
SEAFLOOR MAPPING – MODELLING – MARINE GEOLOGY 

2. Elements of marine geology 

2.1 The topography of the seafloor 
 
More than 70 % of the Earth is covered by water and most of the water is deep, i.e. 
approximately 4 km. An overview of the Earth’s bathymetry is given in figure 1. 
 

Figure 1 
 
 
The topography of the seafloor exhibits a diversity of features not unlike those of the 
continental landmasses. The seabed is in general quite flat, even close to seamounts, 
ridges and the continental slope, with a slope seldomly exceeding 10°.  
Figure 2 presents an artist’s impression of common ocean basis features.  
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Figure 2 

 
The features that are noted in figure 2 are defined in the glossary. Figure 3 below 
provides some further explanations. 
 
 

 
Figure 3 
 

2.2 The interaction of sound with the seafloor 
 
The seafloor is a reflecting and scattering boundary. It is often layered with a density 
and sound speed that may change gradually or abruptly with depth or even over short 
ranges. The seafloor is highly variable in its acoustic properties since its composition 
may vary from hard rock to soft mud. Because of the variable stratification of the 
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bottom sediments in many areas, sound is often transmitted into the bottom where it is 
refracted and internally reflected further down. 
Further, the small-scale roughness of the seafloor causes scattering and attenuation of 
sound. 
Thus the ocean bottom is a complicated propagating medium. 
 
Marine seismic studies have greatly improved our understanding of the crustal 
structure of that part Earth covered by the ocean. A typical bottom-structure section is 
presented in figure 4. This section consists of 5 km of water, about 0.5 km of 
unconsolidated sediments, 1-2 km of basement rock and 4-6 km of crustal rock 
overlying the upper mantle. Also, typical sound speed values are indicated for each 
layer. 
 

 
Figure 4 
 
The crustal rock, or oceanic crust, consists largely of basalt, and is usually covered by 
sedimentary rock (denoted ‘basement rock’ in figure 4). 
The continental crust largely consists of granite and is much thicker than the oceanic 
crust. It is covered by a wider range of sediments, but usually coarser than those in the 
deep ocean.  
 

2.3 The seafloor sediments 
 
Major portions of the seafloor are covered with unconsolidated sediments. In general, 
the structure of the ocean bottom consists of a thin stratification of sediments 
overlying the oceanic crust in the deep ocean and relatively thick stratification over 
continental crust on the continental shelves. Relatively recent sedimentations will be 
characterised by plane stratification parallel to the seabed, whereas older sediments 
and sediments close to the crustal plate boundaries may have undergone significant 
deformation, see figure 5 below. 
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Figure 5 
 
Sediments can be classified according to their origin as either ‘terrigeneous’ or 
‘pelagic’: 
- Terrigeneous sediments are derived from land and are particularly prominent near 

the mouths of large rivers. These sediments are generally classified as sand, silt 
and mud. 

- Pelagic sediments are derived from either organic or inorganic sources. Organic 
pelagic sediments comprise the remains of dead organisms and are further 
classified as either ‘calcareous’ or ‘siliceous’ oozes. Inorganic pelagic sediments 
are derived from materials suspended in the atmosphere and are generally 
classified as clay. 

 

2.4 Geo-acoustic modelling of the seafloor 
 
Ocean bottom sediments are often modelled as fluids which means that they support 
only compressional waves. The rigidity, and hence the shear speed, of the sediment is 
usually considerably less than that of a solid, such as rock. The latter situation applies 
to the ocean basement or the situation where there is no sediment overlying the 
basement. Then the bottom must be modelled as ‘elastic’, i.e., it supports both 
compressional and shear waves. In reality, the bottom is ‘viscoelastic’, i.e., it is also 
lossy.  
The information required for a complete geo-acoustical model of the sea bottom 
should include the following depth-dependent material properties: 
- compressional wave speed 
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- shear wave speed 
- compressional wave attenuation 
- shear wave attenuation 
- density 
 
Sound waves are compressional waves. Compressional waves can pass through solids, 
liquids and gases. They consist of alternating pulses of compression and expansion 
acting in the direction in which the wave is travelling, see figure 6. Compressional 
waves are also denoted P (for ‘primary’) waves. 
 
 

 
Figure 6 
 
Shear waves travel through materials in alternating series of sidewise movements, see 
figure 7. Shear involves changing the shape of an object. Solids have elastic 
characteristics that provide a restoring force for recovery from shearing, but liquids 
and gases lack these elastic characteristics. Therefore, shear waves cannot be 
transmitted through liquids and gases. Shear waves are slower than compressional 
waves. Shear waves are also denoted S (for ‘secondary’) waves. 
 
 

 
Figure 7 

2.5 What the rocks and sediments are made of 
 
Silicate minerals (i.e. minerals that contain the anion (SiO4)4-), a few oxide mineral 
(i.e. minerals that contain the anion O2-) and calcium carbonate (CaCO3, the mineral 
calcite) make up the bulk of the Earth’s crust – about 99 % by volume. These 
minerals are called the ‘rock-forming minerals’. Rock-forming minerals are 
everywhere: rocks, soils, sediments, but also roads and building are constructed of 
these rock-forming minerals.  
Examples of silicates: Quartz (SiO2), Feldspars (e.g. KalSi3O8) 
Examples of oxides: Magnetite (Fe3O4), Hematite (Fe2O3) 
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A rock is a naturally formed, coherent ‘aggregate’ of minerals, which may be mixed 
with other solid materials such as organic matter. Thus rocks are collections of 
mineral grains stuck together. Rocks are grouped into three families, which are 
defined and distinguished from one another by their properties and by the processes 
that form them: ‘igneous’, ‘metamorphic’ and ‘sedimentary rocks’.  
 
Igneous rocks are formed by the cooling and consolidation of ‘magma’ (molten rock 
that is under the ground). If the magma reaches the surface while it is still in a molten 
state, it is called ‘lava’. Examples of an igneous rock are ‘granite’ (consisting largely 
of feldspar and quartz) and ‘basalt’.  
Unconsolidated rock and mineral particles that are transported by water, wind, or ice 
and then deposited are called ‘sediment’. A special kind of sediment is ‘soil’, which 
consists of loose particles that have been altered by biological processes to form a 
material that can support rooted plants. Sediments eventually become sedimentary 
rock, either by chemical precipitation from water at the Earth’s surface or by the 
cementation of sediment. 
The original form and mineralogy of metamorphic rock have been altered as a result 
of high temperature, high pressure, or both.  
 
There are three groups of sediment: ‘clastic sediment,’ ‘chemical sediment’ and 
‘biogenic sediment’. 
Clastic sediment is formed from loose, fragmental rock and mineral debris produced 
during weathering. Each individual particle in a clastic sediment is a ‘clast’ (being 
grains or rock fragments). Clast shapes vary from angular to rounded, and they range 
in size from the largest boulders down to the submicroscopic clay particles. Clast size 
is the primary basis for classifying both clastic sediments and clastic sedimentary 
rock, see figure 8. 
 

 
Figure 8 
 
The four basic types of clastic sediment, based on the diameter of the particles they 
contain, are: 
Gravel (pebbles, cobbles, boulders) > 2 mm 
Sand     0.06 mm – 2 mm 
Silt     0.004 – 0.06 mm 
Clay     < 0.004 mm 
(‘mud’ = silt + clay) 
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The range of clast sizes within a given sediment reflects a characteristic called 
‘sorting’. A poorly sorted sediment has a wide range of clast sizes. Clast sorting and 
clast shape reflect the mechanisms of sediment transport and deposition. Mass-wasted 
sediment and ice-transported sediment tend to be poorly sorted, with angular clasts. 
(Poorly sorted sediments that are ice-transported are called ‘tills’). Water- and wind-
transported sediments tend to be well sorted, with rounded clasts of uniform size.  
 
No water on or in the Earth is completely pure and free from dissolved matter. When 
this dissolved matter is precipitated from seawater, chemical sediment is the result. 
This can happen through the biochemical reactions resulting from the activities from 
plants and animals in the water. For example, tiny plants living in seawater can 
decrease the acidity of the water, causing calcium carbonate to precipitate. Many 
‘limestones’ form in this manner.  
Chemical sediments can also be precipitated through inorganic reactions, such as the 
evaporation of seawater. Any salts that were dissolved in the seawater will be left 
behind as a residue from which minerals can precipitate.  
 
Biogenic sediment is composed of the remains of organisms, i.e., the fossil remains of 
animals and plants. Solid fossils, such as shells and bones, often end up as broken 
fragments (clasts). A sediment largely composed of biogenic clasts is called a 
‘bioclastic sediment’.  
An important type of biogenic sediment is ‘ooze’, a fine muddy sediment that 
accumulates on the deep ocean floor. Ooze may be calcareous (carbonate-bearing 
remains of marine organisms such as corals) or siliceous (silica-rich remains of tiny 
floating marine organisms). 
 
Clastic sedimentary rocks are classified on the basis of particle size, just as sediments 
are. The four basic classes are ‘conglomerate’,’sandstone’, ‘siltstone’ and ‘mudstone’ 
(or ‘shale’), i.e., the rock equivalents of gravel, sand, silt and clay, see figure 8. Most 
of the clasts in sandstones are quartz. 
Chemical sedimentary rocks  result from the lithification of chemical sediments. Most 
chemical sedimentary rocks contain only one important mineral. Chemical 
sedimentary rocks formed by evaporation of sea water are called ‘evaporites’, 
examples of which are rock salt (halite, NaCl) and gypsum (CaSO4.2H2O). Most of 
the evaporites are mined because they have industrial or human consumption uses. 
Limestone is the most important of the biogenic sedimentary rocks. The majority of 
all limestones are bioclastic in origin consisting of the fossilised shells, or shell 
fragments, of marine organisms. These organisms built their shells of carbonate, so 
limestones are formed chiefly of the carbonate mineral calcite. 
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2.6 Geo-acoustic parameters of sediments and rocks 

2.6.1 Sediments 
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2.6.2 Rocks 
 
For some of the rocks mentioned in paragraph 2.5 the table below gives indicative 
values for their geo-acoustic parameters. 
 
  Compressional 

speed [m/s] 
Shear speed 
[m/s] 

Density [g/cm3] 

Granite 6000 3500 2.65 Igneous rocks 
Basalt 4800 2500 2.5 
Sandstone 4700 2700 2.5 
Siltstone 3800 2150 2.4 
Mudstone 2200 1000 2.2 

Sedimentary 
rocks 

Limestone 6000 3000 2.65 
 
Figure 9 below gives the relation between shear speed and longitudinal 
(compressional) speed for the various types of rocks discussed. 
 
 

 
Figure 9 
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Glossary 
Archipelagic apron – a gentle slope with a smooth surface on the seafloor 
Bank – an elevation of the seafloor located on a shelf 
Basin – a depression of variable extent, generally in a circular or oval form 
Borderland – a region adjacent to a continent that is highly irregular with depths in excess of those 
typical of a shelf 
Canyon – a narrow, deep depression with steep slopes 
Continental margin – a zone separating the continent from the deeper sea bottom, generally consisting 
of the rise, slope and shelf 
Continental rise – a gentle slope rising toward the foot of the continental slope 
Continental shelf – zone adjacent to a continent or island from the waterline to the depth at which 
there is usually a marked increase f slope to greater depth (shelf break)  
Continental slope – zone between the continental shelf and the continental rise 
Cordillera – an entire underwater mountain system including all the subordinate ranges, interior 
plateaus and basins 
Escarpment – an elongated and comparatively steep slope of the seafloor separating flat or gently 
sloping areas 
Fan – a gently sloping, fan-shaped feature normally located near the lower termination of a canyon 
Fracture zone – an extensive linear zone of unusually irregular topography of the seafloor 
characterised by large seamounts, steep-sided ridges, troughs or escarpments 
Gap – a depression cutting transversely across a ridge or rise 
Hill – a small elevation rising less than about 200 m above the seafloor 
Hole – a small depression on the seafloor 
Knoll – an elevation rising less than about 1 km above the seafloor and of limited extent across the 
summit 
Moat – a depression located at the base of many seamounts or islands 
Mountains – a well-delineated subdivision of a large and complex feature, generally part of a 
cordillera 
Plain – a flat, gently sloping or nearly level region of the seafloor 
Plateau – a comparatively flat-topped elevation of the seafloor of considerable extent across the 
summit and usually rising more than 200 m above the seafloor 
Province – a region composed of a group of similar bathymetric features whose characteristics are 
markedly in contrast with the surroundings areas 
Range – a series of generally parallel ridges or seamounts 
Reef – an offshore consolidation with a depth below the sea surface of less than about 20 m 
Ridge – a long, narrow elevation of the seafloor with steep sides 
Saddle – a low part on a ridge or between seamounts 
Seachannel – a long, narrow, shallow depression of the seafloor, usually occurring on a gently sloping 
plain or fan, with either a U-shaped or V-shaped cross-section 
Seamount – an elevation rising 1 km or more above the seafloor, and of limited extent across the 
summit 
Shoal – an offshore hazard to navigation with a depth below the sea surface of 20 m or less, usually 
composed of unconsolidated material 
Sill – the low part of a ridge or rise separating ocean basins from one another or from the adjacent 
seafloor 
Spur – a subordinate elevation, ridge or rise projecting from a larger feature 
Tablemount – a seamount having a comparatively smooth, flat top (also called a bench) 
Trench – a long, narrow and deep depression of the seafloor, with relatively steep sides 
Trough – a long depression of the seafloor, normally wider and shallower than a trench 
Valley – a relatively shallow, wide depression with gentle slopes, the bottom of which grades 
continually downward (as opposed to a canyon) 
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