Unit 3

Exodynamic Geology

Text A

Weathering and Erosion

1 Rocks exposed on the earth’s surface are constantly being altered by water, air, changing
temperature, and other environmental factors. The term “weathering” refers to the group of
destructive processes that change the physical and chemical character of rock on or near the
earth’s surface. The tightly bound crystals of an igneous rock" can be loosened and altered to
new minerals by weathering. Weathering can be a mechanical or a chemical process. Often,

these two types of weathering work together.

Mechanical Weathering
2 Mechanical or physical weathering involves the breakdown of rocks and soils through
direct contact with atmospheric conditions such as heat, water, ice and pressure.
3 Water seeps into cracks and crevices in rock. If the temperature drops low enough, the
water will freeze. When water freezes, it expands. The ice then works as a wedge. It slowly
widens the cracks and splits the rock. When ice melts, water performs the act of erosion by

carrying away the tiny rock fragments lost in the split(z).
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4 Mechanical weathering also occurs as rock heats up and cools down. The changes in
temperature cause rock to expand and contract. As this happens over and over again, the
rock weakens. Over time, it crumbles.

5 Another type of mechanical weathering occurs when clay or other materials near hard rock
absorb water. The clay swells with the water, breaking apart the surrounding rock

(Figure 3-1) .

Figure 3-1 Spheroidal Weathering

6 Salt also works to weather rock. Saltwater sometimes gets into the cracks and pores of rock.
If the saltwater evaporates, salt crystals are left behind. As the crystals grow, they put

pressure on the rock, slowly breaking it apart.

Chemical Weathering
7 The second classification, chemical weathering, involves the decomposition of rock from
exposure to water and atmospheric gases (principally carbon dioxide and water vapor). As
rock is decomposed by these agents, new chemical compounds form. Chemical weathering
changes the materials that make up rocks and soil. Sometimes, carbon dioxide from air or
soil combines with water. This produces a weak acid called carbonic acid”), which can

dissolve rock.
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Carbonic acid is especially effective at dissolving limestone. When the carbonic acid seeps
through limestone underground, it can open up huge cracks or hollow out®™ vast networks
of caves. Carlsbad Caverns National Park(&, in the State of New Mexico, U.S.A, includes
more than 110 limestone caves. The largest is called the Big Room. With about 1,200
meters long and 190 meters wide, it is the size of six football fields.
Sometimes, chemical weathering dissolves large regions of limestone or other rocks on the
surface of the earth to form a landscape called karst. In these dramatic areas, the surface
rock is pockmarked with holes, sinkholes, and caves. One of the world’s most spectacular
examples of karst is Shilin, or the Stone Forest, near Kunming, China. Hundreds of slender,
sharp towers of limestone rise from the landscape.
Another type of chemical weathering works on rocks that contain iron. These rocks rust in
a process called oxidation. As the rust expands, it weakens the rock and helps break it
apart.
Erosion is the process by which soil and rock are removed from the earth’s surface by
exogenetic processes such as wind or water flow, and then transported and deposited in

other locations.

Erosion by Water

Moving water is the major agent of erosion. Rain carries away bits of soil and slowly
washes away rock fragments. Rushing streams and rivers wear awaym their banks,
creating larger and larger valleys. In a span of about 5 million years, the Colorado River®
cut deeper and deeper into the land in what is now the U.S. state of Arizona. It eventually
formed the Grand Canyon®, which is more than 1,600 meters deep and as much as 29
kilometers wide in some places.

Erosion by water changes the shape of coastlines. Waves constantly crash against shores.
They pound rocks into pebbles and reduce pebbles to sand. Water sometimes takes sand
away from beaches. This moves the coastline farther inland.

The battering of ocean waves also erodes seaside cliffs. It sometimes bores holes that form
caves. When water breaks through the back of the cave, it creates an arch. The continual
pounding of waves can cause the top of the arch to fall, leaving nothing but rock columns.

These are called sea stacks!'”. All of these features make rocky beaches beautiful, but also
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dangerous.

Erosion by Wind

Wind is also an agent of erosion. It carries dust, sand, and volcanic ash from one place to
another. Wind can sometimes blow sand into towering dunes. Some sand dunes in some
areas of the Gobi Desert"" in China reach more than 400 meters high.

In dry areas, windblown sand blasts against rock with tremendous force, slowly wearing
away the soft rock. It also polishes rocks and cliffs until they are smooth.

Wind is responsible for the dramatic arches that give Arches National Park"?, in the U.S.
state of Utah, its name. Wind can also erode material until nothing remains at all. Over
millions of years, wind and water eroded an entire mountain range in central Australia.

Uluru"®, also known as Ayers Rock!'”, is the only remnant of those mountains.

Erosion by Ice
Ice can erode land. In frigid areas and on some mountaintops, glaciers move slowly
downhill and across the land. As they move, they pick up everything in their path, from
tiny grains of sand to huge boulders.
The rocks carried by a glacier rub against the ground below, eroding both the ground and

the rocks. Glaciers grind up(ls)

rocks and scrape away the soil. Moving glaciers gouge
out"” basins and form steep-sided mountain valleys.

Today, in places such as Greenland and Antarctica, glaciers continue to erode the earth.
These ice sheets, sometimes more than a mile thick, carry rocks and other debris downhill
toward the sea. Eroded sediment is often visible on and around glaciers. This material is
called moraine.

It is important to distinguish between weathering and erosion. Weathering breaks down
rocks that are either stationary or moving. Erosion is the picking up or physical removal
of rock particles by an agent such as streams, wind or glaciers. Weathering helps break
down a solid rock into loose particles that are easily eroded. Most eroded rock particles
are at least partially weathered, but rock can be eroded before it has been weathered at

all. A stream can erode weathered or unweathered rock fragments. Far more erosion

occurs naturally, and a combination of weathering and erosion is responsible for
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producing the soil from which earth’s plants grow.

Weathering and erosion slowly chisel, polish, and buff the earth’s rock into ever evolving
works of art — and then wash the remains into the sea.

Working together, they create and reveal marvels of nature from tumbling boulders high in
the mountains to sandstone arches in the parched desert to polished cliffs braced against

violent seas.

New words
crevice /'krevis/ n. 2448, R
wedge /wed3z/ n. B
crumble /'krambl/ vi. i R, AR
vi. Fiit FRRE, R
evaporate /1 vaparert/ vt 2By ffieeeee 7/ R U SRR EPS
vi. K, PR HR, K
decomposition / di.kompa’zifon/ n. i, JERE AR
decomposed /,dr:.kom'pouzd/ adj. CJEER), T
karst /ka:st/ n. WHTRE CAACEHLXCH WHLTE ) A
pockmark /'ppkma:k/ n. JBEFs ML
ve. BTN A T
sinkhole /'smkhaul/ n. V&K KAEDT
oxidation / pksr'derfn/ n. [f£] &b
exogenetic /' eksoud3 netik/ adj. SMER): HMAR: SMETER)
pebble /'pebl/ n. BEA, #90A
v. (HYPASE)
reduce /r1'dju:s/ vt. Hi; T IEJE
arch /a:tf/ n. 5%, #E; #1]
vt ffieee R GTE s FHLERE
vi. #hEg; NS TR
towering /'tauoarm/ adj. =BN; BT BRI
dune /dju:n/ n. CHHRARTT RG] ¥

remnant /' remnont/ n. PR
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adj. TR

frigid /' fridzid/ adj. FERI1, TEFEM
moraine /ma 'rein/ n. UK UEAERRERD KIS
chisel /'tf1zl/ ve. W, 20 #s K

vi. [, Zls #: MR

n. %1
buff /baf/ vt B BERE: Rl ¥R, PRI
parched /pa:tft/ adj. FEWY; RIS AR TIER

vi. M fARIE (parch 327338

Notes to the text

(1) igneous rock: ‘KA

(2) When ice melts, water performs the act of erosion by carrying away the tiny rock
fragments lost in the split.

I HUKREIGIN, KAE T E B AR AN E AR 8 R AR

(3) surrounding rock: A

(4) carbonic acid: BRI

(5) hollow out: 275

(6) Carlsbad Caverns National Park: (32) /K 78 ja [H 5K A [l

(7) wear away: B4 JHE; Jin

(8) the Colorado River: (3£) F}% H1 2]

(9) the Grand Canyon: (3£) K%

(10) sea stacks: FpiAE; WEHE

(11) the Gobi Desert: JEEVDiE

(12) Arches National Park: (3£) #t[TEZKA

(13) Uluru: 5 & QRKFIESREE, SRS ER)

(14) Ayers Rock: () YI/RHIE A

(15) grind up: BET#

(16) gouge out: FZ2iH; HifE
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Understand the text

Answer the following questions according to the passage you have read.
(1) What is the definition of weathering?

(2) How do atmospheric factors affect the process of mechanical weathering?
(3) In what ways does chemical weathering work on rocks?

(4) How many agents of erosion are mentioned here? What are they?

(5) How does erosion by water change the shape of coastlines?

(6) What forms sand dunes in some areas of the Gobi Desert?

(7) How can ice erode the land?

(8) How do you distinguish between weathering and erosion?

Translation

1. Translate the following sentences into Chinese.
(1) The tightly bound crystals of an igneous rock can be loosened and altered to new

minerals by weathering.

(2) The changes in temperature cause rock to expand and contract. As this happens over

and over again, the rock weakens. Over time, it crumbles.
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(3) Carbonic acid is especially effective at dissolving limestone. When the carbonic acid

seeps through limestone underground, it can open up huge cracks or hollow out vast

networks of caves.

(4) The battering of ocean waves also erodes seaside cliffs. It sometimes bores holes that

form caves.

(5) Weathering and erosion slowly chisel, polish, and buff the earth’s rock into ever

evolving works of art—and then wash the remains into the sea.

2. Translate the following passage into English.

RRARNE, AR SHER TS, BRI PR A . R AR S B A
. HERIZI RBERER . R XS & XU X AT RE R e L A
LA S X DA K R, DARGT EEEN M, g,
T ) T e R A A UK, SRl a B 1 WY b T R R T AR T B
FORERE . L TF A1 i 2 S R AR oy b . Fafhivh, Wi BT 8~10 EK 51
R TR /2 AU 25 . T/KIE RS, TEREIBEIE .
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Writing skill

Steps of Choosing a Topic

A topic is the main organizing principle guiding the analysis of a research paper.
Topics offer an occasion for writing and a focus that governs what the author intends to
express. Topics represent the core subject matter of scholarly communication. Be aware
that selecting a good topic may not be easy. It must be narrow and focused enough to be
probed into, yet broad enough to find adequate information to extend. The following
four steps are suggested for choosing an appropriate topic.

1. Choose something that holds your interest

If you feel strongly interested in a topic, you will write with more enthusiasm. View
the topic from a variety of perspectives and find the angle that interests you most.
Readers respond positively to sincere interest conveyed in words.

2. Think of the 5W questions

WHY do you choose the topic? Do you have an opinion about the issues involved?

WHO are the information providers on this topic? Who is affected by the topic? Do
you know of organizations or institutions affiliated with the topic?

WHAT are the major questions for this topic? Are there a range of issues and
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viewpoints to consider?

WHERE is your topic important: at the local, national or international level? Are
there specific places affected by the topic?

WHEN is/was your topic important? Is it a current event or an historical issue?

3. Analyze the chosen topic

A manageable topic is a topic that isn’t too broad or too narrow. If the topic is too
broad, you need to narrow down the scope of topic and make it specific. Many of the
research topics you find through internet search are too general and could involve many
different aspects. For example, “Weathering and Erosion”, the topic of Text A in Unit 3 is
an appropriate topic for an expository writing about popular science, but it may be an
extremely broad topic for a study of academic writing. It is unclear whether you need to
write about the phenomena of weathering and erosion around the world, or you should
focus on the phenomena of weathering and erosion in a particular country, or you attach
much attention to the effects of weathering and erosion bring about on geologic
formation. You also need to indicate the domain in which the two phenomena you are
demonstrating fall. Therefore, you may narrow down your topic as “A Study of
Weathering and Erosion of Rock Slope in Chengdu”. It is narrow enough, but this topic
is also problematic since the addition of a location to this topic may result in very few
results, which means the topic is too narrow to extend further. Depending on the type of
research you are conducting, you may focus your study on a larger geographic limit. A
better choice would be “A Study of Weathering and Erosion of Rock Slope in Sichuan
Basin”.

4. Read and research more about your topic

Once you have chosen a topic, find relevant information about it. You can browse
through some current journals in your subject discipline. You only need one to be the
spark that begins the process of wanting to learn more about a topic. List the key words

describing your topic and do the search. Summarize the background information about
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your topic and note down the important people and the important works in the field.
When all your criteria fail, go back and generate other topics. Don’t give up easily. There
are lots of topics within your niche. In addition, make sure there are adequate sources
available on the topic. Even when your topic is appropriate, if there are no materials on it,

it will be impossible to write about.

Writing practice

You may try to find out some research topics based on Text A.
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Text B

Fluvial Process

1 Fluvial” processes comprise erosion and transportation of sediment or deposition on river
bed.

2 Fluvial erosion is the removal of rock and other mineral particles from channel beds® and
banks by stream flow. There are various types of erosion. Abrasion is the grinding effect
of a channel caused by sediments in the process of being transported. The material being

4)

transported undermines*” river banks and valley slopes. However, the sediment itself is

eroded by colliding with other pieces of material, which is known as attrition®. Hydraulic

© s the erosive effect of flowing water without assistance of rock particles. The

action
sheer force of the flow causes erosion to occur. This type of erosion is most effective in
areas of channels which consist of incoherent materials, such as sand and gravel.

™

Cavitations'” occur when tiny bubbles of air implode® in fissures® and cracks in channel

banks. The tiny shock waves result in the weakening of river banks and the collapse of

10) - . . . .
(19 js a chemical action of stream water, which dissolves carbonate

landforms. Corrosion
rocks such as chalk and limestone.

3 Ariver has three main stages: sediment supply zone, sediment transport zone and sediment
storage zone. Within these three stages various erosions occur at each stage.

4 Within sediment supply zone, erosion is mainly directed vertically and headward, which is
due to the river not having a lot of spare energy as it is using 90% of its energy to overcome
obstacles such as large rocks and boulders. This erosion leads landforms such as rapids"",
small waterfalls and steep river bed to form (Figure 3-2) .

5 Within sediment transport zone, it is mostly corrosion and attrition that occur due to the
sediment being transported and colliding with both the channel bed and with each other.
However, there is little hydraulic power and corrosion still taking place at this stage. Due to

the river having fewer obstacles to overcome, it has more spare energy to erode more

laterally rather than vertically, widening the river channel. This erosion leads to the
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)

development of landforms such as rapids, small meanders''?, small floodplains"”, pools

along the river bed. This
requires the most energy.

river bed in a “leap-frog”
motion.

and riffles"?.
3. SUSPENSION
Small particles (silt and
clay-sized) are carried
RIVER FLOW within the water by
turbulent flow.
4. SOLUTION
Some minerals will
1. TRACTION __2. SALTATION dissolved in water and be
. Sand-sized particles may carri;td in solution. (This
Heaviest material is rolled be bounced along the requires the least energy)

lolalealaliit 4R
Y T

Figure 3-2 River Processes: Transportation

7

6 In sediment storage zone, less even no erosion occurs besides some lateral erosion” on the
outside bends of meanders. This leads to the development of larger meanders and
floodplains.

7 Solid and soluble particles eroded from channel, together with materials input by mass
movements and weathering from valley slopes, are transported down the stream (from the
upper stage to the lower stage). The material transported by a river is carried as either
bedload"® — the coarser particles that move near to river bed or suspended load"'” — the
smaller particles which are carried in water. Another material which is carried by river in
fluvial processes is dissolved material.

8 Material may be transported by a river in four main ways: solution, suspension, saltation'®

and traction"'?).

9 The type of transport taking place depends on the size of sediment and the amount of
energy that is available to undertake the transport. In the upper course of the river there is
more traction and saltation going on due to the large size of the bedload; as the river enters
its middle and lower course there is a lot of finer material eroded from further upstream

which will be carried in suspension.

10 River deposition is where the material carried by river is dropped. A river is continually
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11

12

picking up and dropping solid particles of rock and soil from its bed throughout its length.
When the river flows fast, more particles are picked up than dropped. When the river
flows slowly, more particles are dropped than picked up. Areas where more particles are

120

dropped are called alluvia or flood plains, and the dropped particles are called

alluvium®".

Even small streams make alluvial deposits, but it is in the flood plains and deltas® of
large rivers that large, geologically-significant alluvial deposits are found.

The amount of matter carried by a large river is enormous. The names of many rivers are
derived from the color that the transported matter gives the water. For example, the Huang
He in China is literally translated as “Yellow River”, and the Mississippi River in the
United States is also called “the Big Muddy.” It has been estimated that the Mississippi

River annually carries 406 million tons of sediment to the sea, the Huang He 796 million

tons, and the Po River in Italy 67 million tons.

Notes to the text

(1) fluvial /' flu:viol/ adj. WK A

(2) channel bed: AR

(3) abrasion /a'brersn/ n. EEH, i, JRTH, RS

(4) undermine /ando 'marn/ vt. ¥ETHEIA

(5) attrition /o'trifn/ n. BEHE; &R

(6) hydraulic action: 7K JJ/EH

(7) cavitation / kavi terf(o)n/ n. B/ THAER; Ak SHE
(8) implode /um'ploud/ ve. A1 NFEZL: WA RIAEE: MO IE: mNFHR
(9) fissure /'fifa(r)/ n. R5%; R OUfsE 4 LrD

(10) corrosion /ka'rouzn/ n. J&iH

(11) rapids /'reepidz/ n. [7K3C] S TR

(12) meander /mi'@nda(r)/ n. W CHHEHD; il

(13) floodplain /' fladplem/ n. JZ iV Ji, @HME, AP 5

(14) riffle /'tifl/ n. R

(15) lateral erosion: ;557
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(16) bedload /'bedloud/ n. HEF 5

(17) suspended load: &F%)i

(18) saltation /sl 'terf(a)n; so:-; sp-/ n. FAF; OKFRORD BFE; kLA
(19) traction /'treekfn/ n. Hhy, Z=5]; FrH

(20) alluvial /o' Tu:viol/ adj. AR

(21) alluvium /o' Twviem/ n. [HuiE ] pAR)Z, #PAR

(22) delta/'delto/ n. CRIRHID =AM

Questions for review
(1) The sediment itself is eroded by colliding with other pieces of material, which is
known as
A. hydraulic action
B. cavitations
C. corrosion
D. attrition
(2) Within the sediment transport zone, the river has more spare energy to erode
more
A. vertically
B. laterally
C. headward
D. backward
(3) In the sediment storage zone, which one of the following landforms does the erosion
lead to?
A. Rapids.
B. Small waterfalls.
C. Larger meanders.
D. Pools and riffles.
(4) The material transported by a river is called bedload.
A. coarser

B. smaller
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C. dissolved
D. bigger
(5) When a river enters its middle and lower course there is a lot of finer material eroded
from further upstream which will be carried in
A. solution
B. suspension
C. saltation
D. traction
(6) Why is the erosion mainly directed vertically and headward within the sediment
supply zone?
(7) What kinds of landforms can be developed when corrosion and attrition occur?

(8) What does the way of material transport in a river depend on?
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