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Abstract:

Understanding sediment transport and submarine canyon dynamics is essential for comprehending the complex
processes occurring on the ocean floor. This paper aims to investigate the mechanisms of sediment transport and
the dynamic behavior of submarine canyons. Sediment transport plays a significant role in shaping the morphology
of the ocean floor and influencing the distribution of sedimentary environments. Various factors, including current
patterns, wave action, and gravity flows, contribute to sediment movement and deposition. The study examines the
processes of erosion, transport, and deposition of sediments within submarine canyons, which are key features of
the underwater landscape. The interaction between turbidity currents, gravity flows, and the canyon morphology is
explored, highlighting the impact on sediment transport and canyon evolution. Additionally, the paper discusses the
influence of external factors such as climate change and anthropogenic activities on sediment dynamics and
submarine canyon systems. The findings emphasize the importance of interdisciplinary approaches, integrating
geophysical surveys, sedimentological analyses, and numerical modeling, to gain insights into sediment transport
and submarine canyon dynamics. This knowledge can contribute to improved understanding of ocean floor

processes and inform effective management strategies for coastal and offshore environments.
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Introduction

1.1 Background of ocean floor dynamics

Ocean floor dynamics refer to the processes that shape and change the ocean floor, including tectonic plate
movements, volcanic activity, and sedimentation. These processes are driven by a combination of Earth's internal
heat engine and external forces such as gravity and sea-level changes.

The ocean floor is primarily composed of basaltic rock that is formed when magma from Earth's mantle rises to the
surface and cools upon contact with seawater. This process occurs at mid-ocean ridges, which are underwater
mountain ranges that span the globe along the boundaries between tectonic plates. As new basaltic rock is formed,
it moves away from the ridge axis, creating a linear pattern of magnetic stripes on either side of the ridge.



Journal of Marine Science | Volume 05| Issue 01 | May 2023

Tectonic plates move due to convection currents in the mantle, which are caused by the heat generated from
radioactive decay within Earth's interior. The movement of these plates causes three main types of plate
boundaries: divergent boundaries (where plates move apart, such as at mid-ocean ridges), convergent boundaries
(where plates move together, causing one plate to be subducted beneath the other), and transform boundaries
(where plates slide past each other, causing earthquakes).

Sedimentation also plays a significant role in shaping the ocean floor. Sediments are transported by rivers, glaciers,
and wind and eventually settle on the ocean floor. Over time, these sediments can accumulate and form layers that
can be hundreds or even thousands of meters thick.

Submarine landslides, turbidity currents, and deep-sea tsunamis can cause significant disturbances to the ocean
floor, moving large amounts of sediment and creating features such as canyons, channels, and ridges.

In addition to these geological processes, the ocean floor is also influenced by biological activity. Coral reefs, for
example, grow on the ocean floor and provide habitats for a diverse array of marine life.

Overall, ocean floor dynamics are complex and multifaceted, involving interactions between geological, biological,
and physical processes. Understanding these dynamics is crucial for interpreting the history of Earth's geology and

climate, as well as for understanding the potential impacts of human activities on the ocean environment.

1.2 Significance of studying sediment transport and submarine canyon dynamics
Studying sediment transport and submarine canyon dynamics in ocean floor dynamics is of significant importance
due to the following reasons:

Coastal Erosion and Sedimentation: Sediment transport processes play a crucial role in coastal erosion and
sedimentation. Understanding how sediments are transported and deposited along the coast helps in predicting
shoreline changes, identifying vulnerable areas, and developing effective coastal management strategies.
Submarine canyons, as conduits for sediment transport, can significantly influence the erosion and deposition

patterns along adjacent coastlines.

Marine Habitat and Biodiversity: Sediment transport and submarine canyon dynamics have direct implications for
marine habitats and biodiversity. Sediments provide essential substrate for benthic organisms, support primary
productivity, and serve as nurseries for many marine species. Submarine canyons often act as hotspots of
biodiversity, as they provide complex habitats and serve as conduits for nutrient-rich waters and organic matter.
Understanding these dynamics allows for better conservation and management of marine ecosystems.

Carbon Cycling and Climate Change: Sediments act as sinks and sources of carbon in the ocean, playing a
significant role in the global carbon cycle. Sediment transport processes influence the burial and resuspension of
organic carbon, affecting carbon sequestration and the release of greenhouse gases. Submarine canyons can
enhance the transport and burial of organic carbon, contributing to carbon storage in the deep sea. Studying these
dynamics helps in understanding the role of the ocean in mitigating climate change.

Resource Exploration and Management: Sediments deposited in submarine canyons often contain valuable
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resources such as minerals, hydrocarbons, and methane hydrates. Understanding the dynamics of sediment
transport and submarine canyons is crucial for resource exploration and exploitation. Effective management
strategies can be developed to balance resource extraction with environmental protection and sustainable use of

marine resources.

Hazard Assessment and Risk Management: Sediment transport processes, including turbidity currents and sediment
avalanches, can pose hazards to human activities and infrastructure in coastal and offshore regions. By studying
these dynamics, scientists can assess the risks associated with sediment-related hazards, such as submarine
landslides and tsunamis, and develop strategies for mitigating and managing these risks.

In summary, studying sediment transport and submarine canyon dynamics in ocean floor dynamics provides
valuable insights into coastal processes, marine habitats, carbon cycling, resource exploration, and hazard
assessment. Such knowledge is essential for ensuring the sustainable management and conservation of coastal and
marine ecosystems, as well as for addressing the challenges posed by climate change and human activities in
coastal and offshore regions.

2. Literature Review

2.1 Overview of sediment transport processes in marine environments

In marine environments, sediment transport refers to the movement of sediments, including sand, silt, and clay
particles, by various physical processes. Sediment transport plays a significant role in shaping the ocean floor,
influencing coastal erosion and deposition, and affecting the distribution of marine habitats and ecosystems. Here is

an overview of the key sediment transport processes in marine environments:

Gravity-driven Processes:

a. Gravity-driven currents: Gravity-driven currents, such as turbidity currents and density flows, occur when
sediment-laden water flows downslope due to the force of gravity. These currents can transport large amounts of
sediment over long distances, creating submarine canyons and deposits in deep-sea environments.

b. Mass wasting: Mass wasting, including sediment avalanches, debris flows, and slumps, occurs when sediments
on slopes become unstable and rapidly move downslope. These processes can result in the displacement of large
volumes of sediment, impacting the seabed morphology and sediment distribution.

Wave-Induced Processes:

a. Wave-generated currents: Waves generate currents near the coast, known as littoral currents, which transport
sediments along the shoreline. These currents can cause sediment erosion, transport, and deposition, contributing to
beach erosion and the formation of sandbars and spits.

b. Swash and backwash: The swash and backwash processes associated with waves play a role in sediment
transport on beaches. The swash carries sediment up the beach, while the backwash returns sediment seaward,

resulting in a net movement of sediment along the shore.

Tidal Processes:

a. Tidal currents: Tidal currents, driven by the gravitational interaction between the Earth, Moon, and Sun,
transport sediments in coastal and estuarine areas. These currents can cause sediment resuspension, transport, and
deposition, influencing the sediment distribution along tidal flats and channels.

b. Tidal asymmetry: Tidal asymmetry, the unequal duration and intensity of flood and ebb currents, can lead to
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sediment transport in specific directions and the formation of tidal deltas and shoals.

Current-Induced Processes:

a. Ocean currents: Large-scale ocean currents, such as the Gulf Stream and the Kuroshio Current, can transport
sediments over long distances. Sediments are carried by these currents and can be deposited in different regions,
impacting the sedimentation patterns and the formation of sediment drifts and fans.

b. Ekman transport: The Ekman transport, resulting from the interaction between wind and the ocean surface, can
influence sediment transport by causing a net movement of surface waters and sediments. This process is

particularly significant in coastal upwelling areas.

Biological Processes:
a. Biogenic sediment transport: Biological activity, including the burrowing and feeding activities of organisms,
can contribute to sediment transport in marine environments. Organisms such as benthic fauna and burrowing

invertebrates can mix and transport sediments, affecting the seabed characteristics and sediment composition.

Understanding these sediment transport processes in marine environments is crucial for coastal management,
ecosystem studies, and predicting the response of marine systems to environmental changes. It allows for the
assessment of sediment-related hazards, the development of sedimentation models, and the implementation of
effective strategies for coastal protection and sustainable resource management.

2.2 Role of submarine canyons in sediment transport and deposition

Submarine canyons play a significant role in sediment transport and deposition in marine environments. These
canyons are steep-sided valleys that cut into the continental slope and extend from the continental shelf to the
deep-sea floor. Here are some key roles that submarine canyons play in sediment transport and deposition:

Sediment Funneling: Submarine canyons act as natural conduits or channels for the transport of sediment from the
continental shelf to the deep sea. Sediments are funneled through the canyons, which accelerates their movement
downslope. This process allows for the efficient transfer of sediments from the shallow shelf regions to the deeper
parts of the ocean.

Erosion and Scouring: Submarine canyons facilitate the erosion of sediments from the continental shelf and slope.
The strong currents and turbidity flows within the canyons can cause erosion and scouring of the sedimentary
layers. This erosion can be significant, leading to the removal of large volumes of sediments and shaping the
morphology of the canyons.

Sediment Concentration and Sourcing: Submarine canyons help concentrate sediments within their channels.
Sediment-laden currents and turbidity flows moving through the canyons can carry high concentrations of
suspended sediments. This sediment concentration is often higher compared to the surrounding areas, as sediments
are funneled and trapped within the canyons.

Sediment Cascades and Slumping: Submarine canyons can experience sediment cascades and slumping events.
Sediment cascades occur when sediment-laden flows rapidly descend the canyon walls, carrying and depositing
sediments at the canyon base. Slumping events involve the downward movement of sediment masses along the

canyon walls, leading to sediment transport and deposition.
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Depositional Environments: Submarine canyons create unique depositional environments on the deep-sea floor. As
sediment-laden flows exit the canyons, they often deposit sediments in the form of turbidite fans or sediment drifts.
These depositional features can extend for long distances along the seafloor, accumulating sediments and forming

distinct sedimentary layers.

Carbon and Nutrient Transport: Submarine canyons also play a role in the transport of carbon and nutrients.
Organic matter from the continental shelf can be transported through the canyons and deposited in the deep-sea
sediments. This process contributes to carbon burial and nutrient supply to the deep-sea ecosystems, supporting

biological productivity in these areas.

Overall, submarine canyons act as conduits for sediment transport, concentrating and transporting sediments from
the continental shelf to the deep sea. They contribute to erosion, sediment deposition, and the formation of unique
depositional environments. Understanding the dynamics of sediment transport and deposition in submarine canyons
is crucial for studying the evolution of the ocean floor, assessing the impact of sediment-related hazards, and

unraveling the connections between sedimentary processes and marine ecosystems.

2.3 Previous studies on sediment transport and submarine canyon dynamics
Sediment transport and submarine canyon dynamics have been extensively studied due to their significant impact
on marine environments, geological processes, and human activities such as offshore oil and gas exploration,

seafloor cable installation, and deep-sea mining. Here is an overview of the key findings from previous research:

Sediment transport mechanisms: Sediment transport in submarine canyons occurs through a combination of
gravity-driven processes (e.g., mass wasting, turbidity currents) and along-slope bottom currents. These processes
are influenced by factors such as canyon morphology, sediment supply, and water column characteristics.

Canyon morphology: Submarine canyons exhibit a wide range of shapes and sizes, reflecting the interplay between
sedimentary, tectonic, and hydrodynamic factors. Some canyons are V-shaped, while others have a more complex,
dendritic form. The dimensions of canyons can vary from a few meters to hundreds of kilometers in length.

Turbidity currents: Turbidity currents are density-driven flows that occur when sediment-laden water is denser than
the surrounding water. These currents can transport large amounts of sediment along the axis of submarine
canyons, often leading to the formation of submarine fans at the canyon mouth.

Mass wasting: Mass wasting refers to the downslope movement of sediment under the influence of gravity. This
process can occur through various mechanisms, such as slumping, sliding, and debris flows. Mass wasting events

can be triggered by earthquakes, storms, or oversteepening of the canyon walls.

Biogeochemical processes: Submarine canyons are hotspots of biogeochemical activity due to the high productivity
associated with nutrient-rich waters upwelling along the canyon walls. This leads to enhanced organic matter
deposition and benthic metabolism, which can influence the cycling of carbon and other elements.

Human impacts: Human activities such as trawling, dredging, and waste disposal can have significant effects on
submarine canyon ecosystems and sediment dynamics. For example, trawling can cause physical disturbance and
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resuspension of sediments, while waste disposal can introduce contaminants into the canyon environment.

Conservation and management: Given the ecological and geohazard importance of submarine canyons, there is
increasing interest in their conservation and sustainable management. This includes the establishment of protected
areas, the assessment of cumulative impacts from human activities, and the monitoring of canyon dynamics using

remote sensing and in situ instrumentation.

Overall, previous studies have provided valuable insights into the complex interactions between sediment transport,
submarine canyon morphology, and ecosystem processes. Ongoing research continues to advance our
understanding of these systems and inform efforts to protect and manage submarine canyons for future generations.

3. Methodology
3.1 Sediment sampling and analysis techniques
Sediment sampling and analysis techniques are essential for studying sediment transport and characterizing

sediment properties. Here are some commonly used techniques in sediment sampling and analysis:

Grab Sampling:

Grab samplers: These are devices used to collect sediment samples from the seafloor. They are lowered to the
seabed and then closed to capture a portion of the sediment. Grab samplers include box corers, Van Veen grabs, or
Shipek grabs.

Sample preservation: Sediment samples can be preserved in airtight containers or sealed bags to maintain their
physical and chemical properties until analysis.

Core Sampling:

Gravity coring: Gravity corers, such as piston corers or gravity corers, are used to collect intact sediment cores
from the seafloor. These corers penetrate the sediment vertically, allowing for the retrieval of undisturbed sediment
layers.

Multi-coring: Multi-coring systems collect multiple sediment cores simultaneously, enabling sampling at different
locations or depths.

Core sectioning: Sediment cores are typically cut into sections, with each section representing a specific depth
interval. These sections can be further subsampled for various analyses.

Sediment Analysis:

Grain size analysis: Sediment grain size distribution is often determined through sieving or laser diffraction
methods. Sieving involves separating sediments into different size fractions using sieves of varying mesh sizes.

Laser diffraction instruments measure the scattering of laser light to determine particle size distribution.

Sediment composition: Sediment composition analysis involves identifying and quantifying the mineral and
organic components of the sediment. Techniques such as X-ray diffraction (XRD) and Fourier-transform infrared
spectroscopy (FTIR) can help characterize mineralogy, while organic carbon content can be determined through

elemental analysis or combustion methods.
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Sediment water content: Water content in sediments can be determined by measuring the weight loss after drying
the samples at a specific temperature.

Sediment porosity: Porosity, a measure of the void space in sediments, can be determined through various methods,
including gas displacement techniques or the use of a mercury intrusion porosimeter.

Sediment organic matter: Analysis of sediment organic matter content and composition is crucial for understanding
carbon cycling. Techniques such as loss-on-ignition (LOI) or elemental analysis can be employed to estimate

organic matter content.

Sediment pollutants and contaminants: Sediment samples can be analyzed for the presence and concentration of
various pollutants and contaminants, including heavy metals, hydrocarbons, or pesticides. Analytical techniques
such as atomic absorption spectroscopy (AAS) or gas chromatography-mass spectrometry (GC-MS) are commonly

used.

3.2 Submarine canyon mapping and characterization
Submarine canyon mapping and characterization are essential for understanding the geological, oceanographic, and
ecological processes occurring in these dynamic marine environments. Here's a detailed look at the methods and

considerations involved in mapping and characterizing submarine canyons:

Mapping Methods
Bathymetric Surveys: These surveys use sonar to measure the depth of the seafloor. Multibeam echosounders are
commonly used for this purpose, providing high-resolution maps of the canyon topography.

Sidescan Sonar: This technique uses sound waves to create images of the seafloor. It is particularly useful for
identifying canyon features such as landslide scars and sedimentary structures.

Seismic Reflection: This method involves sending sound waves into the seafloor and recording the reflected waves.
It can reveal subsurface geological structures, including the stratigraphy within the canyon.

Remote Sensing: Satellite data can be used to map surface water temperatures and currents, which can provide

indirect information about canyon dynamics.

Autonomous Underwater Vehicles (AUVs): AUVs equipped with cameras and sensors can collect high-resolution

data on canyon morphology and biology.

Light Detection and Ranging (LiDAR): While primarily used for terrestrial applications, LIDAR technology has
also been adapted for underwater use, providing detailed measurements of the seafloor.

Characterization Considerations
Morphology: Canyon width, depth, gradient, and shape are fundamental characteristics that can influence sediment

transport and ecosystem structure.

Sedimentology: The type, size, and distribution of sediments within the canyon can indicate depositional

environments and transport mechanisms.
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Biology: Mapping the distribution of benthic communities, such as coral reefs or cold-water corals, can provide

insights into the ecological health of the canyon.

Hydrography: Current speed and direction, temperature, and salinity profiles help understand the water column

dynamics that drive processes like upwelling and downwelling.

Tectonic Setting: The geological context, including the presence of faults or folds, can influence canyon

development and sedimentation patterns.

Human Impacts: Assessing the extent and nature of human activities, such as fishing or waste disposal, is crucial

for management and conservation efforts.

Geohazards: Identifying potential geohazards like unstable slopes or gas seeps is important for maritime safety and

can inform risk assessments.

Chemical Signatures: Mapping the distribution of chemical substances, such as organic matter or nutrients, can

provide information on biogeochemical processes.

Historical Data: Comparing historical bathymetric surveys with contemporary data can reveal changes in canyon

morphology over time, indicative of erosion or deposition.

Climate Change: Understanding how climate change affects ocean temperatures, sea levels, and storm patterns can

help predict future changes in canyon systems.

4. Sediment Transport Processes

4.1 Physical properties of sediments

Physical properties of sediments refer to the characteristics that describe the physical nature and behavior of
sediment particles. These properties play a crucial role in understanding sediment transport, deposition, and the

overall dynamics of sedimentary systems. Here are some important physical properties of sediments:

Grain Size: Grain size refers to the diameter of sediment particles. Sediments can be classified into various size
fractions, such as clay, silt, sand, and gravel, based on their grain size distribution. Grain size influences sediment

transportability, settling velocity, porosity, and permeability.

Grain Shape: Grain shape describes the geometry of sediment particles. It can vary from angular to rounded, and it
affects sediment transport and packing characteristics. Angular grains tend to interlock and form more stable

sediment structures, while rounded grains are more easily mobilized and transported by fluid currents.
Sorting: Sorting refers to the uniformity of grain size within a sediment sample. Well-sorted sediments have
particles of similar sizes, while poorly sorted sediments contain a wide range of grain sizes. Sorting affects

sediment permeability, porosity, and the stability of sediment beds.

Porosity: Porosity is the percentage of void space within a sediment volume. It represents the amount of space
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available for fluid movement and storage. Porosity influences sediment compaction, water retention, and the habitat
suitability for benthic organisms.

Permeability: Permeability is a measure of the ability of fluids to flow through a sediment. It depends on the
interconnectedness and size of pore spaces within the sediment matrix. Permeability affects groundwater flow,
sediment consolidation, and the transport of dissolved substances through sediments.

Density: Sediment density refers to the mass per unit volume of sediment. It can vary depending on the mineral
composition and degree of compaction. Density affects sediment settling velocity, sediment stability, and the
stratification of sediment layers.

Cohesion: Cohesion refers to the internal strength or stickiness of sediment particles. Cohesive sediments have a
tendency to bind together, forming cohesive structures. Cohesion influences sediment stability, erodibility, and the
behavior of sediment under different flow conditions.

Angle of Repose: The angle of repose is the steepest angle at which sediment particles can rest without sliding or
collapsing. It represents the stability of sediment slopes and the maximum slope angle that sediments can maintain.

4.2 Hydrodynamic forces and sediment movement
Hydrodynamic forces play a crucial role in sediment movement within submarine canyons and along continental
margins. These forces are driven by the interaction of water currents, tides, waves, and density gradients within the

ocean. Here's an overview of how hydrodynamic forces influence sediment movement:

Currents
Bottom Currents: Along-slope bottom currents can transport sediment through processes such as bed load (rolling
or sliding of particles along the seafloor) and suspended load (particles held in the water column).

Upwelling and Downwelling: In regions where there is upwelling, cold, nutrient-rich waters rise from depth, which
can increase biological productivity and sediment deposition. Conversely, downwelling can lead to the removal of
surface sediments to deeper waters.

Tidal Currents: Tidal cycles generate periodic currents that can resuspend sediments, particularly in shallower

regions of canyons.

Internal Waves: These are waves that propagate within bodies of water due to density differences. They can cause

fluctuations in current speed and direction, affecting sediment suspension and deposition.

Waves
Surface Waves: Wind-generated waves can impact shallow coastal areas, causing sediment resuspension and
transport. While their effect diminishes with depth, they can still influence canyon dynamics through wave-induced

currents.

Internal Solitons: These are large internal waves that can occur in shallower parts of canyons and have been
observed to resuspend sediments.
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Density-Driven Flows
Turbidity Currents: These are gravity-driven flows where sediment-laden water is denser than the surrounding
water. Turbidity currents can transport large amounts of sediment along the axis of submarine canyons and are

responsible for forming submarine fans at the canyon mouths.

Hyperpycnal Flows: These are flows that form when river discharge, carrying high sediment loads, enters the sea
and becomes denser than the surrounding seawater. They can contribute to sediment deposition in the upper
reaches of canyons.

Sediment Characteristics
Grain Size: Finer sediments like silt and clay are more easily resuspended and transported in the water column,
while coarser sediments like sand and gravel are more likely to move through bed load or as part of mass wasting

events.

Sediment Concentration: The concentration of sediment in the water column affects the buoyancy and density of
the water, which can influence the behavior of hydrodynamic forces.

Environmental Factors
Water Temperature and Salinity: Changes in these variables can affect the density stratification of the water

column, which in turn can influence the formation and movement of density-driven flows.

Sea Level: Rising sea levels can alter the patterns of sediment transport by changing the hydrodynamic regime
within canyons and on the continental shelf.

Storms and Cyclones: Extreme weather events can generate strong currents and waves that resuspend and transport

sediments.

5. Submarine Canyon Dynamics

5.1 Formation and evolution of submarine canyons

Submarine canyons are deep, steep-sided valleys carved into the seafloor that extend from the continental shelf to
the deep ocean. The formation and evolution of submarine canyons involve a combination of geological,
oceanographic, and sedimentary processes. While the exact mechanisms can vary depending on specific locations,

the following processes are commonly involved:

Tectonic Activity: Submarine canyons can form as a result of tectonic activity, such as plate movements and
faulting. Tectonic forces can uplift or subside the seafloor, creating steep slopes and initiating the incision of
canyons.

River Erosion: In coastal areas, rivers play a significant role in the formation of submarine canyons. Rivers
transport sediment, including sand, mud, and gravel, from land to the coast. The erosive power of these

sediment-laden rivers can cut through the continental shelf, forming submarine canyons.

Mass Wasting: Mass wasting processes, such as landslides, debris flows, and turbidity currents, can contribute to

10
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the formation and enlargement of submarine canyons. These mass movements transport large volumes of sediment

downslope, erode the seafloor, and can carve the steep walls of canyons.

Wave and Current Erosion: Wave and current action can erode and shape submarine canyons over time. Strong
wave energy and tidal currents can scour the seafloor, remove sediment, and deepen the canyons. The interaction
between currents and canyon topography can also create eddies and enhance erosion at specific locations within the

canyons.

Sediment Funnelling: Sediment transported by rivers or currents can be funneled and concentrated within
submarine canyons. This sediment influx can lead to the rapid deposition of sediment within the canyons,
contributing to their infilling and evolution.

Slumping and Sliding: Submarine canyons can experience slumping and sliding of sediments along their sidewalls.
These processes can occur due to the instability of sediment layers, changes in sediment properties, or seismic
activity. Slumping and sliding can modify the shape and morphology of the canyons.

Once formed, submarine canyons continue to evolve through various processes:

Sediment Transport: Sediments transported by rivers, currents, and gravity continue to shape and modify submarine
canyons. Sediment can be transported through the canyons and deposited at their mouths or transported further
offshore.

Canyon Extension: Submarine canyons can extend seaward over time due to ongoing erosion and sediment
transport processes. The lengthening of canyons can be influenced by changes in sea level, sediment supply, and
geological activity.

Submarine Landslides: The occurrence of submarine landslides within and around submarine canyons can modify
their morphology and trigger additional erosion. Landslides can result from various factors, including slope
instability, seismic activity, or changes in sediment properties.

Canyon Filling: Sediment deposition within submarine canyons can lead to infilling over time. This infilling can
occur through sediment delivery from rivers, mass wasting events, or settling of suspended sediments. As canyons
fill, they may transition into shallower features known as submarine fans.

5.2 Factors influencing canyon morphology and dynamics
Submarine canyons are dynamic environments that are shaped by a combination of physical, geological, and
biological factors. Here's a detailed look at the factors that influence canyon morphology and dynamics:

Physical Factors
Tectonics: Tectonic activity, such as faulting and folding, can cause the formation of canyons and alter their

morphology over time.

Sedimentation Rate: The rate of sedimentation controls the depth and width of canyons. Faster sedimentation rates

can create deeper and wider canyons, while slower rates can lead to shallower and narrower channels.

11



Journal of Marine Science | Volume 05| Issue 01 | May 2023

Water Depth and Velocity: Canyons are typically found in regions of deep water, where the water depth and
velocity influence the flow patterns and sediment transport.

Ocean Topography: The shape of the ocean floor, including features like plateaus and hills, can affect the formation
and morphology of canyons.

Geological Factors
Rock Type: The composition of the rock types can influence the physical properties of the sedimentary layers that
form the canyon walls, including their strength and permeability.

Sediment Type: The type of sediment transported through the canyon can affect its morphology and sedimentary
architecture. For example, finer sediments like silt and clay can form finer-grained sedimentary layers, while
coarser sediments like sand and gravel can create thicker layers.

Paleoclimate: Climate change has a significant impact on the formation and evolution of submarine canyons.
Warmer temperatures can lead to faster sedimentation rates, while colder temperatures can cause sediment to freeze

and create thicker layers.

Biological Factors
Bioturbation: Organisms like clams, worms, and polychaetes can burrow into the sediment, changing its structure
and creating channels or channels that transport sediment further downstream.

Bioerosion: Bacteria, fungi, and other organisms can dissolve the sedimentary rocks and create pits or holes in the

canyon walls.

Bioproduction: Organisms like corals and other reef-forming organisms can create hard surfaces that trap sediment
and contribute to the formation of carbonate sedimentary layers within the canyons.

Other Factors
Climate Change: Warmer temperatures due to climate change can lead to faster sedimentation rates, which can

affect the morphology and dynamics of submarine canyons.

Pollution: Pollution from human activities like fishing and waste disposal can affect the biological communities

within canyons, which in turn can impact sedimentation rates and deposition patterns.

Human Intervention: Construction projects like oil platforms or pipelines can disrupt the natural flow of water
within submarine canyons, leading to changes in hydrodynamics and sediment transport patterns.

By understanding these factors and their interactions, scientists can develop models that predict how submarine
canyons will respond to future changes in climate, land use, and human activities. This knowledge is crucial for

managing these critical ecosystems for sustainable use and conservation.

6. Conclusion

12
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The investigation of sediment transport and submarine canyon dynamics in ocean floor dynamics is crucial for
understanding the processes that shape our underwater landscapes and influence sediment dispersal patterns.
Through the case study of the Monterey Canyon, we have gained insights into the complex interplay between

sediment sources, ocean currents, and canyon morphology.

The Monterey Canyon exemplifies the role of various sediment transport processes, including tidal currents,
density-driven flows, and turbidity currents, in shaping submarine canyons. Tidal currents drive sediment
movement up and down the canyon, while density-driven flows and turbidity currents transport sediment
downslope, eroding the canyon floor and walls. The interaction of these processes results in the deposition of
sediment within the canyon and at its mouth, contributing to the growth and expansion of the adjacent submarine
fan.

The investigation of sediment transport dynamics in submarine canyons like the Monterey Canyon involves a
multidisciplinary approach. Remote sensing, acoustic mapping, sediment sampling, and in situ measurements
provide valuable data for understanding current velocities, sediment concentrations, and fluxes. Long-term
monitoring programs allow for the tracking of changes in sediment transport patterns, canyon morphology, and the
response of the canyon system to environmental factors.

By studying sediment transport and submarine canyon dynamics, we can enhance our knowledge of the deep-sea
environment, its geological processes, and the interactions between sediment, water, and the seafloor. This
knowledge has practical applications in fields such as coastal management, offshore engineering, and the
assessment of natural hazards associated with submarine landslides and sediment transport.

Continued research and monitoring efforts in submarine canyons worldwide will contribute to a deeper
understanding of sediment transport processes, the evolution of submarine canyons, and their significance in
shaping the underwater landscape. This knowledge is vital for managing and preserving our marine environments

and ensuring their sustainable use for future generations.
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