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ABSTRACT

In spite of the fact that Iceland is frequently regarded as the archetypal example of
mantle plumes, the existence, depth extent, origin, dimension and excess temperature of
the hypothesized plume remain enigmatic and hotly debated. The controversy mostly
originates from the limited vertical resolution of seismic tomography techniques and the
associated uncertainty in the depth and lateral extents of the lower wavespeed anomaly.
Here we utilize a robust receiver-function-based technigue to image the topography of the
410 and 660 km discontinuities bordering the mantle transition zone beneath Iceland and
surrounding oceanic regions, and construct thermal and seismic wavespeed models of the
upper mantle and mantle transition zone based on the observations. The preferred model
invokes a broad plume laterally extending ~1000 km originated from the lower mantle.
The dominant phase transition across the 660-km discontinuity is the post-spinel
transition in the peripheral area, but becomes the post-garnet transition in the central
portion of the plume stem due to the excessive temperature anomaly. This phase
transition variation significantly enlarges the plume dimension and enhances upwelling of

plume material.
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1. INTRODUCTION

Hotspot is the surface expression of perceived mantle plumes underneath. As a
candidate for hotspot associated with the proposed plume, Iceland has been studies
through years to solve the questions regarding to the mantle plume. The drifting of the
North American and Eurasian plates causes continental breakup and large amounts of
magma erupted during a short geological time at about 55-60 million years ago*2. The
excess amount of volcanism has been linked to the interaction between the Atlantic Mid-
oceanic ridge and the Iceland hotspot?. However, mostly due to the anomalously large
size of the surface uplift (Figures 1-2) relative to other perceived hotspots and a lack of
an age-progressive volcanic track caused by the movement of the plate over a stationary
mantle plume?, the existence of a mantle plume beneath the region remains enigmatic.
Seismic tomographic studies show that there is a strong low-velocity zone (LVZ) beneath
Iceland and surrounding areas (Figures 1 - 3), indicating the existence of structures with
hot temperature®. However, the depth extent of the LVZ remains ambiguous. Many
regional tomography studies suggest that the LVZ is mostly confined in the upper
mantle*, probably due to the small aperture of seismic arrays in the study area® and the
limited vertical resolution of the tomography techniques that is insufficient to reliably
resolve the LVZ below the upper mantle®. Most global tomography studies, however,
show a continuous LVZ down to the lower mantle which is consistent with a lower-
mantle origin of the LVZ!%13, In particular, a recent global tomography study*? suggests
the existence of a broad plume (approximately 800-1000 km in diameter which is several

times greater than the diameter of a typical plume) originating from the northern tip of



the African large low shear velocity provinces at the base of the lower mantle. A
geodynamic modeling study indicates that such a broad mantle plume can be developed
when there are two mineral phase transitions at the 660-km discontinuities, from
ringwoodite to perovskite and from majorite garnet to perovskite'#, but observational
evidence for the presence of the two phase transitions beneath Iceland is still lacking.
Here we utilize a receiver-function-based technigue to image the 410 and 660 km
discontinuities (d410 and d660, respectively) beneath Iceland to investigate the thermal
state and the nature of phase transitions associated with the MTZ. The d410 has a positive
Clapeyron slope®® ranging from 1.5 to 3.0 MPa/K and represents the exothermic
transition from olivine to wadsleyite, and the phase transition and the sign of the
Clapeyron slope at the d660 are temperature-dependent. When the ambient temperature is
less than 1800 C, the dominant phase transition is from ringwoodite to perovskite (which
is termed post-spinel or pSp) with a Clapeyron slope ranging from -4.0 to -1.0 MPa/K
(refs.15,16). At higher temperatures, the dominant phase transition is from majorite
garnet to perovskite (post-garnet or pGt), which has a positive Clapeyron slope of +1.3
MPa/K (ref. 17). Previous receiver function studies to image the mantle transition zone
beneath Iceland lead to contradictory conclusions regarding the vertical and lateral

extents of the proposed Iceland plume®2L,



PAPER

I. ABROAD ICELAND PLUME ASSOCIATED WITH TWO PHASE
TRANSITIONS AT THE 660 KM DISCONTINUITY

ABSTRACT

In spite of the fact that Iceland is frequently regarded as the archetypal example of
mantle plumes, the existence, depth extent, origin, dimension and excess temperature of
the hypothesized plume remain enigmatic and hotly debated. The controversy mostly
originates from the limited vertical resolution of seismic tomography techniques and the
associated uncertainty in the depth and lateral extents of the lower wavespeed anomaly.
Here we utilize a robust receiver-function-based technigue to image the topography of the
410 and 660 km discontinuities bordering the mantle transition zone beneath Iceland and
surrounding oceanic regions, and construct thermal and seismic wavespeed models of the
upper mantle and mantle transition zone based on the observations. The preferred model
invokes a broad plume laterally extending ~1000 km originated from the lower mantle.
The dominant phase transition across the 660-km discontinuity is the post-spinel
transition in the peripheral area, but becomes the post-garnet transition in the central
portion of the plume stem due to the excessive temperature anomaly. This phase
transition variation significantly enlarges the plume dimension and enhances upwelling of

plume material.



1. INTRODUCTION

The drifting of the North American and Eurasian plates causes continental
breakup and large amounts of magma erupted during a short geological time at about 55-
60 million years ago’?. The excess amount of volcanism has been linked to the
interaction between the Atlantic Mid-oceanic ridge and the Iceland hotspot?. However,
mostly due to the anomalously large size of the surface uplift (Figures 1-2) relative to
other perceived hotspots and a lack of an age-progressive volcanic track caused by the
movement of the plate over a stationary mantle plume?, the existence of a mantle plume
beneath the region remains enigmatic. Seismic tomographic studies show that there is a
strong low-velocity zone (LVZ) beneath Iceland and surrounding areas (Figures 1-3),
indicating the existence of structures with hot temperature®. However, the depth extent of
the LVVZ remains ambiguous. Many regional tomography studies suggest that the LVZ is
mostly confined in the upper mantle*~’, probably due to the small aperture of seismic
arrays in the study area® and the limited vertical resolution of the tomography techniques
that is insufficient to reliably resolve the LVZ below the upper mantle®. Most global
tomography studies, however, show a continuous LVZ down to the lower mantle which
is consistent with a lower-mantle origin of the LVZ%-13, In particular, a recent global
tomography study®® suggests the existence of a broad plume (approximately 800-1000
km in diameter which is several times greater than the diameter of a typical plume)
originating from the northern tip of the African large low shear velocity provinces at the
base of the lower mantle. A geodynamic modeling study indicates that such a broad

mantle plume can be developed when there are two mineral phase transitions at the 660-



km discontinuities, from ringwoodite to perovskite and from majorite garnet to
perovskite'4, but observational evidence for the presence of the two phase transitions

beneath Iceland is still lacking.

Figure 1. Average P wavespeed anomalies?* in the upper mantle (0-410 km), showing a
broad distribution of low Vp anomalies around the Iceland area.
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Figure 2. A topographic relief map of the study area showing seismic stations (yellow
circles) used in this study, and the ray-piecing points (black pluses) at 535-km depth. The
blue line indicates the mid-Atlantic ridge and the red triangles represent major volcanoes.
The inset shows the event locations used in this study. The increment of the circles is 45°

in epicentral distance.
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Here we utilize a receiver-function-based technigue to image the 410 and 660 km
discontinuities (d410 and d660, respectively) beneath Iceland to investigate the thermal
state and the nature of phase transitions associated with the MTZ. The d410 has a positive
Clapeyron slope®® ranging from 1.5 to 3.0 MPa/K and represents the exothermic
transition from olivine to wadsleyite, and the phase transition and the sign of the
Clapeyron slope at the d660 are temperature-dependent. When the ambient temperature is
less than 1800 C, the dominant phase transition is from ringwoodite to perovskite (which
is termed post-spinel or pSp) with a Clapeyron slope ranging from -4.0 to -1.0 MPa/K
(refs.15,16). At higher temperatures, the dominant phase transition is from majorite
garnet to perovskite (post-garnet or pGt), which has a positive Clapeyron slope of +1.3
MPa/K (ref. 17). Previous receiver function studies to image the mantle transition zone
beneath Iceland lead to contradictory conclusions regarding the vertical and lateral

extents of the proposed Iceland plume®2L,

2. RECEIVER FUNCTION STACKING RESULTS

The procedure that we used for the acquisition and processing of the seismic data
from a total of 87 seismic stations (Figures 1-2) as well as the method of stacking the
receiver functions under the non-plane wave assumption can be found in the Method
section. As demonstrated in Figure 3 and Supplementary Figures S1 and S2, robust
arrivals corresponding to the 410 and d660 can be unambiguously identified on the vast
majority of the resulting depth series. Because the 1-D IASP91 Earth model was used for

time-depth conversion, the resulting depths and MTZ thickness (Figure 4-7 and
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Figure 3. Example stacked and time-depth converted receiver functions along two E-W
profiles. The background image shows Vp anomalies®*, and the purple dots on the traces
indicate the picked arrivals for the d410 and d660. The upper panels show the elevation
change along these profiles. Note that the entire mapped region is characterized by
negative Vp anomalies for both profiles.

Supplementary Table S1) are apparent rather than true values. The apparent depths of the
d410 and d660 in all the circular bins (with averages of 451+13 km and 701+16 km,
respectively) are greater than the global averages of 410 and 660 km and are positively
correlated, with a correlation coefficient of 0.83, suggesting the presence of upper mantle
LVZ that affects the apparent depths of both discontinuities. We also attempted to
obtained the true depths by correcting the apparent depths using several velocity models

(refs. 22-24), but found large inconsistences in the corrected discontinuity depths among



the velocity models (Supplementary Figures S3-S5). However, the MTZ thickness
pattern, from which the main conclusions are drawn, remains similar regardless of the
choice of models. Therefore, we will interpret the results primarily based on the
variations of the apparent discontinuity depths and MTZ thickness, with references to the
corrected depths.

The largest d410 and d660 apparent depths (483 km and 737 km respectively) are
located beneath south-central Iceland, which is close to the previously proposed center of
the Iceland mantle plume?®. The average MTZ thickness is 249+9 km, which is within
the range of estimated global MTZ thickness of 242.0 -250.8 km?>%, A NE-SW
elongated zone in central Iceland is characterized by apparently deeper d410 and d660
discontinuities comparing to the surrounding area, with a normal to slightly thicker MTZ
(Figures 4-7). The average apparent depth in this zone (which is termed “central zone”)
for the d410 and d660 and the MTZ thickness is 456£15 km, 712+ 15 km, and 2566 km,
respectively. The slightly greater-than-normal MTZ thickness is due to the larger
depression of the d660 relative to that of the d410. Outside the central zone, which is
referred as the peripheral area, both the d410 and d660 are apparently shallower than
those in the central zone, with apparent depths of d410 and d660 as 447+9 km and 68919
km respectively and an MTZ thickness of 242+8 km. The thinning of the MTZ is caused
by the smaller apparent depression of the d660 relative to that of the d410.

We next explore a number of models separately for the central zone and
peripheral area based on the observed MTZ thickness and discontinuity depths, by
considering two major factors affecting the apparent depths of the d410 and d660: 1)

velocity anomalies in the upper mantle and MTZ relative to the IASP91 standard earth
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model; and 2) temperature anomalies in the vicinity of the MTZ discontinuities estimated
from the P wave velocity anomalies using a scaling factor of §Vp/ 6T =0.00048 km s -1

[°C (ref. 27) and a Clapeyron slope of +2.9 MPa/K for the d410 (ref. 15).

3. MODEL FOR THE PERIPHERAL AREA

The simplest model that can explain the apparent depression of the MTZ
discontinuities and thickening of the MTZ for the peripheral area involves a VVp anomaly
of -0.95% traversing from the lower mantle to the surface (Supplementary Figure S10a).
The required Vp anomaly is comparable to that estimated using seismic tomography
(Supplementary Figure S11-S18), and the associated temperature anomaly of the LVZ is
about +178 K calculated based on the scaling factor?’, leading to an uplift of 6 km of the
d660 (Supplementary Figure S10a) calculated using a Clapeyron slope of -1.3 MPa K
(ref. 2°). Assuming a normal temperature of 1600 °C at the d660 (ref. 28), the estimated
temperature at the d660 is 1778 °C which is lower than the 1800 °C needed for the post-
garnet phase transition to become dominant?®. Therefore, the post-spinel transition
dominates in this area. The low velocities in both the upper mantle and MTZ lead to an
apparent depression of 35 km of the d660, and thus the net apparent d660 depression is
29 km, which is comparable to the observed value in this area. If other Clapeyron slopes
152930 (g.g., -2.1 MPa/K, -1 MPa/K, -2.5 MPa/K) are used for the d660, the predicted
d660 depths are still close to the observed values, with differences ranging from -6 km to
+1 km from the observed value. Therefore, observations in the peripheral area can be

explained by a thermal upwelling with a temperature anomaly of about 178 °C
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originating from the lower mantle and traversing the MTZ and the upper mantle

(Supplementary Figure S10a).
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Figure 4. Resulting apparent depths of the apparent d410 depth. The red line indicates the

plate boundary and the white triangles represent the distribution of major volcanoes. The

black dashed lines represent the boundary of the peripheral area and central zone divided
based on the MTZ thickness variations.
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Figure 5. Resulting apparent depths of the apparent d660 depth. The red line indicates the

plate boundary and the white triangles represent the distribution of major volcanoes. The

black dashed lines represent the boundary of the peripheral area and central zone divided
based on the MTZ thickness variations.
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Figure 6. Resulting spatial distribution of the MTZ thickness. The red line indicates the
plate boundary and the white triangles represent the distribution of major volcanoes. The
black dashed lines represent the boundary of the peripheral area and central zone divided

based on the MTZ thickness variations.
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Figure 7. Resulting spatial distribution of the MTZ thickness standard deviation (SD).
The red line indicates the plate boundary and the white triangles represent the distribution
of major volcanoes. The black dashed lines represent the boundary of the peripheral area
and central zone divided based on the MTZ thickness variations.
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4. MODELS FOR THE CENTRAL ZONE

Because the central zone has an MTZ thickness of 2566 km which is close to the
global average of 250 km (Figures 4-7 and Supplementary Figures S3-S9), an LVZ
limited in the upper mantle (Supplementary Figure S10b) with a VVp anomaly of -1.92%
could in principle account for the observations. However, this model cannot explain the
significant low velocities in the MTZ found by most seismic tomography studies
(Supplementary Figures S11-S18). If the LVZ extends to the lower mantle and the d660
represents the post-spinel transition (Supplementary Figure S10c), the required Vp
anomaly is -1.16%, and the resulting total depression by combining the effects of velocity
and thermal (218 K, calculated using the scaling factor27) anomalies for the d410 and
d660 is 46 and 35 km, respectively, leading to an MTZ that is 11 km thinner than the
global average which is inconsistent with the slightly thicker than normal MTZ observed
in this area. If we assume that the dominant phase transition is post-garnet, on the other
hand, the depression for the d660 becomes 51 km (calculated using a Clapeyron slope of
+1.3 MPa/K, ref. 17) which results in a slight MTZ thickening of 5 km which is in
agreement with the observations (Supplementary Figure S10d). The assumption that the
dominant phase transition across the d660 is the post-garnet phase transition, which
dominates in temperatures higher than 1800 C (ref. 17,29), is consistent with the

estimated temperature in the MTZ (~1818 °C).
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5. IMPLICATIONS FOR MANTLE PLUME DYNAMICS

A recent geodynamic modeling study* suggests that when both the post-spinel
and post-garnet phase transitions are involved at the d660, an upwelling plume
experiences significant increases in the size, strength of upwelling, and the volume flux
relative to typical mantle plumes with relatively lower temperature. The enhancement of
penetration capability and volume flux is mostly caused by the decomposition of
ringwoodite into garnet and magnesiowiistite and the associated density drop 42°. Our
results provide strong observational evidence for such a model. Additionally, the required
critical temperature for the change of dominant phase transition to occur4 is comparable
to the estimated temperature in the central zone.

Increasing temperature toward the plume center results in a change of dominant phase
transition across the d660 from post-spinel in the peripheral area to post-garnet in the
central zone (Figure 4). The co-existence of the two phase transitions explains the
abnormally large lateral plume dimension, which is larger than the area sampled by the
receiver functions (Supplementary Figure S19) and could reach ~1000 km on the basis of
seismic tomography images (Supplementary Figures S11-18). The anomalously large
size of the surface uplift and the excessive volcanism observed in Iceland and the
surrounding Atlantic region can be attributed to the broad mantle plume confirmed by the

study.
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Sea Level

da1o0

Figure 8. A schematic E-W cross-section showing the major characteristics of the
topography of the MTZ discontinuities. The dominant mineral phase transition across the
d660 is post-spinel (pSp) beneath the peripheral area and post-garnet (pGt) in the central
zone due to the increasing temperature toward the proposed plume center. The red arrows
indicate thermal upwelling.

6. METHODS

The data requesting and processing procedure used in this study is the same as
that used in ref. 3! for a MTZ study in the contiguous United States, and is briefly
summarized here. The cut-off magnitude for the events used to request data is calculated
by Mc= 5.2 + (A- Amin)/180.0- Amin) — D/Dmax, where A is the epicentral distance
ranging from 30° to 100°, Amin=30° is the minimum epicentral distance, D is the focal
depth in km, and Dmax=700 km. A four-pole, two—pass Bessel filter is applied to the
original data, and seismograms with a first arrival signal-to-noise ratio of 4.0 on the

vertical component are rejected. A total of 1399 high-quality receiver functions are
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obtained using the water-level deconvolution procedure in the frequency domain®2.
Additionally, we apply a set of exponential weighting functions to reduce the effects of
the degenerating PP arrivals3,

We image the d410 and d660 discontinuities using the same method in ref. 3.
Under the non-plane wave assumption, we apply the normal moveout corrections based
on the IASP91 standard earth model and compute the geographic coordinates of the ray
piercing points at a depth of 535 km for each of the RFs (Figures 1-2). Then we stack the
RFs in the consecutive circles of 1° radius. The number of RFs per circle is shown in
Supplementary Figure S19. A bootstrap resampling procedure3* with 50 iterations is used
to calculate the mean and standard deviation of the d410 and d660 depths, and the MTZ
thickness by picking the maximum stacking amplitude in a preset depth window of 380-
440 km for the d410 and 650-710 km for the d660. We apply a visual checking of the
stacked traces to reject unreliable peaks with small peak amplitudes and multiple peaks
with similar amplitudes by adjusting the searching window to pick the discontinuity

depth with respect to the largest amplitude of the arrivals.

6.1. VELOCITY CORRECTIONS USING DIFFERENT GLOBAL VELOCITY
MODELS
Since the resolution of regional velocity models is very low below 400 km depth
due to the limited aperture of seismic arrays at Iceland®, global models are used to
perform velocity corrections. Three different global velocity models are used: TX2019%,
GAP2013%, and UU2007%*. Among these velocity models, TX2019 contains both Vp

and Vs models, and others are P-wave models. For TX2019, we perform the correction
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using both the Vp and Vs models and with the Vp model with different y factors (1.8-3.0)
which is expressed as din(Vs)/d In(Vp). For other models, a constant y factor of 2.0 is
used. The resulting corrected depths and MTZ thickness are shown in Supplementary
Figures S3-S9. By comparing the results, we conclude that the corrected depths of both
discontinuities are significantly different when different models and different choices of y
factor are used, but the MTZ thickness pattern remains similar. Therefore, we interpret
the results based on the variations of the apparent discontinuity depths and MTZ

thickness obtained from the 1ASP91 standard earth model.
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Figure S2. Traces for each bin with 1° degree radius plotting with sequentially increasing
depth of (a) d410 (b) d660. Clear P-to-S arrivals can be observed at 102 bins for the
d410, 98 bins for the d660, and 97 bins for both.
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Figure S3. Wavespeed-corrected results using the TX2019 Vp and Vs models.
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Figure S4. Correction results using the TX2019 Vp model with y factors of 1.8.
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Figure S6. Correction results using the TX2019 Vp model with y factors of 2.5.
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Figure S7. Correction results using the TX2019 Vp model with y factors of 3.0.

26



GAP2013Vp(Gamma=2.0)
(a) d410 Depth(km)

69°

480
470
460
450

- 440

- 430

- 420

- 410

‘L 400

27 g

1
(b) d660 Depth(km)

69 ]
o S R 740

720
700
680
660

640

-30°

224t o 4y a5 A2
(c) MTZ Thickness(km)

69° 270

260
250
240
230

220

Figure S8. Correction results using the Vp models of GAP2013.
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Figure S9. Correction results using the Vp models of UU2007.
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Figure S10. Schematic models to explain the observed apparent depressions of the MTZ
discontinuities for the peripheral area (a) and the central zone (b-d). The wavespeed and
temperature anomalies are estimated by the topography of the d410. The numbers at the
d660 are the corrected amounts of the apparent depression for the d660 using the velocity
and temperature anomalies. The dominant phase transition across the d660 for the
models in a-c is post-spinel (pSp), and that for the model in d is post-garnet (pGt).
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Figure S11. Mean wavespeed anomalies in the upper 410 km calculated using velocity
model TX2019Vp.
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Figure S12. Mean wavespeed anomalies in the upper 410 km calculated using velocity

model GAP2013Vp.
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Figure S13. Mean wavespeed anomalies in the upper 410 km calculated using velocity
model UU2007Vp .
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Figure S14. Mean wavespeed anomalies in the upper 410 km calculated using velocity
model TX2019VpVs.
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Figure S15. Mean wavespeed anomalies in the MTZ calculated using velocity model

TX2019Vp.
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Figure S16. Mean wavespeed anomalies in the MTZ calculated using velocity model
GAP2013Vp.
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Figure S17. Mean wavespeed anomalies in the MTZ calculated using velocity model
Uu2007Vp.
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Figure S18. Mean wavespeed anomalies in the MTZ calculated using velocity model
TX2019VpVs.
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Figure S19. Distribution of the center of the circular bins (circles). For a given bin, the
color of the circle shows the number of receiver functions in the bin.
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Figure S21. Trace plot along the latitude N62 profile. Black circles and bars indicate the
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Numbers above each trace show the numbers of receiver functions stacked in each bin.
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Figure S22. Trace plot along the latitude N63 profile. Black circles and bars indicate the
picked peaks of the d410 and d660 arrivals and the standard deviations, respectively.
Numbers above each trace show the numbers of receiver functions stacked in each bin.
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Figure S23. Trace plot along the latitude N64 profile. Black circles and bars indicate the
picked peaks of the d410 and d660 arrivals and the standard deviations, respectively.
Numbers above each trace show the numbers of receiver functions stacked in each bin.
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Figure S24. Trace plot along the latitude N65 profile. Black circles and bars indicate the
picked peaks of the d410 and d660 arrivals and the standard deviations, respectively.
Numbers above each trace show the numbers of receiver functions stacked in each bin.
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Figure S25. Trace plot along the latitude N66 profile. Black circles and bars indicate the
picked peaks of the d410 and d660 arrivals and the standard deviations, respectively.
Numbers above each trace show the numbers of receiver functions stacked in each bin.
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Figure S26. Trace plot along the latitude N67 profile. Black circles and bars indicate the
picked peaks of the d410 and d660 arrivals and the standard deviations, respectively.
Numbers above each trace show the numbers of receiver functions stacked in each bin.
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Figure S27. Trace plot along the latitude N68 profile. Black circles and bars indicate the
picked peaks of the d410 and d660 arrivals and the standard deviations, respectively.
Numbers above each trace show the numbers of receiver functions stacked in each bin.
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S

Figure S28. The spatial distribution of the amplitude ratio of the d410 over the d660
arrivals. The black lines indicate the mid-Atlantic Ridge (or the plate boundary), and the
white triangles indicate the distribution of surface volcanoes. The blue area indicates the
significant lower amplitude of the d660 arrivals with respect to that of the d410 arrivals

caused by the attenuation effect of water on S waves. The white area and red area
represent the areas with comparable and lower amplitude ratios, respectively. The
possible causes of the smaller amplitude of the d660 with respect to that of the d410 are:
(1) The water in the lower MTZ causes the effect of wave attenuation for the shear wave
arrivals at the d660; (2) The longer pressure interval of the pGt transition comparing with
that of the pSp transition; (3) The spacial variation of the d660 depths.

Table S1. Resulting apparent depths of the d410 and the d660 and the MTZ thickness for
each bin. A value of zero means the measurement is non-existent.

d660 MTZ
Latitude Longitude | d410 (km) | (km) Thickness(km)
63 -10 432 0 0
66 -10 0 687 0
63 -11 432 0 0
64 -11 446 689 242
65 -11 445 698 252
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Table S1. Resulting apparent depths of the d410 and the d660 and the MTZ thickness for

each bin (cont.).

66 11 445 685 240
63 12 442 698 256
64 12 444 700 256
65 12 445 692 247
66 12 443 683 240
67 12 429 686 256
63 113 463 697 234
64 13 449 695 246
65 13 446 692 245
66 13 444 690 246
67 13 431 687 256
68 13 446 695 249
63 -14 458 697 239
64 -14 449 701 251
65 -14 450 707 257
66 -14 453 718 265
67 -14 455 688 232
68 -14 443 695 251
62 15 443 696 253
63 15 457 697 240
64 15 452 703 250
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Table S1. Resulting apparent depths of the d410 and the d660 and the MTZ thickness for

each bin (cont.).

65 -15 451 719 267
66 -15 459 715 256
67 -15 456 697 240
68 -15 437 695 258
62 -16 445 697 252
63 -16 451 704 252
64 -16 460 706 246
65 -16 469 722 253
66 -16 461 716 254
67 -16 458 709 251
68 -16 438 695 257
62 -17 446 0 0

63 -17 483 737 254
64 -17 470 732 262
65 -17 472 735 262
66 -17 461 716 254
67 -17 460 714 253
68 -17 438 694 256
68 -18 443 691 247
67 -18 461 714 253
66 -18 463 714 251
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Table S1. Resulting apparent depths of the d410 and the d660 and the MTZ thickness for

each bin (cont.).

65 -18 471 734 263
64 -18 474 728 254
63 -18 483 736 253
62 -18 446 0 0

68 -19 437 687 249
67 -19 453 713 260
66 -19 471 715 244
65 -19 472 729 257
64 -19 475 729 254
63 -19 484 737 253
68 -20 445 0 0

67 -20 450 715 265
66 -20 466 717 251
65 -20 470 728 258
64 -20 472 730 258
63 -20 446 692 246
62 -20 439 695 256
68 -21 446 690 243
67 -21 450 717 267
66 -21 455 719 264
65 -21 475 718 243
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Table S1. Resulting apparent depths of the d410 and the d660 and the MTZ thickness for

each bin (cont.).

64 -21 468 714 246
63 -21 442 697 255
62 -21 436 693 256
68 -22 447 684 237
67 -22 447 699 251
66 -22 457 717 260
65 -22 466 716 250
64 -22 460 702 241
63 -22 438 693 254
68 -23 441 688 247
62 -22 435 696 260
67 -23 445 677 232
66 -23 448 715 266
65 -23 452 709 257
64 -23 459 690 231
68 -24 439 684 245
63 -23 433 695 262
67 -24 436 672 236
62 -23 433 696 262
66 -24 443 688 245
65 -24 451 691 240
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Table S1. Resulting apparent depths of the d410 and the d660 and the MTZ thickness for

each bin (cont.).

68 -25 438 674 236
64 -24 458 691 232
67 -25 442 677 235
63 -24 437 684 247
66 -25 447 686 239
65 -25 446 690 243
68 -26 437 674 236
64 -25 461 690 228
67 -26 441 680 238
63 -25 435 671 235
66 -26 449 683 233
65 -26 448 690 242
64 -26 459 696 236
63 -26 426 674 248
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SECTION

2. CONCLUSIONS

We imaged the MTZ discontinuities beneath Iceland using P-to-S receiver
functions. The central and eastern parts of Iceland (the central zone) are characterized by
a normal to slightly thicker-than-normal MTZ, while the peripheral area demonstrates a
thinner-than-normal MTZ. We discussed several possible models to interpret the results
based on recently published geodynamic and mineralogical studies. The MTZ thickness
and the apparent topography of the d410 and the d660 are controlled by velocity
anomaly, thermal anomaly, and the associated mineral phase transitions. The P wave
velocity (temperature) anomalies caused by the plume are estimated to be ranged from -
0.95 % (178 K) at the peripheral area to -1.16% (218 K) at the central zone. The
Clapeyron slope is increasing concomitant with increasing proportions of garnet phase
toward the plume center. The phase transitions at the d660 beneath Central Iceland has a
significant impact on the plume dynamics. The increasing proportion of garnet phase
with increasing temperature significantly promotes the plume upwelling. The proposed
broad plume model from this study is consistent with recently published geodynamic

model.
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