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Fig. 1. The volcanic zones in Iceland as they are
disinguished as rift zones and non-rifting zones. A
part of the zone in Central Iceland (marked A)
has, however, apparently been fading out as a rift
zone during the late glacial and postglacial times,
Simplified from Imsland (in press).

Mynd 1. Islensku gosbeltin og skipting peirra { rekbelti og
reklaus. Hluti gosbeltisins um Mid-Island (merkt A)
virdist syna minnkandi rek frd pvi d seinni hluta isaldar.
Kortid er einfoldun d korti Imslands (i dtgdfu).

system of the world oceans, regarding petrochem-
istry and its relation to volcano-tectonics, has been
reached. Simplified, this general picture of the pet-
rochemistry of the ocean floor depicts primarily
MORB-type tholeiites, produced at the volcanic-
ally active central axis (rift zones) of the Mid-Ocean
Ridges, and less active flanks and older ocean floor
parts, containing a diversity of evolved tholeiites
and non-MORB-type basalts (see e.g.. Bryan et al.
1976). This diversity is occasionally simplified and
summarized under the FETI-basalt heading.

In contrast, the general picture of the Icelandic
petrochemistry shows us volcanically active areas,
some of which are rift zones while others are non-
rifting zones (see Fig. 1). The rift zone volcanism in
Iceland produces primitive MORB-type tholeiites
and tholeiites of weak alkaline enrichment, trending
towards the FETI-basalts. The volcanism of the
non-rifting zones produces primarily basalts of
strong FETI-basalt characteristics with clear alkal-
ine affinities, but generally little —and in most cases
no — primitive tholeiitic rocks. In addition to this
basalt production, both zones produce small vol-
umes of silicic and intermediate rocks, which are
extremely scarce, but occur among the ocean floor
samples. In Iceland this production of silicic and

34 JOKULL 33. AR

intermediate rocks takes place in central volcanoes
(for further information on this generalized and
simplified picture of the Icelandic situation see Sae-
mundsson (1979) and Imsland (in press).

THE CHEMICAL RANGE OF THE
ICELANDIC ROCK SUITES AND
A SAMPLING BIAS

In the rift zones of Iceland, faults, open fissures,
and crater rows, the surface expressions of the rift
tend to group into swarms, so-called fissure swarms.
Centrally these may evolve into major volcanoes as
time goes on (Sigvaldason et al. 1976), so-called centr-
al volcanoes. This evolution comprises changes in
the entire volcanic features, but in this context the
changes in petrochemistry are of greatest interest.

The fissure swarms, and the scarce but frequently
voluminous volcanism in between fissure swarms,
produce primarily MORB-type rocks i.e. primitive
tholeiites having low incompatible element content,
a high K/Rb, Na/K, and Mg/Mg+Fe ratios and so
on. These are frequently called olivine tholeiites.

Imsland (in press) places the initiation of the cent-
ral volcano stage at the first appearance of qz-norm-
ative rocks on the fissure swarm, as no gap or drastic
change marks its initiation. After this stage is reach-
ed, the rift zone central volcanoes produce, in addit-
ion to the primitive MORB, evolved tholeiites and a
small volume of silicic and intermediate rocks.
These evolved tholelites are gz-normative, enriched
in the incompatible elements, and have lower K/
Rb, Na/K, and Mg/Mg-+ Fe ratios and so on, than
the primitive MORB-type tholeiites. Composition-
ally they approach or trend towards the extreme
FETI-basalt characteristics.

Those recent rocks, which are atypical for the
oceanic environment and are erupted in the rift
zones of Iceland are thus produced solely in the
central volcanoes, which only cover very small areas
of the entire rift zones. The bulk of the rift zones is
thus covered by the MORB-type rocks. The dredge
sampling method used on the Icelandic rift system
would accordingly give overwhelmingly MORB-
type samples, as it does in the case of the oceanic
spreading axis.

The rocks that form the basis for the concept of
the “Iceland geochemical anomaly” are thus pro-
duced in the central volcanoes of the rift zones and
primarily on the non-rifting zones. The causes of the
non-rifting volcanism are discussed by Oskarsson et



al. (1982) and will not be discussed here, but it is
firmly stressed that the productivity of the non-rift-
ing volcanism is much less than that of the rift zone
volcanism.

In order to compare the petrology of the Ice-
landic rift zones and the ocean floors, all analysed
tholeiites of the Icelandic rift zones (see Imsland in
press), have been divided into two groups, contain-
ing more and less than 0.2 wt.% K,O, respectively.
The 0.2% value is an arbitrary choice, but a lower
K,O content is a clear indication of a low incomp-
atible element content, a MORB restriction. In this
selection the primitive picritic cumulates of the Ice-
landic rift zones (see Jakobsson et al. 1978) containing
over ~ 10 wt.% MgO have been excluded, because
of the strong effect of the picrites on the parameter of
primitiveness used.

These low K,O tholeiites are compared in Table
1, on basis of average compositions, to the average

TABLE 1
1 2 3

IRZ MORB OFB
SiO2 48.56 49.92 49.61
TiO, 1.21 1.46 1.43
ALO, 1556 1608 1601
FeOtot. 10.64 9.38 11.49
MnO 0.18 0.17 0.18
MgO 8.74 7.75 7.84
CaO 12.89 11.21 11.32
Na,O 2.00 2.79 2.76
K,0O 0.12 0.17 0.22
P,0, 0.11 0.15 0.14
Fe,0,/FeO 0.32 0.19
At. Mg/Mg+Fe 058 0597 0550
No. of samples
in average 96 49 94

Average composition of Icelandic and Oceanic
MORB. 1) IRZ = Icelandic rift zones (/msland in
press) 2) MORB = Mid ocean ridge basalts (Har!
1976) 3) OFB = Ocean floor basalts (Cann 1971). .
Tafla 1. Medaltalssamsetningar fyrir hid frumsteda ba-
salt af rekbeltum Istands og iithafshiyggjanna. 1) IRZ =
rekbelti Islands (Imsland i digdfu) 2) MORB = Midhafs-
hryggjabasalt (Hart 1976) 3) OFB = Uthafsbasall
(Cann 1971).

MORB compositions reported by Cann (1971) and
Hart (1976) for the ocean floor. This selection of the
Icelandic rift zone tholeiites depicts a slighly lower
incompatible element content than the two ocean
floor MORB averages they are compared to, but an
identical primitiveness, as expressed through the
Mg/Mg+Fe ratio.

The average presented in the table comprises
about half of the analysed basalt samples of the rift
zones in Iceland which are sampled on basis of
geological knowledge of the sample locations, and
equally represent all geological formations, regard-
less of their volume relations. The volume relations
are overwhelmingly in favour of the MORB-type.
This average thus shows that in terms of volume the
Icelandic rift zone products overwhelmingly are of
the MORB-type composition.

The other half of the rift zone rocks are: 1) less
primitive, more incompatible element enriched
MORB-tholeiites, which dominate this rest, 2) the
incompatible element enriched relatives of the
MORB, the FETI-basalts and so on, and 3) a small
portion of highly evolved rocks, tholeiitic icelandit-
es, icelandites, dacites and rhyolites.

Various approaches and calculations have been
used in the past to estimate the amount of inter-
mediate and silicic rocks in Iceland. The estimates
obtained range from 3 to 9% of the total volcanic
production. Sigurdsson (1970) found 3% of the total
postglacial production to be of intermediate and
silicic composition and Thorarinsson (1967) found
that only 4% of the intermediate and silicic prod-
ucts in Iceland formed during postglacial time were
produced in the volcanic rift zones. The other 96%
are products of non-rifting volcanism. It is thus
clear that only 0.12% of the rift zone production is
of intermediate and silicic compositions.

If the primitive MORB-type tholeiitic magma is
the primary magma type of the oceanic volcanism
and the parental magma to the tholeiitic rock suites,
then the general increase in rock evolution, through
the iron- and incompatible element enrichment of
the evolved tholeiites and towards the intermediate
and silicic rocks to rhyolites, apparently displays
the entire evolution of the oceanic tholeiitic rock
suits. The relations of the rock chemistry of indivi-
dual samples to geological features, such as fissure
swarms and volcano-tectonics ingeneral, are pract-
ically unknown in the case of the ocean floor. In
Iceland, on the other hand, it has been shown that
the magma evolution in the rift zones takes place
along with volcano-tectonic evolution (Sigvaldason et
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al. 1976, Jakobsson et al. 1978, Imsland in press).
Fissure swarms evolve into central volcanoes at the
same time as the rocks evolve from primitive tholei-
ites (MORB) alone towards increasing volumes of
qz-normative and evolved tholeiites and further to-
wards icelandites and dacites and finally rhyolites.
Therefore it is concluded, since the Icelandic rift
zone rock suites and the oceanic rock suites do not
differ in types, that the Icelandicrock suites serve as
a key to the classification of oceanic tholeiites in
general, both regarding chemical evolution and tec-
tonic setting — but not vice versa.

The non-rifting volcanism in Iceland has not
been specifically dealt with here, but in a generaliz-
ed manner it may be compared to the off-ridge and
remote island volcanism in the oceanic environ-
ment.

It may be concluded that, as a whole, Iceland
produces a relatively greater volume of evolved
rocks than the submerged oceanic spreading ridges,
but the Icelandic rift zones do so only to a very small
degree. The evolved rocks of Iceland and the ocean-
ic environment in general are of the same types. The
difference between Icelandic and ocean floor rock
production is in proportions, not in types. When
refering to the presently active rift zones, the “Ice-
land geochemical anomaly” is the result of different
sampling methods and lack of background informa-
tion on samples from the ocean floor.

THE CAUSES OF BIASED CHEMICAL
RANGE IN RIFT ZONE PRODUCTS
EXPOSED OFF-RIFT

In the discussion above, reference has been made
to the pattern of volcano-tectonics as well as petro-
chemical evolution of the Quaternary volcanism of
Iceland, where the entire chemical range of the
products of the volcanic rift zones can be studied.
Wood (1978) refers to the “Iceland geochemical ano-
maly”, based on studies of the Tertiary rocks of
Eastern Iceland. This lava pile is composed of the
lateral products of the rift zones. The entire pro-
duction of a rift zone cannot be represented by the
lithospheric segment pushed out of the rift zone,
according to the kinematic evolution of the rift zon-
es. This is demonstrated by Fig. 2, which simplifies
a mathematical model of the rift zone kinematies
presented by Palmason (1973, 1980).

According to the kinematics, the lava pile of East-
ern Iceland is all produced in relatively small lateral
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Fig. 2. A model diagram of the evolution of a
lithospheric plate, generated in a rift zone. Iso-
chrons and the trajectories of the right half of the
rift zone products are shown. The figure is simplifi-
ed from Palmason (1973) and serves to account, in a
general way, for the formation of the oceanic plate,
including Iceland. It shows how the products of
the central parts of the rift zones subside and drift,
such that they are never exposed on the surface.
Only the lateral products of the rift zones drift out
of the zone on the surface or without subsiding
below levels reached by general later erosion. The
erosion of the Tertiary lava piles of Iceland does
not exceed 2 ki and probably represents the deep-
est erosion levels of an undeformed oceanic bot-
tom. The scales of the figure are dependent on the
spreading rate, volcanic production and rift zone
width.

Mpynd 2. Likan-mynd er synir préun jardskorpu, sem
verdur til £ rekbelti. Jafnaldurslinur (isockrons) og ferslu-
Jerlar efnisins (transport trajectories) eru synd fyrir hagri
helming rekbeltisins og peirrar skorpu, sem par verdur til.
Myndin er einfildun d mynd Gudm. Pdlmasonar (1973)
og synir d almennan hdtt, myndun dthafsjardskorpu, par
med talid [sland. Myndin synir hvernig efni, sem berst til
firbordsins { midhluta rekbeltisins sekkur og rekur burt dn
Jpess ad eiga nokkurn tima miguleika @ ad finnast aftur d
Xfirbordinu. Pad sem berst til yfirbordsins hlidlegt ©
rekbeltunum rekur it dir beltunum d yfirbordinu eda svo
grunnt ad pao getur fundist aftur eftir rof. Rofid { tertiera
Jjardlagastaflanum & ILslandi er undir 2 km og er pad
liklega hdmarksrof d ithafsbotni fyrir utan fellingasvedi.
Skalar myndarinnar eru hddir rekhrada, framleioni eldvirkn-
innar og breidd rekbeltanna.

fissure swarms and central volcanoes which were
driven out of the rift zone by more efficient and



productive fissure swarms, positioned more centr-
ally within the rift zone. These more efficient fissure
swarms are the ones that are most productive in
primitive rocks, and these rocks do generally not
drift out of the rift zones on the surface; they subside
within the rift zone to depths below general later
exposure. In the Tertiary lava piles of Iceland, the
most primitive tholeiites are thus underrepresent-
ed, when compared to the entire rift zones.

This causes a bias in the chemical spectrum of the
Tertiary rocks, when they are compared to those of
the present rift zones of both Iceland and the ocean
floor. On the other hand, a similarity emerges bet-
ween the Eastern Iceland lava pile and the off-ridge
oceanic floor, as the primitive MORB-type basalts
are practically confined to the spreading centers in
case of the ocean floor, as stated by Bryan et al.
(1976). This parallelism is in harmony with the
kinernatic evolution of the ocean floor in general,
and is not surprising, when it is kept in mind that
Iceland is a natural part of the ocean floor, regard-
ing both materials and crustal structures, as well as
processes of formation.

The “Iceland geochemical anomaly”, when it
refers to the Tertiary lava piles of Iceland, is the
result of compositionally selective kinematic pro-
cesses at the spreading axis.

CONCLUSION

The “Iceland geochemical anomaly” is a mis-
coined phrase which does not stand for differences
in rock types, magmatic evolutionary processes, or
magma generating sources. As found in the litera-
ture, the idea stands for skewness in volume relat-
ions and increased total productivity. If used at all,
the phrase should be the ,,Iceland productivity ano-
maly”, which is the reason for the ocean floor above
sea level, called Iceland. The idea of a chemical
anomaly in Iceland originates through different
sampling methods and compositionally selective
kinematic evolution within the volcanic rift zones.
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FRAVIKSTILHNEIGING I EFNA-
SAMSETNINGU BASALTS A [SLANDI
OG UTHAFSHRYGGJUNUM:
Afleiding mismunandi séfnunaradferda og &hrifa
hreyfingaferla landreksins 4 dreifingu berggerda

Pdll Imsland, Norrenu Eldfjallastodinni

I heimsbékmenntunum um bergfredi tithafsins
sést oft peirri skodun haldid fram, ad Island sé af-
brigdilegt hvad vardar bergsamsetningu.

A Islandi erusynishorn af gosbergi valin 4 grund-
velli ymissa jardfradilegra upplysinga. Gagnabanki
um islenska gosbergid leyfir bess vegna, ad stillt sé
saman samsetningarpattum pess og fjoldanum &ll-
um af 60rum jard- og eldfjallafredilegum battum.
Synishorn af dthafsberginu eru hins vegar ekki val-
in. Pau eru skrépud upp og er pa tilviljun, hvad
kemur { vérpuna, eda pau eru borud upp tr botnin-
um og kemur pi eingdngu upp pad, sem finnst i
viokomandi 6rmj6u snidi. Jardfradi hafsbotnsins er
mjog illa pekkt i smdatridum, einkum ef borid er
saman vid Island. Sams konar samstillingu 4 sam-
setningarbdttum og jardfredilegum pattum, hvad
ba eldfjallafredilegum, verdur pvi ekki komid vid {
tilfelli uthafsbergsins.

Vid samanburd kemur i 1jés (tafla 1), ad frum-
stzda bergio 4 islensku rekbeltunum og 4 dthafs-
hryggjunum er mjog likt. Pad islenska berg, sem
helst virdist vera frabrugdid dithafshryggjaberginu 4
rét sina ad rekja til islensku megineldst6dvanna. Par
sem par eru mjog litill hluti af heildarflatarmali
gosbeltanna, eru likur til pess, ad veeri skrépunarad-
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ferdinni beitt 4 islensku rekbeltin vid séfnun syna,
yrdi ekki merkjanlegur munur 4 bergsamsetningu
bessara tveggja stada. Pvi er hér haldid fram, ad st
skodun, ad Island sé afbrigdilegt um bergsamsetn-
ingu sé réng og til komin vegna bess reginmunar
sem er 4 s6fnunaradferdum bergs 4 {slensku rekbelt-
unum annars vegar og a uthafShryggjunum hins
vegar.

Pegar litid er til tertiera hraunlagastaflans 4 Is-
landi, virdist vera marktzkur samsetningarmunur 4
bergi hans og ungu rekbeltanna. Megineinkenni
bessa munar er, ad frumstzdasta basaltid vantar {
tertiera staflann. Sams konar munur kemur fram {
Githafinu. Ef borid er saman basalt fr4 iithafshryggj-
unum og sjdvarbotninum utan peirra, vantar frum-
stzdasta bergid { safn hins sidamefnda. Pvi er hér
haldid fram, ad bessi munur sé { b4dum tilvikum
raunverulegur og eigi rét sina ad rekja til pess,
hvernig jardskorpan préast og hreyfist 4dur en hana
rekur Gt dr rekbeltunum badi 4 Islandi og 1 Gthaf-
inu. Vi0 pessa préun 4 sér stad badi rek og sokk
efnisagna. Sokkid gerist ad langmestu leyti inni vid
midju rekbeltanna, en par er einnig mest framleidsla
4 frumstzdasta basaltinu. Petta basalt rekur pvi
ner aldrei dt ar rekbeltunum og finnst par af leid-
andi hvorki { tertiera hraunlagastaflanum 4 [slandi
né 4 gamla sjavarbotninum utan vid rekhryggina.
Orlég pessa basalts eru ad sékkva 1 rekbeltunum
nidur 4 meira dypi en svo, ad rof syni pad 4 yfirbordi
sidar og pvi finnst pad hvorki 4 eldra sjdvarbotni né i
tertiera hraunlagastaflanum, prétt fyrir djipt rof
hans.



