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According to classical plume theory, the Tristan da Cunha hotspot, located ∼400 km east off the Mid-
Atlantic Ridge, is thought to have played a major role in the rifting while creating an aseismic Walvis 
Ridge during and after the breakup of the South Atlantic margins. Volcanic activity on the Tristan da 
Cunha Island shows that the hotspot might still be there influencing the upper mantle and crustal 
structure. In this study we present ambient noise data from 24 broadband OBS around Tristan da Cunha 
and a seismic station on Nightingale Island, which provide first constraints on the crustal and uppermost 
mantle structure around the island. By combining ambient noise techniques, dispersion curve analysis of 
Rayleigh waves, 2D tomographic inversion of travel times and 3D depth inversion of dispersion data we 
derived a 3D VS velocity model around the archipelago of Tristan da Cunha. The model shows an isolated, 
vertically sharp bounded thickened and modified crust beneath the islands surrounded by thin oceanic 
crust (<5 km). The velocity anomaly shows a typical volcanic structure with a shallow high velocity 
body and a low velocity root reaching into the upper mantle, which we interpret as shallow solidified 
magmatic material and volcanic feeding system/magmatic underplating, respectively. The observed simple 
and localized volcanic structure, embedded in a rather homogeneous crust and upper mantle indicates 
only minor and very localized magmatic overprinting of the existing lithosphere by the Tristan da Cunha 
hotspot. The uppermost mantle S wave velocity beneath nearby seamounts and to the SW of the islands 
is also slow and could indicate a thermal influence from a deeper source, whereas the Tristan da Cunha 
Fracture Zone shows no signs of modification.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Tristan da Cunha is located in the South Atlantic approximately 
400 km to the east of the Mid-Atlantic Ridge (Fig. 1). It repre-
sents the southwestern termination of the aseismic Walvis Ridge, 
which is believed to represent one of the classical hot spot tracks 
(O’Connor and Duncan, 1990) and might mark the recent posi-
tion of a mantle plume (Morgan, 1971; Courtillot et al., 2003). 
There is ongoing discussion, if the Tristan da Cunha Mantle Plume 
played a major role in driving the break-up of the South Atlantic 
∼132 Ma (Fromm et al., 2015; Ryberg et al., 2015). The search 
for any geophysical/thermal anomalies within the crust and up-
permost mantle beneath Tristan da Cunha was the starting point 
of a multi-disciplinary geophysical experiment by acquiring pas-
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sive marine electromagnetic, seismic, and bathymetric data within 
the framework of the SPP1375 South Atlantic Margin Processes 
and Links with onshore Evolution (SAMPLE) funded by the German 
Science foundation. The experiment included two ship expeditions 
on-board the German R/V MARIA S. MERIAN in 2012 and 2013. 
First we intended to image a likely anomalous lithosphere struc-
ture beneath the active ocean island volcano. A second objective 
was to find constraints on potential interactions of the assumed 
mantle plume with the nearby mid-ocean ridge, as it is suggested 
by geochemical data (Schilling et al., 1985), as well as the potential 
influence of the nearby Tristan da Cunha Fracture Zone (TDCFZ).

In general, any strong interaction of a thermal anomaly with 
melting at the mid-ocean ridge should result in the production of 
thicker oceanic crust (White et al., 1992). Due to the absence of 
deep seismic refraction data we used here Rayleigh surface waves 
recovered from ambient ocean noise to study the lateral variations 
of the crust in the vicinity of Tristan da Cunha. The data process-
ing methods consisted of several steps: ambient noise analysis, 2D 
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Fig. 1. Map of study region with 24 ocean bottom seismic broad band stations and 2 land stations at Tristan da Cunha islands (TDC) indicated by red triangles (no data for 
gray stations). The volcanic islands are located ∼400 km E of the Mid-Atlantic Ridge (MAR). The black box indicates the actual area of velocity inversion. Sea-floor ages are 
from Müller et al. (2008). The dashed lines show the location of the Speedwell-Hercules Seamount Chain (SHSC) and Tristan da Cunha Fault Zone (TDCFZ). (For interpretation 
of the references to color in this figure, the reader is referred to the web version of this article.)
Rayleigh wave tomography followed by a depth conversion accord-
ing to Ryberg et al. (2016), now adapted and firstly applied to 
ocean bottom data.

Tristan da Cunha is part of a remote group of active volcanic is-
lands in the South Atlantic, consisting of the islands of Tristan da 
Cunha, Nightingale and Inaccessible. The southernmost volcano is 
Gough Island located about 400 km further south. The largest is-
land, Tristan da Cunha is still volcanically active (Fig. 1). The last 
eruption happened here in 1961. With an elevation of more than 
2000 m it rises >5.5 km above the adjacent sea floor. In 2004, 
there are reports on a submarine eruption south of the island (e.g., 
O’Mongain et al., 2007). Tristan da Cunha is suggested to represent 
a classical example of the active end of a hotspot track, with a 
characteristic age progression starting at ∼132 Ma at the Etendeka 
flood basalt province on the African continent (Hicks et al., 2012;
O’Connor and Duncan, 1990). On the conjugate South American 
plate, the Paraná continental flood basalts and the submarine Rio 
Grande Rise also document the magmatic history (∼132–70 Ma) of 
the Tristan–Gough hotspot track system. One characteristic of the 
young end of the hotspot track is the wide scattering of seamounts, 
which actually forms multiple tracks, as it is documented also 
in geochemistry of the volcanic rocks (Rohde et al., 2013). The 
Speedwell-Hercules Seamount Chain (Fig. 1, SHSC) is located south 
of the Tristan da Cunha Fracture Zone at the southern periphery of 
our seismological network.

Only recently, new geophysical (Baba et al., 2016; Geissler et al., 
in press; Schloemer et al., 2017) and petrological data (Weit et al., 
2016) were published which help to better constrain the under-
lying causes for the magmatic activity in this intra-plate setting. 
Whereas Baba et al. (2016) did not find evidence from magne-
totelluric data for the existence of a mantle plume beneath the 
study area, Schloemer et al. (2017) imaged a low P-wave velocity 
conduit within the upper mantle, which could represent the up-
permost part of a weak mantle plume. Geissler et al. (in press)
studied the thicknesses of the crust, lithosphere and mantle tran-
sition zone by means of receiver functions. Due to very noisy and 
therefore questionable observations of converted phases from the 
mantle transition zone to the south of Tristan da Cunha, Geissler 
et al. (in press) only found weak indications for a mantle plume at 
mid-mantle depths. Weit et al. (2016) studied the magmatic sys-
tem beneath Tristan da Cunha analyzing thermo-barometric data 
and found rock crystallization depths of 6–10 and 24–36 km, rep-
resenting potential levels of magmatic intrusions into the crust and 
uppermost mantle. Furthermore, Weit et al. (2016) modeled the 
origin of the associated magmas in a depth range of ∼60 km to 
∼80–100 km.

2. Data acquisition

Between February 2012 and January 2013 a network of 24 
broadband ocean-bottom seismometers (OBS) was in operation 
around the volcanic archipelago of Tristan da Cunha, comple-
mented by a temporary land station on Nightingale Island (Fig. 1). 
The permanent station TRIS (Global Seismograph Network) failed 
to record data during the duration of our experiment. The seismo-
logical network had a size of approximately 500 km by 350 km. 
The OBS were equipped with Güralp CMG-40T broadband seis-
mometer (60 s) incorporated in a titanium pressure housing, a 
hydrophone, and a GEOLON MCS (Marine Compact Seismocorder) 
data logger. Each sensor channel was sampled at 50 Hz (2 broad 
band OBS at 100 Hz) up to 350 days, preamplifier gain of the 
hydrophone channel was 4 and 1 for the three seismometer com-
ponents. The noise level and spectral content of the OBS and land 
station recordings are typical for oceanic environments with dom-
inating signal periods around 5 s (Fig. S1).
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Fig. 2. Example of dispersion curve analysis (left panel) of hydrophone component seismic record (right panel) between station 01 and 11 (locations indicated in Fig. 1). 
Note the slight asymmetry between the causal (red) and acausal (blue) phases. The dispersion curve analysis is in the left panel (red colors indicate high, blue colors low 
amplitudes). Traces are normalized in every frequency/period band, travel time picks are indicated by white dots. Corresponding group velocities are indicated at the right 
side of the panel. A highly dispersed surface wave (Rayleigh/Scholte phases) can be identified for signal periods between 30 and 3 s. (For interpretation of the references to 
color in this figure, the reader is referred to the web version of this article.)
For analysis purposes we used the vertical seismometer and 
hydrophone component data from 22 stations which were recov-
ered and appeared to be of good quality. Then, as a part of pre-
processing stage, these data had been then restituted, decimated 
to 5 samples per second and split into daily segments for further 
processing.

3. Methods

Surface wave analysis of seismic ambient noise based investi-
gation allows focusing primarily on crustal and uppermost man-
tle structures ranging from global to local scales (depending on 
network design), which is hard to achieve in surface wave dis-
persion method due to scattering and attenuation. The fundamen-
tal mode of Rayleigh waves in Green’s functions between adja-
cent stations can be successfully extracted from sufficiently long 
recordings of seismic ambient noise, providing input to struc-
tural analysis with tomographic methods. Assuming that the noise 
sources are randomly distributed in space, cross-correlation of 
recordings of diffuse wave fields allow retrieving the Green’s func-
tion or seismic impulse response. Most of the research and ap-
plication of this technique focuses on the recovery and analysis 
of surface waves from ambient noise (Campillo and Paul, 2003;
Shapiro et al., 2005; Schuster, 2009; Campillo and Roux, 2014). 
Several surveys, successfully targeting at onshore volcanoes re-
lated structures (magma chambers, volcanic deposits, volcanic ed-
ifices, calderas, etc.) had been conducted (Stankiewicz et al., 2010;
Jaxybulatov et al., 2014; Zulfakriza et al., 2014; Matos et al., 2015;
Shomali and Shirzad, 2015; Mordret et al., 2015; Brenguier et 
al., 2007; Jay et al., 2012; Masterlark et al., 2010; Spica et al., 
2015). Only a few studies involving ocean bottom seismographs or 
amphibious seismic instrumentation exist targeting at marine vol-
canic structures and basins (Harmon et al., 2007; Zha et al., 2014;
Corela et al., 2017) and shallow marine sediments (Mordret et al., 
2013).

A combination of several methods was applied to the data to 
derive a final S-wave velocity model (Ryberg et al., 2016). Ac-
cording to Bensen et al. (2007) we whitened the spectra, ap-
plied one-bit normalization, cross-correlated data of station pairs 
in the frequency domain, and subsequently stacked the daily cross-
correlations. The correlation function corresponds to the Green’s 
function of seismic waves traveling from station 1 to station 2 and 
vice-versa. Cross-correlations at land stations are generally dom-
inated by surface waves, since most of the background noise is 
assumed to be caused by surface processes. However, in the case 
of stations at the ocean floor, most of the noise will be created at 
the sea surface, within the (thick) water column and as well at the 
seafloor. Since we cross-correlated all vertical and all hydrophone 
component data individually, the surface waves we retrieved are 
mainly Rayleigh waves. Judging from the daily cross-correlations 
the noise sources appear to be stable, no strong seasonal changes 
of noise sources could be observed, while the spatial distribution 
of noise sources is non-uniform (Fig. S2). Fig. S3 shows a distance 
sorted plot of all obtained cross-correlations with a clearly visible 
fundamental mode Rayleigh wave, which in our case is actually a 
Scholte wave (Scholte, 1947), because of the presence of a water 
layer.

We determined the group velocities of the Rayleigh waves us-
ing a multiple-filter, frequency-time analysis (Dziewonski et al., 
1969). Fig. 2 shows the result of the frequency-time analysis for 
the station pair 01–11, dominated by a fundamental mode Rayleigh 
wave. Group velocities had been picked manually for vertical (ZZ) 
and hydrophone (HH) component data cross-correlations, result-
ing in ∼30000 group velocity determinations in the period range 
from 2 to 30 s (at 84 different periods, Fig. S4) individually for 
the causal and acausal phases. Generally, the group velocities for 
both phases match well. Group velocities determined by HH and 
ZZ cross-correlations virtually coincide for a given station pair. We 
observed occasionally that for one component the signal-to-noise 
ratio at the lowest and/or highest signal frequencies of interest 
(Fig. S4) was better than for the other one. Group velocity determi-
nations for short inter-station distances had been avoided because 
of the far-field approximation of the time-domain signal by requir-
ing a minimum of three wavelengths for inter-station distance.
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For each single period, the group velocities (or travel time picks 
of Rayleigh waves) between station pairs were used to derive 
group velocity maps applying the FMST (Fast Marching Surface To-
mography) package (Rawlinson and Sambridge, 2005). We used an 
inversion grid composed of 15 by 20 cells with a cell size of ∼35 
by ∼38 km. The homogeneous starting velocity model was data 
driven; picking outliers were removed automatically during the in-
version according to Ryberg et al. (2016). Fig. S5 shows an example 
of the group velocity map at a period of 3.74 s.

It is well known that the water column above the OBS has a 
significant influence on the dispersion curves. Dispersion curves 
between station pairs contain information from both, the crustal 
and upper mantle structure and the (varying) water depth along 
the ray path between the stations. The 2D tomography for a se-
lected signal period derives a 2D group velocity map by spatially 
“decomposing” inter-station group velocity dispersion data. The 
complete set of group velocity map for all signal periods can be 
interpreted as a set of virtual dispersion curves at every inver-
sion grid point. Note that these virtual dispersion curves in every 
grid cell still contain information from both, the local subsurface 
structure (crust and upper mantle) and the local (grid cell specific) 
water depth. In the following step, we performed a search for a 
local velocity model by inverting the virtual dispersion curve. Dur-
ing this step we considered a local (grid cell specific) water depth, 
thus separating the influence of the water column from the crustal 
and upper mantle velocity structure.

The output of the group velocity tomography was a set of 
two-dimensional velocity maps at 84 periods. We inverted for 
one-dimensional velocity depth functions Vs(z) at every grid point 
by inverting the corresponding tomographically derived dispersion 
curve. The inversion of group velocity dispersion curves for Vs 
depth functions is highly non-unique, especially when using only 
fundamental mode Rayleigh wave information as in the present 
study. The incorporation of other surface waves (Love, higher 
modes, etc.) and/or body waves (receiver functions, P- and S-
waves, etc.) might help to reduce the depth inversion ambiguities. 
Several strategies address the non-uniqueness of the depth inver-
sion process. The inclusion of a priori information from other inves-
tigations (e.g. Matos et al., 2015; Stehly et al., 2009; Li et al., 2012;
Shen et al., 2013) can be used to derive a background or start-
ing models to reduce the ambiguity of the surface wave depth 
inversion step. Another strategy could be to investigate systemat-
ically the low dimensional model space (layer thickness and ve-
locities) by Monte Carlo methods and Bayesian approaches (e.g. 
Brenguier et al., 2007; Stehly et al., 2009; Shen et al., 2013;
Macquet et al., 2014). In our study we used the code surf96
(Herrmann and Ammon, 2004), which is based on an iterative 
linearized least-square inversion. This inversion technique needs 
a reasonable starting velocity model. Instead of using an a priori
model we determined a data driven starting velocity model. We 
inverted the averaged dispersion curve (mean group velocity for 
every period) with a large number (>20000) of randomly chosen 
starting models (random layer thickness from 0.5 to several km, 
and velocity values covering the range of crustal and uppermost 
mantle rocks: Vs from 0.1 to 4.5 km/s, assuming a V p/V s ratio and 
density according to Brocher (2005). The 10000 best fitting mod-
els were averaged and used as a reasonable starting model with 
16 layers (Figs. S7 and S8). We then inverted for 1D structure in 
every grid cell to construct a 3D model. The actual depth inversion 
was done at every grid cell assuming the local average ocean depth 
(ETOPO2) and local tomographically derived dispersion curve. Con-
sidering the local water depth is crucial, since the water column 
above the inversion cell has a significant impact on the inversion 
result.

To assess the resolving power of the imaging technique we 
performed checkerboard tests to evaluate the spatial resolution. 
We tested 2D checkerboards (20% velocity perturbations for ev-
ery 84 signal periods, ∼80 by ∼80 km). This recovery test was 
designed to test mainly the horizontal resolution of structural fea-
tures. By combining the two inversion techniques (2D tomography 
and depth inversion) to the checkerboard data set we are also 
able to evaluate the limited depth resolution introduced by the 
depth inversion step. Although this is not a complete 3D checker-
board test, necessary to correctly estimate spatial resolution (lat-
erally and vertically), we generally found a good spatial recovery 
at shallower depth, degrading somewhat at depth (Fig. S9). The 
checkerboard recovery test was also used to determine the regu-
larization parameters (with optimal damping ε = 5 and smoothing 
η = 1, notation as used in FMST, Rawlinson and Sambridge, 2005). 
The choice of these parameters appeared to have only a small im-
pact on the final inversion result.

4. Results

We present four depth slices (Fig. 3) for our 3D S-wave model 
at 4, 5.5, 10.5 and 14.5 km depths. To enhance structural features 
we show the velocity perturbation with respect to the mean at 
that depth, the latter coinciding with the velocity value of the 
starting model. The 4 km-depth slice (mostly just below sea bot-
tom) is dominated by a circular high velocity zone of ∼100 km 
diameter, centered on the Tristan da Cunha Island. The velocity 
values outside this high velocity anomaly are significantly lower, 
except in the southwestern part of the study region. At greater 
depths (∼5.5 km), the shape of the velocity anomaly still persists, 
but the relative velocity contrast is reduced. At depths of ∼10.5 
km, we observe decreased velocities directly beneath the islands, 
surrounded mainly in the NE by higher velocities. Towards the SW 
we also observe low velocities at 10.5 km depth. The last depth 
slice at ∼15 km does not show/resolve any significant velocity 
variations.

Fig. 4 shows a latitudinal and a longitudinal vertical depth slice 
through the 3D model, centered on Tristan da Cunha (Fig. S10 
shows the same slices with relative velocity color scale). The shal-
low submarine part of the volcanic islands (the flanks) down to 
3 km model depth is characterized by very low S wave velocities 
not exceeding 1.5 km/s (see also Figs. S6, S7), similar to those of 
4 km depth slice of Fig. 3. Off the volcano region, a low velocity 
layer is observed down to ∼5 km model depth (1 to 1.5 km below 
the seafloor) with velocities between 1.5 and 1.8 km/s. Again, a 
shallow (at around 5 km depth) high velocity body (Vs ∼2.5 km/s, 
5 km depth slice Fig. 3) exists beneath the islands. Deeper be-
low the island, at 8 km model depth (down to ∼13 km, com-
pare to 10.5 km depth slice Fig. 3), anomalous low velocities of 
about 3 km/s are present, surrounded by typical mantle velocities 
(>4 km/s). Fig. 4(a) also illustrates high velocities in the upper-
most mantle beneath the Tristan da Cunha Fracture Zone, but rela-
tively low velocities further south towards the Speedwell-Hercules 
Seamount Chain.

Although the starting model was carefully chosen (Fig. S7), the 
absolute velocity values of our model still depend significantly on 
the starting model. Even further, given the nature and sensitivity of 
Rayleigh waves with depth (depth dependent smoothing), no sharp 
discontinuities (Moho) and, thus, no reliable absolute crustal thick-
nesses can be determined. This might hinder a direct comparison 
of absolute velocity and crustal thickness values of our 3D model 
with seismic velocities otherwise derived.

5. Interpretation

The oceanic crust and underlying lithosphere in the study area 
was formed at the mid-Atlantic ridge between 30–10 Ma (Müller 
et al., 2008). If a strong mantle plume contributed to the melting 
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Fig. 3. Horizontal depth slices (relative scale) through final Vs model. Note the high and low velocity anomalies at the islands of Tristan da Cunha. Small dots indicate the 
inversion cells centers, black triangles show the seismic network. Depths (below sea level) and average velocities are shown. Lines indicate position of slices shown in Fig. 4.

Fig. 4. Vertical cross sections (absolute scale) through final Vs model, centered at Tristan da Cunha. Low to very low velocities are present in the shallowest part of the model. 
A high velocity body just below the island reaches down to 5 km depth. The deeper (mantle) part below TDC is characterized by anomalous low velocities. Location of the 
slices are marked in Fig. 3. The high velocity region marked with x is interpreted as solidified basaltic intrusions. The deeper reaching low velocity region marked with xx 
might represent partially molten magmas.
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Fig. 5. 3D model view from SW towards Tristan da Cunha (TdC). The low velocities beneath the islands are clearly illustrated as well as the thin oceanic crust in the 
surrounding. Low velocities beneath the Speedwell-Hercules Seamount Chain (SHSC) might be real but are not well resolved at the periphery of the seismological network. 
The Tristan-da-Cunha Fracture Zone (TDCFZ) seems to be associated with increased (normal) S wave velocities in the uppermost mantle.
along the mid-ocean ridge, we should expect thicker than normal 
oceanic crust over all the study area (see White et al., 1992). Also 
we would expect additional hotspot material was added to the 
lower crust and therefore thickened the pre-existing oceanic crust 
above the potential location of the mantle plume, which have been 
active in our study area at least during the last ∼0.5–1 Ma, the 
lifetime of Tristan da Cunha (O’Connor and le Roex, 1992).

Though we technically can interpret the crustal thickness only 
qualitatively due to missing depth sensitivity of the method, we 
observe a relatively thin oceanic crust in the study area. The thick-
ness of <5 km is comparable with results from a receiver function 
study (Geissler et al., in press) within the uncertainties of both 
methods. Similar results are reported from an active seismic ex-
periment northeast of our study area across the Walvis Ridge at 
4◦W (Jokat and Reents, 2017). In the Cape Basin adjacent to the 
aseismic ridge only 4 km thick crust on average has been detected. 
The internal structure and relative thickness of the oceanic crust 
do not vary dramatically in our study area, except for that areas 
overprinted by young volcanic activity in close vicinity to the is-
lands and seamounts. That means that a potential mantle plume 
did not strongly enhance the melting along the mid-oceanic ridge 
by adding heat to the system.

We interpret the uppermost crust (first few km) with its rel-
atively low velocities around the island as volcanic effusiva and 
volcanoclastic sediments, deposited at and along the flanks of the 
volcanic island. The shallow low velocity layer at the top of the 
crust surrounding the islands might represent the typical upper-
most oceanic crustal layer (Christensen and Salisbury, 1975) con-
sisting of pillow basalts with only a thin sedimentary veneer. There 
are no major differences between the regions north and south of 
Tristan da Cunha (NS direction) in terms of crustal thickness or 
internal crustal structure, indicating comparable melting regimes 
(potential temperature) below the mid-ocean ridge segment axes 
(White et al., 1992). The relatively high velocity anomaly located 
at 4.5–5.0 km depth just beneath the volcanic edifices (marked 
with x in Figs. 4 and S10) might be solidified basaltic intrusions.

We interpret the well-developed almost vertical structure of 
anomalous low velocities (marked with xx in Figs. 4 and S10) be-
low the archipelago starting at 7 km depth and reaching at least 
down to ∼13 km as crystallized and partially molten magmas 
emplaced close to the pre-existing oceanic Moho (Fig. 5), in accor-
dance with petrological data from Weit et al. (2016). The apparent 
absence of expected, deep reaching magmatic feeding structures at 
shallower depth could be easily explained by the expected smaller 
size of the feeding pathways through the volcanic structure, which 
is beyond the resolution of our applied method. Interestingly the 
observed major velocity anomaly beneath the volcanic edifices of 
Tristan da Cunha is laterally very sharp (Fig. 5). This indicates that 
the magmatic modification of the lithosphere is restricted to an 
area of about 100 km in diameter, which might have been sta-
ble in position over the time of formation of Tristan da Cunha 
(0.5–1 Ma, O’Connor and le Roex, 1992). There is a minor slow 
velocity anomaly in the uppermost mantle in the vicinity of the 
Speedwell-Hercules seamount chain (see Fig. 5). This might be 
again an indication of the magmatic overprint (intrusions) within 
the uppermost mantle beneath those underwater volcanoes com-
parable to Tristan da Cunha but smaller in size and volume.

As it can be seen from Fig. 4 we observe higher shear wave 
velocities in the uppermost mantle to the North and East of Tris-
tan da Cunha (see also Figs. S6 and S7). This area is also char-
acterized by an anomalously deeper seafloor (Baba et al., 2016). 
In contrast we found the above-mentioned low-velocity anomalies 
beneath the islands and seamounts, but also relatively low veloc-
ities in the uppermost mantle in the SW part of the study area 
(Figs. S6 and S7). Schloemer et al. (2017) image in our research 
area a low P-wave velocity conduit in the upper mantle in 100 
to >250 km depth, which they interpret as the expression of a 
weak mantle plume. This area of reduced seismic velocities might 
be an indication that the uppermost (shallow lithospheric) man-
tle shows the very first signs of magmatic overprinting without 
major volcanic centers at the seafloor. In this area there are not 
yet major seamounts reported, which can be identified by satellite 
derived bathymetry. However, high-resolution ship-born bathymet-
ric data provide first signs of intra-plate volcanism (Geissler et 
al., pers. commun.). Alternatively, slower S wave velocities in the 
SW of Tristan da Cunha might partly still reflect the different age 
and therefore temperature of the oceanic lithosphere north and 
south of the Tristan da Cunha Fracture Zone (TDCFZ). Since our 
data images only the shallowest part of the oceanic lithosphere, 
it is not conclusive about seismic/electromagnetic anomalies and 
related geodynamic processes in the asthenosphere or the deeper 
lithosphere. Just from this ambient seismic noise study we can-
not contribute to the debate on the existence of a weak mantle 
plume in close vicinity to Tristan da Cunha and its potential in-
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teraction with the overlying oceanic lithosphere (Baba et al., 2016;
Schloemer et al., 2017).

Our results displayed in Figs. 4 and 5 (see also Figs. S6 and 
S7) clearly illustrate that the Tristan da Cunha Fracture Zone (TD-
CFZ) is not only a topographical feature but can be traced seis-
mically into the uppermost mantle. Even if it seems obvious that 
transform faults and fracture zones are lithosphere-scale features, 
the deep (upper mantle) structure of fracture zones is still under-
explored. Crustal scale studies and geological sampling provided 
sufficient evidence that many of the major transform and fracture 
zones are underlain by thin crust, ultramafic rocks, serpentinites 
and mylonites (e.g., Detrick and Purdy, 1980; White et al., 1984;
Maia et al., 2016 and references therein). Transform faults and 
therefore also fracture zones are assumed to be cooler than the ad-
jacent plate segments (e.g., Morgan and Forsyth, 1988), thus they 
should have higher uppermost mantle seismic S wave velocities 
compared to the hotter segment centers.

The uppermost mantle seismic velocities beneath the western 
TDCFZ seem to be normal in comparison to the decreased veloci-
ties beneath Tristan da Cunha, the Speedwell-Hercules Seamount 
chain and the western part of the southern plate segment (see 
Figs. S11, S12). For the later one it is difficult to differentiate 
between the thermal effects of the cooling plate segments and 
any recent magmatic overprint by a potentially underlying mantle 
plume. East of Tristan da Cunha (12◦W), the TDCFZ is not visible 
as a strong uppermost mantle feature anymore in our tomography 
sections, but still higher uppermost mantle seismic velocities are 
imaged towards the northern (older) segment.

6. Conclusions

We derived a 3D S wave velocity model around the Tristan da 
Cunha archipelago by analyzing ambient seismic noise. The crustal 
and upper mantle structure surrounding Tristan da Cunha Island 
is surprisingly homogeneous. We map relatively thin oceanic crust 
(<5 km) north and south of the Tristan da Cunha Fracture Zone, 
keeping in mind that the depth and velocity resolving capabilities 
of Rayleigh waves alone (with only fundamental mode) is limited. 
We take this overall thin oceanic (magmatic) crust as evidence that 
there is no major contribution of a potential mantle plume and 
melt anomaly to the crustal production at the nearby mid-ocean 
ridge.

The velocity model shows a spatially limited S-wave velocity 
anomaly centered at the Tristan da Cunha Island. It is character-
ized by shallow high velocities interpreted as solidified magmatic 
material and a deeper reaching root of low velocity material. We 
interpret these velocity structures as indicative for a magma feed-
ing system mainly beneath the active volcanic archipelago. There 
is no major magmatic thickening of the oceanic crust and up-
permost mantle by the Tristan hotspot to the North and East of 
the islands. Low velocities are also mapped beneath the nearby 
Speedwell-Hercules Seamount Chain and beneath the SW part of 
the seismological network. This indicates the existence of a feeding 
system also beneath the seamounts and a potential initial mag-
matic overprint to the SW of Tristan da Cunha above the potential 
location of a mantle plume conduit in the deeper upper mantle.

The Tristan da Cunha Fracture Zone can be distinguished by its 
velocities in its western part, where we have the anomalous seis-
mic low velocities to the north and south, giving evidence for only 
minor magmatic overprinting along the fracture zone itself.
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