uneven topography 

of the h y a l o c l a s t i t e s . At the top of T r o l l a k i r k j a i s the second 

t i l l i t e h orizon above which are, again, h y a l o c l a s t i t e and p i l l o w lava. 

Normal f a u l t s , s t r i k i n g N-S, cut through the whole succession 

and are t h e r e f o r e younger than the p i l e . One basalt dyke ( w i t h N-S 

d i r e c t i o n ) was f o u n d near the top of T r o l l a k i r k j a , c u t t i n g through 

the topmost h y a l o c l a s t i t e . 

The palaeomagnetics of the lava flows and the h y a l o c l a s t i t e s 

are shown on F i g . 6.5; the lower part i s R-magnetized and the upper 

par t i s N-magnetized but the dyke at the top of the series i s N-
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F i g , 6,G Northernmost p a r t of T r o l l a k i r k j a (see F i g , 6,5, section D), 
c o n s i s t i n g of the lower h y a l o c l a s t i t e horizon (about 100 m 
t h i c k ; a) and the o v e r l y i n g succession of lava flows ( b ) , 

F i g 6 7 Tlic base of the l i y a l o c l a s t i t e horizon i n F i g . 6.6. The 
hammer i s r e s t i n g on a polished surface of the underlying 
flow ( a ) , f o l l o w e d by i m of reddish t i l l i t e (b) which i s 
o v e r l a i n by p i l l o w lava and p i l l o w breccia ( c ) . 
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magnetized, K. Albertsson (Fh,D. t h e s i s i n prep.) has made a K-Ar 

d a t i n g of two samples from the lower h y a l o c l a s t i t e / p i l l o w lava 

horizon and from the o v e r l y i n g Java flow ( F i g . 6,5). Preliminary 

values give an age of 1,09 ± 0.07 m.y, and 1.63 ± 0,07 ni,y. , which 

i s upper Matuyama. 

The d a t i n g i n d i c a t e t h a t the normally magnetized sequence e i t h e r 
t 

c o r r e l a t e s w i t h the Jaramillow or w i t h the G i l s a event of the Maljayama 

epoch. A c o r r e l a t i o n w i t h the G i l s a event i s t e n t a t i v e l y favoured 

because t h i s long normal event i s i n b e t t e r agreement w i t h a 

sequence exceeding 150 m i n thickness. 

The S n j o f j 5 1 I s e r i e s must have been a part of a much bigger lava 

p i l e , formed during the l a t t e r h a l f of the Matuyama epoch. I n t e r -

g l a c i a l lava flows are found s c a t t e r e d over wide areas i n northern 

and northwestern Iceland (Kjartansson, 1965), r e s t i n g unconformably 

on top of the T e r t i a r y lava p i l e . Some of these i n t e r g l a c i a l flows 

have been dated (Everts et a l , , 1972) and they are of middle or l a t e 

Matuyama age. This suggests t h a t at the end of the Matuyama epoch, 

the main p a r t of the area from Snjof j o l l t o H o f s j t J k u l l i n c e n t r a l 

Iceland, n o r t h t o the valleys' of H u n a f l o i and possibly a l l the way 

to the coast, was covered by young lava flows and h y a l o c l a s t i t e s , 

r e s t i n g unconf ormably on top of the T e r t i a r y p i l e , . 

The t e c t o n i c framework w i t h i n which t h i s series o r i g i n a t e d i s 

obscure because i t s p o s i t i o n does not conform w i t h the present p a t t e r n 

of the a c t i v e volcanic zones. One possible explanation i s t h a t the 

volcanism i n the S n j o f j o l l area developed on a transverse zone across 

c e n t r a l Iceland, c o n t i n u i n g i n t o the Snaefellsnes peninsula. The 

young volcanism there s t a r t e d about t h i s time, a f t e r a lapse i n the 

v o l c a n i c a c t i v i t y and a considerable e a r l y Quaternary erosion 

(Sigurdsson, 1970a), 
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CHAPTER 7: 

THE LAUGARDALUR CMTML VOLC/kNO 

The Laugardalur c e n t r a l volcano, located about 5 km west of 

the Reykjadalur c e n t r a l volcano ( F i g . 2.3), was v i s i t e d during a 

three days reconnaissance. The western part of the volcano i s 

s t i l l completely unknown and the eastern part was mapped roughly. 

Based on t h i s reconnaissance, an o u t l i n e h i s t o r y of the volcano 

could, however;, be est a b l i s h e d . 

The eastern part of the volcano exposes a caldera and i t s 

f i l l i n g , but no a c t i v i t y , p r i o r t o the caldera collapse, has been 

i d e n t i f i e d as part of the volcano. The caldera, which i s about 10 

km i n diameter, i s f i l l e d w i t h sediments, intermediate lava flows 

and basic i n t r u s i o n s ( F i g . 7.1). S t r a t i g r a p h i c a l l y the volcano can 

be d i v i d e d i n t o s i x groups 

(1) The caldera f l o o r c onsists of t h i n t h o l e i i t e and plagioclase-

p h y r i c f l o w s , which are not separable from the upper part of the 

Reykjadalur t h i n - l a y e r e d f l a n k succession. The re g i o n a l dip outside 

the caldera i s 3-4° towards the n o r t h and northeast, but the dip 

changes across the caldera rim t o about 25° i n t o the caldera. The 

caldera r i m i s expressed as a t e c t o n i c f l e x u r e , on the eastern and 

southern side of the volcano ( F i g . 7.2). C i r c u l a r f a u l t s are present 

but the down-warping has been very gentle w i t h l i t t l e or no v e r t i c a l 

displacement. The caldera rim on the northern side i s , however, 

d i f f e r e n t and the u n d e r l y i n g s e r i e s have been cut by arcuate f a u l t s 

and d i f f e r e n t i a t e d cone sheets. 

(2) The oldest rock exposed i n s i d e the caldera i s a green i g n i m b r i t e , 

at the mouth of Fotadalur. I t contains numerous x e n o l i t h s , both 

granophyric and basic. The l a t e r a l extent of t h i s layer i s not 

known. 
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F i g . 7.1 A schematic N-S s e c t i o n through the Laugardalur c e n t r a l 

volcano. Note how the intermediate lava flows o r i g i n a t e 

from the top of the cone sheet. 
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(3) The c e n t r a l and southei'n part of the caldera i s occupied by 

a prominent sedimentary bed, wliich o v e r l i e s the caldera f l o o r . I n 

a few places near the centre of the caldera, a coarse conglomerate 

i s found which belongs t o t h i s group. The boulders may reach 

5-10 m i n size and the mat r i x i s tuffaceous. Mingled w i t h the 

boulders are pieces of rock w i t h c h i l l e d margins, c l e a r l y from 

p i l l o w - l i k e bodies. The main part of the sedimentary bed consists 

of a layered s i l t s t o n e and sandstone, but a f i n e - g r a i n e d conglomerate 

i s present i n places. The present exposed thickness i s about 100 m 

but o v e r l y i n g the bed i s a gabbro i n t r u s i o n which might have 

replaced part of the sediments ( F i g . 7.3). 

(4) Intermediate lava flows o v e r l i e the sediments. These are 

p a r t i c u l a r l y prominent opposite Fotadalur, where they are at leas t 

200 m t h i c k , and are capped by a gabbro i n t r u s i o n . Mixed w i t h the 

lava flows are basic and intermediate h y a l o c l a s t i t e s . The lava 

flows themselves have ponded i n t o a lake, and they form sausage-like 

bodies (4-10 m t h i c k ) separated by breccias of the same lava flow. 

(5) Some of the intermediate flows probably have t h e i r o r i g i n i n 

some of the huge cone sheets (predominantly pitchstone sheets) 

e n c i r c l i n g the eastern and northern caldera rim. The cone sheets, 

which are intermediate t o r h y o l i t i c i n composition are t h i c k , o f t e n 

100 m, and each sheet i s formed by means of m u l t i p l e i n j e c t i o n of 

magma d u r i n g an e r u p t i o n . Near the top of Hestur, one of the cone 

sheets d i s p l a y s a h o r i z o n t a l banding, which could probably be caused 

by the magma f l o w i n g h o r i z o n t a l l y from a vent down i n t o the caldera 

lake ( F i g . 7.1). Granophyric x e n o l i t h s can be found enclosed i n the 

cone sheets and also i n the intermediate flov/s. 

(6) A basic magma was in t r u d e d i n t o the r a t h e r loose caldera f i l l i n g 

and formed a l a c c o l i t h - t y p e gabbro i n t r u s i o n . The i n t r u s i o n i s at 



F i g . 7.3 Trbllkonuskard i n Laugardalur. A t h i c k gabbro i n t r u s i o n 

o v e r l y i n g intermediate lava flows and sedimentary beds. 



least 200 m t h i c k . The main host rock f o r tli e i n t r u s i o n i s the 

sediment, but i t has also i n t r u d e d the intei'mediate flows. The 
o 

l a c c o l i t h dips 2-3 towards the northeast. 

The age of t h i s volcano r e l a t i v e t o the Reykjadalur c e n t r a l 

volcano i s obscure, although i t seems t o be s l i g h t l y younger. The 

t h i n t h o l e i i t e f l o w s , forming the f l o o r of the caldera, are normall}' 

magnetized and belong probably t o Epoch 5. A negative magnetic 

anomaly has been detected over the volcano ( F i g . 2.5) which most 

l i k e l y i s caused by a reversely magnetized i n t r u s i o n , probably t l i e 

one exposed i n s i d e the caldera. These supposed reversely magnetized 

rocks would presumably belong t o the lower part of the G i l b e r t epoch 

( l e s s than 5 m.y.). 

No basic i n t r u s i o n s other than the gabbroic l a c c o l i t h are 

present i n or around the caldera, apart from a few dykes, most of 

which are younger than the volcano. The lack of such i s r e f l e c t e d 

also i n the complete absence of a high grade metaraorphic aureole but, 

instead, an undisturbed z e o l i t i c zonal assemblage. 

However, minor changes occur i n the g r a v i t y f i e l d over the 

volcano ( F i g . 2.4). 

The mechanism of the caldera collapse i s also q u i t e d i f f e r e n t 

from t h a t of the Reykjadalur caldera. The northern part of the 

caldera collapsed along a c l e a r c u t f a u l t . Debris from the f a u l t w a l l s 

accumulated on the bottom of the depression. At the same time the 

southern part of the caldera foundered along a curved f l e x u r e , 

i n d i c a t e d by a change i n d i p of the lavas across the rim. 

Water accumulated i n the depression, forming a caldera lake where 

subsequent subaqueous eruptions took place and i n t o which lavas from 

the surroundings ponded and were p a r t l y b r e c c i a t e d upon contact w i t h 

the water. 
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Erosion also took place i n t l i e areas outside t l i e caldera and 

the m a t e r i a l was subsequentIj' t r a n s p o r t e d by means of water i n t o 

the caldera, forming the sediment. The sediment fans f i l l e d 

mainly the southern part of the caldera, probably because of a 

higher topography south of the caldera at the time of i t s formation. 

The caldera then g r a d u a l l y f i l l e d w i t h sediment and lavas and i n the 

end was b u r i e d a l t o g e t h e r by lava flows, probably followed by the 

i n t r u s i o n of the gabbro. 

The magmatic processes th a t led t o the Laugardalur caldera 

collapse are unknown. One might speculate t h a t t h i s collapse caldera 

was a p a r a s i t e t o the Reykjadalur' c e n t r a l volcano, or perhaps the 

c e n t r a l a c t i v i t y s h i f t e d s l i g h t l y westward at the time of decreasing 

a c t i v i t y i n the Reykjadalur area. 
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CriAPTER 8: 

LATE QUATFflNARY AND RECENT VOLGANISM 

Volcanic a c t i v i t y was revived i n the south-western part of the 

research area i n l a t e Quaternary times. The a c t i v i t y i s part of the 

volcanic zone or Snaefellsnes f r a c t u r e zone which s t a r t e d i n the 

outer p a r t s of the Snaefellsnes peninsula i n e a r l y Matuyama (Sigurdsson, 

1970a) and s t r e t c h e d from there i n l a n d t o j o i n the main r i f t i n g 

zone near L a n g j o k u l l (see Chapter 10, F i g . 10,6). The c e n t r a l p a r t 

of the zone soon faded out and the main a c t i v i t y i n l a t e Quaternary 

times has taken place i n the outer parts of the Snaefellsnes peninsula, 

decreasing south-eastwards and disappearing a l t o g e t h e r east of 

Nordurardalur. The extent of t h i s volcanism i s shown on the 

g e o l o g i c a l map of mid-western Iceland (Kjartansson, 1968), Four 

formations belonging t o t h i s group occur i n the research area (Fig, 8,1) 

and a few more i n Langavatnsdalur:-

1, B a e l i i n Nordurardalur has been described by Jonsson (1964). I t 

i s a heap of p i l l o w lava and p i l l o w breccia, about 1 km long and 0.5 km 

wide. I n the centre of the heap, a d y k e - l i k e body occurs running 

east-west. The e r u p t i o n took place beneath a g l a c i e r d uring the 

l a t t e r h a l f of the l a s t g l a c i a t i o n . 

2. Grabok lava f i e l d i s a Recent but p r e h i s t o r i c lava flow i n 

Nordurardalur. The e r u p t i o n took place through three c r a t e r s on a 
2 

f i s s u r e s t r e t c h i n g NIV-SE. The f l o w i s about 6.75 km and i t dammed 

the Nordura r i v e r and a lake nearly 15 km long was formed behind i t . 

The r i v e r l a t e r cut i t s way through the lava and the lake was drained, 
14 

l e a v i n g behind a f l a t p l a i n of lake deposits, A C d a t i n g of organic 

m a t e r i a l u n d e r l y i n g the f l o w gives an age of 3700+120 years (Schwarzbach, 

1956) but according t o the same reference the d a t i n g i s not p a r t i c u l a r l y 

r e l i a b l e and i t argues t h a t the e r u p t i o n occurred between 1100 and 3700 

years ago. 
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Sfaaarhnuk 

F i g . 8.1 Late Quaternary and Recent volcanics i n the B o r g a r f j o r d u r area. 
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3, V i k r a f e l l i s a 150 m high, WIW-ESE s t r e t c h i n g ridge on top of the 

mountain range west of Lake Hredavatn i n Nordurardalur, The base 

of the f o r m a t i o n c o n s i s t s of p i l l o w lava and p i l l o w breccia covered 

by h y a l o c l a s t i t e . I n a depression west of the easternmost peak, 

a heap of p i l l o w s from the very end of the e r u p t i o n occurs. The 

e r u p t i o n took place beneath a g l a c i e r , probably near the end of 

the l a s t g l a c i a t i o n . 

4, Stadarhnukur r i s e s about 200 m above i t s surroundings and consists 

of lower p i l l o w lava and p i l l o w breccia, and upper h y a l o c l a s t i t e , 

covered w i t h s u b a e r i a l lava flow of the same e r u p t i o n ( i . e . Table mountain) 

On the n o r t h e r n edge of the mountain a WN̂ -V-ESE s t r e t c h i n g dyke-line 

f e a t u r e , about 2.5 km long, occurs. The e r u p t i o n most l i k e l y occurred 

at the end of the l a s t g l a c i a t i o n . Nearly a l l the volcanic products 

are accumulated on the southern, leeside of the dyke, because the 

g l a c i e r covering the area at t h a t time moved southwards, preventing 

the volcanics from spreading northwards. 

The Recent volcanism outside the domain of the S n a e f e l l s n e s j o k u l l 

c e n t r a l volcano took place along two p a r a l l e l f a u l t zones (Sigurdsson, 

1970b) and the formations i n the research area belong t o the more 

n o r t h e r l y zone. The a c t i v i t y on the Snaefellsnes peninsula since 

the end of the l a s t g l a c i a t i o n has been small compared w i t h the a c t i v i t y 

i n the main r i f t i n g zones i n Iceland (Jakobsson, 1972), The l a s t 

e r u p t i o n took place around the year SOO DP (Eldborg i n Myrar; Askelsson, 

1955). I t seems t h a t the a c t i v i t y i s p e r i o d i c and t h a t the l a s t main 

ou t b u r s t of a c t i v i t y occurred about 2000-3000 years ago when many 

erupt i o n s occurred i n the Hnappadalur area (Th. Einarsson, 1970) and 
14 

once occurred i n Nordurardalur, but C datings are not a v a i l a b l e from 

other areas on the Snaefellsnes peninsula. 



The so - c a l l e d Snaefellsnes f r a c t u r e zone has been explained 

as the r e s u l t of a d i f f e r e n t r a t e of spreading between n o r t h and 

south Iceland (Sigurdsson, 1970b), caused by only one r i f t i n g zone 

i n n orthern Iceland compared w i t h two i n southern Iceland, 
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