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Abstract. The geochemistry of four Icelandic basalts is compared with that of 
other basalts along the Mid-Atlantic Ridge. The lava from Beruvikurhraun is 
the only alkali basalt. It has the high Ba and Sr concentrations typical of alkaline 
rocks. The other three basalts are tholeiites ranging from 49.00 to 50.42 per cent 
Si02 and 0.22 to 0.54 per cent K20. In their overall major element chemistry, 

the Icelandic basalts resemble the Hebridean basalts and Nockolds' average 
tholeiite. They are more iron rich than average basalts from other localities 
along the Ridge. A parent magma of a composition similar to the average 
Hawaiian tholeiites (MACDONALD and KATSURA 1964) could give the high iron, 

low magnesium basalts of Iceland by early separation of olivine (forsterite). 
Crustal contamination through any process we know of today is not consistent 
with many aspects of the chemical composition of the rocks, both with regard 

to major and trace elements. 

The natur� of the basaltic rocks along the oceanic ridges has recently 
received much attention {LE MAITRE 1962, ENGEL and ENGEL 1963, 
1964a, b, GAST et al. 1964, MuiR and TILLEY 1964), and four papers 
have discussed restricted aspects, with chemical analyses, of the Ice­
landic volcanic rocks (WALKER 1963, THORARINSSON and SIGVALDA­
SON 1962, CARMICHAEL 1964, ROBSON and SPECTOR 1962). The lo­
calities referred to in Table l are shown on the map (Fig. 2). RoBSON 

and SPECTOR (1962) give some trace element data for the Eldgia and 
Katla lavas, and HEDGE and WALTHALL (1963) give Rb, Sr concen­
trations, and initial Sr87 JSr86 ratios in two recent Icelandic basalts 
which agree well with new measurements reported in this paper. After 
this was written, initial Sr87 JSr86 ratios of a suite of Icelandic rocks 
were pubhshed by MoORBATH and WALKER (1965). Their results are 
in good agreement with those determined by us. 

l Department of Geophysics and Geochemistry. 2 Department of Geology. 
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Fig. l. Sketch map showing the outline of the Mid-Atlantic Ridge: 
l. Jan Mayen, 2. Iceland, 3. Azores, 4. Madeira, 5. Canary Islands, 6. Cape Verde 
Islands, 7. St. Peter and St. Paul's Rocks, 8. Femando de Noronha, 9. Ascension, 
10. St. Helens, 11. Trinidad, 12. Tristan da Cunha, 13. Gough Island, 14. Bouvet 
Island. 

The position of Iceland at the northern end of the Mid-Atlantic 
Ridge (Fig. 1), together with the observation that Icelandic basalts had 
been shown to be significantly 'more tholeiitic' and more iron rich 
than average basalts from other localities along the Ridge, made us 
undertake tihs investigation of the geochemistry of four specimens of 
Icelandic basalts kindly provided by Dr. G. E. Sigvaldason of the 
University Research Institute, Reykjavik. Their locations are shown 
on the map (Fig. 2). 

ENGEL and ENGEL (1963, 1964a, b) noted that volcanic rocks dredged 
from submerged parts of the oceanic ridges are largely tholeiitic basalts 
with low values of K, Ti, P, U, Th, and Pb, whereas the islands and 
seamounts along these structures are to a large extent built of (or 
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Fig. 2. Map of Iceland indicating the localities of analyzed basalts. l. Beruvikur­
hraun, Snæfjellsjokull, 2. Reykjanes, 3. Laki, 4.-5. Askja, 6.-7. Thingmuli, 

8. Reydarfjordur, 9. Skjaldbreid. 

encrusted by) alkali basalt. The two larger islands (or island groups) 
of Hawaii and Iceland are clear exceptions to this. Engel and Engel 
suggested that the alkali basalts are derived from a parent tholeiitic 
magma by differentiaticn and that low potassium tholeiites (with 
about 0.2 per cent K20) are the dominant magma erupted from the 
mantle. It is interesting, therefore, that MuiR and TILLEY (1964) found 
that basalts dredged from the Mid-Atlantic Ridge at a mean depth 
of 3,370 m (45° 44' N, 27° 43' W) mostly have transitional or slightly 
alkaline affinities, lower concentrations of silicon and iron, and higher 
magnesium contents than the dredged samples of Engel and Engel. 

ENGEL and ENGEL (1964b) also suggested that oceanic tholeiites 
can be distinguished from continental tholeiites on the basis of total 
potassium content, with the discontinuity at 0.3 to 0.5 per cent K20 
by weight. Using this criterion, and regarding the Icelandic basalts 
as representing a primary, nondifferentiated magma, the basalt from 
Reykjanes (No. 2, Table 1), and the average Skjaldbreid basalt (No. 9, 
Table l) would be classified with the oceanic tholeiites. Neither these 
nor the average oceanic tholeiites of Engel and Engel are quartz nor­
mative. Sample No. 3 (from Laki, 1783 eruption, the greatest extrusion 
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Table l 

Iceland 

l* l 2 l 3 l 4 l s l 6 l 7 l 8 l 9 

Si01 48.29 49.00 49.SS S0.42 so.so 47.44 49.31 48.8 47.S 

Ti01 3.S9 2.01 2.84 2.78 2.96 2.19 3.13 3.0 2.0 

AlsOa 14.66 14.10 13.79 12.64 12.7S 14 .17 12.67 13.6 14.0 

Fe108 3.12 2.64 2.49 3.97 2.38 4.37 4.7S s.s 2.S 

FeO 9.S9 10.9S 11.34 11.62 13.S8 7.97 10.31 8.8 10.0 

Mn O 0.28 0.2S 0.2S 0.27 0.2S 0.20 0.26 0.2 

Mg O 4.39 6.96 S.84 4.7S S.09 7.2S 4.69 S.2 9.0 

Ca O 8.87 11.62 10.63 9.0S 8.9S 11.11 9.10 10.6 12.S 

Na.O 3.80 2.3S 2.79 2.8S 2.71 2.46 3.01 2.8 1.7 

KP 1.55 0.22 0.42 O.S4 0.66 0.33 0.56 o.s 0.3 

PI05 0.93 0.21 0.30 0.24 0.27 0.27 0.57 0.4 0.2 

H10+ 0.29 0.11 0.17 0.13 0.2S 1.2S 0.68 f 
Hp- 0.14 0.06 0.11 0.14 0.04 0.81 0.76 \ 

0.6 

C01 0.13 O.D7 0.11 0.26 
C.I.P.W. Molecular norm 

Q .... - - 0.2 4-.S 2.2 0.2 4.7 3.8 -

Or . . 9.S l.S 2.6 3.3 4.0 2.0 3.S 3.0 l.S 

Ab ... 3S.l 21.4 2S.6 26.7 2S.O 23.0 28.5 26.0 lS.S 
An .. . 18.9 27.7 24.4 21.0 21.2 27.5 20.3 24.0 30.2 
Ne . . - - - - - - - - -

01 ... 8.4 2.2 - - - - - - 6.6 

Hy .. 1 .4 17.7 18.0 16.3 21.6 16.4 13.6 9.8 15.2 

Di. .. 16.4 23.6 22.0 19.4 18.8 22.4 18.4 22.4 25.2 
Mt . . 3.3 2.8 2.7 4.3 2.5 4.8 5.1 6.0 2.5 
Il . .. 5.1 2.8 4.0 4.0 4.2 3.2 4.6 4.4 2.8 
Ap ... 2.0 0.5 0.6 0.5 0.5 0.5 1.3 0.8 0.5 

+ Including 0.16% BaO + SrO calculated as CaO in the norm. 

l. Beruvikurhraun, crater on the flank of Snæfjellsji:ikull. 
2. Reykjanes peninsula, dose to road to Grindavik. 
3. Laki {1783 eruption), greatest lava production on the Earth in historie time; 

60 km from South end of fissure. 
4. Askja caldera, 1961 eruption. 

5. Askja average of three lava flows {THORARINSSON and SIGVALDASON 1962). 
6. 01-tholeiite, Thingmuli volcano, average of 3 {CARMICHAEL 1964). 
7. Tholeiite, Thingmuli volcano, average of 7 (CARMICHAEL 1964). 
8. Tholeiitic andesite lava, Reidarfji:irdur, average of 6 (WALKER 1963). 

9. Skjaldbreid basalts, average of 6 (WAGER 1956). 
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of lava in historie time) and the olivine tholeiites from Thingmuli (No. 
6) are barely quartz normative and fall in the 'potassium gap' of Engel 
and Engel. The tholeiites from Askja (Nos. 4 and 5), Thingmuli (No. 
7), and Reidarfjordur (No. 8) all contain more than 0.5 per cent K20. 

CHAYES (1964) used a Ti02 content of 1.75 per cent to distinguish 
between oceanic (above 1.75 per cent) and circumoceanic (less than 
1.75 per cent) basalts. The Iceland basalts were specifically omitted 
from his discussion as being continental rather than oceanic (Thulean 
province). We do not know the general Ti02 content of continental 
tholeiites, but judging from the compilation of W ALKER and PoLDER­
VAART (1949) Ti02 concentrations of less than 1.75 per cent seem to 
be common. Using the Ti02 criterion, the tholeiitic basalts dredged 
from the Mid-Atlantic Ridge area (ENGEL and ENGEL 1964a, MuiR 
and TILLEY 1964) should be designated 'circumoceanic', while those 
from the islands are 'oceanic'. 

In their overall major element chemistry, the Icelandic basalts 
resemble the Hebridean basalts (W AGER 1956) and the average tholeiite 
of NocKOLDS (1954). This provokes the question of whether Icelandic 
basalts have been contaminated by or interacted with continental 
materials. CHAYES (1963) for this reason excluded the Icelandic basalts 
(as well as those from the United Kingdom) in his survey of oceanic 
volcanic rocks. No process we know of today would derive a basalt 
composition, similar to that from Iceland, from a primitive basalt 
magma of a composition as suggested by ENGEL and ENGEL (1964b), 
by contamination with crustal materials. It is possible however that 
the Icelandic basalts conld be derived from a more primary basaltic 
magma by magmatic fractionation, and the rocks Nos. 2, 3, and 4 could 
well represent different fractionation stages of a common magma. 
Geochemical parameters more sensitive than major element chemistry 
alone are available for the study of crustal contamination of mantle 
material. The use of initial Sr87 fSr86 ratios in such problems has been 
discussed repeatedly (HEDGE and W ALTHALL 1963, GAST 1960, 
FAURE and HuRLEY 1963), and it was recently-used in a study of vol­
canic rocks from Gough and Ascension Islands (GAST et al. 1964). 
Initial Sr87 ;srse ratios of basalts from Iceland are given in Ta ble 2. 

The variation from the mean of 0.7028(/J) of all the samples is probably 
not significant. The ratio is lower than the most frequent published 
value in basaltic rocks (0.704 to 0.705, HEIER et al. 1965) and is similar 
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Table 2a 

l l l l Th/K 
Sr87fSr:88 SrfRb KfRb X lO' ���O' l Th/U l Co/Ni 

l 0.7026 17 406 2.6 1.2 2.1 >3.0 
2 0.7034 40 500 2.7 1.0 2.7 0.7 
3 0.7031 28 450 2.9 1.0 2.9 1.2 
4 0.7029 14 354 3.6 0. 9 3.4 1.6 

Table 2b 

l Th l U l Ba l Sr l Rb l Co l Ni l Cr l V l Zr 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

l 
l 

3.4 1.6 900 539 32 32 tr. tr. 235 
2 0.54 0.20 80 161 4 50 70 190 390 
3 1.2 0.42 110 225 8 50 43 75 375 
4 1.6 0.47 130 182 13 47 30 25 460 

l. Beruvikurhraun. 2. Reykjanes. 3. Laki 1783. 4. Askja 1961. 
Th and U by gamma-ray spectrometry. 
Rb, Sr, and Zr by X-ray spectrography. 
Ba, Co, Ni, Cr, and V by optical spectrography. 

290 
120 
180 
180 

Sr-isotope ratios determinations by a technique of voltage peak switching which 
gave the following results for the M.I.T. standard strontium carbonate (E A) 
normalized for Sr:88fSr:88 = 0.1194 

l 2 

0.7080 
0.05660 

0.7082 

3 

0.7082 
0.05668 

4 

0.7083 

5 

0.7084 
0.05657 

6 

0.7083 
0.05657 

to the value determined by GAST et al. (1964) for basalts from Ascen­
sion Island but lower than their Gough Island basalts. Contamination 
of basaltic magma with crustal materials would tend to increase this 
ratio by the addition of radiogenic strontium. 

The K : Rb ratio in basalt is in some state of controversy at the 
moment. Recent publications quote high ratios for oceanic basalts 
(GAST 1960, LESSING et al. 1963), and 500 is a typical ratio in tholeiites 
and low potassium alkali lavas from Hawaii. This is similar to what 
we find for basalts from Reykjanes (No. 2). The lower K : Rb ratio 
of the other tholeiitic rocks examined could reflect contamination by 
crustal material (average K : Rb ratio of 230) , but in view of the other 
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chemical evidence we suggest that it is related to the degree of dif­
ferentiation of these basalts. Progressive enrichment of Rb relative to 
K has been widely observed in magmatic differentiation series. 

K : Rb ratios calculated from the analyses reported by LE MAITRE 
(1962) and MuiR and TILLEY (1964) indicate wide variation (K : Rb 
between 140 and 700) in the tholeiitic basalts examined by them. The 
variation is not related in any way to potassium con tent or to any other 
chemical or petrographic parameters of the rocks, and this would 
suggest that the Rb data are not sufficiently precise for a useful 
comparison of K : Rb ratios. 

Increase in the Co : Ni ratio is a useful indicator of differentiation 
in magmatic rocks. In the Icelandic basalts. the ratio indicates the 
same trend as discussed above. The Co :Ni ratios of these rocks are 
considerably lower than in rocks at similar stages of fractionation at 
Hawaii, but similar to those of the British Tertiary province and Ha­
kone volcanic rocks (NocKOLDS and ALLEN 1956). The dredged sam­
ples from the Mid-Atlantic Ridge (MuiR and TILLEY 1964), as well as 
the early basalt types from Gough Island (LE MAITRE 1962), have 
characteristically much lower Co :Ni ratios. Similar comments can 
be made about the concentrations of Cr and V in the Icelandic basalts. 

The relations between thorium, uranium, and potassium in basaltic 
rocks have been studied by HEIER and co-workers (1963, 1964, 1965). 
The Th : K ratios in the basalts from Iceland are very similar to those 
found in basaltic rocks from many different environments, but ura­
nium is relatively enriched in the Icelandic rocks (by a factor of about 
2). The U : K ratio is similar to that in continental dolerites from 
Tasmania (HEIER et al. 1965), but in these the Th : K ratio is high 
as well (about 5 X 104). This difference between U and Th in Ice­
landic basalts compared with other basaltic provinces cannot be 
explained before a hetter knowledge of radioactive element concen­
trations in basaltic rocks is obtained. In the Hawaiian group, the data 
available show the basalts from Kuai to have significantly higher Th/K 
and U/K ratios than those from Oahu and Maui (HEIER et al. 1964). 
As a result of the relatively higher U concentrations, the Th/U ratios 
are low in the Icelandic basalts. The tendency towards an increase in 
the Th/K ratios with increasing potassium content in the three lce­
landic tholeiites (Nos. 2, 3, 4, Table l) is in qualitative agreement 
with the trend in magmatic differentiation series. 
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Table 3. Comparison between gamma-ray spectrometric (y) and neutron activation 
(n.a.) determinations of Th and U 

Laki (y) . • . . . . . . . . . . . .  

Laki (n. a.) . . . . . . . . . . .  . 

Askja (y) . . . . . • . . . . . • .  

Askja (n.a.) ........... . 

Th ppm 

1.11-1.37 
1.13 
1.55 
1.52 

U ppm 

0.42 

0.374 ± 3% 
0.47 
0.457 

The U and Th concentrations were first determined by gamma-ray 
spectrometry using the 2.62 MeV peak for Th (the Tl2°8 peak in the 
Th series) and the 1.76 MeV peak for U (the Bi214 peak in the U series). 
Th and U in the two most recent basalts (Laki, 1783; Askja, 1961) 
were thereafter determined by a neutron activation method. The re­
sults are compared in Table 3, and the dose agreement between the 
two sets of results demonstrates that radioactive equilibrium may 
obtain in very recent lavas. 

The alkaline affinities of the basalt from Beruvikurhraun is reflected 
in the high Ba and Sr concentrations. High concentrations of these 
elements are also characteristic of plutonic alkaline rocks (HEIER and 
TAYLOR 1964) and pose an interesting geochemical problem. This rock 
is strikingly different from the tholeiitic basalts from lceland listed 
in Table l. It should be compared with the lava of Elgja and Katla 
in the southeastern part of the lceland graben (ROBSON and SPECTOR 
1962). MuiR and TILLEY (1964) pointed to the alkaline affinities of 
those basalts. The analysis of the Beruvikurhraun rock compares 
well with MACDONALD and KATSURA's (1964) average Hawaiite. The 
Hawaii te is more fractionated with respect to Ca and N a but less with 
respect to Mg and Fe. Two of the eight Hawaiites listed by Macdonald 
and Katsura have normative hypersthene. 

Conclusions 

The purpose of this investigation has been to draw attention to the 
specific chemical peculiarities of the Icelandic basalts when they are 
compared with other basalts along the Mid-Atlantic Ridge. With the 
possible exception of the alkali basalt No. l, much of the chemical 
evidence is consistent with the Icelandic båsalts being inter-related 
through a liquid line of descent from a common magma type. A parent 
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magma of a composition similar to the average Hawaiian tholeiites of 
MACDONALD and KATSURA (1964) could yield the high iron, low magne­
sium basalts of Iceland by early separation of olivine (forsterite). 

The special position of the Icelandic basalts has often been explained 
by assuming 'continental' affinities, and thereby suggesting 'Crustal 
contamination' as affecting the primary basaltic magma composition. 
We have endeavoured to show that crustal contamination through any 
process we know of today is not consistent with many aspects of the 
chemical composition of the rocks, both with regard to major and trace 
elements. Recent seismic surveys have failed to detect any sign of a 
sial-layer under Iceland (TRYGVASON and BATH 1961), and, at least 
in eastern Iceland, no material of such composition has been found 
in the volcanic agglomerates (WALKER 1963). We therefore feel that 
the role of contamination may well have been overemphasized as an 
explanation of the diversity of these basaltic magmas, and we would 
rather postulate primary differences in the source material(s) or 
variations in the physical conditions of magma generation. 

APPENDIX 
PETROGRAPHY 

Beruvikurhraun: Microphenocrysts of basic feldspar (zoned around 
An60) up to 3 mm long with olivine less common and rare clino­
pyroxene and oxide mineral. Groundmass consists of plagioclase (An40-
An43) with sub-trachytic texture with olivine and very fine inter­
granular titaniferous clinopyroxene, oxide minerals, and apatite 
needles. Plagioclase constitutes approximately 60 per cent of rock. No 
separate alkali feldspar phase has been observed. 

Reykfanes: Microphenocrysts of olivine make up a few per cent of 
this rock; microphenocrysts of bytownite and clinopyroxene are more 
abundant and generally show sub-ophitic relations. The groundmass 
is intergranular and made up of roughly equal amounts of basic 
labradorite and clinopyroxene. 

Laki: Ge�Fally aphyric; intergranular texture with ..apprøximately 
equal amounts of clinopyroxene and plagioclase (An60-An64 in ground­
mass). Olivine is a very minor constituent. 

Askfa: Exceedingly fine grained with occasional small phenocrysts 
(less than 0.3 mm) of plagioclase (An60) and clinopyroxene. 

(Plagioclase compositions by beta-index.) 
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