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Abstract. Detailed low-level aeromagnetic data between Iceland
and 70° N are combined with published bathymetric, seismic re-
flection, and other data to yield a new tectonic synthesis of this
region of anomalously shallow sea floor. On Kolbeinsey Ridge
short transform faults have repeatedly formed and disappeared
over the last 7-8 Ma. Spreading from Kolbeinsey Ridge began
about anomaly 6C time (24 Ma); total opening rates increased
from 1.5 cm/a to 2 cm/a about 12-13 Ma ago. The Intermediate-
Iceland-Plateau extinct axis thus does not exist, and oceanic crust
must underlie much of the Greenland margin, perhaps up to the
coast itself. This in turn implies locally over 100 km prograding,
much of which probably occurred during Plio-Pleistocene glacial
periods. The Iceland shelf has been prograded locally 25 km or
more. The plate acceleration a 12-13 Ma ago correlates with time-
transgressive basement ridges or escarpments previously found
on Reykjanes Ridge and here identified north of Iceland as well.
The features are proposed to reflect an abrupt mid-Miocene in-
crease in discharge from the Iceland plume. Other time-transgres-
sive basement structures are found on younger Kolbeinsey Ridge
crust. Lower Tertiary anomalies 13 to at least 22 are identified
in the Denmark Straits, ruling out the hypothesis that the Iceland
platform resulted from a westward jump of the spreading center
at anomaly 7 time. The magnetic smooth zones being formed
where the Kolbeinsey and Reykjanes Ridges enter Iceland have
a multiple origin: degassing at depths less than 500 m, coupled
with crustal reheating as a result of burial by sediment may be
the most important processes.

Key words: Rock magnetism — Magnetic smooth zones — Magnetic
anomalies — Sea-floor spreading — Plate tectonics — Iceland — Ice-
land platform - Iceland plateau — Fracture zones — Hot spots
- Aeromagnetics.

Introduction

The region between the Greenland-Iceland-Faeroe aseismic ridge
and the Jan Mayen fracture zone exhibits unusual complexities
such as jumps in the spreading axis (Johnson and Heezen, 1967;
Vogt etal., 1970a; Talwani and Eldholm, 1977) and depth ano-
malies ranging from near zero in the Norway Basin to over 2 km
on the Kolbeinsey Ridge (Vogt and Johnson, 1975; Cochran and
Talwani, 1978). These complexities have been attributed to the

Iceland hot spot, whose effects extend from the Charlie Gibbs
Fracture Zone (52.5° N) northward at least to Mohns Ridge
1,000 km northeast of Iceland (Vogt, 1974). Whether the Iceland
hot spot consists of a narrow plume under Iceland, feeding mantle
materials north and south under the Mid-Oceanic Ridge (Vogt,
1974; 1976; Vogt and Johnson, 1975), or whether it is a broad
hot spot in the upper mantle (Talwani and Eldholm, 1977; Coch-
ran and Talwani, 1978), it is clear that the phenomenon is of
regional dimensions and involves a variety of geophysical and
geochemical parameters.

In this paper we examine the morphology and magnetic ano-
malies of the southern Iceland Plateau, a region of relatively shal-
low sea-floor extending from the Jan Mayen Ridge in the east
to Greenland in the west, and from the coast of Iceland north
to about 70° N (Fig. 1). The present spreading axis, Kolbeinsey
Ridge, lies in part within the area of interest. (The entire ‘Iceland
Plateau’ is defined as the relatively shallow area bounded by the
shelf edges of Greenland and northern Iceland, by the Jan Mayen
Ridge in the east, and the Jan Mayen F.Z. in the north).

Central to the present paper is an aeromagnetic survey program
between the U.S. Naval Oceanographic Office and Iceland. The
western part of the survey was published by Johnson et al. (1975).
The Project MAGNET survey (Fig. 2) consisted of three parts,
each flown at 500 ft (160 m) elevation at line spacings of 3 nautical
miles (5.5 km) except on the southeastern Iceland Plateau (east
of 15°W and south of 68.5° N) where the tracks were spaced
11 km apart. Navigational accuracy is +2 km or better. Analysis
of these data is still in progress and the interpretations presented
here should be considered preliminary.

Considered together with the new magnetic data are east-west
bathymetric profiles across Kolbeinsey Ridge (Meyer et al., 1972;
Figs. 7 and 8), a new bathymetric contour chart (Perry etal.,
1977; Fig. 1), a sediment isopach chart (Grenlie and Talwani,
1978; Fig. 6) and some deep structural features dicovered under
the Greenland margin by Hinz and Schliiter (1978).

Spreading on Kolbeinsey Ridge Since Anomaly-Five Time

Anomalies 5 and younger are well-developed on both flanks of
the Kolbeinsey Ridge itself, north of the 1,000 m isobath bounding
the Iceland platform (Fig. 2). However, numerous minor fracture
zones and bends have formed at varying times subsequent to
anomaly-5 time. The magnetic data show that fractures of small
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Fig. 5. Distances between corresponding lineations west and east
of present spreading axis, plotted against age on the La Brecque
et al. (1977) time scale. Bars show range of values. Anomalies
with dots below them are based only on east-flank measurements,
multiplied by two to give estimated total opening rate. Dotted
line (2 cm/a fits data out to about 12-14 Ma age. Histogram of
pre-10 Ma radiometric ages on Iceland (from Palmason and Sae-
mundsson, 1974) suggests first formation of present day Iceland
somehow relates to plate acceleration (from 1.5 to 2.0 cm/a total
opening rate) about 12-14 Ma ago. This assumes that coastal
erosion has not exceeded a few tens of kilometers except in fjords

Sea-Floor Spreading From the Kolbeinsey Ridge Axis
Prior to Anomaly-5:
Intermediate Iceland Plateau Axis Does Not Exist

As first postulated by Johnson and Heezen (1967) and later elabo-
rated by other authors (e.g. Vogt et al., 1970a; Talwani and Eld-
holm, 1977; Grenlie et al., 1979), sea-floor spreading between Ice-
land and the Jan Mayen F.Z. has not been restricted to a single
axis — as it has for example along the Reykjanes and Mohns
ridges. A prominent extinct axis (Aegir Ridge) lies in the Norway
Basin. The plate boundary jumped westward from Aegir Ridge
to the Greenland margin, splitting off a complex segment of conti-
nental crust which includes the Jan Mayen Ridge (Gairaud et al.,
1978). According to Talwani and Eldholm (1977) the jump
occurred at anomaly 7 time, at 25.5 Ma on the La Brecque et al.
(1977) time scale.

Vogt et al. (1970a) first noticed that Kolbeinsey Ridge lies
closer to the Greenland shelf break than to the postulated Jan
Mayen Ridge ‘microcontinent’. They postulated an additional
region of spreading on the Iceland Plateau. The idea of such
an Iceland Plateau Extinct Axis was pursued by Johnson et al.
(1972) who tentatively identified a prominent negative anomaly,
50 km east-southeast of anomaly-5, as the axis of symmetry. Tal-
wani and Eldholm (1977) and Grenlie et al. (1979) identified a
positive anomaly about 85 km south-southeast of anomaly-5 as
the axis of symmetry, which they proposed is anomaly 5D. The
Intermediate Iceland Plateau Axis was proposed to have been
active from 22.7 Ma to 17.3 Ma (anomaly 5D), whereas spreading
on Kolbeinsey Ridge began just prior to anomaly-5. Talwani and

Eldholm attribute the unaccounted for gaps in their model (25.5
to 22.7 and 17.3 to 10 Ma) to ‘phenomena such as stretching
of the crust prior to opening of each shifted center of spreading.’
(The dates given here are those given by Grenlie et al., 1979,
and are based on the reversal chronology of La Brecque et al,,
1977).

According to our interpretation of the detailed Project MAG-
NET data (Figs. 2-4) all these previous speculations about an
extinct intermediate spreading axis on the Iceland Plateau (from
Vogt et al., 1970a to Grenlie et al., 1979) are wrong. We find
that the Kolbeinsey Ridge lineation pattern simply continues east-
ward past anomaly-5. Anomalies 5A through 5D, 6, 6A, 6B, and
6C can be readily identified, at least from 68° N to 69.5° N (Fig. 3).
This accounts for the gaps in the Talwani-Eldholm model, but
is still consistent with a westward jump after anomaly-7 time
as they have postulated. The non-existence of a spreading axis
also explains the absence of a bathymetric or gravity signature
over the supposed extinct axis (Grenlie et al., 1979). The main
difference between the early and late (post-anomaly 5A-5B)
spreading on Kolbeinsey Ridge is the relatively slower early half-
rate (0.75 cm/a). The supposed symmetry axis of Talwani and
Eldholm (1977) is actually anomaly SE. Anomaly ‘R’ of Grenlie
et al. (1979) is actually SA. Anomaly 6B-6C is associated with
an east-dipping basement and bathymetric escarpment (Fig. 6, see
also Belousov and Udintsev 1977). We suggest this is the line
of initial spreading from Kolbeinsey Ridge. Earlier spreading axes,
if any, must lie between the 6D-6C step and the Jan Mayen Ridge.

Anomaly amplitudes are very low east of 6B-6C and a further
eastward continuation of the sequence (e.g. to Anomaly-7) is con-
jectural (Figs. 2 and 3). However, what lineations there are tend
to parallel those to the west and may represent some of the spread-
ing between anomaly-20 and-7 time required to account for the
fan-shaped lineation pattern in the Norway Basin (Talwani and
Eldholm, 1977). In other words, a hypothetical extinct center east
of the 6B-6C escarpment may have been active at the same time
as Aegir Ridge after Anomaly-20 time. In order to explain the
fan-shaped anomaly pattern in the Norway Basin, a complemen-
tary spreading axis on the eastern Iceland Plateau would also
have had to produce a fan-shaped anomaly pattern, but with
a northward convergence. No such pattern is apparent in the
data (Fig. 2).

Many authors have overlooked the fact that even young, shal-
low oceanic crust may be associated with a magnetic smooth
zone. Note that the southern Kolbeinsey Ridge has been generat-
ing such a smooth zone (Fig. 2). We analyze this problem in
a later section. Whatever process or processes are responsible,
they may also have operated east of anomaly 6C, and the lack
of pronounced anomalies in that region (Fig. 2) is a very weak
argument for the existence of continental crust. (Seismic reflection
and refraction data are more convincing; Talwani and Eldholm,
1977).

The existence of anomalies SA to 6C east of Kolbeinsey Ridge
(Figs. 2 and 3) requires a similar set of lineations to the west.
Indeed, we believe these anomalies do exist between Kolbeinsey
Ridge and Greenland (Fig. 4). The anomalies are however reduced
in amplitude relative to their eastern counterparts. This relative
reduction begins on lineations as young as 4A and 5. We attribute
the suppressed amplitudes of these lineations to (1) deep subsi-
dence, caused by 1 to perhaps over 3 km terrestrial sediment
(Gronlie and Talwani, 1978; Hinz and Schliiter, 1978) derived
from Greenland and (2) erasure of primary magnetization caused
by crustal heating made possible by relatively high heat flow and
thick insulating sediments (Vogt et al., 1970b). The amplitudes
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Further south, we believe to have identified the sequence 13
to 22 in the Denmark Straits area (Figs. 4 and 6). These early
to mid-Tertiary lineations appear to end at a major fracture zone,
perhaps equivalent to the right lateral offset of the Faeroes block
from the Faeroes-Shetland Escarpment (Talwani and Eldholm,
1977). Alternatively, this fracture formed when the spreading axis
jumped westward from Aegir Ridge. Our identification of ano-
malies 13 to 22 in the Greenland-Iceland gap is contrary to the
conclusions of Talwani and Eldholm (1977) who postulate spread-
ing from an extinct Iceland-Faeroe Ridge axis until anomaly 13
time. Our interpretation does not conflict with Voppel ct al. (1979),
who suggest abandonment of an Iceland-Faeroe Ridge center at
anomaly 22 time. However, we cannot rule out the existence of
anomaly 22 to 24 age crust under the wide Greenland shelf between
66° and 68° N. In fact, Larsen (1978) suggests that crustal exten-
sion during anomaly 24 time occurred solely by dike injection
along the present Greenland coast from 63.5° N to 70° N. If this
is true, we do not need to look for this lineation at sea.

The existence of anomaly 13 to 22 age crust — and possibly
older — in the Denmark Straits means that the northwestern and
southeastern edges of the Iceland Platform do not necessarily
mark jumps in the spreading axis as postulated by Talwani and
Eldholm (1977). We prefer to interpret these basement steps as
reflecting abrupt increases in mantle-plume discharge and basalt
magmatism (Vogt, 1974). The first such increase occurred ca.
25 Ma ago and the second — marked by Iceland’s oldest rocks
—about 13-17 Ma ago. The 25 Ma increase may also be marked
by the initiation of volcanism at what is now the eastern and
western extremities of the Iceland insular basement margin. The
age of the second increase correlates with the oldest rocks of
eastern and western Iceland, but this may also be a fortuitious
effect of coastal erosion removing older rocks (e.g., Nilsen, 1978),
and furthermore may be meaningless if the rocks at depth below
eastern and western Iceland are more than 1 or 2 Ma older than
the oldest surface exposures. The existence of old anomalies west
of Iceland may remove the need to postulate oceanic crust under
the Faeroe Islands. Finally, the identification of anomalies 20-22
and perhaps older in areas of present Greenland shelf implies
the existence of oceanic crust at depth. This important conclusion
should be testable by seismic refraction methods. Again, the area
in question lies seaward of the Kangerdlugsuaq fjord system and
probably experienced rapid outbuilding as a result of ice streams
delivering continental detritus in great quantity to the edge of
the continental shelf (Vogt and Perry, 1978).

Diachronous (‘V-shaped’) Structures North of Iceland:
Implications for the Iceland Mantle Plume Hypothesis

Using the seismic reflection profiles published by Talwani et al.
(1971), Vogt (1971) discovered ‘V-shaped’ (diachronous or time-
transgressive) basement ridges and escarpments on the Reykjanes
Ridge southwest of Iceland (Fig. 1). From the angle between these
structures and the crustal isochrons — , i.e., magnetic lineations
- Vogt calculated a southwestward propagation rate of the order
of 10 to 20 cm/a. He proposed further that the V-shaped basement
structures are generated at the spreading axis by wave-like mag-
matic irregularities traveling southwest in a conduit of low viscos-
ity below the Reykjanes Ridge (Vogt, 1974; 1976; Vogt and John-
son, 1975). The source of this flow and of the irregularities en-
trained in it was proposed to be a plume of upwelling mantle
(Morgan, 1972) located under south-eastern to central Iceland.
The two most prominent V-shaped features on the Reykjanes
Ridge are the A-A’ and E-E’ escarpments, proposed to reflect

abrupt increases in discharge from the Iceland plume (Fig. 1).
These escarpments dip towards older crust; upon approaching
Iceland they increase in steepness and relief, tending toward asym-
metrical ridges in cross-section. Extrapolation suggested the ‘A’
and ‘E’ events would have first influenced Iceland itself around
6-7 Ma and 13-17 Ma respectively. Watkins and Walker (1977)
discovered a short-lived 7.3 Ma to 6.4 Ma pulse of increased lava
production in eastern Iceland. They suggested this might be a
manifestation of the ‘A’ event on Iceland. However, the increase
in lava production may well be a local phenomenon or an artifact
of miscorrelation; recent work by Harrison et al. (1979) does not
confirm the 7 Ma ago event. Both Watkins and Walker (1977)
and Vogt (1974) pointed out that the 17-13 Ma age corresponds
to the oldest rocks on Iceland (Fig. 3) and may therefore represent
the plume ‘event’ leading to construction of present-day Iceland.
This correlation may be a fortuitous result of coastal erosion,
as mentioned previously.

If the mantle-plume interpretation of Reykjanes Ridge base-
ment structures (Vogt. 1971; 1974) has any merit, features similar
to the AA” and EE’ escarpments should exist on the Kolbeinsey
Ridge north of Iceland. The ‘V’-s should point northward, more-
over, in the direction plume materials would be expected to travel
under the Kolbeinsey Ridge, i.e., away from Iceland.

Comparing our magnetic isochrons (Fig. 2) with the bathymet-
ric profiles of Meyer et al. (1972), we see both isochronous and
‘V’-shaped trends north of Iceland (Fig. 7). The ‘V’-shaped struc-
tures ‘point’ northward as predicted by the mantle plume hypo-
thesis (Vogt, 1971, 1974). If interpreted as a measure of northward
flow from the Iceland plume, the diachronous bathymetric trends
younger than anomaly-5 would imply mantle flow of the order
1 to 5cm/a, distinctly less than the southwestward flow under
the Reykjanes Ridge (Vogt, 1971, 1974). The slower northward
flow might reflect (1) competition with a separate Jan Mayen
plume, (2) damming at fracture zones such as the Tjornes or
Spar (Vogt and Johnson, 1975), (3) northward motion of the
plates over the Iceland plume (Minster et al., 1974) or (4) the
northward decrease in spreading rate, hence pipe cross-section
(Vogt, 1976). On the other hand, the tectonic complexities of
the present plate boundary in the Tjornes fracture zone area
(McMaster et al., 1977) and the repeated formation and disappear-
ance of transform faults on the Kolbeinsey Ridge (Fig.2) by
mechanisms not yet understood could have produced some of
the trends in Fig. 7. Although we are not wholly convinced that
the diachronous structures north of Iceland do reflect northward
flow, the plume model (Morgan, 1972; Vogt, 1971) does explain
their existence, at least qualitatively.

Furthermore, the ‘E’ escarpments, which previously were not
thought to exist on Kolbeinsey Ridge (Vogt, 1974), do show up
clearly on the east flank (EK” in Fig. 7). The EK’ structure cuts
lineations between SA and 5B between 68° N and 69° N and on
the bathymetric chart (Figs. 1 and 6) can be followed southward
as a broad, low ridge which merges with Iceland’s northeastern
insular margin. The crest of the EK’ ridge has an age of 12.8 Ma
at 69° N. Between 68° N and 69° N the implied propagation rate,
along the crustal isochrons, is about 10 cm/a, of the same order
as on the Reykjanes Ridge (Vogt, 1971, 1974). Crust of corre-
sponding age west of Kolbeinsey Ridge is buried by 600 to 2,000 m
sediment (Fig. 6); thus, no western equivalent to EK’ would be
expected on bathymetric profiles. However, the reflection profiles
of Hinz and Schliiter (1978) reveal a west-dipping basement escarp-
ment (‘homocline’) 25 to 45 km WNW of anomaly 5 at 69.4° N
and 40-50 km WNW at 68.8° N. We propose that this homocline
is in fact EK, the western equivalent to the EK’ structure on
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as during earlier glaciations. Thus, the moraine reported by Olafs-
dottir (1975) represents a minimum position for the seaward limit
of grounded ice.

The Iceland platform is indented by numerous shallow U-
shaped valleys, many of which appear to be submarine extensions
of fjords and other embayments of the Iceland coastline (Perry
et al., 1977, Fig. 1). It is most reasonable to explain these subma-
rine valleys as the work of glacial erosion by grounded ice streams
flowing radially outward from an ice dome culminating in central
Iceland. The bathymetric chart shows recognizable arcuate salients
of the shelf edge located at the mouths of the submarine valleys
(Fig. 1). These salients most likely represent ice-front deltas com-
posed of debris transported to the shelf edge by grounded ice
streams. In most cases the 400 m isobath is deflected seaward
where the 200 m isobath shows an embayment. This suggests the
ice streams were grounded to depths between 200 and 400 m.

On the southwest and northeast Iceland shelf, even the 400 m
isobath is indented landward, suggesting ice streams possibly were
grounded below 400 m there. However, both areas are near the
active spreading axis, and tectonic effects cannot be discounted.
The bathymetry alone suggests extra shelf-building of the order
1 to 10 km seaward of the valleys (Vogt and Perry, 1978). These
are minimum values for total shelf progradation, since sediment
was also deposited along platform margins between the glacial
valleys. Kristjansson (1976b) has used magnetic anomaly source
depths to identify a buried basement step under the outer shelf
off southeastern Iceland. The present shelf break has prograded
by amounts ranging from 5km (at 19° W) to 15 km (at 14° W)
seaward from the step. The shelf itself is narrow, and prominent
submarine canyons incise the insular slope (Johnson and Palma-
son, 1980). The prograded sediment wedge is estimated to be
about 2 km thick (Kristjansson, 1976 b). Single-channel reflection
profiles show at least | km sediment (Johnson and Palmason,
1980). Based on seismic reflection profiles, Egloff and Johnson
(1979) conclude that the shelf edge has prograded 10 to 35 km
off southwest Iceland.

In the area north of Iceland examined in the present study,
seismic reflection data (Grenlie and Talwani, 1978) show sediment
thicknesses of at least 0.5 km on the insular slope north of Tjornes
peninsula, over 1 km east of northern Iceland, and an extensive
lens at least 1.8 km thick lies west of the southern Kolbeinsey
Ridge, north of the Skagi peninsula (Fig. 6). Clearly, greater sedi-
mentation in the west explains why the 400 to 1,000 m isobaths
extend farther northwards west of the present accretion axis, which
has acted as an effective barrier to eastwest sediment transport.
Based on these data (Fig. 6), we roughly estimate that the shelf
break north of Iceland has prograded of the order of 50 km in
the area north of Skagi, 10 km north of Tjornes, and 0 to 30 km
east of northern Iceland. Although we have not completed process-
ing the magnetic data for depth to basement, the pattern of short-
wavelength magnetic anomalies qualitatively confirms the conclu-
sions from seismic profiling. Shallow magnetic sources extend out-
wards towards the shelf edge north of eastern and western Iceland
(Fig. 2). Thus the northward projections of the Iceland platform
in these two areas are basement arches, not the results of sedi-
mentation. However, depressions in magnetic basement occur be-
tween the present spreading axis and the outer arches, and these
depressions are occupied by sediments, at least near the shelf
break. Possibly thick sediments continue southward towards the
Iceland coast, but are seismically too reflective to be charted by
single-channel techniques. The existence of low-density sediments
is also suggested by relatively negative free-air gravity anomalies
(Palmason, 1974). Whereas the platform off the Skagi and Tjornes
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peninsulas and the Kolbeinsey Ridge north of 66.5° exhibit ano-
malies of about + 50 to +60 mgal, the region of possible sediment
accumulation is typically +35to +45 mgal. A more local free-air
negative dips to below 0 mgal near the coast due south of the
Kolbeinsey Ridge. This WNW trending anomaly parallels the Hu-
savik faults and may be a deep, sediment-filled trough associated
with the Tjornes F.Z. (Saemundsson, 1974; Johnson, 1974).

Off the Greenland margin, locally extensive shelf prograding
is directly implied by our magnetic anomaly identifications
(Figs. 2-4 and 6). At 66°-67° N (Denmark Straits), the present
shelf break at ~400 m lies well over 100 km southeast of anomalies
20-21 (Figs. 1, 2 and 6). We envision most of the prograding
to have occurred in the last 3 Ma as a result of several coalescing
ice streams emanating from the Kangerdlugssuaq Fjord complex.
Another such ‘ice-delta’ forms a conspicuous arcuate salient sea-
ward of Scoresby Sund. Prograding of as much of 100 km is
suggested by the morphology and indeed required by our magnetic
anomaly interpretations (Figs. 2-4). Sonobuoy stations (Grenlie
and Talwani, 1978) and multi-channel profiling (Hinz and
Schliter, 1978) suggest sediment thicknesses of the order 2 to
4 km under these deltas. The data published by those authors
are not inconsistent with our thesis that oceanic crust forms the
basement in these two areas.

As noted by Vogt and Perry (1978), relatively rapid shelf pro-
grading around Iceland (locally 20 km or more) and Greenland
(locally 100 km or more) has been facilitated by (a) the young
age and large positive depth anomalies, i.e., shallow crust, and
(b) the efficient transport of coarse sediment to the shelf edges
by ice streams.

Magnetic Smooth Zones Near Iceland

Magnetic smooth zones (or quiet zones) are oceanic areas charac-
terized by magnetic anomalies of relatively low amplitude, gener-
ally less than +50 to 100 nT (e.g. Vogt etal., 1970b; Poehls
et al., 1973). Various processes could account for smooth zones,
for example, high spreading rate compared to reversal frequency
—resulting in broad strips of ocean crust magnetized with constant
magnetic polarity. A magnetic smooth zone would then be gener-
ated provided that the lateral contrasts in induced and viscous
magnetization are small. An accretion axis orthogonal to the equa-
tor also generates a magnetic smooth zone, for example the equato-
rial Mid-Atlantic and East-Pacific ridges. Inspection of Fig. 2
shows that a magnetic smooth zone is being generated where
the Kolbeinsey Ridge approaches and crosses the Iceland platform
(see also Figs. 4,9, and 10; Meyer et al., 1972, Vogt and Johnson,
1973, 1974). The data published by Talwani et al. (1971) and Ser-
son et al. (1968) reveal a similar effect where the Reykjanes Ridge
enters Iceland (Fig. 10). Magnetic smooth zones are also found
in the Jan Mayen Ridge area east of 6C and along the Greenland
margin west of anomaly-5 and north of the Greenland-Iceland
Ridge (Figs. 2 and 4). The processes responsible for these older
smooth zones may resemble those at work at the Reykjanes Ridge-
Iceland and Kolbeinsey Ridge-Iceland junctions.

What are those processes? Constant polarity and equatorial
polarity can be immediately ruled out, but a number of possibilities
remain to be examined. Relevant parameters and model profiles
are shown in Figs. 9 and 10.

1. A large fraction of the magnetized layer has been removed
by glacial, wave, or/and fluvial erosion. This process may have
been significant on the shelf near Iceland, but would require the
paleo-coastline to have lain 100 to 200 km north of northern Ice-






land and subsided to depths of 1,500 to over 2,000 m. Further-
more, recent work suggests the magnetic layer is at least 1,000 m
thick (Huestis and Parker, 1977); drilling in the FAMOUS area
(Joint Oceanographic Institutions Deep Earth Sample, 1975) indi-
cates only minor hydrothermal alteration and little effect on re-
manence at 582 m depth. In Iceland, Kristjansson and Watkins
(1977) have suggested that some of the primary remanence in
basalt lava flows will survive burial to 3 km (i.e., 200° C); the
magnetic mineral in these flows will certainly survive 4 km burial
(Palmason et al., 1979).

2. The magnetization was acquired at shallow confining pres-
sures, leading to degassing, high vesicularity, higher oxidation
state, and therefore, perhaps reduced magnetization (Vogt and
Johnson, 1974). As a related process the higher vesicularity would
facilitate brecciation and subsequent low-temperature alteration,
causing a loss of magnetization (Palmason et al., 1979). In support
of this process we note that the decline of magnetic amplitudes
along the present spreading axis begins at about 400-600 m depth,
where vesicularity begins its sharp increase and sulfur content
(a measure of gas retention) its decrease (Moore and Schilling,
1973; Fig. 10). The line of magnetic amplitude change (Figs. 6
and 9) would then be a fossil ~500 m isobath. Difficulties for
this explanation are that the magnetic anomalies are not simply
attentuated but also smoothed as Iceland is approached. This might
be explained in terms of Blakely’s (1976) two-layer model. The
upper, pillow layer is less magnetized, leaving the lower layer
with its more diffuse polarity boundaries (transition widths) to
dominate the signal. A more serious problem is the strongly asym-
metrical attenuation (Fig. 2; profiles km 126 to 193 in Fig. 9):
How could the east and west flank basement be formed at two
different depths?

3. Subsidence of the crust after it was formed would cause
both attenuation and smoothing. However, the depths required,
3 to 5 km according to model profiles in lower right of Fig. 2,
are unreasonably great. Reflection profiling suggests basement
depths of 0 to 2 km (Fig. 6, Grenlie and Talwani, 1978). Gravity
data hint at additional sediment in the Tjornes F.Z. area, hidden
by acoustically opaque materials on the platform (Saemundsson,
1974). More serious objections to the subsidence hypothesis is
the large amount of it, greatly exceeding sinking of normal ocean
crust of comparable age. Finally, subsidence does not account
for the decline in central anomaly amplitude (Fig. 10) because
the axis is not buried by sediments.

4. Since the extrusion zone is substantially wider on Iceland
than along the normal mid-oceanic ridge, it would be reasonable
to expect the magnetic transition width to increase as Iceland
is approached. Increasing transition width from 2 to 3.5 km does
result in a strongly attenuated, smoothed signature (model profiles
in Fig. 9). However, it is hard to understand how dikes injected
east of the axis are less spread than those on the west flank,
as would be required to explain the unequal amplitudes. Further-
more, anomalies between XX and YY"’ (Fig. 9) are simply atten-
uated, not smoothed.

5. Thick sediments rapidly deposited on very young crust (high
heat flow) would insulate the magnetic layer and cause tempera-
tures to rise, tending to destroy the magnetization. This mechanism
is attractive because thick sediments occur predominately on the
west flank of southern Kolbeinsey Ridge and correlate with the
amplitude asymmetry (Fig. 9). Similarly the relatively low ampli-
tudes of anomalies 4A to 6C on the Greenland margin (Figs. 2-
4) correlate with thick sediment cover (Fig. 6). However, the
mechanism fails to explain why even the axial anomaly declines
dramatically toward Iceland. Furthermore, unless substantial
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thicknesses of sediments can be demonstrated on the Iceland shelf
by seismic methods, low amplitudes in that region cannot be attrib-
uted to sedimentation.

6. The connection between the Iceland rift zones and Kol-
beinsey Ridge may have consisted of complex, time-varying en
echelon rift zones (McMaster et al., 1977). For example, the
Quaternary volcanic zone crosses previous lineations on a north-
west strike (Fig. 9). Such complexities would smooth and attenuate
the lineations. However, such a process could not account for
the simple amplitude reduction observed between YY’ and XX’
(Fig. 9).

At present, none of the six mechanisms by themselves explain
all the observations. Nor can any of them be wholly discounted.
We therefore infer that several processes are responsible: Near
Iceland (south of YY” in Fig.9), 1, 2, 4, and 6 are likely to
be most important. Farther north, 2 may be most important at
the axis, and 5 for crust more than 1 Ma old.

Conclusions

In this paper we have presented new data which, if we have cor-
rectly interpreted them, call for some major revisions regarding
the origin of the Iceland Plateau and the position of the continent-
ocean crustal boundary.

Our most important conclusions was the ‘disproof” of an ex-
tinct spreading axis on the Iceland Plateau. The magnetic ano-
malies previously attributed to the extinct axis actually form the
east flank of Kolbeinsey Ridge. An important consequence is
that the west flank anomalies, strongly attenuated in amplitude,
and for this reason not previously recognized, occur over the
Greenland margin. Even parts of the shelf up to 100 km inland
from the shelf break must be underlain by Miocene oceanic crust.
We are forced to conclude that the present continental slope (e.g.,
the 500 fm contour) is a poor guide to the oceanic-continental
crustal transition. Our interpretation may explain many of the
overlaps that occur when continents are reconstructed. However,
conditions have been especially favorable to shelf prograding in
the Greenland-Iceland area. Grounded ice streams deposited large
sediment volumes at the shelf edge, which could prograde rapidly
in the relatively shallow ocean in the Iceland area. Our interpreta-
tions may be tested by seismic reflection and refraction. Limited
available data (Hinz and Schliiter, 1978; Gronlie and Talwani,
1978) are not inconsistent with oceanic crust underlying at least
the outer Greenland shelves. Deep drilling is the only sure test,
of course, but drilling in search for hydro-carbons certainly has
minimal promise.

The Iceland Plateau has the best ‘recording’ of anomalies
5A to 6C that we have seen in the Atlantic. This record allowed
us to pinpoint the late Tertiary plate acceleration 12-14 Ma ago.
All that could be concluded previously was a relatively lower
rate between anomaly 6 and 5 time compared to post-anomaly
5 (9.5 Ma). We find the 12-14 Ma time especially interesting be-
cause it correlates with the development of the ‘E’ escarpments
around Iceland, perhaps a magmatic ‘pulse’ of global proportions
(Vogt, 1978). The case for a causal connection between hot spot
activity and plate dynamics is thus strengthened. Although we
cannot disprove the alternative hypothesis, that the plate acceler-
ation at 12-14 Ma caused the ‘E’ escarpments, we prefer to see
both plate acceleration and the escarpments as manifestations of
increased plume flow.

A magnetic smooth zone is being formed where the Reykjanes
and Kolbeinsey ridges enter the Iceland platform. We could ex-



clude some mechanisms postulated to produce smooth zones, but
a lengthy list remains. At this time we prefer (a) degassing at
low confining pressures at extrusion depths of 400-600 m and
less, followed by (b) sediment loading of the young hot crust,
causing reheating and loss of magnetization. Both these mecha-
nisms can be tested - the first by measuring magnetic properties
on a large dredge sample collection from the present axis, and
the second by deep drilling through the 500-2,000 m thick sedi-
ment cover to determine the magnetic properties of the underlying
crust.

Acknowledgments. We are particularly indebted to R.H. Higgs,
R.N. Lorentzen, and the technical staff of Project MAGNET
who carried out and reduced the high-quality magnetic survey
described in this paper The senior author was partially supported
by the Office of Naval Research. We thank R. Blakely for his
magnetic model program. S. Jakobsson first pointed out the ‘V-
shaped’ topographic grain of northern Iceland and its insular
shelf. Discussion with H. Fleming, R. Feden, L.C. Kovacs, and
J. Brozena were helfful. D. O’Neill and J. Peery assisted with
the manuscript.

References

Anonymous: Tectonic/geological Map of Greenland, compiled by
A. Escher, The Geological Survey of Greenland, Copenhagen,
Denmark, 1970

Belousov, V V., Udintsev, G.B. (eds.): Islandiya i sredinno-okeani-
cheskii khrebet. Stroenie dna okeana. Iceland and Mid-Oceanic
Ridge. Structure of the Ocean Floor (in Russian). 204 pp. Mo-
scow* Nauka 1977

Bjornsson, A.G., Johnsen, G., Sigurdsson, S., Thorbergsson, G.,
Tryggvason, E. Rifting of the plate boundary in North Iceland
1975-1978. J. Geophys. Res. 84, 3029-3038, 1979

Bjornsson, A., Saemundsson, K., Einarsson, P., Tryggvason, E.,
Groénvold, K. Current rifting episode in North Iceland. Nature
266, 318-323, 1977

Blakely, R.J. An age-dependent, two-layer model for marine mag-
netic anomalies. In The Geophysics of the Pacific Ocean Basin
and Its Margin. Geophys. Monogr. 19, pp. 227-234. Washing-
ton, D.C. Am. Geophys. Union 1976

Brooks, C.H., Jakobsson, S.P. Petrochemistry of the volcanic
rocks of the North Atlantic Ridge system. In. Geodynamics
of Iceland and the North Atlantic area, L. Kristjansson, ed.
pp. 139-154. NATO Advanced Study Institute Series. Reidel.
Dordrecht 1974

Cochran, J.R., Talwani, M. Gravity anomalies, regional eleva-
tion, and the deep structure of the North Atlantic. J. Geophys.
Res. 83, 4907-4924, 1978

Deer, W.A. Tertiary igneous rocks between Scoresby Sund and
Kap Gustav Holm, East Greenland. In Geology of Greenland,
A. Escher, W.S. Watt, eds. pp. 405-429. Copenhagen: Geol.
Survey of Greenland 1976

Egloff, J., Johnson, G.L. Erosional and depositional structures
of the southwest Iceland insular margin Thirteen geophysical
profiles. In Geological and Geophysical Investigations of
Continental Margins, J.S. Watkins, L. Montadert, P W Dick-
erson, eds: Am. Assoc. Petrol. Geol., Tulsa, Oklahoma,
pp. 43-64, 1979

Einarsson, T On submarine geology around Iceland. Natturu
fraedingurinn 32, 155-175, 1963

Gairaud, H., Jacquart, G., Aubertin, F., Beuzart, P. The Jan
Mayen Ridge: Synthesis of geological knowledge and new data.
Oceanologica Acta 1, 335-358, 1978

Gronlie, G., Chapmann, M., Talwani, M. Jan Mayen Ridge
and Iceland Plateau- Origin and evolution. Nor Polarinst.
Skr 1979 (in press)

Grenlie, G., Talwani, M. Geophysical Atlas: Norwegian-Green-
land Sea. Vema Res. Ser. Vol. 4, Lamont-Doherty Geol. Obs.,
26 pp., 1978

Harrison, C.G.A., McDougall, I., Watkins, N.D. A geomagnetic
field reversal time scale back to 13.0 m. y. before present.
Earth Planet. Sci. Lett. 42, 143-152, 1979

Hey, R., Vogt, P. Spreading center jumps and sub-axial astheno-
sphere flow near the Galapagos hot spot. In. Subduction
Zones, Mid Ocean Ridges, Oceanic Trenches, and Geody-
namics, S. Uyeda, ed. pp. 41-52. Amsterdam Elsevier 1977

Hinz, K., Schliiter, H.-U. Der Nordatlantik Ergebnisse geophysi-
kalischer Untersuchungen der Bundesanstalt fiir Geowissen-
schaften und Rohstoffe an nordatlantischen Kontinentalrin-
dern. Erddl, Erdgas Z. 94, 271-280, 1978

Huestis, S.P., Parker, R.L. Bounding the thickness of the oceanic
magnetized layer J. Geophys. Res. 82, 5293-5303, 1977

Jakobsson, S.P. Chemistry and distribution pattern of Recent
basaltic rocks in Iceland. Lithos 5, 365-386, 1972

Johnson, G.L. Morphology of the mid-ocean ridge between Ice-
land and the Arctic Basin. In Geodynamics of Iceland and
the North Atlantic Area L. Kristjansson, ed. pp. 49-62. Dord-
recht. Reidel, 1974

Johnson, G.L. The Jan Mayen Ridge. In Canada’s Continental
Margins and Offshore Petroleum Exploration, C.J. Yorath,
E.R. Parker, D.J. Glass, eds. Can. Soc. Petrol. Geol., Mem.
4, 225-234, 1975

Johnson, G.L., Heezen, B.C. Morphology and evolution of the
Norwegian-Greenland Sea. Deep-Sea Res. 13, 755-771, 1967

Johnson, G.L., McMillan, N.J., Egloff, J. The continental margin
of East Greenland. In Canada’s Continental Margins and
Offshore Petroleum Exploration, C.J. Yorath, E.R. Parker,
D.J. Glass, eds. Can. Soc. Petrol. Geol., Mem. 4, 205-224,
1975

Johnson, G.L., Palmason, G. Observations of the morphology
and structure of the sea floor south and west of Iceland, J.
Geophys. 47, 23-50, 1980

Johnson, G.L., Southall, J.R., Young, O.W., Vogt, P.R. The
origin and structure of the Iceland Plateau and Kolbeinsey
Ridge. J. Geophys. Res. 77, 5688-5696, 1972

Joint Oceanographic Institutions Deep Earth Sample: Sources of
magnetic anomalies on the Mid-Atlantic Ridge. Nature 225,
389-390, 1975

Kristjansson, L. On the thickness of the magnetic crustal layer
in southwestern Iceland. Earth Planet. Sci. Lett. 16, 237-244,
1972

Kristjansson, L. A marine magnetic survey off southern Iceland.
Mar Geophys. Res. 2, 315-326, 1976a

Kristjansson, L. Central volcanoes on the western Icelandic shelf.
Mar Geophys. Res. 2, 285-289, 1976b

Kristjansson, L. Marine magnetic surveys off the west coast of
Iceland. Soc. Sci. Isl. Greinar 5, 23-44, 1976¢

Kristjansson, L., Thors, K., Karlsson, H.R. Confirmation of cen-
tral volcanoes off the Icelandic coast. Nature 268, 325-326,
1977

Kristjansson, L., Watkins, N.D. Magnetic studies of basalt frag-
ments recovered by deep drilling in Iceland, and the ‘magnetic
layer’ concept. Earth Planet. Sci. Lett. 34, 365-374, 1977

79



La Brecque, J.L., Kent, D.V., Cande, S.C.: Revised magnetic po-
larity time scale for Late Cretaceous and Cenozoic time. Geol-
ogy 5, 330-335, 1977

Larsen, H.C.: Offshore continuation of East Greenland dyke
swarm and North Atlantic ocean formation. Nature 274,
220-223, 1978

McMaster, R.L., Schilling, J.-G., Pinet, P.R.: Plate boundary
within Tjorness Fracture Zone on northern Iceland’s insular
margin. Nature 269, 663-668, 1977

Meyer, O., Voppel., D., Fleischer, U., Closs, H., Gerke, K.: Re-
sults of bathymetric, magnetic and gravimetric measurements
between Iceland and 70° N. Dtsch. Hydrogr. Z. 25, 193-206,
1972

Minster, J.B., Jordan, T.H., Molnar, P., Haines, E.: Numerical
modeling of instantaneous plate tectonics. Geophys. J. R. As-
tron. Soc. 36, 541-576, 1974

Moore, J.G., Schilling, J.G.: Vesicules, water and sulfur in Reyk-
janes Ridge basalts. Contrib. Mineral. Petrol. 41, 105-118,
1973

Morgan, W.J.: Deep mantle convection plumes and plate motions.
Am. Assoc. Petrol. Geol. Bull. 56, 203-213, 1972

Nilsen, T.H.: Lower Tertiary laterite on the Iceland-Faeroe Ridge
and the Thulean land bridge. Nature 274, 786-788, 1978

Noe-Nygaard, A.: Tertiary igneous rocks between Shannon and
Scoresby Sund, East Greenland. In: Geology of Greenland,
A. Escher, W.S. Watt, eds.: Geological Survey of Greenland,
Copenhagen, pp. 387-402, 1976

Olafsdottir, T.: A moraine ridge on the Iceland shelf, west of
Breidafjordur. Natturufraedingurinn 45, 31-36, 1975

Palmason, G.: Comments on ‘Origin and Structure of Iceland
of Iceland Plateau and Kolbeinsey Ridge,” by G.L. Johnson,
J.R. Southall, P.W. Young, P.R. Vogt, J. Geophys. Res. 78,
7019, 1973

Palmason, G., Saemundsson, K.: Iceland in relation to the Mid-
Atlantic Ridge, Annu. Rev. Earth Planet. Sci. 2, 25-50, 1974

Palmason, G.: Insular Margins of Iceland. In: Geology of Conti-
nental Margins, C.A. Burke, C.L. Drake, eds.: pp. 375-379.
Berlin, Heidelberg, New York: Springer 1974

Palmason, G., Arnorsson, S., Fridleifsson, I.B., Kristmannsdottir,
H., Saemundsson, K., Stefansson, V., Steingrimsson, B., To-
masson, J., Kristjansson, L.: The Iceland Crust: Evidence from
Drillhole Data on Structure and Processes. In: Deep Drilling
Results in the Atlantic Ocean: Ocean Crust, M. Talwani,
C.G.A. Harrison, D.E. Hayes, eds.: Maurice Ewing Series,
Vol. 2, pp. 43-65. Am. Geophys. Union 1979

Perry, R.K., Fleming, H.S., Cherkis, N.Z., Feden, R.H., Mass-
ingill, J.V.: Bathymetry of the Norwegian — Greenland and
Western Barents Sea, U.S. Naval Research Laboratory, Wash-
ington, DC 1977

Piper, J.D.A.: Interpretation of some magnetic anomalies over
Iceland. Tectonophysics 16, 163-187, 1973

Poehls, K.A., Luyendyk, B.P., Heirtzler, J.R.: Magnetic smooth
zones in the world’s ocans. J. Geophys. Res. 78, 6985-6997,
1973

Saemundsson, K.: Evolution of the axial rifting zone in northern
Iceland and the Tjornes Fracture Zone. Geol. Soc. Am. Bull.
85, 495-504, 1974

Schilling, J.-G.: Iceland mantle plume, geochemical evidence along
Reykjanes Ridge. Nature 242, 565-578, 1973

Serson, P.H., Hannaford, W., Haines, G.V.: Magnetic anomalies
over Iceland. Science 162, 355-357, 1978

80

Sigurgeirsson, T.: Aeromagnetic maps of SW-Iceland and of mid-
dle Western Iceland in scale 1:250,000. University of Iceland,
1970 and 1979

Sommerhoff, G.: Formenschatz und morphologische Gliederung
des siidostgronldndischen Schelfgebietes und Kontinentalab-
hanges. Meteor Forschungsergeb. Reihe C:15, 1-54, 1973

Talwani, M., Eldholm, O.: Evolution of the Norwegian-Greenland
Sea. Geol. Soc. Am. Bull. 88, 969-999, 1977

Talwani, M., Udintsev, G., Shirshov, P.P.: Tectonic Synthesis.
In: Initial Reports of the Deep Sea Drilling Project, XXXVIII.
pp. 1213-1242. Washington, D.C.: U.S. Government Printing
Office 1976

Talwani, M., Windisch, C.C., Langseth, Jr., M.: Reykjanes Ridge
crest: A detailed geophysical study. J. Geophys. Res. 76,
473-517, 1971

Vogt, P.R.: Magnetized basement outcrops on the southeast
Greenland continental shelf. Nature 226, 743-744, 1970

Vogt, P.R.: Asthenosphere motion recorded by the ocean floor
south of Iceland. Earth Planet. Sci. Lett. 13, 153-160, 1971

Vogt, P.R.: The Iceland Phenomenon: Imprints of a hot spot
on the ocean crust, and implicatins for flow below the plates.
In: Geodynamics of Iceland and the North Atlantic Area,
L. Kristjansson, ed.: NATO Adv. Study Inst. Ser. pp. 49-62.
Dordrecht: Reidel 1974

Vogt, P.R.: Plumes, sub-axial pipe flow, and topography along
the mid-oceanic ridge. Earth Planet. Sci. Lett. 29, 309-325,
1976

Vogt, P.R.: Global magmatic episodes: New evidence and implica-
tions for the steady-state mid-oceanic ridge. Geology 7, 93-98,
1979

Vogt, P.R., Avery, O.: Detailed magnetic surveys in the northeast
Atlantic and Labrador Sea. J. Geophys. Res. 79, 363-389,
1974

Vogt, P.R., Johnson, G.L.: Magnetic telechemistry of oceanic
crust? Nature 245, 373-375, 1973

Vogt, P.R., Johnson, G.L.: Magnetic telechemistry is elegant but
nature is complex-A reply. Nature 251, 498-499, 1974

Vogt, P.R., Johnson, G.L.: Transform faults and longitudinal
flow below the mid-oceanic ridge. J. Geophys. Res. 80,
1399-1428, 1975

Vogt, P.R., Anderson, C.N., Bracey, D.R., Schneider, E.D.: North
Atlantic magnetic smooth zones. J. Geophys. Res. 75,
2955-2968, 1970b

Vogt, P.R., Ostenso, N.A., Johnson, G.L.: Magnetic and bathy-
metric data bearing on sea-floor spreading north of Iceland.
J. Geophys. Res. 75, 903-920, 1970a

Vogt, P.R., Perry, R.: Post-rifting accretion of continental margins
in the Norwegian-Greenland and Labrador Seas: Morphologic
evidence. Eos Trans. Am. Geophys. Union 59, 1204, 1978

Voppel, D., Srivastava, S.P., Fleischer, U.: Detailed magnetic
measurements south of the Iceland-Faeroe Ridge. Dtsch. Hy-
drogr. Z., in press, 1979

Watkins, N.D., Walker, G.P.L.: Magnetostratigraphy of eastern
Iceland. Am. J. Sci. 277, 5131-5184, 1977

Weidick, A.: Glaciation and the Quaternary of Greenland. In:
Geology of Greenland, A. Escher, W.S. Watt, eds.:
pp. 431-458. Copenhagen: Geol. Surv. Greenland, 1976

Received April 17, 1979; Revised Version October 8, 1979



