continental rise geology usa

Understanding Continental Rise Geology in the
USA

continental rise geology usa refers to a significant geological feature found along the
margins of continents where the ocean basin begins. These submerged plains represent a
crucial transition zone, bridging the steeper continental slope with the abyssal plains of the
deep ocean. The formation and characteristics of continental rises are shaped by a complex
interplay of sediment deposition, tectonic activity, and ocean currents. Exploring the
continental rise geology of the USA reveals fascinating insights into Earth's dynamic
processes and the vast underwater landscapes that lie beyond our shores. This article will
delve into the formation, key features, geological processes, and significant examples of
continental rises along the United States coastlines, providing a comprehensive overview of
this important geological province. We will examine how sediment transport shapes these
features, the role of turbidity currents, and the geological significance of these often-
overlooked underwater realms.
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Formation and Development of Continental Rises

The genesis of a continental rise is primarily a story of accumulation. Imagine a colossal
conveyor belt, delivering vast quantities of sediment from land to the ocean's edge. This



sediment, eroded from continents over millions of years, travels through rivers, gets
deposited at the coast, and is then transported further offshore by various oceanic
processes. As this material moves down the steeper continental slope, its velocity often
decreases, leading to the deposition of finer-grained sediments. However, the most
significant contribution to rise formation comes from more energetic events. This
continuous barrage of sediment, over eons, gradually builds up a gently sloping, wedge-
shaped body of material that forms the continental rise, effectively smoothing out the
dramatic drop-off of the continental slope into the flatter abyssal plain.

The development isn't a static process; it's a dynamic evolution. The thickness and extent
of a continental rise are directly influenced by the proximity of major river systems and the
volume of sediment they deliver. For instance, regions fed by large rivers like the
Mississippi will naturally develop more extensive and thicker continental rises compared to
areas with less sediment input. Furthermore, the geological history of the continent and its
adjacent ocean basin plays a critical role. Subduction zones, where one tectonic plate slides
beneath another, can influence the morphology and sediment budget of a continental
margin, indirectly impacting rise development. The interplay between sediment supply and
tectonic subsidence dictates how much space is available for these sedimentary wedges to
grow.

Factors Influencing Rise Development

Several key factors dictate the scale and characteristics of a continental rise. The most
paramount is, without question, sediment supply. Continents that have undergone
significant uplift and erosion, coupled with large drainage basins and powerful rivers, will
naturally contribute more sediment to the continental margin. Think of a busy construction
site; the more materials you have delivered, the bigger and faster the structure can grow.
Conversely, ancient shields and tectonically stable cratons, with limited uplift and erosion,
tend to have smaller or less developed continental rises.

Oceanographic conditions also play a substantial role. Prevailing ocean currents, including
deep-sea currents, can redistribute sediment, winnowing out finer particles and leaving
coarser ones behind, or even eroding existing deposits. Tides, wave action near the coast,
and the overall circulation patterns within the ocean basin can influence how sediment is
transported and where it ultimately settles. The bathymetry, or the underwater topography,
of the continental slope and shelf also contributes. If the slope is steeper, sediment can be
transported more rapidly offshore, potentially bypassing some of the areas where a rise
would typically form. Conversely, a gentler slope might allow for more gradual deposition
and a broader rise.

The Role of Subsidence

Subsidence, the gradual sinking of the Earth's crust, is another critical element in the
growth of continental rises. As massive amounts of sediment accumulate on the ocean
floor, their sheer weight can cause the underlying oceanic crust to depress. This downward
flexure creates more accommodation space, essentially providing a larger "room" for



sediments to fill. Over geological timescales, this ongoing subsidence, coupled with
continuous sediment deposition, allows continental rises to thicken significantly, sometimes
reaching several kilometers in vertical extent. Without this accommodating subsidence, the
rate of sediment accumulation would outpace the available space, limiting the growth of
the rise.

Key Geological Features of the Continental Rise

The continental rise is not a monolithic, featureless expanse. It's a complex landscape
dotted with a variety of geological formations that tell a story of dynamic depositional
processes. These features are the direct result of how sediment is delivered and distributed
across this broad, gently sloping plain. Understanding these formations is key to
deciphering the geological history of the ocean margins.

Submarine Canyons

Perhaps one of the most striking features found on or feeding into the continental rise are
submarine canyons. These are steep-sided valleys that incise the continental slope and
often extend onto the rise itself. They are the underwater counterparts to the river valleys
we see on land, carved by the relentless erosive power of sediment-laden water. These
canyons act as conduits, funneling enormous volumes of sediment from the continental
shelf and slope down towards the deeper ocean, playing a vital role in the construction of
the rise.

Turbidites and Contourites

The sediments that make up the continental rise are predominantly turbidites and
contourites. Turbidites are layers of sediment deposited by turbidity currents, which are
fast-moving, gravity-driven flows of water and sediment. These currents, often triggered by
earthquakes or storms, rush down the continental slope, eroding material and carrying it
onto the rise where the flow slows and deposits its load in distinct, graded layers.
Contourites, on the other hand, are formed by the action of slow-moving, persistent deep-
sea currents that flow parallel to the continental margin. These currents can sculpt the
seafloor and deposit fine-grained sediments, often creating distinctive sedimentary
structures.

Abyssal Fans

Where submarine canyons debouch onto the continental rise, they often form large, fan-
shaped accumulations of sediment known as abyssal fans or submarine fans. These fans
are analogous to alluvial fans found at the base of mountains on land, spreading out as the
sediment-laden flow loses energy. They represent major depocenters, areas where the



thickest accumulations of sediment are found on the continental rise, and are a testament
to the immense volume of material transported from the continents.

Sedimentation Processes: The Driving Force

The very existence and morphology of a continental rise are a direct consequence of
sedimentation. It's a constant process of material being transported from land, through
rivers and coastal processes, and then delivered to the ocean floor. This sediment, a
mixture of sand, silt, and clay eroded from the continents, forms the building blocks of the
rise. The rate at which this sediment is supplied, coupled with how it is transported and
deposited offshore, dictates the size, shape, and characteristics of the continental rise.
Think of it as a continuous building project, with sediment as the bricks and mortar, and the
ocean floor as the construction site.

The journey of sediment from land to rise is a multifaceted one. Rivers are the primary
highways, carrying weathered rock fragments and dissolved minerals. Upon reaching the
coast, this sediment can be further reworked by wave action and longshore currents,
eventually finding its way into deeper waters. Once beyond the relatively shallow
continental shelf, gravity takes over as a dominant force, particularly on the steeper
continental slope. Here, sediment can become unstable, leading to mass movements that
transport large volumes of material downslope.

The Role of Mass Wasting

Mass wasting, a broad term encompassing various types of downslope movement of earth
material, is a critical process in delivering sediment to the continental rise. These events
can range from slow creep and slumping to rapid debris flows and avalanches. Factors like
sediment saturation, seismic activity, and rapid sedimentation rates can destabilize the
continental slope, triggering these massive transport events. These are not gentle slides;
they are powerful surges of sediment and water that can carve out canyons and deposit
thick layers of material on the rise below.

The impact of mass wasting is profound. It's responsible for the dramatic shaping of
submarine canyons and the rapid deposition of large sediment bodies. Understanding these
events allows geologists to interpret the geological history of a region, identifying periods of
intense sediment supply or seismic instability. The frequency and magnitude of mass
wasting events are directly linked to the volume and characteristics of the sediment being
transported, making it a key factor in the evolution of continental rise geology.

Fine Sediment Transport

While mass wasting events are dramatic and significant, the steady, continuous transport of
fine-grained sediments is equally crucial for building the bulk of the continental rise. Finer



materials like silts and clays, suspended in the water column, can be carried long distances
by gentle ocean currents. These particles eventually settle out of suspension, accumulating
slowly over vast areas of the continental rise. This background sedimentation, though less
dramatic than mass wasting, contributes significantly to the overall thickness and fine-
grained nature of many rise deposits.

Turbidity Currents and Submarine Fans

Turbidity currents are arguably the most significant agents in the construction of large
continental rises, particularly those characterized by extensive submarine fans. These are
not gentle underwater rivers; they are turbulent, fast-moving avalanches of sediment and
water that surge down the continental slope with remarkable force. Imagine a landslide, but
underwater, carrying a dense slurry of sediment. These currents possess immense erosive
power and are responsible for carving out the deep submarine canyons and transporting
vast quantities of material to the base of the slope, where they spread out to form
characteristic fan shapes.

The mechanism behind a turbidity current is simple yet powerful: density. When sediment-
laden water becomes significantly denser than the surrounding clear water, it begins to flow
downslope due to gravity. This increased density can be caused by a variety of triggers,
such as earthquakes that shake loose sediment on the slope, storms that stir up the
seafloor, or even the rapid dumping of sediment from a river mouth during a flood. Once
initiated, the current can gain speed and momentum, entraining more sediment as it
travels, becoming a self-sustaining flow.

Formation of Submarine Fans

As a turbidity current exits a submarine canyon and emerges onto the flatter terrain of the
continental rise, its velocity decreases, and its energy dissipates. This loss of energy causes
the suspended sediment to be deposited. The sediment is typically deposited in graded
layers, with coarser material settling out first, followed by progressively finer material. This
graded bedding is a hallmark of turbidite deposits and is a key indicator of past turbidity
current activity. The depositional pattern, as the current spreads out, naturally forms a fan
shape, with the apex at the canyon mouth and the base extending across the rise.

These submarine fans can be colossal structures, miles wide and thousands of feet thick,
representing major depocenters on the ocean floor. They are critical habitats for deep-sea
organisms and also play a role in the geological record, preserving information about past
seismic events and sediment transport regimes. The study of these fans provides
invaluable insights into the dynamics of sediment transport in deep-sea environments and
the evolution of continental margins.



Channels and Levees

Within large submarine fans, evidence of the active flow of turbidity currents can be seen in
the form of channels and levees. Channels are essentially the "pathways" or conduits
through which the turbidity currents flow across the fan. These channels are often incised
into the fan sediment, and their patterns can evolve over time as currents shift their
course. Along the sides of these channels, finer sediment can accumulate, forming raised
natural embankments known as levees. These levees are formed by overbank flows, where
some of the sediment-laden water spills out of the main channel and deposits sediment
along its edges.

Tectonic Influences on Continental Rises

While sedimentation is the primary architect of continental rises, tectonic forces play an
equally crucial, albeit often indirect, role in their development and morphology. The type of
continental margin, whether it's passive or active, fundamentally influences the geological
setting in which a continental rise can form. These tectonic frameworks dictate the
availability of space for sediment accumulation, the proximity of sediment sources, and the
overall stability of the margin.

Passive Margins

The most extensive and well-developed continental rises are typically found along passive
continental margins. These are margins that are not located at active plate boundaries,
meaning there is no significant subduction or collision occurring. Examples in the USA
include the Atlantic and Gulf coasts. Along passive margins, the continental crust thins
gradually towards the oceanic crust, and the transition is characterized by a broad
continental shelf, a steeper continental slope, and then a substantial continental rise. This
setting is ideal for rise formation because it typically receives abundant sediment from
large river systems and experiences relatively low tectonic activity, allowing sediment to
accumulate unimpeded over geological time.

The relative stability of passive margins means that the underlying crust can flex and
subside under the weight of accumulating sediments. This subsidence creates
accommodation space, allowing the continental rise to thicken significantly over millions of
years. The lack of major tectonic deformation also means that the sedimentary layers
within the rise remain relatively undeformed, preserving a detailed record of past
depositional environments and events. It’s this combination of abundant sediment and a
stable, subsiding foundation that allows for the grand scale of continental rises seen along
passive margins.



Active Margins

Active continental margins, where tectonic plates converge, present a different scenario for
continental rise development. These margins, such as the Pacific coast of the USA (with the
exception of Alaska), are characterized by subduction zones, volcanic activity, and
significant seismic events. In many cases, the trench associated with subduction lies close
to the continental slope, effectively trapping sediments and preventing the formation of a
broad, well-developed continental rise. Instead, sediments that reach the margin are often
scraped off and accreted onto the overriding plate, forming accretionary prisms. While
some localized sediment accumulation can occur, the classic, extensive continental rise is
generally absent or significantly diminished along active margins.

However, there can be exceptions and variations. Some active margins might have
localized areas where sediment can bypass the trench or accumulate in inter-arc basins,
leading to the formation of smaller or less continuous rises. The complex interplay of
subduction, sediment bypass, and tectonic uplift means that active margins present a more
varied and often less pronounced continental rise environment compared to their passive
counterparts. The dominant geological processes are erosional and deformational rather
than purely depositional, shaping a very different kind of continental margin.

Forearc and Backarc Basins

On active margins, the geological structures associated with subduction can also influence
sedimentary environments. Forearc basins, located between the volcanic arc and the
trench, can accumulate sediments, but these are typically distinct from continental rises.
Similarly, backarc basins, located on the other side of the volcanic arc, can also be sites of
sediment accumulation. While these basins can host thick sedimentary sequences, they are
tectonically controlled and do not represent the gradual, seaward-building sedimentary
wedge characteristic of a continental rise formed on a passive margin. The tectonic setting
fundamentally dictates the presence or absence of a significant continental rise.

Continental Rises of the Atlantic Coast

The Atlantic coastline of the United States is a prime example of a passive continental
margin, and consequently, it boasts some of the most extensive and well-developed
continental rises in the world. These submerged plains are a testament to millions of years
of sediment accumulation from the vast drainage basins of major rivers like the Mississippi,
Hudson, and Delaware, feeding into the Atlantic Ocean. The geological history of the
Atlantic margin, marked by the rifting of Pangaea and the subsequent opening of the
Atlantic Ocean, has created the ideal conditions for these massive sedimentary structures
to form.

The continental rise along the U.S. Atlantic coast is characterized by its gentle, seaward
slope, transitioning from the steeper continental slope to the abyssal plains. This broad,



wedge-shaped body of sediment is composed of layers of turbidites and contourites,
reflecting the interplay of gravity-driven sediment flows and persistent deep-sea currents.
The sheer volume of sediment delivered from the continent has allowed these rises to
thicken considerably, reaching depths of several kilometers in some areas. Exploring these
rises reveals a complex history of deposition, erosion, and seafloor evolution.

The Hatteras Abyssal Plain and Rise

A prominent feature along the U.S. Atlantic coast is the Hatteras Abyssal Plain and its
associated continental rise, located off the coast of North Carolina. This region is renowned
for its immense thickness of sediments, largely derived from the Mississippi River system,
which has been a major sediment source for millions of years. The Hatteras Rise is a classic
example of a sediment-starved rise in some areas, where sediment transport has been less
intense, leading to thinner deposits. However, in other sectors, particularly where
submarine canyons have funneled sediment, significant fan structures are present. The
Hatteras Rise is a key site for understanding sediment dynamics and the geological
evolution of passive margins.

Georges Bank and the New England Rise

Further north, the continental rise off New England, associated with Georges Bank, presents
a slightly different character. While still a passive margin setting, sediment supply might be
somewhat less voluminous compared to the Mid-Atlantic Bight. Nevertheless, the New
England continental rise is a significant geological feature, sculpted by turbidity currents
and deep-sea currents. Submarine canyons are present, though perhaps less extensive
than further south, and they deliver sediment to the rise, contributing to its overall
structure. The bathymetry and sedimentary facies here provide insights into regional
variations in sediment sources and transport mechanisms along the Atlantic margin.

Gulf of Mexico Continental Rise

The continental rise in the Gulf of Mexico is particularly noteworthy due to the enormous
sediment input from the Mississippi River. This river system has historically been one of the
largest sediment suppliers on Earth, and its delta complex has continuously fed vast
quantities of material into the Gulf. As a result, the Gulf of Mexico continental rise is one of
the thickest and most extensive on the planet. It is characterized by numerous large
submarine fans, formed by turbidity currents originating from the Mississippi Delta and
other rivers. The geological structure of this rise is heavily influenced by the interplay of
deltaic processes, sediment gravity flows, and the subsidence of the Gulf basin, making it a
dynamic and complex geological system.



Continental Rises of the Pacific Coast

The Pacific coast of the United States presents a starkly different geological picture
compared to its Atlantic counterpart. This is primarily an active margin, characterized by
convergent plate boundaries, subduction zones, and associated seismic and volcanic
activity. Consequently, the development of extensive, classic continental rises, as seen
along the Atlantic coast, is generally limited or absent here. The dominant geological
processes are erosional and deformational, rather than purely depositional, leading to a
much narrower and often more complex continental margin.

Instead of broad continental rises, the Pacific margin is often defined by deep oceanic
trenches located close to the continental slope. These trenches act as traps for incoming
sediments, which are then scraped off and accreted onto the overriding tectonic plate,
forming accretionary prisms. While some sedimentary deposits can occur, they are typically
not organized into the extensive, gently sloping wedge characteristic of a continental rise.
The tectonic forces at play actively shape and deform the margin, making it a challenging
environment for large-scale sediment accumulation in the manner seen on passive
margins.

Cascadia Subduction Zone

The Cascadia Subduction Zone, extending from northern California to British Columbia, is a
prime example of an active margin where a continental rise is largely absent. Here, the
Juan de Fuca Plate is subducting beneath the North American Plate. The continental slope
drops steeply into the Cascadia Subduction Zone, a deep oceanic trench. Sediments eroded
from the North American continent are largely trapped in this trench and incorporated into
the accretionary wedge. While some localized sediment bypass might occur, the
widespread development of a continental rise is precluded by the intense tectonic activity
and the presence of the trench.

However, it's important to note that sedimentary deposits can still occur in specific settings
along active margins. For instance, there might be smaller fans or sedimentary
accumulations in basins that are tectonically controlled or where sediment bypasses the
trench. These features are distinct from the classic continental rise, being more influenced
by the immediate tectonic regime and localized sediment pathways. The geological
landscape is fundamentally shaped by the ongoing collision and subduction processes.

The California Borderland

Off the coast of Southern California lies the California Borderland, a complex region
characterized by a series of fault-bounded basins and islands. This area represents a
transitional zone between the subduction of the East Pacific Rise and the San Andreas Fault
system. While not a classic passive margin setting, the tectonic activity has created a
fragmented seafloor with several basins that can accumulate sediments. However, a
continuous, gently sloping continental rise is not a prominent feature here. Instead, the



bathymetry is highly irregular, with steep slopes, deep basins, and fault scarps dominating
the landscape, reflecting the pervasive tectonic forces at play.

Limited Sediment Bypass

A key reason for the limited development of continental rises on the U.S. Pacific coast is the
efficiency with which sediments are trapped or deformed at the subduction zone. Unlike
passive margins where sediments can travel unimpeded across a stable, subsiding margin,
active margins are characterized by geological structures that intercept and rework
incoming sediment. Submarine canyons might exist, but their sediment output is often
directed into the trench or incorporated into the accretionary prism rather than building a
broad rise. The tectonically active nature of the region constantly reshapes the seafloor,
making the sustained, large-scale deposition required for a continental rise difficult.

Significance of Continental Rise Geology

The study of continental rise geology in the USA is far more than an academic exercise in
cataloging underwater features. These vast submerged plains hold immense scientific,
economic, and environmental significance. They are silent archives of Earth's history,
crucial reservoirs of natural resources, and important components of marine ecosystems.
Understanding their formation, composition, and evolution allows us to unlock valuable
information about our planet and its future.

The thick sedimentary sequences that constitute continental rises act as invaluable
geological records. Trapped within these layers are clues about past sea levels, climate
changes, and tectonic events. By analyzing sediment cores, geologists can reconstruct
environmental conditions stretching back millions of years, providing a long-term
perspective on global climate cycles and the Earth's dynamic systems. This historical data
is crucial for understanding contemporary environmental challenges and predicting future
trends.

Economic Importance: Hydrocarbons and Minerals

Continental rises are significant hydrocarbon provinces, meaning they are crucial areas for
the exploration and extraction of oil and natural gas. The accumulation of organic matter
within the sediments, coupled with the porous and permeable nature of the sedimentary
rocks formed from these deposits, creates ideal conditions for the formation and trapping of
petroleum. Many of the world's major offshore oil and gas fields are located on or
associated with continental rises. Therefore, understanding the detailed geology of these
regions is vital for energy security and economic development. Beyond hydrocarbons,
continental rises can also be sources of other valuable minerals, though their extraction is
often more challenging due to the deep-sea environment.



Environmental and Ecological Significance

Despite their remote location, continental rises are not devoid of life. They support unique
and diverse deep-sea ecosystems, adapted to the high pressures, low temperatures, and
lack of light. Organisms living on and within the rise sediments play crucial roles in nutrient
cycling and seafloor processes. Furthermore, the stability and extent of continental rises
can influence ocean currents and sediment transport patterns, which in turn affect broader
marine environments. Understanding these deep-sea habitats is increasingly important as
human activities, such as deep-sea mining and drilling, begin to impact these fragile
ecosystems.

Geological Hazards and Research

Continental rises are also areas where geological hazards, such as submarine landslides
and turbidity current events, can occur. These events can pose risks to underwater
infrastructure, such as telecommunication cables and pipelines. Studying the geology of
continental rises helps in identifying areas prone to these hazards and in developing
strategies for mitigating their impact. Furthermore, the research conducted on continental
rises contributes to our fundamental understanding of plate tectonics, sediment transport,
and the geological evolution of continental margins, advancing the field of Earth sciences.

Conclusion

The continental rise geology of the USA represents a fascinating and vital component of our
planet's submerged landscapes. From the vast, sediment-rich plains along the Atlantic
coast to the tectonically active and more constrained margins of the Pacific, these features
showcase the diverse processes that shape our Earth. Understanding the intricate interplay
of sedimentation, ocean currents, and tectonic forces that build and modify continental
rises is crucial for appreciating the dynamic nature of our planet. These underwater realms
are not just passive repositories of sediment; they are active participants in geological
processes, harboring significant economic resources and supporting unique ecosystems.

As we continue to explore and study these deep-sea environments, our knowledge of their
formation, evolution, and significance only grows. The continental rise, bridging the familiar
continents with the vast, unexplored ocean basins, stands as a monument to geological
time and the enduring power of natural processes. Further research promises to unlock
even more secrets about these vital geological provinces, contributing to our understanding
of Earth's past, present, and future.

Frequently Asked Questions



Q: What is the primary difference between a continental
shelf, slope, and rise?

A: The continental shelf is the gently sloping, submerged edge of the continent that
extends from the coastline to the shelf break. The continental slope is a much steeper
incline that drops off from the shelf break to the ocean floor. The continental rise is a broad,
gently sloping plain of accumulated sediment found at the base of the continental slope,
transitioning into the abyssal plain.

Q: How are continental rises formed?

A: Continental rises are primarily formed by the accumulation of sediments eroded from
continents and transported offshore. These sediments are delivered by rivers, carried by
ocean currents, and often moved downslope by gravity-driven processes such as turbidity
currents and mass wasting events, which deposit material at the base of the continental
slope.

Q: Are there continental rises on both the Atlantic and
Pacific coasts of the USA?

A: Well-developed continental rises are predominantly found along the passive margins of
the Atlantic coast of the USA. The Pacific coast is an active margin, characterized by
subduction zones, which typically limit the formation of extensive continental rises, often
leading to deep oceanic trenches close to the continental slope instead.

Q: What are submarine canyons and how do they relate
to continental rises?

A: Submarine canyons are steep-sided valleys that incise the continental slope and can
extend onto the continental rise. They act as important conduits, funneling large volumes of
sediment from the shelf and slope down to the base of the slope, where they contribute
significantly to the formation of the continental rise and associated submarine fans.

Q: What is the economic importance of continental
rises?

A: Continental rises are economically significant as major hydrocarbon provinces, holding

substantial reserves of oil and natural gas. The thick sedimentary sequences provide ideal
conditions for the formation and trapping of these resources. They can also be a source of
other valuable minerals, though deep-sea extraction is often challenging.

Q: What role do turbidity currents play in continental



rise geology?

A: Turbidity currents are fast-moving, gravity-driven flows of sediment-laden water that
surge down the continental slope. They are a primary mechanism for transporting large
volumes of sediment to the base of the slope and are responsible for carving submarine
canyons and building the characteristic fan-shaped deposits on the continental rise known
as submarine fans.

Q: Can continental rises be a source of geological
hazards?

A: Yes, continental rises can be subject to geological hazards such as submarine landslides
and large turbidity current events. These events can pose risks to underwater infrastructure
like pipelines and telecommunication cables and can cause significant changes to the
seafloor topography.

Q: How do tectonic settings influence the presence of
continental rises?

A: Passive continental margins, characterized by tectonic stability and subsidence, are ideal
for the development of extensive continental rises due to continuous sediment
accumulation. Active continental margins, with their convergent plate boundaries and
subduction zones, typically lack well-developed continental rises because sediments are
often trapped in trenches or incorporated into accretionary prisms.
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