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ABSTRACT 
 
 

Iceland is a place of great geophysical interest due to its location over a mantle 

plume and on the Mid-Atlantic seafloor spreading ridge. Despite numerous geophysics 

studies, disagreements still exist in regards to crustal thickness and temperature beneath 

Iceland. This research aims to improve the crustal model of Iceland by conducting 

Rayleigh wave tomography using ambient seismic noise data recorded during the 

HOTSPOT experiment, which consisted of 30 broadband seismic stations and operated 

from June of 1996 to August of 1998.     

Seismic observations based on cross-correlations of long ambient noise sequences 

between pairs of stations were used to obtain phase velocities at short periods.  Phase 

velocities were mapped at periods ranging from 5s to 35 s from the ambient noise 

tomography. These maps reveal low velocities at the active volcanic zones and mid-

Atlantic ridge in Iceland. Short period phase velocities were combined with the longer 

period velocity maps from teleseismic data [Li & Detrick, 2006] to invert shear-wave 

velocities. 1-D and 3-D shear-wave structures were determined, and a crustal thickness 

map of Iceland was constructed from the inversions of the combined data set. These 

graphs presented higher resolution in the crust and shallow upper mantle.   

The shear-wave velocity in the shallow crust map suggests a broad distribution of 

low velocity anomalies along all active regions, which is probably associated with partial 

melts that feed the local volcanoes. The lower crust map presents a more concentrated 

low velocity anomaly mainly over the Iceland hotspot, suggesting melt accumulation 

and/or high temperature related to the Iceland plume. In the upper mantle maps, smaller 
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low velocity anomalies correlate well with current and past spreading ridge locations. 

Crustal thickness varies from 27 km to 40 km across Iceland. The thickest crust is imaged 

in the central and southeastern Iceland near the hotspot. These results suggest that the 

crust is thick and also hot in Iceland.   
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1. INTRODUCTION 

Iceland is considered to be one of the best natural laboratories for geophysical 

studies on plume-ridge interaction because it is located above a well-known hotspot and 

also crossed by the Mid-Atlantic Ridge.  It is divided by the seafloor-spreading axis that 

separates the relative westward and eastward motions of the North American Eurasian 

Plates (Figure 1). 
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Figure 1- Map showing the Mid-Atlantic Ridge crossing Iceland and the divergence motion 

between the North American and Eurasian Plates. [Courtesy of US Geological Survey] 
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Figure 2- Map of the active rift zone and the volcanic area of Iceland. It shows where the mantle 

plume is supposed to be focused, and the jumps of the rift during the last 20 Million Years.    

[Map from the Iceland 2003 Keck Consortium Project] 
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Figure 2 shows the active rift zones in red, the older volcanic locations in yellow, 

and the older bedrock locations in white.  The rif system in Iceland might be divided into 

western, eastern, and northern rift zones. The figure also illustrates how the ridge has 

migrated eastward from 24 million years ago to present. The scientists [e.g. Allen et al, 

2002] who believe in the mantle plume theory, consider the present Iceland hotspot to be 

located beneath the central and northwestern Vatnajokull Icecap in southeastern Iceland 

(Figure 2).  The eastward ridge jump is interpreted as due to the influence of the hotspot. 

Throughout the past 60 million years, the American and Eurasian plate boundary 

in northeast Atlantic has migrated towards the northwest at a rate of 1 to 3 cm/year 

relative to the surface expression of the Iceland plume [Walker, 1975]. In the last 20 

million years Iceland’s rift zones have moved stepwise to the east in order to keep their 

positions next to a magma source that is the hot spot. This process leads to a complex and 

shifting pattern of local rift zones and transform fault zones. 

 Bott [1974] came up with the term “Icelandic-Type Crust”. He was one of the 

first scientists to realize the uniqueness of the fact that the crust beneath Iceland  has 

singular properties when compared to both the oceanic and the continental crusts. At the 

time, he suggested that individual layers in the crust were typically equivalent to those of 

normal oceanic crust, but were thicker and more variable.  Since then, extensive work has 

been performed in order to map the structure and the physical properties of Icelandic-type 

crust. A wide variety of geophysical surveys have been conducted including seismic 

reflection and refraction profiles, broadband seismic arrays, gravitational and magnetic 

survey, heat flow, and numerous boreholes in land as well as in the ocean surrounding 

Iceland. 
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Foulger [2003] found that Icelandic-type crust is laterally inhomogeneous and 

horizontal velocity gradients commonly exceed vertical gradients.  It is different from 

general oceanic crust in which layers are typically laterally extensive and can be defined 

in terms of velocity gradients. The velocities characteristic of the lower crust may 

become shallower by less than 10 km over short distances, and even approach the 

surface. Also, low-velocity zones (LVZs) are common and structural variations occurring 

at all spatial scales.   

The assumption that Iceland is underlain by a mantle plume has constrained 

interpretations of crustal studies for many decades, despite the fact that extremely 

different crustal models have been proposed. Based on 1980s data, the Icelandic-type 

crust at the time was considered to be as thin as 10 km and to be underlain by partially 

molten upper mantle at temperatures of about 1100 ◦C; this hypothesis is  referred to as 

the ‘thin–hot’ crust model [Bath, 1960; Tryggvason, 1962; Palmason, 1971]. With the 

acquisition of more accurate data, this idea was superseded in the 1990s by a model 

containing a crust up to 40 km thick and with anomalously low temperatures in the lower 

crust; this model is referred to as the ‘thick–cold’ crust model [Bjarnason et al.,1993; 

Staples et al.,1997; Darbyshire et al., 1998; Menke et al., 1998].    

Allen in 2002, presented a third possibility for Iceland’s crustal structure which 

can be considered more of a ‘thick-hot’ crust model. Their idea is that the low-velocity 

anomalies in the crust portrait a thermal halo of a plume-driven plumbing system, where 

magma is fed from the core of the mantle plume vertically up through the lower crust in 

central Iceland and then laterally along the upper crustal rift system. This plumbing 
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hypothesis implies that the magma which passes through lower crust up to upper crustal 

chambers is responsible for the bulk of crustal formation. [Allen et al, 2002].  

 Given the contradicting models for the formation and structure of Icelandic crust, 

the primary objective of this research is to construct a high-resolution crustal model of 

Iceland by utilizing a relatively new technique. Ambient seismic noise tomography can 

constrain surface-wave phase velocity maps at short periods [5-30 s] and provide more 

detail and higher resolution on 3-D crustal structure. Seismic noise data that were 

gathered during the HOTSPOT seismic network experiment will be utilized.  The new 

model from this study provides a more accurate understanding of the structure and 

properties of Icelandic crust. 

 Only Rayleigh surfaces waves are used as the model input, because ambient 

seismic noise programs for Rayleigh waves are more robust and have improved due the 

larger amount of work done using this specific method. Rayleigh waves are primarily 

sensitive to shear-wave velocity (and to P-wave velocity only at very shallow depths), 

therefore our main objective was to build shear-wave phase velocity maps for Iceland. 

These phase velocity maps ranging from periods of 5 to 35 s were constrained from 

ambient noise data and combined with long period Rayleigh wave maps from previous 

study using earthquake data to construct a 3-D shear-wave structure of Iceland. The 

addition of short period Rayleigh waves will improve the resolution for shear-wave 

structure in the crust and hopefully help to reconcile the discrepancy in the current 

models.  

 In order to achieve these objectives, the research was carried out by following the 

sequence of steps: 
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1) Requested the HOTSPOT data from IRIS for the entire 2 years of experiment. 

2) Processed the Rayleigh wave data from this project using Ambient Seismic Noise. 

3) Constructed fundamental mode Rayleigh wave phase velocity maps at different 

frequencies.  

4) Obtained 3-D shear-wave crust and upper mantle structure by combining short 

period phase velocity data from ambient seismic noise [this research] and long 

period phase velocity data from earthquakes [Li and Detrick, 2006]. 

5) Compared the research results with the major previous surveys performed in 

Iceland, and their results.  

6) Discussed how the new 3-D model is similar to or different from existing theories 

and models. 

 

2.  Previous Studies 

Iceland is in one of the best geophysically studied locations on Earth because of 

its unique location and geologic features. Crustal studies in Iceland started in the 1960’s 

using first arrival times on seismic refraction profiles, and interpreting the results with a 

three layer crustal model [e.g. Bath, 1960; Tryggvason 1962; Palmason, 1971]. Since the 

late 1970’s geophysicists began using networks of digital three-component seismic 

stations and   employing   waveform modeling and tomographic inversions [e.g. 

Flovenz,1980; Angenheister et al. 1980; Gebrande et al. 1980]. In the 1990’s denser 

seismic networks and more accurate seismometers allowed the practice of high-resolution 

subsurface tomography, as well as receiver functions methods [e.g. Du and Foulger 1999; 

2001; Du et al., 2002].  
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In the past 10 years new techniques such as the ambient seismic noise method 

have been developed [e.g. Shapiro et al., 2004; 2005; Bensen et al., 2007; Yang et al., 

2007]. While seismology techniques were being improved, magnetic and gravity data 

were being acquired.  Paleomagnetic surveys of Icelandic lavas started in the early 1950’s 

and regional aeromagnetic anomalies survey started in the early 1970’s [Kristjánsson et al., 

2002; Kristjánsson et al., 2007], both methods can provide several new insights for a good 

thickness and velocity model for Iceland’s crust. The same can be said for gravitational 

surveys. Land gravity surveys in Iceland also began in the early 1950’s, however airborne 

gravity surveys took a little longer to be reliable and to be used. There is not much data 

from airborne gravity surveys in Iceland and only a few were conducted in the 2000’s 

[Darbyshire et al., 2000]. 

 

2.1.  Seismic Studies 

The majority of past seismic surveys in Iceland have used wide-angle refraction profiles.  

Various short profiles were used to constrain the structure of the upper few kilometers of 

the crust and a few long profiles were used to provide information about the deeper crust 

and depth to the Moho [e.g. Fowler, 1976; Fowler, 1978]. The results from refraction 

surveys define the transition from upper to lower crust by a pronounced decrease in 

velocity gradient. This transition occurs in depths where P-wave velocities lie between 

6.3 and 6.7 km/s.  However, the Moho existence as a sharp discontinuity and its depth are 

still the subject of ongoing discussions [Darbyshire et al., 2000]. 

  In the early 70’s, Palmason [1971] gathered and processed data from about 40 

profiles all around Iceland. His results from refraction data stressed the lateral 
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heterogeneity of the Iceland crust and lead to a layered model with average velocities. He 

did not, however, observe any deep crust interfaces, and henceforth attributed the 

material with high Vp (7.2 to 7.4 km/s) to the upper mantle [Foulger, 2003]. In the 1980’s 

refraction profiles and explosion experiment data began to be re-processed using 

waveform modeling. This technique focused on determining the lateral variation in 

Iceland’s crustal structure, and their results made it clear that this crust is naturally 

subdivided on the basis of velocity gradient.  

The first models [Flovenz, 1980] assumed that the upper crust had high velocity 

gradients beneath the Vp around 3.5 km/s horizon; and the lower crust had lower velocity 

gradients, located beneath the Vp about 6.5 km/s horizon. An intense debate occured 

regarding the nature of the high Vp material (7.2 to 7.4 km/s). Should it be attributed to 

the lower crust, as proposed by  Bath for the thick-cold crust model [Bath, 1960], or to 

the upper mantle, as proposed by Palmason  and Tryggvason for the thin-hot crust model 

[Tryggvason, 1962; Palmason, 1971].   In addition, it was not clear whether the transition 

from the lower crust to the upper mantle (Moho) is characterized by a sharp discontinuity 

or by a gradual increase in seismic velocities. The data density and quality were 

insufficient determine the depth and the precise variations in velocities for the assumed 

Moho. [Flovenz, 1991]. 

Later models and tomographic results indicate that the total crustal thickness in 

Iceland to varied between 19km, in western Iceland, to 40 km, in central and southeastern 

Iceland. [Du et al., 1999, Darbyshire et al., 2000, Allen et al., 2002 Foulger, 2003, Li and 

Detrick, 2006].  The upper crust was found to be about 10km thick and with high velocity 

gradients and the lower crust about 25 km thick, with low-velocity gradients. 
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Results from receiver function methods in Iceland [Du et al., 1999, Du et 

al.,2001, Du et al.,2002] indicated that the upper crust thickness varies from 6 to 11 km, 

being thicker in southern Iceland and having an average thickness of 7 km. The lower 

crust varies from 20 to 40 km, with the thicker parts occur in central Iceland. The upper 

crust is laterally heterogeneous and with high velocity gradients and the lower crust is 

less heterogeneous with lower velocity gradients. Considerable Low Velocity Zones 

(LVZs) in the lower crust were determined from receiver functions. Furthermore, the 

Moho in refraction surveys is usually found as a sharp discontinuity, while it is imaged as 

a zone up to several kilometers thick with gradual velocity increase in receiver function 

studies. Lastly, these two methods disagree on the location of where Iceland’s crust is the 

thickest. Explosion seismology methods suggest that the crust is thickest at the spreading 

ridge locations [Flovenz, 1980; Bjarnason et al., 1993], close to where the mantle-plume 

is believed to be located. Receiver Function methods perceive a deeper crust centered on 

the confluence of the Northern, Eastern and Western Volcanic Zones. [Foulger, 2003]. 

In addition to the studies previously mentioned, Allen et al.  [2002] presented a 3-

D shear-wave velocity crustal model and the Moho map of Iceland. They used a 

combination of surface-wave and body-wave data recorded at the HOTSPOT-SIL 

network seismometers in Iceland. The method was based on partitioned waveform 

inversion.   The model was developed by fitting Love waves from six local events, Sn 

travel times from the same events, and previous observations of crustal thickness. Their 

model suggests a plumbing system in the lower crust which would feed melt into upper 

crustal magma chambers (Figure 3).  
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Figure 3 – Vertical slices through the velocity structure of Iceland, parallel and perpendicular to 

the Eastern Neovolcanic Zone. Purple colors correspond to mantle velocities [Allen et al, 2002]. 
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Prior studies have also constructed phase velocity models [Li and Detrick, 2006] 

and group velocity models [Gudmundsson et al., 2007] for Iceland using teleseismic and  

ambient seismic noise. Phase velocity maps for Iceland [Li and Detrick, 2006] at periods 

ranging from 20 to 125s using earthquake (teleseismic) data from the HOTSPOT project 

are shown in Figure 4. They found the lowest phase velocities beneath the central 

Iceland, the intersection of the three active rift zones, at periods smaller than 30 s, which 

more reflects the crustal structure.  
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Figure 4 –Phase velocity maps of Iceland at six different periods obtained from fundamental 

mode Rayleigh wave inversion of earthquake data from the ICEMELT and HOTSPOT projects. 

The perturbations are shown in percentage. From Li and Detrick [2006] 
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  Gudmundsson et al. [2007] cross-correlated 2 years of ambient seismic noise 

from 31 broadband stations distributed across Iceland. They measured Rayleigh wave 

group velocity in three discrete frequency bands which were sensitive to three different 

depths of the Moho. The results relate with the major tectonic features on Iceland, and 

agree with previous seismic studies. Low velocities were obtained within the rift zones, 

while higher velocities were found in older volcanic areas. At shorter periods, shallower 

parts are investigated and the results reflect to porosity of the formation, while at longer 

periods, deeper results relate to the thermal state of the crust (Figure 5). 
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Figure 5 – Group velocity maps (left) and hitcounts maps (righ)] for three different frequency 

bands used on ambient seismic noise data process in Iceland [Gudmundsson et al., 2007]. 
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2.2.  Gravity Studies 

Geophysical gravity studies are most commonly performed using gravimeters on 

land (or in water) to measure the gravitational field at a series of different locations over 

an area of interest. The objective is to associate variations in the distribution of densities 

which are related to subsurface higher or lower density sources, with can be finally 

related to lithology and formation structure. Gravity data is used to complement the 

crustal models derived from seismic experiments in order to provide crustal structure 

information where seismic data are sparse. In Iceland, countless gravitational 

measurements have been carried out with in-situ instruments.  Airborne gravity surveys 

are still being improved, and due to the amount of uncertainties very few have been 

carried in Iceland. 

 Eysteinsson and Gunnarsson [1995] made several gravitational surveys in Iceland. 

These surveys revealed that extinct volcanoes were marked by a local high on gravity 

maps, and more active areas, especially where the mantle plume is supposed to be 

located, gare characterized by  local lows.  

Darbyshire et al. [2000] integrated seismic data with gravity data in Iceland to 

produce a map of the Moho depth and to investigate variations in density in the 

uppermost mantle (Figure 6). They concluded that it is not possible to fit the seismic data 

and the gravity data simultaneously unless lateral density variations were introduced into 

the mantle below the rift zone. The long wavelength of the gravity low in central Iceland 

suggests a deep source rather than an artifact of anomalous or 3D structure in the upper 

crust. They found the thickest crust to be located directly above the center of the mantle 

plume. It was believed that this thick crust likely arose from enhanced melting due to a 
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combination of high mantle temperatures and active upwelling in a narrow plume core. 

The crust thinned rapidly away from the plume center as the active upwelling became 

less significant with increasing distance from the plume core. [Darbyshire et al., 2000]. 
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Figure 6– Map of the calculated Moho depth based on seismic and gravity data.         

[Darbyshire, 2000] 
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2.3.  Magnetic Studies 

In the 1950s, it was established that fresh basalt lava flows were among the best 

available material for paleomagnetic-studies. In Iceland, millions of such lavas flows had 

erupted during the last 15 million years. Paleomagnetic research in Iceland  since then 

has had two major objectives: to aid in local stratigraphic mapping and formation age 

estimation; and to obtain information on certain properties of the geomagnetic field, such 

as its reversals, other variations, and long-term average configuration. The level of the 

general effort of stratigraphic and structural mapping using magnetism in the Tertiary 

areas of Iceland has been low for over a quarter century, and neither new methods nor 

improvements to existing ones have appeared [Kristjansson and Jónsson, 2007]. 

Although this research is interested in the stratigraphy of Iceland’s crustal structure, 

aeromagnetic surveys seem to be a more useful data to be able to build a regional map, 

and not only a local map.  

Spatial variations in rock magnetization in the crust cause irregular magnetic 

fields which add to the smooth core-generated geomagnetic field. These local fields are 

referred to as the residual magnetic field or magnetic anomalies, and they reflect the 

underlying crustal structure. The variations in magnetization may be due to the presence 

of 3D objects such as cone-sheet intrusions, or essentially 2D phenomena such as long 

fault scarps. The residual fields, which are often quite complex, diminish rapidly with 

distance from their source bodies and are likely to lie in the uppermost crust. 

The line spacing in the regional surveys over Iceland and surrounding shelf is 

generally too large for detailed studies on individual bodies. These surveys have however 

been very useful to: 1) locate bodies with unusually large magnetization contrasts, which 
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are mostly central-volcano complexes and subglacial volcanoes with strongly magnetized 

rocks; 2) to delineate patterns of elongated anomalies originating in contemporaneous 

rock sequences, in and around the active volcanic zones; and 3) to delineate other 

subsurface structures, including for instance volcanic systems in the southwestern Iceland 

rift zone and a hard-rock scarp buried in sediments off southern and eastern Iceland. 

 The aeromagnetic surveys of Sigurgeirsson [1970–1985] constituted a major 

effort in the geophysical mapping of Iceland. Together with marine magnetic surveys and 

successive aeromagnetic work, they revealed a number of geological features that would 

otherwise have been undetected, and they contributed to our understanding of the age, 

structure, and tectonics of the Iceland area.  

 The anomalies are most distinct and have highest amplitudes over and around the 

active zones. The possible reason is partly a higher effective remnant magnetization in 

upper Quaternary (0 - l.5 Ma) rocks compared to other formations, and partly in an 

increase of faulting with age. The thickness of the crustal layer contributes significantly 

to the magnetic anomalies and it is probably at least 1.5 km or more beneath the central 

volcanoes. [Jonsson, 1991]. 

 In 2007 a more recent magnetic study [Kristjánsson and Jónsson, 2007] was 

performed in Iceland to test whether the rift relocations (ridge jumps) along the RR were 

associated with the known rift relocations, or if these jumps were associated with the V-

shaped ridges extending south from Iceland. It was found that the best fit for this question 

was a mixed solution, where the pattern of offshore jumps correlates with onshore jumps 

and where some kind of plume mechanism is responsible for the V-shaped ridge pattern 

(Figure 7). 
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Figure 7: This map shows magnetic anomalies in and around Iceland. Magnetic data 

were acquired through satellites and airplanes. The superimposed black lines related to 

the ship tracks from this geomagnetic survey. This map was created using GMT [Generic 

Mapping Tool] on board of the R/V Knorr by Tina Mueller and Dr. Fernando Martinez 

in July, 2007. 
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3. Data Origin 

  The seismic data used in this study are from the HOTSPOT experiment, 

which was carried out between June of 1996 and August of 1998. The HOTSPOT array 

was formed by thirty-one stations approximately uniformly distributed over Iceland 

(Figure 8). HOTSPOT seismometers were Guralp CMG3-ESP sensors with a flat 

response proportional to velocity between 0.03 and 10 Hz.  Several HOTSPOT stations 

failed during the experiment but data loss was minimized by regular station visits and 

checks.  We obtained seismic data from the HOTSPOT experiment from the IRIS Data 

Management Center via the usual data request tools. 

The data quality from this network is high despite its portable nature. Noise from 

ocean waves often dominates the seismograms of the HOTSPOT network. To reduce the 

ocean wave’s noise, most of its stations were carefully installed in direct contact on 

bedrock or even buried at a depth of 1m, in surface sediment. During the time the 

HOTSPOT Project was active in Iceland, it recorded hundreds of earthquakes and 

continuous seismic noise. For this research all major seismic events were suppressed in 

order to keep   the seismic noise records uncontaminated by earthquakes. 

Unfortunately, while pre-processing the data it was clear that the data from the 

first months of experiment had very poor quality and only a small amount of stations 

were active. As a consequence, the data from the months of June, July and August of 

1996 were removed and the utilized data ranged from September 1996 to August 1998. 
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Figure 8 – Map of the 31 HOTSPOT stations. 
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4.   Methodology 

 Methods used in this study include the ambient seismic noise tomography and  the 

inversion for shear-wave velocity model from phase velocities. A series of data-

processing procedures have to be performed before applying the tomography for phase 

velocity maps. Details of the  methods are described in the section that follows. 

 

  4.1   Ambient Seismic Noise data Processing  

 Shapiro and Campillo [2004] demonstrated that correlations of ambient seismic 

noise between a pair of station in California can be used to extract the Green function 

between the stations. This finding provided new source for Rayleigh wave measurements 

especially at short periods.  This method has been rapidly and widely adopted for 

producing crustal structure at various tectonic places [e.g. Gudmundsson et al., 2007, Yang 

et al., 2007].  One important step of this technique is to process the ambient seismic noise 

data.  Bensen et al. [2007] provided a reliable method, running-absolute-mean-

normalization, for noise data-processing, which can effectively reduce the influence from 

earthquakes. Figure 9 is an example showing the emergence of Rayleigh waves on cross-

correlated seismic noise traces at different time period from Bensen et al. [2007].  They 

have shown that reliable waveforms can be obtained from ambient noise in a 1-year 

period.   
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Figure 9 – Example of the emergence of the Rayleigh waves for increasingly long time-series. [a] 

Cross-correlations at the specified time-series lengths for the station pair ANMO and DWPF 

[DisneyWilderness Preserve, FL, USA] band passed between 5 and 40 s period. [b] Same as [a], 

but for a passband between 40 and 100 s period. [c] Spectral SNR for the 24-month ANMO-

DWPF cross-correlation shown with a dashed line, and the spectral SNR averaged over all 

cross-correlations between GSN stations in the US shown with a solid line. [d] Spectral SNR 

averaged over all cross-correlations between GSN stations in the US for different time-series 

lengths of 1, 3, 6, 12, and 24 months. [Bensen et al., 2007] 
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 Figure 9 above describes how meaningful information about the crust can be 

obtained from noise. If you cross-correlate different length time series from a specific 

pair of stations and stack the signals over longer time-series, the signal-to-noise ratio will 

improve. The causal and acausal signals appear with the increase of time-series length  in 

both of the period ranges shown in Figures 9 [a] and 9 [b]. Figures 9 [c] and [d] display 

the improve in signal-to-noise ratio when data are cross-correlated from more stations 

and over a longer period of time. 

 The advantages of using ambient seismic noise are summarized below [Bensen et 

al., 2007]. [1] Measurements made using direct surface-waves mostly sample a few 

preferential directions due to the locations of earthquakes, while other directions of 

propagation remain unsampled. This does not happen with long-term noise data. [2] 

Inversions used in traditional seismic methods require some a priori information about 

the source, which is not always known very accurately. In measuring noise, the source 

location and  intensity are not of primary concern. [3] Measurements that used earthquake 

surface-wave data provide large averages over extensive areas that limit the resolution of 

resulting seismic images.   Resolution from seismic noise data is determined by the 

distance between stations and can be improved with dense seismic network.  [4] Surface-

wave dispersion at short periods [up to 40s] are difficult to measure using traditional 

teleseismic methods due to the intrinsic attenuation and scattering from distant sources 

and also to the simultaneous arrivals of waves using different paths. With ambient 

seismic noise short-period waves can be robustly sampled to provide unique constraint on 

crustal structure. [5] Ambient seismic noise can provide higher vertical and horizontal 
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resolution to map the crustal structure if compared to traditional seismic tomographic 

methods.  

 Ambient seismic noise is composed of fully diffuse wavefields of waves with 

random amplitudes and phases, which propagate in all possible directions.  Consequently, 

it contains information about any possible path that can be extracted by computing cross-

correlations between pairs of receivers.  General sources of seismic noise include ocean 

microseisms and atmospheric perturbations that happen continuously. 

 There are limitations in extracting Rayleigh waves from ambient noise. First, due 

to the noise’s very low amplitude when compared to major seismic events, the large 

amplitude seismic data have to be suppressed before cross-correlating the noise traces. 

Secondly, due to the diffuse nature of noise, sits signal becomes very low over large 

periods. This nature implies that the method is only effective for short-period waves, up 

to 40s.  Third, this method is only efficient for a dense seismometer network that collects  

data over a long period of time. The last limitation is that instruments’ uncertainties and 

intrinsic drift must be corrected since noise is made with only low amplitude responses to 

the environment.  

 This research focuses on processing fundamental mode Rayleigh waves. Rayleigh 

waves are surface-waves that are generated by the interaction of P and S waves at the 

surface of the earth. Rayleigh waves travel with a velocity that is lower than the P, S, and 

Love wave velocities and their amplitude is significant larger than body-waves but 

decreases exponentially with depth. Rayleigh wave phase velocities generally increases 

with period   because fundamental mode Rayleigh waves are primarily sensitive to shear-
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wave velocity at approximately 1/3 of its wavelength and the speed of shear-waves in the 

Earth usually increases with increasing depth.  

 The ambient noise processing procedures applied here are similar to the methods 

described by Bensen et al. [2007]. We use only the vertical component of ambient noise 

data which means that the cross-correlations provide only  Rayleigh wave signals.The 

data-processing can be divided into four main phases: [1] single station data preparation, 

[2] cross-correlation and temporal stacking, [3] measurement of dispersion curves 

[performed with frequency-time analysis for phase speeds], and [4] quality control, 

including error analysis and selection of acceptable measurements [Bensen, 2007]. 

Figure 10 presents an organogram which summarizes all the steps mentioned above in a 

step wise manner. 
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Figure 10 – Schematic representation of ambient seismic noise processing steps.                

[Bensen et al., 2007]. 
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 The first phase of data-processing consists of preparing waveform data from each 

station individually. We first selected waveforms by day from 5 s to 50 s at each station.   

Then we emphasized the ambient noise by removing earthquake signals and instrumental 

irregularities. Another important step was  spectral whitening, which acts to broaden the 

band of the ambient noise signal in cross-correlations and also combats degradation 

caused by persistent monochromatic sources spectral normalization.  

 In phase II, cross-correlation is performed for the daily data in the frequency 

domain. After the daily cross-correlations are returned to the time domain they are added 

to one another, or stacked, to correspond to longer time-series. The use of long time-

series helps to optimize the signal-to-noise ratio [SNR], which is negatively correlated 

with measurement error.  Stacked cross-correlations from the HOTSPOT stations are 

shown in Figure 11. Rayleigh wave trains are clearly emerged on all traces and the 

signals are largely symmetric on both positive and negative lags.  
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Figure 11 – Cross-correlated and stacked Ambient Seismic Noise data from Iceland processed 

from all two years of the HOTSPOT experiment. These waveforms have been sorted by distance 

between station pairs and show the fundamental mode Rayleigh waves. 
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In order to increase signal-to-noise ratio, each cross-correlated waveform was 

separated into positive and negative components and added the two components to create 

a final “symmetric” cross-correlation as shown Figure 12.  The subsequent data-

processing phases are applied only on these “symmetric” cross-correlated waveforms. 
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Figure 12 – Example of a broad-band symmetric-component cross-correlation  between station 

HOT01 and  HOT19 of the HOTSPOT experiment in Iceland. The broad-band signal [5 to 50 s ] 

is shown at top, the 6 to 8 sec  is presented in the middle figure and the 20 to 25 sec  is presented 

at bottom . [The symmetric component is the average of the cross-correlation at positive and 

negative lags.]. 
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 In phase III phase velocity of Rayleigh waves are measured from the vertical 

component of ambient noise cross-correlation. Data quality control measures are 

calculated in phase IV to identify and reject bad measurements and compute quality 

assurance statistics for the accepted measurements. The signal/noise ratio of 20 is 

threshold used for acceptable waveforms. Rayleigh wave phase velocity variations across 

Iceland were obtained at periods of 5 to 40 s. Although a lot of the ambient seismic noise 

processing that was performed to this day focused on measuring the group velocity of 

surface-waves, we decided to measure phase velocity instead due to certain factors. First 

the uncertainty of phase velocity measurements is smaller than that of group velocity. 

Secondly phase velocity has a greater sensitivity for deeper structures.  Third, group 

velocity can be calculated from  the dispersion of phase velocities but the opposite cannot 

be done. 

The Rayleigh wave phase velocity measurements are inverted to form 1o by 1o 

grid phase velocity tomography maps using the method of Barmin et al. [2001]. This 

method is based on minimizing a penalty functional composed of a linear combination of 

data misfit, model smoothness and the perturbation to a reference model for isotropic 

wave speed [Yang et al., 2007]. An important criterion applied in selecting phase 

velocity measurements for the tomography is that the distance between the station pair is 

greater than 3 times of the wavelength.  This leads to that the number of rays decreases 

with increasing period.  

 Figure 13 below shows the ray path distribution for phase velocity data at periods 

of 8, 16, 25, and 35 s.  Good data coverage on the central and northern part of the Island 

is in general due to the station location. It is also clear that much more high quality data 
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are shorter periods [8, 16 s] than at long periods [25, 35 s].  The density of ray paths at 35 

s and above is greatly reduced, indicating poor model resolution in the tomography 

results at these relatively long periods.  The quality of data started decreasing on periods 

above 25s because there is a reduction in path density and resolution due to the data 

quality filter we imposed. The data on the tomography maps need to have SNR larger 

than 20 and the distance between the pair of stations must be at of at least three 

wavelengths. The resolution of the map itself depends mainly on the azimuthal 

distribution of the data and path density, which is higher in the center of the maps and 

lower near the borders.  
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Figure 13 – Ray path distribution of the station pair correlation phase velocity data at different 

periods of: 8, 16, 25, and 35 seconds period after the quality control filter of SNR > 20. Noise 

dissipates very fast in the environment, as consequence only short period noise data have good 

quality and reasonable resolution and only short periods should be used to obtain accurate 

information about the crustal structure. 
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4.2. Shear-wave Model from Rayleigh Wave Phase Velocities 

 Rayleigh wave phase velocities  across Iceland that were obtained from ambient 

seismic noise are combined with those from  Li and Detrick [2006] using earthquake data 

to produce  shear-wave velocity models   for the crust and upper mantle of Iceland.  

 Ambient noise tomography and the teleseismic wave method have 

complementary strengths. While ambient noise tomography provides stable information 

about surface-wave dispersion at periods ranging from 5 to 25 s, which are most sensitive 

to the crust structure, the teleseismic wave method provides reliable measurements of 

phase velocity at periods 20 to 125 s, which are more sensitive to structures of the lower 

crust and shallow mantle.  

 The 1-D model of Iceland was first obtained by using the average phase velocities 

at 6 to 125 s from the ambient noise data and the earthquake data. The model parameters 

of this inversion were shear-wave velocities in 14 layers from the Earth’s surface to 350 

km depth with different layer thicknesses.  There are three layers in the crust and the 

thickness varies from 5 km in the top layer, to 10 km in the mid crust, and to 15 km in the 

lower crust.  Layer thickness in the mantle varies from 20 to 50 km. Since Rayleigh 

waves are primarily sensitive to shear-wave structure, P-wave velocity in the model is 

calculated from the shear-wave velocity using the Vp/Vs ratio from the AK135 model.  

 The starting model in the inversion for the regional average structure is largely based on 

the 1-D model of Iceland from Li and Detrick [2006].  A fixed crustal thickness of 30 km 

is used in the 1-D inversion.  
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 Since the relation between shear-wave speeds and phase velocities is non-linear, 

we have linearized this relation and performed an iterative search for the optimal 

solution. The method of Saito [1988] is used to compute the synthetic phase velocities 

and partial derivatives with respect to changes in P-wave and S-wave speeds.  After 

trying different damping factors to smooth the model, we chose the value 0.01 km/s as 

priori error for the model parameters, shear-wave velocities in the model. This choice 

was based on trial and error with a criterion that the final model is relatively smooth and 

also can vary significantly from the initial model.   Our experiment results are shown in 

Figure 14.  The model from a priori error of 0.05 has very strong oscillations, indicating 

the error is too big.  The models for a prior error of 0.01 and 0.05 are almost identical 

above 120 km, the best resolved depths of the model.  The best resolved 1-D model of the 

area was used as the starting model in the inversions for 3-D shear-wave structure.  
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Figure 14 – One-D shear-wave velocity results for Iceland built by combing ambient seismic 

noise data (this research) and earthquake data [Li and Detrick, 2006]. Different damping factor 

values were tested in order to find the best value. 
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 In order to build a 3-D shear-wave model from the observed phase velocities from 

this study and those from Li and Detrick [2006], we need match the two different data 

sets because they have different grid points.  The maps from Li and Detrick [2006] were 

resampled to match those from the ASN with grid node interval of 0.5o. The 3-D model is 

obtained by combing all 1-D models at each grid point.  Inversions at each point are same 

as the 1-D inversion described above. One difference for the 3-D inversion is that the 

crustal thickness is treated as a model parameter as well and can vary from place to place.  

The initial crustal thickness is from the model of Li and Detrick [2006] and a tight 

constraint is applied in the version with a priori error of 0.1 km on the crustal thickness.  

  

5. RESULTS 

5.1. Phase Velocity Results 

 After processing the two years of ambient seismic noise data recorded by the 

HOTSPOT experiment, we calculated phase velocities at all station pairs for the 

following periods: 6s, 8s, 10s, 12s, 14s, 16s, 18s, 20s, 25s, 30s, 35s, and 40s. Examples 

for phase velocity variation with period at four pairs of stations are shown in Figure 15. 

The first pair HOT 02 to HOT 10 is located in the west side of Iceland and the second 

station pair was HOT 16 to HOT 20, on the very east side of Iceland. The other two paths 

of station pair cross the active spreading ridge and the current hotspot location.   Absolute 

phase velocity generally increases with period except at periods greater than 20 s for the 

pair of HOT02 to HOT10.  Phase velocities vary from 3.0 to 3.8 km/s for all station pairs.  

The pairs of stations located in eastern and western Iceland show relatively faster 
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absolute phase velocity in a range of 3.3 to 3.8 km/s and the more centralized pairs of 

stations present a slower phase velocity values, from 3.0 to 3.5 km/s. This observation 

suggests that the crust in central Iceland and southeast Iceland, at tectonically more active 

areas is slower, probably due to high temperature and partial melt presence. The locations 

further away the active regions have been cooled more and therefore have a relatively fast 

crust. . 
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Figure 15 –Comparison of absolute phase velocities from different pairs of station. The pairs of 

stations number 22 to 25 and 23 to 28 are located in more seismically active areas and show 

lower phase velocity values than stations pairs 2 to 10 and 16 to 20, which are located in less 

active areas. 
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 The average phase velocity values between all station pairs for all chosen periods 

described above were found and shown in Figure 16. The Ambient Seismic Noise data 

provided velocity values up to 40 s, which are superimposed with the average phase 

velocities from 20 s to 125s determined from earthquake data [Li and Detrick, 2006]. The 

average phase velocities between 20 and 30 s are very similar.   The values from the ASN 

at 30 to 40 s are higher than those from earthquake data, which could be largely due to 

the inaccuracy of the ASN method at those longer periods.  To combine the results from 

the two different studies for jointly inverting shear-wave structure beneath Iceland, we 

have chosen to use the ASN average phase velocity up to 25 s and the earthquake 

average phase velocity data from 25s to 125s. These data were utilized to calculate this 

study’s 1-D shear-wave velocity model of Iceland. 
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Figure 16 – [a] Superimposition of average phase velocity data calculated from Ambient Seismic 

Noise data [from 6s to 40s] and from earthquake data [from 20s to 125s]. [b] Chosen average 

phase velocity of Iceland to be used as initial model on the 1-D shear-wave velocity inversion. 
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Subsequent to finding phase velocities for each period from 6 s to 40 s from Ambient 

Seismic Noise data-processing, phase velocity anomaly tomography maps were 

constructed (Figure 17). The features of the maps vary with period because of the 

different sensitivity depths of Rayleigh waves at different periods. Maps of shorter 

periods (6 to 10s) mainly reflect shear-wave velocities in the upper crust while the longer 

periods (25 to 40s) are more sensitive to crustal thickness and shear-wave velocities in 

the lower crust. On the 6 sec map shows that the slow anomaly is very strong and more 

focused around central Iceland, approximately from the Grimsvotn volcano location to 

the Langjokull volcano. The 8 sec map show that the slow anomaly covers a larger area, 

and is not as strong where it concentrates. With increasing period the slow anomaly 

becomes weaker and more defined. The slow anomalies at periods greater than 25 s, 

match extremely well with the active ridge locations, illustrating visibly the northern rift 

zone, the (southern) western rift zone and the (southern) eastern rift zone. On the other 

hand, further away from the active ridges the crust is characterized with higher velocities. 

In all these maps the fast velocity anomaly close to the western edge of Iceland should be 

overlooked since the model resolution is poor in this area.  

These results in general agree well with most previous studies, for example 

Gudmusson et al. [2007], who produced group velocity anomaly maps from Ambient 

Seismic Noise using the same data also shown the slowest anomaly around central 

Iceland. Their study only has good resolution around 7 sec, which makes it hard to 

compare results at  other periods. Allen et al. [2002] used the portioned waveform 

inversion to process love waves from six different events and developed a shear-wave 

velocity model for Iceland crust.  Their model revealed a narrow cylindrical anomaly in 
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the lower crust under the current hotspot location and a more spreading-out slow anomaly 

in shallow crust, which is consistent with the slow phase velocity anomaly pattern in our 

results.   
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Figure 17 – Phase velocity tomography maps from Ambient Seismic Noise data from the 

HOTSPOT experiment in Iceland [1996 to 1998]. These are velocity anomaly maps and they 

illustrate the percentage velocity anomaly compared to local average velocities. The low-velocity 

regions [in red, pink, orange] agree with the location of the expected active mid-ocean ridge in 

Iceland, with molten high temperature material that would cause these results. 
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In Figure 18 we compare the phase velocity anomaly map at 25 s obtained from 

Ambient Seismic Noise data to the map obtained from earthquake data. Both maps show 

slow anomalies in central Iceland and fast anomalies at eastern and western Iceland. 

However, differences are found in the location of the slowest anomaly and  in the shape 

of the general slow anomaly. The anomaly from ASN is more concentrated around 

Grimsvotn volcano and the Vatnajokull icecap and it is less strong than that on the map 

form teleseismic surface-wave tomography. . The layout of the spreading ridge can be 

better noticed on map from the ASN than on the map from earthquake data, which shows 

concentric oval like anomalies in central Iceland.  This difference indicates that the ASN 

tomography on Iceland is more accurate in defining the slow anomaly shape than the 

teleseismic result even though the resolution for the ASN tomography is poor in 

southwest Iceland (Figure 13).  

 

 

 

 

 

 

 

 



49 
 

 

 

Figure 18 – Comparison of phase velocity anomaly tomography maps from Ambient Seismic 

Noise data on the left and from earthquake data processed by Li and Detrick, 2006, on the right. 

Both data were recorded from the HOTSPOT experiment in Iceland [1996 to 1998]. The maps 

show a different slow anomaly spread. We believe we have better resolution with the Ambient 

Seismic noise data, which shows more specifically the location of the slowest area, while the 

earthquake data shows a more spread out slow-velocity area. 
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5.2. Shear-wave Velocity Results 

 Our 1-D shear-wave crust and upper mantle plot was built by inverting Rayleigh 

wave phase velocities from 5 to 100 s that were obtained from the ASN tomography (5 to 

25s) and from earthquake data (25 to 100s) [Li and Detrick, 2006]. The addition of short 

period Rayleigh waves obtained with Ambient Seismic Noise improved the resolution for 

shear-wave structure in the crust.  The 1-D shear-wave structure determined from the 

combined data set (Figure 19a), if compared to the result from Li and Detrick [2006] 

(Figure 19b) show a slower upper crust and faster mid-crust. The results from deeper 

crust to 150 km, are largely the same as those from Li and Detrick [2006].  Below 150 

km, the model is not well resolved from the available Rayleigh wave phase dispersions.  
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Figure 19 – [a] One-D shear-wave velocity plot from this study combining ASN and earthquake 

data from HOTSPOT experiment in Iceland. [b] One-D shear-wave velocity plot from Li and 

Detrick, 2006, from earthquake data recorded in the same network. 
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    The 3-D shear-wave velocity model was constructed by assembling the 1-D models at 

each map point.  The results from these inversions are presented in Figures 20 and 21. 

Figure 20 presents shear-wave velocity perturbation in percentage with respect to the 1-

D shear-wave velocity model (Figure 19) for the crustal layers. We divided the crust into 

three layers: the shallow (upper) crust from 0 to 5 km depth, the middle crust from 5 to 

15 km, and the deep (lower) crust from 15 to the Moho (about 30 km in average). The 

upper to mid crust shows much larger anomaly variations if compared to the lower crust 

with the slow anomaly to -6%.  The low-velocity anomaly in the shallow and mid crust 

has an oval shape and it is centered in central Iceland, to the left of the Grimsvotn 

volcano. In the deeper crust, the lowest velocity region is imaged as a much smaller 

anomaly, focused in a single circular area beneath southeast Iceland, right beneath the 

present location of Iceland’s hotspot. The overall slow anomaly in central Iceland in the 

lower crust is about -1%, significantly weaker than that in the middle and shallow crust.  
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Figure 20 – Three-D shear-wave velocity anomaly map from Iceland’s crust  in percentage from 

ASN and teleseimic data recorded on the HOTSPOT network. [a] Map of the shallow crust, up to 

5 km [b]Map of the mid crust, from 5 to 15 km and [c] Map of the deep crust from 15 km  to the 

Moho. 
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Figure 21 – Three-D shear-wave velocity anomaly map from Iceland’s mantle in percentage 

from ASN and teleseimic data recorded on the HOTSPOT network. [a] Map of the upper mantle, 

from Moho to 60 km [b]Map of the  from 100 km  to 120 km. 
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 Figure 21 describe the layers below the Moho, which are almost identical as 

shown by Li and Detrick [2006]. At depths of 80 to 100 km the low-velocity anomaly 

region becomes more elongated, almost matching the same pattern of the active rift 

zones. One interesting feature is that the slowest area shows up to the west of the 

northern rift zone, on the location of an extinct ridge. The offset between the anomaly 

low and the ridge location implies that the ridge probably moves faster than the mantle 

beneath it. From 100 to 120 km the slowest anomalies are not as strong and seem to be 

related to the western volcanic zone probably due to local transform fault offsets in the 

mid-Atlantic ridge to the north of Iceland, which tend to block the northward propagation 

of the ridge parallel mantle flow  [Li and Detrick, 2006]. 

 At 100-120 km depths, the fast anomaly centered around and under the hotspot 

location is not expected.  It is explained in detail by Li and Detrick [2006] as a mantle 

residual after significant melt extraction.  Radial anisotropy induced by vertical mantle 

flow beneath the hotspot could also make contributions to the apparent fast VSv. 

Relatively slow anomalies are imaged beneath south, west, and north Iceland. 

 The crustal thickness map is presented in Figure 22. This map is built from the 

3D inversion from Rayleigh wave phase velocities, The initial crustal thickness model  

was from the previous study by Li and Detrick’s [2006].  This result largely agrees with 

that from Li and Detrick [2006]. Comparatively thin crust of 20 to 28 km is imaged in 

western, southernmost and northern Iceland. The crust is about 30 km deep in most of 

eastern Iceland and more than 34 km thick in central Iceland. The thickest crust is 

surprisingly not located on top of the present hotspot in Iceland but at central Iceland near 

the intersection of all active rift areas. One hypothesis is that the plume was indeed active 
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in this location for a long time, which caused more melt to be accumulated at this 

location than others and this melt accumulation for such a long period of time increases 

the thickness of the crust. Another hypothesis was that when the mantle plume was 

located beneath central Iceland, the potential temperature of the plume was higher than 

nowadays, resulting in more molten material and the thickest crust.  
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Figure 22– Crustal Thickness Map from ASN and teleseimic data recorded on the HOTSPOT 

network in kilometers. 
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 Beneath the present hotspot close to the Girmsvotn volcano in Iceland, the 

calculated crustal depth is around 32 km thick crust, nearly 10 to 14 km thinner than in 

the models of Darbyshire et al. [2007] and Allen et al. [2002]. This disparity may be 

attributed to the different model constraints from different data and method. Rayleigh 

waves used in this study are not good at determining crustal thickness because the broad 

sensitivity depths of the wave and the trade-off between shear-wave velocity and crustal 

thickness. This study therefore does not offer enough constraints to identify if the Moho 

is a sharp or a gradational discontinuity in Iceland. 

 

6. DISCUSSION 

The most striking feature of the 3-D crustal model in Iceland is the significant 

slow anomaly in central Iceland in the upper and middle crust (0 to 15 km).  The area 

contains eastern and middle neovolcanic zone and several active volcanoes including 

Hekla, Vatnafjoll, Fogrufjoll, and Grimsvotn. These low velocities are probably a result 

of rock faulting and fracturing, as well as high temperatures and partial melting.  

Individual magma chamber beneath the active volcanoes cannot be resolved from our 

surface-wave model given the broad wavelength of 20 to 120 km for Rayleigh waves 

from 5 to 30 s, which put the most constraints on crustal structure.  The broad low-

velocity anomaly is certainly contributed by melt accumulation beneath the volcanoes 

and the rift zone.  

The shape of the slow anomaly in shallow crust in our model is slightly different 

from that in the model by Allen et al. [2002].  The anomaly in our model is smoother and 

the strength decrease gradually from central Iceland to northern and western rift zones 
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while the anomaly in the model of Allen et al. [2002] has an irregular shape and extends 

to central-northern Iceland. The difference could be caused by different smoothing 

applied in the tomography models and by the difference in ray path coverage in northern 

Iceland. Although our anomaly model cannot be directly compared with models from 

receiver functions, a low-velocity layer in the mid crust is generally required in central 

Iceland in receiver function modeling [Foulger et al., 2003], which is largely consistent 

with the slow anomaly in our observation.   

In the lower crust, with depths from 15 km to the Moho, the low-velocity anomaly 

is much weaker in general and the slowest anomaly is a narrow circular shape at the 

Grimsvotn volcano complex, which is a narrow cylindrical column in a 3D view. This 

lower crust low-velocity anomaly is related to the center of the upper mantle low-velocity 

anomaly that can be interpreted as a plume [Foulger et al., 2000; Allen et al., 2002].  This 

anomaly is consistent with the observation of Allen et al. [2002] although the anomaly in 

their model is stronger.  The relatively weaker anomaly in our SV model could be 

partially attributed to radial anisotropy with a vertical symmetric axis in the vertical 

conduit.    This study supports the hypothesis of Allen et al [2002], a plume-driven 

plumbing system that transports melt in the that the low-velocity anomaly in the crust 

beneath central Iceland is characterized by a thermal anomaly linked with the fluxing of 

magma from the core of the mantle plume to the shallow crust. The high degree of 

volcanism of Grimsvotn may be explained by its location above a vertical “pipe” of 

magma flux connecting the mantle plume to the crust. Probably several melt paths and 

pockets are needed to heat such a broad area of the crust.  
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The crustal thickness of Iceland is 29 km on average, which is 4 to 5 times the 

usual oceanic crust thickness. It therefore cannot be produced by passive plate spreading 

in response to releasing melt produced in the mantle as in normal mid-ocean ridge.  

Active vertical flux from mantle due to the plume activity is required to form the Iceland 

crust.  It was found that the variations in plume temperature correlate well with variations 

in crustal thickness in Iceland when ridge jumps are considered [Allen at al, 2002]. This 

may signify that crust formation is related to the amount of magma supply from the 

plume, and that the shallow crust low-velocity anomalies outline this plumbing system. 

The thickest crust of 38 km in our model is in central Iceland to the west of the current 

hotspot location.  The variation of overall crustal thickness and the location of the 

thickest crust in Iceland are most consistent with that from receiver function constraints 

[Foulger et al., 2003].  Previous models by Darbyshire et al [2000] and Allen et al. [2002] 

show the thickest crust up to 40-45 km beneath the Girmsvotn volcanic complex, We do 

observed slow anomaly in this place in the lower crust and upper mantle, which can be 

traded with thicker crust.  However, due to high temperature from the mantle plume, the 

Moho beneath this volcanic complex is probably not well developed and therefore cannot 

be well constrained from seismic data. 

The goal of this study was to use ambient seismic noise data to constrain the 

crustal structure of Iceland and to distinguish previous existing models.  The first 

proposed crustal model for Iceland in the 80s was the “thin-hot” crustal model that 

considered the crust to be as thin as 15 km and underlain by a partially molten upper 

mantle. In the 90’s the “think-cold” model came up, and considered a 20 to 40 km crustal 

thickness with low temperatures in the lower crust.  Both these models do not agree with 
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the findings of this study. The model that best fits with our results would be a “thick-hot” 

crustal model, which is better described by Allen et al [2002], who suggests a pluming 

like system heating up the crust and creating the high temperature and partial melting 

areas that result in low-velocity anomalies in the crust.  

 

7. CONCLUSIONS 

 Ambient Seismic Noise tomography has improved the resolution of shear-wave 

velocity model in the crust of Iceland.  Low-velocity anomalies are present in central 

Iceland and along the rift system in shallower and mid crust. In the lower crust, the slow 

anomaly is confined in a circular area right at the plume location. Fast anomalies are 

imaged further away from the ridges, which are likely to be formed of solidified basalts. 

 Lower shear-wave velocity anomalies in the shallow crust (up to10 km depth) are 

probably associated with partial melt that feeds the local volcanoes. The low velocities at 

deeper crust (from 10 to 40 km depth), near the projected hotspot, can indicate melt 

accumulation or high temperature from the Iceland plume.  The low-velocity anomaly 

pattern in the crust is similar to a plume-driven plumbing system, where melt is produced 

in the lower crust above the mantle plume and migrates upward and spreads laterally in 

central Iceland and along the upper crustal rift system.  

 The crust is relatively thick in central Iceland and thin away from the active areas.  

The thickest crust appears slightly westward to the plume core location today, probably 

due to faster, or longer or hotter magma upwelling from a deep magma source at the time 

when the plume was below this location. The Moho beneath the current hotspot is 

probably less developed and therefore difficult to be determined from seismic data.  
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