LEARNING 0BJECTIVES

After reading this chapter, you should pe able to
* Describe the divisions ang features of the continental margip,
* Describe the formation of 4 submarine canyon,

¢ Describe the features of the ocean basin flogr,
* Understand the use of echo s

* Compare ocean sediments b
* Relate sediment particle size and sinking rate, '

* Describe the instruments useq to sampic saflggr sedimants,
* Give examples of seafloor mineral resources,

* Understand the political, legal, and economic factors reageq to
harvesting seafloor minera| resources,

ounding to man the sea flony

Y source, properties, ang g istribution,
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yas an unknown environment to carly

sa (o [:c‘ Iﬁrst curious scientists. They believed

i : ;,cm large basins o!' depressions in Earth’s

hat lhc("?m‘ ( conceive that these basins held features

st bul they d]d'lf:(c)cnl 4 the mountain chains, deep valleys,

S magnlof (he land. As maps were created in greater

O[:j, (ravel and commerce increased, 1t became es-

il and 3 OCC Jfioor features in the shallower regions, but it

e Se|950s that improvements in techn.ology made it

osble o sample the deep sea floor routinely and in detail.

o The geography and the geology of the sea floor are .the

f processes that occur on both human and geological

‘.mduaso p in features of the sea floor are compelling

ime scales. The main features :

evidence for plate tectonics as discussed in chapter 3.

he

at were
qd greal cany

pial t0 T
s not until he

4.1 The Sea Floor

The mountain ranges under tb%ﬂrealonger, the valley-floors
are wider and flatter, and the can}{ﬁg'are often deeper than
those found on land. Land features are continually eroded by
wind, rain, and ice, and are affected by changes in temperature
and rock chemistry. The erosion of seafloor features is slow, and
occurs only by way of waves and currents along the shore and
on sieep underwater slopes. Beneath the surface the water dis-
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solves away certain materials,

changing thé roc '
the features retain thejr shape ging k chemistry, but

and are only slowly modified

_ as
tfh;)'/ are covered by a constant rain of particles or sediment
alling from .above. Computer-drawn profiles of elevations
across the United States and the Atlantic Ocean are c

ompared i
figure-4.1. Notice that the profi P

les of the mountain ranges on

~ land and ridge systems of the sea floor are similar.

4.2 The Continental Margin

The region of the sea ﬂ00r1 that is closest to land is called the con-
tinental margin: Continental margins are the edges of the land-
masses at present below the ocean surface and their steep slopes
that descend to the deep sea floor. The two different types of conti-

nental margins, passive and active, are discussed in section 3.10.

Passive continental margins can be subdivided into four distinct
regions: the continental shelf, shelf break, slope, and nise (fig. 4.2).
Along active continental margins, the continental slope typically .
continues into a deep ocean trench except where large.amounts of
sediment carried off the continent have filled the trench.

The continental shelf is a nearly flat region of varying
width that slopes very gently toward the ocean basins. Shelf

widths average about 65 km (40 mi) and vary from only a few

tens of kilometers to more than 1500 km (930 mi).
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* The average slope is indicated for the conti-
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Figure 42 A typical profile of a passive 4

continental margin. Notice both the vertical
and horizontal extent of eqch subdivision.

nental shelf, slope, and rise. The vertical

Shelf break

.:,:I:“‘ ;

scale is one hundred times greater than the 0
horizontal scale,

The distribution of the world’s continental shelves js shown in
figure 4.3, The shelf is narrow along the mountainous coasts of ac-
tive continental margins and wide along low-lying Jand at passive
continental margins, Passive margin continental shelves are often
further modified by sea-level changes and storm waves that erode
the edges of the continents, and, in Some cases, natural dams on
the shelves, such as reefs

dam and the coast. Notice the narrow shelf along the west co

ia, and Scandinavia,
The continental shelves are geologically part of the conti-

nents, and during past ages, they have been covered and uncov-
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ered by fluctuations in sea level, When the sea levd wag low ¢z
ing the ice ages (periods of increased jce on lnnd){,emsion ey
ened valleys, waves eroded previously submerged land, and riven
left their sediments far out on the shelf. When the ice melied ad
sea level rose, these areas were flooded and sediments buil; i |
areas close to the new shore. Although presently submerged, the
shelf areas still show the scars of old riverbeds and glaciers, fex
tures they acquired when exposed as part of the continent, Son
continental shelves are covered with thick deposits of silt, sand,
and mud derived from the land: for example, the Mississippi and
Amazon Rivers deposit large amounts of sediments at their
mouths. Other shelves are bare of sediments, such as wher the
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iip of Florida. carrying the shell sedi-
weeP? the }r water of the Atlantic Ocean.

. > (JCU X oy o1 .
a0t the i coﬂ“”‘:"ml shelf on lhe. ocean side is
of th in slope, leading to a more

s abrupt change 11 2 ferred
by 3D T change in slope is referred to as the
i depth teéper slope extending to
;wwﬂ s the continental slope.
o of the slope vary from place to place.
g he § .
L 200m (650t 3000 m (I0.0QO f), asin
T gy from ~ 25 8000 m (26,000 ft) into a deep
5 oritma :
faute 20 does off the W , . .
o ky outcroppings, and it is often
m . .
s £ ediments because of its steepness.
re 0
arine canyons. These canyons sometimes ex-
Jopes W ubmnd across the continental shelf. A submarine
. 0,2 .
ot SFhr (o those of river-Cut canyons on land. Figure 4.4a
s ST 4 Carmel canyons off the coast of Cali-
g, frourc 4.4b compd .
{O,[n;:a;:():ﬁ e of the Grand Canyon of the Colorado River.
withd
on iver systems 00 Jand and were apparently cut into the shelf
I ; v
dubn'ng periods of low sca level, when the rivers flowed across
ol sediments fanning Qut at lhvc ends of these canyor.m suggest
moving flows of sediment and
e callod turbidity currents. Turbidity currents are fast-moving
slanches of mud, sand, and water caused by earthquakes or the

it &P T ile the S
o e steep—Ior example, the depth may
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) i est coast of South America. The
how roc
lavel [oulslﬂ“di"g features found on the continental
g most 2=
endup " ided and has a V-shaped cross section, with trib-
i stee
N onterey an
gors ¢ il res a profile of the Monterey Canyon
Many of these qubmarine canyons are associated with exist-
e continental shelves. Ripple marks.on the floors of canyons
that they have been formed by
aetoading of sediments on steep slopes. They flow down the
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-OVer time they erode the slope

California coast as they cut
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slope, erodipe and pickj sedi
& and picking up sediment as they gain speed, and
and excavate the submarine
st [hy ttu;r.cn( flow reaches the seq
. m.ﬂ . € sediments settle. During this
e erials dll'Op out and are overlaid by
i Yers o ecre:mm.g particle size, and turbidites are
o C]"ffb’l[]‘re 46 shows a size-graded deposit preserved in a
| .. grbndnty currents have never been directly observed
although similar but smaller ang more continuous flows, such .'m'

sand falls, have been observed and photographed. Compelling

canyogr (fig. 4.5). As the wrbidit
floor. it slow

settling

evidence of a large turbidity current in the ocean was observedin

Tl\lgezsf:;hn?l :nzegltz:nof [Lrané-Allamic telephone cables south of
canbquile oovued ﬁc e hrand Ba.nks were broken after an
cibls clocee o e ea[:}?l lf,le continental slope (fig. 4.7). The

S closes quake broke when the earthquake oc-
curred. The other cables broke in sequence with increasing dis-
tance from the earthquake. Scientists concluded that the
earll?quake triggered a turbidity current that moved down the
continental slope at speeds of as much as 80 km (50 mi) [')er hour
and across the less steep continental rise at about 24 km [15 mi)
per hour, breaking cables as it reached them. This turbidity cur-
rent traveled a total distance of about 650 km (400 mi).

At the base of the steep continental slope, there may be a
gentle slope formed by the accumulation of sediment. This por-
tion of the sea floor is the continental rise (fig. 4.2); it is a re-
gion of sediment deposition by turbidity currents, underwater
landslides, and any other processes that carry sand, mud, and
silt down the continental slope. The continental rise is a
conspicuous feature in the Atlantic and Indian Oceans and
around the Antarctic continent, Few continental rises occur in
the Pacific Ocean; here great seafloor trenches are often at the
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4 The Set Floor

Figure 4.5 Image of the Continental Margin off the Coast of
Delaware. Turbidity currents have cut deep canypns into the edge of the
continental shelf and the continental slope. -Some-of these curments ex-
tend into the abyssal plains. The smooth plain at the base of the slope in-
dicates where the sediments settled.
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F|gure 4.6 This beach clifr shows an ancient turbidite deposit (hy has
been uplifted and then exposed by wave erosjorf. Turbidites are graded
deposits, with the largest particles in (he deposit at the bottor of the tur-
bidite and the simallest particles at the top.

base of the continental slope, where materia| from the active
margin is being subducted,

Identify the divisions of the continental margin anq
distinguish between them, :

How does the width of the continental shelf vary from
place to place?

Explain the formation of a submarine canyon,

4.3 The Ocean Basin Floor

The deep sea floor, between 4000 and 6000 m (13,000-20,000 ft),
covers more of Earth's surface (30%) than do the continents ( 29%).
In many places, the ocean floor is a flat plain, known as an abyssal

fomed e; continental shejf gnq the Grand Banks, A turbidity cumen
"Ment at the edge of the continenty| shelf broke loose and

flowed ¢ i
own (he contingnta] slope angd rise, breaking the cables as i
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dqure 4.8 An idealized portion of ocean basin floor with abyssal hills (less than 1000 m of elevation
dJnd on the abyssal plain. The island was-previously a seamount-before it reached the surface. Seamou,:; a Sl;yo( (a flat-topped seamount), and an i
prigin (vertical X 100). . fa" guyots are known to be volcanic in | ‘
) |
soral can grow. The coral grows to form a fringing reef around face, with many a 1§
. blf b Ceinks or subsides slowly enough, th ny at the 1300 m (4300 ft) depth. Many guyots ot |
he island. If the seamoun ides slowly enough, the  show the remains of shallow marine coral reefs and the evidenc i |
voral continues to grow upward at the same rate as the rising  of wave erosion at their summits. This indicates that at one :1[:;: i
water, and a barrier reef with a lagoon between the reef and the they were surface features and that their flat tops are the result of 3
. . - . 1
<land is formed. If the process continues, eventually the rain and wave erosion, past coral reef growth, or both. Guyots i
eamount disappears below the surface and the coral reef is left  have dropped far below sea level because their weight has helped 4|
N . P . o ¥ |
a5 aring, Or atoll. This process 1S illustrated in figure 4.9. depress the oceanic crust and because the plate supporting them i
- These steps required to form an atoll were suggested by has moved away from the hot spot or ridge where they were cre- fl
Charles Darwin, based on his observations during the voyage of ated: refer to section 3.11. They have also been submerged by ris- i
the Beagle in 1831-36. Darwin’s ideas have been proved sub- ing sea level during periods in which the land ice has melted. L
antially correct by more recent expeditions that drilled through
he coral debis of lagoon floors and found the basalt peak of the List the features of the ocean basin floor. b |
seamount that once protruded above the sea sur face. Explain the series of events that produce an atoll. -
Submerged flat-topped seamounts, known as guyots, or How are seamounts and guyots the same, andhoware

ablemounts (fig_ 4.8), are found. most often i The Pagific Ocean. they different?
These guyots are 1000 to 1700 m (3300 to 5600 ft) below the sur-
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8 . Cﬁdph‘r;; > The Sea Floor

4.4 The Ridges and Rises

The most remarkable features of the ocean floor are the mid-
ocean ridge and rise systems that form at the spreading t.)OUHd-
aries of the lithospheric plates. This series of great cdntinuous
underwater volcanic mountain ranges stretches for 63.000 km
(40,000 mi) around the world and runs through every ocean; see
figure 4.10 and refer to figure 3.5. These ridge systems are
about 1000 km (600-mi) wide and 1000 10 2000 m (3500 to
7000 f1) high. If the slopes of these mountain ranges are steep,
they are referred to as ridges (such as the Mid-Atlantic Ridge
and the Mid-Indian Ridge); if the slopes are more gentle, they
are called rises (such as the East Pacific Rise). Along-portions of
the system’s crest is a central rift valley, 15 to 50 km (9 to 30 mi)
wide and 500 to 1500 m (1500 to 5000 ft) deep. The rift valley
is volcanically very active and bordered by rugged rift moun-
tains. Fracture zones with steep sides run perpendicular to the
ridges and rises, connecting offset sections of the mid-ocean
ridges to make a stair-step patten=The faults between-the offset
sections of rift valley are the transform faults; refer to section 3.8.
The mid-ocean ridge and rise systems and their smaller lateral
extensions separate the ocean basins into sub-basins, in which
bodies of deep water are isolated from each other. Refer back to
figure 3.5.

Distinguish between a ridge and a rise.
Where would you find examples of each? Use figure 3.5.

Use figures 3.5 and 4.10 to identify South Atlantic ocean
basins formed by the Mid-Atlantic Ridge and its lateral
extensions.

4.5 The Trenches

The Mid-Atlantic Ridge is the dominant feature of s,
} e

‘

. . ~ « “".: -S1 J-"“
the Atlantic Ocean. but the narrow. steep-sideq. deep

renches characterize the Pacific. Trenches occur o COMera,
plate boundaries: refer to section 3.9 10 review their o
and see figures 4.1 and 3.5 for their locations. Some o7, -

'
s
Ce

wrenches are located on the seaward side of chains of \QL\::
islands known as island arcs. For example, the Japan-§,.
Trench. the Aleutian Trench, the Philippine Trench, and [
deepest of all ocean trenches, the Mariana Trench, are ) 1\
ciated with island arc systems. The Challenger Deep, Portiay
of the Mariana Trench. has a depth of 11,020 m (36,159 fi)
making it the deepest known spot in all the oceans. The
longest of the trenches is the Peru-Chijle Trench, stretching
5900 km (3700 mi) along the west side of South Americy. T:w
the north, the Middle-America Trench borders Central Amer.
ica. T hfe Peru:ChiIe and Middle-America Trenches are assocj-
ated—wnth-ﬂCIlVC*YOICQnoes on the western-margins of South
and Central America, These volcanoes lie above the subducted
plate and along the edge of 1 upper plate. In the Indian O
the great Sunda-Java Trench rypg for 4500. . " o
; 200 km (2800 mi) along
tantic there are two comparatively

short trenches, the X
Puerty R'C("Ca)fman Trench and the South

Sandwich Trench :
, both As0ciateq With chai o
lands. Chains of volcanic is-

Figure 4.12 summap;
ba - oS e topogryy
athymetry of the sea flogy o o Py of the Jand and the
Compare the tectonica]] NS of Ey

Y ctive 1th’s surface area.
Compare the area A4S Of 1iggn.
P of land Platforp, o nidges and (renches.
areg of ocean basins.

|
|
|



“\1“ \\\Ill“l!'

| t\l ”\vﬂ‘l
o Yot ! ‘M"
& \"
L' l\‘
1'“‘ .

Mg 7
Ly o )«\'

.Tronch

= tr m'.s -
Sauth Sandwich
Trench
M“E‘ /90“ 120” E’V‘150 E 180* 150°W 120°'W 9(( W 60 W 30" W 0
I | | | AR l [1yr

|’h?{lp Ino

Sunda-Java

If' f—il -—,‘r p 7 'T/—'rrfw L ff Ifj
) ‘ ‘/ \¥ - /, ';; > rv,sl";/»—‘r‘-‘ b, /.
Aol & fe oy
J ‘a" z Jb"j'r’""’ 1 /) h
)/ YA T A G RV
/h "7}1 “,} "\, p (.
: ( /r’ / M/ s
,n =y (\ }u \
/ X A /'/'\
Poian Trench l Tl 2~
(g §
¢ )(‘ \
A \5\ (“(. Puerto Rico-
‘\\‘ " /drﬂ;’n T{f r‘m
\ Marfiana K IJZ i
\.r/-"’*"»

lrench

i
8

i1

\r {en Hebirdes Trench

; 'U ' .
' : ' I Tonga Trench
/“\

7

‘/I 4i\(l'rlr._ ”" [) rl H\

Middie-hanedea Trench

Pery-Chile
Trench

Vermades Trench

111 Major ocean trenches of the world. The deepest ocean depth is 11,020 m, east of the Philippines in the Mariana Tren

:nger Deep.

Mountains

Land

Trenches,
island arcs,
seamounts,
abyssal hills

Land platforms
Sea level
Shelf
;ndﬁ Ridges,
op ULV fses,and |
1ot , - plateaus - | @
. 8. Basins - : &
T ; %
q D
] (I)
() <«—% Land arGa——» 100
| Il_ e ey
() e eemcncmnns Yy QCOAN B e {())

DUAUILITITU VvVl Uar



3.10 Continental Margins

. rav fi spreadi
When a continent rifts and moves away from a tllj‘ai]ing or pas-
R )
the resultant continental margin 1s known as a

: P s Atlantic-
sive margin, These are also frequently fetefmd wf ?he Atlantic
style margins since they are found on both sides 0

Ocean as well as around Antarctica, the Arctic Ocean, and.l.n- the :
Indian Ocean. Continental and oceanic lithosphere are joined
along passive margins so there is no plate boundary at the ma.r-
gin. As passive margins move away from the ridge the eEa ¢
lithosphere cools, increases its density, thickens, and subsides.
This causes the edge of the continent to slowly subside as well.
While passive margins begin at a divergent plate boundary, they
end up in a midplate position as a result of seafloor spreading
and the opening of the ocean basip. Old passive margins are not
greatly modified by tectonic processes because of their distance
from the ridge. These margins are often broad and shallow and
nave thick sedimentary deposits, ag along the eastern coast of
the United States.

When a plate boundary is located along a continenta] mar-
ain, the margin is called g leading, or actiye margin. Active
continental margins are oftep marked by ocean trenches where
oceanic lithosphere is subducted beneath the edge of the copg.
nent. These margins are typically narrow apg Steep with vo)-
canic mountain ranges, as along the west Coast of South
America as well as Oregon and Wash

found primarily in the Pacific Ocean.

Studies of the North American crust Indicate that the core
of the continent was assembled about 1.8 billion years ago by
collisions with four or five large pieces of even older contipen.
(al Tand. Crustal fragments with properties and histories distinet

ne center,

Ington. Actjye margins are
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rom adjoining crust and added by collisions gpe Knowy ,
terranes. Terranes may be pieces of island are *_\’stem:
seamount volcanoes. seafloor plateaus. or parts of other con!ﬂ
nenta lan@nmsses. The terranes Qf Alaska and the West Coyy 0f
the United* States and Canada appear to have arpy
south about 70 million years ago. Fossils collected
ginia and Georgia indicate that 4 long section up
East Coast was formed somewhere adjacent 1o an jsland are sys.
lem; the fossils point 19 4 past European connection, It is s
mated that 25% of North America was formed from terranes;

ed frop the
between Vir.
and dowy

| » glAnt terrane; it arrived fron
Antarctic latitudes and is now irmly attached 1o (he continent of
Asia. North of the Himalayas there appear to be terranes that
became a part of the continen before the arrival of India.

continental margins?

Is the east coast of South America

: A Passive or an active
continental margin? What ahg ¢ th

€ west coast?
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