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Abstract. Some of the most prominent features on the earth surface are the mountain ranges, but, 

under the sea surface, an entire new universe is worth to be studied. In this article, seamounts around 

the world are examined in a first attempt to classify them from the point of view of their 

geodynamical relevance. A special attention will be given to the seamounts positioned in the vicinity 

of subduction zones. This classification will be used later for numerical modeling their behavior once 

these seamounts enter into subduction. Also, the present state-of-the-art of the seamounts related 

knowledge is briefly presented.  
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1. INTRODUCTION 

 

Humans have been always fascinated with heights. 

In every culture around the world, the mountains 

were seen as gods and goddesses and they inspired 

many legends. Fiercer they were, the better. For 

Greeks, mount Olympus was not only one of the 

tallest mountains in Europe with its impressive 16 

peaks, but also was the center of the Universe and 

the house of Gods (Fox, 1994). In Mexico, 

Popocatepetl (The Smoking Mountain) and 

Iztacihuatl (The Sleeping Woman) volcanoes 

inspired beautiful legends first written down by 

Pittman (1954), a scholar in nahuatl dialect. In 

Romania, almost every mountain peak from the 

Carpathians has a legend and fantastic stories 

transmitted from generation to generation, marking 

the connection between humans and the 

surrounding geography (Densusianu, 1910; Eliade, 

1978; Coatu, 1986). Later, humans climbed, 

measured, classified and tried to conquer them. 

Sometime they succeeded, sometimes they failed, 

but this continuous enchantment remained. 

Nowadays, the mountains continue to be our 

ultimate fascination and many questions arouse: 

How did they form? What is their composition, 

their uplift or erosional rates? Are they volcanoes, 

or a product of compressional forces? etc. Anyhow, 

they can be observed and explored easily. When we 

talk about the longest mountain range, we usually 

think immediately at the Andean Mountain Range 

or the Andean Cordillera, as it is known (aprox 

7000 km in length). When we talk about the tallest 

mountain peak, we immediately think about the 

Mount Everest with its official height of 8848 m, 

even though the latest estimation gives a value of 

8844 m. But, we have to mention that this is the 

height measured above the sea level. What is the 

result when we eliminate completely the seawater? 

The answer is quite simple, as seen in Figure 1: the 

undersea features seem to be by far better 

represented and the bathymetric map unravels all 

the amazing structures under the sea level. Some of 

these features represent divergent tectonic plate 

margins. One example is the Mid-Atlantic 

Cordillera or Ridge considered the largest mountain 

range (aprox. 16000 km) on Earth. It extends from 

the Arctic Ocean to near the southern tip of Africa. 

At this constructive plate boundary, new oceanic 

crust is generated each year at a spreading rate of 

about 2.5 cm/yr. Other features represent 

convergent margins, where the oceanic plates are 

consumed and recycled by the subduction factory 

(Tatsumi, 2005, Hacker et al., 2003a,b). In these 

regions, known as subduction zones, the trenches 

can reach staggering depths down to almost 11 km 
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as measured in the planet's deepest point, the 

Challenger Deep situated in the Pacific Ocean's 

Mariana Trench (Stern et al 2003). In the latest 

expedition lead by Victor Vescovo, in 2019, the 

DSV Limiting Factor submarine dived down to 

10,927 meters with almost 16 m lower than the 

previous descent in the trenches in 1960 (Morelle, 

2019). The divergent and the convergent margins 

are only some of the main features, which can be 

spotted on the main bathymetric map. The others 

are the continental shelf, the continental slope, the 

continental rise, the abyss and the abyssal plain, the 

volcanic island arcs and off course, the seamounts 

and guyots (Fig. 1). Also, when an oceanic plate 

subducts, in the trench region, there is a 

sedimentary prism, formed by pelagic sediments. Its 

presence and thickness and whether or not tectonic 

erosion, sediment accretion or sediment subduction 

is taking place, will depend a lot on the tectonic 

regime and plate velocities. 

   

 
Figure 1 Main features of the ocean floor: continental shelf (1),  

continental slope (2), continental rise (3), mid-ocean ridge (4), ocean trench (5), 
 volcanic island arc (6), abyss (7), abyssal plain (8), guyot (9), and seamount (10). 

 

2. SEAMOUNTS AND GUYOTS: 

GENERAL CONSIDERATIONS 

 

As can be observed in Fig. 2, the ocean floor is 

sprinkled with thousands of seamounts and guyots. 

In 2011, Kim and Wessel made the first seamount 

census, presenting a list of more than 25000 

potential seamounts. The database, referred to as 

KWSMTS v0.1 was generated based on the vertical 

gravity gradient VGG grid v16.1. (Fig. 2). 
 

 
Figure 2 Seamounts global distribution. Red dots represent more than 24,500 potential seamounts from the entire 

ocean basins (Kim and Wessel, 2011). Topography/bathymetry 1 minute data from Smith and Sandwell (1997) were 

plotted in Hammer projection, using GMT (Generic Mapping Tools) software v. 5.4.3.  

(Wessel and Smith, 1991, 1995, 1998) 

 
By definition, a seamount (Fig. 3) is a large 

submarine volcanic mountain or any protuberance 

rising at least 1000 m above the surrounding ocean 

floor (Encyclopedia Britannica). Generally, a 

seamount is made of basalt, and its summit and 

flanks are covered in with marine sediment. Most of 

the seamounts are formed near mid-ocean ridges. 

Sometimes they can appear in the vicinity of mantle 

plumes or island arcs. The 3-D geometrical 

structure can vary from perfect cones to complex 

shapes (Straudigal & Clouge, 2010).  
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Figure 3 Diagram of a submarine seamount structure. (keys:  

1. Water 2. Magma chamber 3. Dike 4. Magma conduit 5. Pillow lava 6. Lava flow. 

 

A guyot, known in marine geology as a 

tablemount, is an isolated seamount of volcanic 

origin, with a flat top with diameters sometimes 

greater than 10 km (Fig. 4). They are found mainly 

in the Pacific Ocean, but sometimes they can be 

found in the Atlantic Ocean, too. They were first 

discovered by Harry Hess in 1945 and named after 

the American geologist Arnold Henry Guyot. They 

form at the ridge and then are shortened by 

atmospheric and/or wave erosion, by the time they 

migrate with the oceanic plate farther from the 

ridge. 

 

 
Figure 4 The Bear guyot or tablemount. Seamount DEM is created using Global Multi-Resolution  

Topography (GMRT) data source (Ryan et al., 2009). 

 

These structures are the least explored 

morphological features and less than 0.1% were 

discovered using direct methods as echosounding or 

sampling through dragging, for instance. Most of 

the previously uncharted seamounts were 

discovered using indirect methods as the above-

mentioned method of Kim and Wessel (2011), 

based on satellite observations.  

Some interesting data regarding the seamounts 

are related to their measurements. The Hawaiian-

Emperor chain of 80 Ma is considered the largest 

volcanic islands arc, with 6000 km length. From all 

the seamounts, Mauna Kea, which form part of the 

Hawai'i Emperor seamount chain, is the highest, 

with 4207 m above sea level and with a total height 

of 10100 m, topping the Everest by far.  

 

3. SEAMOUNTS: GEODYNAMICAL 

RELEVANCE 
 

Observing the seamounts distribution on the ocean 

floor, it looks like they form patterns, frosting into 

the oceanic crust past movements. Some of them 

are as old as approximately 180-200 Ma, and 

generally found in the west Pacific and north-west 

Atlantic (Müller, 2008), but others are even almost 

270 Ma up to 340 Ma and located in the eastern 

Mediterranean Sea (Granot, 2016), as a remnant of 

the Tethys Ocean. 
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In one of the most dramatic examples, the 

Hawaiian-Emperor chain bends almost 60º, and the 

explanation is an abrupt change in the motion of the 

Pacific Plate 47 Ma ago and/or a southward drift of 

the mantle plume continuously providing material 

to the chain (Torsvik et al., 2017). Both processes 

seem to have played an important geodynamic role 

and have to be considered together. 

Even though they are formed near mid-ocean 

ridges or in the vicinity of mantle plumes or island 

arcs, sooner or later, the fate of the seamounts or 

guyots is inevitable: they will end up entering 

subduction and being recycled into the subduction 

factory (Hacker et al., 2003a). They are processed 

into magmas, which will erupt later through 

volcanism, generating continental crust, all this 

recycling process being of the outmost importance 

for the evolution of the solid Earth (Tatsumi, 2005). 

In a subduction factory, the correlation between the 

location of intermediate-depth earthquakes, the 

depth of low-velocity subducted crust, and the 

predicted location of hydrous minerals, was already 

established through numerical modelling, as the 

dehydration reactions are linked to intermediate-

depth seismicity (Hacker et al., 2003b, Manea et al., 

2004). On top of this, it is possible that the presence 

of seamounts or guyouts on the subducting plate 

will add further complications to the already complex 

subduction systems (Scholz and Small, 1997).   

Once nearing the subduction system, the 

influence of seamounts commences. As Watts et al. 

(2015) observed, a seamount, once it enters a 

subduction zone, will affect the forearc 

morphology, the uplift history of the island arc, 

including the structure of the downgoing slab. 

Sometimes the seamounts can be accreted to the 

forearc or carried down into the subduction zone 

and recycled, maybe due to the tectonic regime 

specific for each subduction zone in particular. The 

accretionary wedge is deformed in many cases. 

Sometimes, the seamount will collapse and if an 

abyssal fault is reactivated at the trench, the 

seamount can be even parted in halves. The 

subduction of a seamount/guyout can have 

mechanical consequences with a special emphasis 

on the generation of large earthquakes. In 1976, 

Kelleher and McCann, concluded that the collision 

zone in which the seamounts subducts, there is an 

boosting effect on the seismic coupling (Scholz and 

Small, 1997). This is a direct consequence of the 

subduction of large seamounts that possibly 

increases locally the normal stress across the 

subduction interface.  

The importance of studying the seamounts 

behavior in any stage of their development is related 

generally with the geological hazards generated: 

major explosive eruptions, large scale landslides 

generating tsunami or large earthquakes.  

1st of April, 2014, was an important year, as a 

Mw 8.1 earthquake occurred in Iquique, rupturing 

an important portion of a seismic gap in northern 

Chile. Geersen et al. (2015) by analyzing the marine 

seismic reflection and swath bathymetric data 

observed that several under-thrusting seamounts 

correlate well with the limits of the seismic rupture. 

They linked the subduction of those seamounts to 

the reduced plate-coupling, by fracturing the 

overriding plate in the shallow subduction zone. 

The authors agree that the subducting seamounts 

control intermediate coupling and seismic rupture. 

Sometimes, a segment of the subducted slab is 

dominated even by a 40% of seamounts, as it was 

observed in central Costa Rica (von Huene et al., 

1995). The seamounts entering subduction generally 

mark furrows and domes on the continental slope 

(Ranero and von Huene, 2000; von Huene et al., 

1995).  Using 3-D P-wave velocity structure and 

petrological modelling, Husen et al. (2003) 

analyzed the Costa Rica subduction zone, and 

through tomographic imaging within the seamount-

dominated segment of the Cocos Plate they show 

that the structure is quite complex and a cluster of 

seismicity is associated to each of the anomalies. 

Interestingly, there was no sign of subducted 

seamounts at greater depths. As a seamount is 

formed mainly from highly altered, possible 

serpentinized and fractured oceanic crust, once 

subducted the buoyant mass will increase the 

normal stress, hence the occurrence of large 

subduction earthqukes (Cloos, 1992; Husen et al., 

2002). Husen et al. (2003) conclude that by 

increasing the normal stress, it is possible also to 

reactivate the fractures associated with the 

formation of seamounts, producing a cluster of 

much smaller earthquakes in the vicinity of a 

subducted seamount. 
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In a recent study, Baillard et al. (2018) show that 

it is possible to track subducted ridges inside a 

subduction zone using the intermediate-depth 

seismicity. By looking at the distribution of 

intermediate-depth seismicity they conclude that the 

uneven distribution of this kind of seismicity, and 

the presence of a seismic gap, previously related to 

a supposed tear in the slab, may be instead directly 

related to the subduction of a ridge. Also, Morton et 

al. (2018) analyzed a cluster of events detected by 

an amphibious seismic network in Cascadia and 

they detected two separate clusters of events, one 

near a subducted seamount, and the second one 

probably by an accreted seamount. They concluded 

that the earthquakes detected recently in the Cascadia 

Subduction zone are related both, to the subduction 

of seamounts and a deformed upper plate.  

Other possible consequences of seamounts 

subduction are spatially related to slow slip and 

tremor occurrence, as it was shown by Barker et al. 

(2018) for the North Hikurangi Subduction zone, in 

New Zeeland. Slow slip events, or SSEs, are 

slow displacement episodes that can have durations 

up to several weeks or months. In New Zeeland, 

they discovered a subducted seamount covered in 

sediments, which triggered slowslip events only 

where the sediments were present, and not on the 

top of the subducted seamount. Also they proposed 

that the high fluid pressure within the subducted 

sediments might facilitate shallow slow slip. 

Recently, Bonnet et al. (2019) showed that when a 

seamount enters a subduction zone and maintains its 

integrity down to ~30 km depth seamount does not 

behave as a large earthquake asperity but rather as a 

barrier.  

The seamounts subduction, in regions where 

large seamount chains enter into subduction, can 

slow down even the mantle flow beneath the 

volcanic arcs, as was shown by Timm et al. (2013) 

in their work related to the subduction of the 

Louisville seamount chain beneath the central 

Tonga-Kermandec arc.  

These represent only some key examples of the 

extensive research on seamount subduction. They 

clearly show that the presence of a singular 

seamount, or of many seamounts grouped in 

clusters or trails, will have a key influence on the 

long-term behavior of subduction zones. Seamounts 

can distort Wadatti-Beniof zones and also strongly 

affect the degree of mantle wedge hydration and the 

oceanic crust at least down to intermediate depths. 

Additionally, an important influence was observed 

even further down, where the mantle flow can be 

influenced locally by the subduction of these 

features. 

 

4.  SEAMOUNT SUBDUCTION: 

ANALOGUE EXPERIMENTS 

 

Analogue experiments were performed in order to 

elucidate the fate of seamounts entering subduction 

and their possible implications on the mechanical 

behavior of the subduction zone. Researchers were 

interested mostly in the deformation patterns 

observed. Usually, the analogue models, will 

analyze the complex fracture network, taking into 

account a brittle/plastic rheology (Dominguez et al., 

1998b, Wang and Bilek, 2011). Most of these 

experiments are based on classical sandbox 

modeling, in which the spatial-temporal 

deformation is compared with seismic images and 

bathymetry interpretation. Various authors tried to 

analogue modeling the subduction of a single 

seamount or plateau. They observed that the trench 

remained quasi-linear on each side of the plateau in 

the models with a stronger slab, but also some 

severe deformation at the front of the overriding 

plate, where seamounts or aseismic ridges subduct 

(Domingues et al., 1998b, 2000; Martinod et al., 

2005). Sometimes the authors considered small 

conical-shape seamounts or guyots, other times 

trails of seamounts, but the accretion of seamounts 

was avoided. However, they were able to obtain a 

good correlation between the marine data and their 

experimental results, after a comparison with the 

well-studied Costa Rican seamount subduction 

zone. Beside the preferred setup where seamounts 

are perpendicular to the trench, the impact of 

oblique subduction of seafloor irregularities was 

also performed, with satisfying results (Dominguez 

et al., 1998a, Hampel et al., 2004, Zeumann and 

Hampel, 2015). 

Recent analogue experiments (Wang at al., 

2019) had a different approach and the attention 

was focused on the effect of seamount trails on the 

accretionary wedge in order to understand the 

deformation mechanisms affecting it.  
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Anyhow, the main disadvantage of analogue 

modeling is related to the fact that thermal 

conditions cannot be imposed inside the sandbox, 

and from here, the necessity to consider other 

advanced modeling methods. 

 

5. SEAMOUNT SUBDUCTION: 

NUMERICAL MODELS 

 

As technology became more sophisticated, 

researchers tried to model numerically the seamount 

subduction and the possible implications resulting 

from this process. Those numerical models showed 

influence that a bathymetric height can have in a 

subduction zone, especially on the overriding plate: 

mineralization processes in the overriding plate, as 

shown in a 1-D model by Rosenbaum et al. (2005); 

uplift of the overriding plate, augmented subduction 

erosion and decrease in magma production, as in the 

2-D models by Gerya et al., (2009); rotation of the 

overriding plate as in the 3-D models of Wallace et 

al. (2009). Some unsolved issues, were answered by 

Mason et al. (2010), when they performed 3-D 

numerical models in which revealed that the impact 

of buoyant oceanic plateau with a subduction zone 

may alter the trench behavior, regardless the slab 

and plateau rheology.  

In recent years, Ruh et al. (2016) used advanced  

3-D numerical techniques to investigate the 

evolution of crustal deformation and stress 

distribution within the upper plate induced by the 

underthrusting of subducting seamounts. The 

dynamical effects of the upper plate strength, 

subduction interface strength, and strain weakening 

of the crust are investigated. Results of numerical 

experiments are consistent with seismic reflection 

images and seismic velocity models of the upper 

plate in areas of seamount subduction along the 

Middle America Trench and give important insights 

into the long-lasting question, whether subducting 

seamounts and rough seafloor act as barriers or 

asperities for megathrust earthquakes. However, 

these were mechanical models, without including 

the equation of energy, of heat transport, in the 

modeling. Last year, during the International Joint 

Workshop on Slow Earthquakes held in Fukuoka, 

Japan and the Latin America Academic Conference 

organized in Nikko, Japan, Manea (2018 a,b) 

showed for the first time 3-D numeric modeling 

results that incorporate both the mechanical and the 

thermal effects of seamount subduction. While this 

is work in progress, the preliminary results revealed 

that seamount subduction could produce significant 

temperature changes along the seismogenic 

interface, with implications for subduction 

earthquakes of paramount importance. 

 

6. SEAMOUNTS CLASSIFICATION 

 

Most studies tried to classify the seamounts for their 

biological importance (Clark et al., 2011) or from 

the mineral resources exploitation point of view 

(ISA, 2007), but here, the seamounts around the 

world are examined in a first attempt to classify 

them from their geodynamic relevance point of 

view. A special attention is given to the seamounts 

situated near subduction zones. This classification 

will be used later for numerical modeling their 

behavior once they enter into a subduction zone.  

Straudigal & Clouge (2010) consider that there 

are six main types of seamounts based on their 

geological evolution: small seamounts (100–1000-m 

height), mid-sized seamounts (>1000-m height,  

> 700-m eruption depth), explosive seamounts  

(< 700-m eruption depth), ocean islands, extinct 

seamounts, and subducting seamounts. From the 

geodynamical point of view, the subducting 

seamounts are of upmost importance (Fig. 5). 

As we classify seamounts entering subduction 

using their density on the subducted oceanic plate, 

their size and their integrity criterions (Fig. 6), 

another criteria which has to be taken into account 

is related to the existence of a root, and whether or 

not that root is serpentinized. 

Also, it is important to consider if a seamount 

complex is affected by hydrothermal circulation. 

Based on this, some of them are considered hot and 

others cold, and heat production approximations in 

conjunction with heat flow observations will be 

used for better constrain the numeric models (Fig. 7). 
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Figure 5 Top: Pacific and North America view angles of color-shaded global bathymetry and topography maps 

(ETOPO1 Global Relief Model dataset, Amante and Eakins (2009)). This figure was created with the open source 

software ParaView (http://www.paraview.org) version 5.6.0, licensed under the CC BY 4.0 license 

(https://creativecommons.org/licenses/by/4.0/). 

Bottom: Three seamount regions are shown in detail corresponding to Japan and Kurile subduction zones,  

East Pacific Rise (EPR), and Middle America Trench (MAT). Red arrows show the movement of tectonic plates. Red 
curve corresponds to the location of EPR. Maps are created using global multi-resolution topography-bathymetry data 

from Ryan et al. (2009). 
 

 
Figure 6 Different types of seamounts: a) Isolated single 

small and medium-size seamounts. b) Isolated single 

large-size seamounts. c) Seamount chains. d) Clusters of 

seamounts of different sizes. e) Seamount split in two by 

a spreading ridge (thick red line) f) Faulted seamount 

approaching a subduction zone. 
 

 
 

Figure 7 Seamounts temperature distribution as a 

function of hydrothermal circulation. Hot seamount 

refers to a seamount with an outflow water circulation. 

Cold seamount refers to a recharging seamount. Dashed 

curves inside the seamounts refer to hypothetical 

geotherms. Curved arrows show the water flow. Dashed 

curves add noted with “heat flow” show a theoretical 
heat flow distribution. 

 

7. CONCLUSIONS 
 

There is an obvious advantage of performing a 

complex thermomechanical numerical modeling in 

order to understand the seamounts behavior. This is 

an initial effort to understand the long-term effect of 

seamount entering into subduction, but also serves 

for further advancing our understanding of oceanic 

plate irregularities impact on active subduction zones. 
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