Classifying Sediments

Procedure Bz« Eal B A EE
WARNING: Use care when
handling sharp objects.

1. Collect different samples of
sediment.

2. Spread them on a sheet of
paper.

3. Use Table 2 to determine
the size range of gravel-
sized sediment.

4. Use tweezers ora
dissecting probe and a
magnifying lens to
separate the gravel-sized
sediments.

5. Separate the gravel into
piles—rounded or
angular.

Analysis

1. Describe the grains in both
piles.

2. Determine what rock could
form from each type of
sediment you have.

Figure 12 During compaction,
pore space between sediments
decreases, causing them to become
packed together more tightly.

Classifying Sedimentary Rocks

Sedimentary rocks can be made of just about any material
found in nature. Sediments come from weathered and eroded
igneous, metamorphic, and sedimentary rocks. Sediments also
come from the remains of some organisms. The composition of
a sedimentary rock depends upon the composition of the sedi-
ments from which it formed.

Like igneous and metamorphic rocks, sedimentary rocks are
classified by their composition and by the manner in which they
formed. Sedimentary rocks usually are classified as detrital,
chemical, or organic.

a5t
k Detritabscél ﬁ}ientary Rocks

The word detrital (dih TRI tul) comes from the Latin word
detritus, which means “to wear away.” Detrital sedimentary
rocks, such as those shown in Table 2, are made from the bro-
ken fragments of other rocks. These loose sediments are com-
pacted and cemented together to form solid rock.

Weathering and Erosion When rock is exposed to aif;
water, or ice, it is unstable and breaks down chemically and
mechanically. This process, which breaks rocks into smaller
pieces, is called weathering. Table 2 shows how these pieces
are classified by size. The movement of weathered material is
called erosion.

Compaction Erosion moves sediments to a new location,
where they then are deposited. Here, layer upon layer of sedi-
ment builds up. Pressure from the upper layers pushes down on
the lower layers. If the sediments are small, they can stick
together and form solid rock. This process, shown in Figure 12,
is called compaction.

Y, Reading Check

How do rocks form through compaction?
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Cementation If sediments are large, like sand and pebbles,
pressure alone can’t make them stick together. Large sediments
have to be cemented together. As water moves through soil and
rock, it picks up materials released from minerals during weath-
ering. The resulting solution of water and dissolved materials
moves through open spaces between sediments. Cementation,
which is shown in Figure 13, occurs when minerals such as
quartz, calcite, and hematite are deposited between the pieces of
sediment. These minerals, acting as natural cements, hold the
sediment together like glue, making a detrital sedimentary rock.

Shape and Size of Sediments Detrital rocks have granu-
lar textures, much like granulated sugar. They are named
according to the shapes and sizes of the sediments that form
them. For example, conglomerate and breccia both form from
large sediments, as shown in Table 2. If the sediments are
rounded, the rock is called conglomerate. If the sediments have
sharp angles, the rock is called breccia. The roundness of sedi-
ment particles depends on how far they have been moved by
wind or water.

Table 2 Sediment Sizes and Detrital Rocks

Sediment | Clay - Silt - Sand
SizeRange = <0.004 mm - 0.004-0063mm  0.063-2mm
Example  Shale  Siltstone Sandstone

Figure 13 Sediments are
cemented together as minerals
crystallize between grains.
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Gravel

>2mm

Conglomerate
(shown) or Breccia

Sedimentary Rocks
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Conglomerate

Figure 14 Although concrete
strongly resembles conglomerate,
concrete is not a rock because it
does not occur in nature.

M INTEGRATE

Sedimentary Petrology
Research the work done
by sedimentary petrolo-
gists. Include examples of
careers in academia and in
industry.
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Materials Found in Sedimentary Rocks The gravel-sized
sediments in conglomerate and breccia can consist of any type
of rock or mineral. Often, they are composed of chunks of the
minerals quartz and feldspar. They also can be pieces of rocks
such as gneiss, granite, or limestone. The cement that holds the
sediments together usually is made of quartz or calcite.

Have you ever looked at the concrete in sidewalks, driveways,
and stepping stones? The concrete in Figure 14 is made of gravel
and sand grains that have been cemented together. Although the
structure is similar to that of naturally occurring conglomerate,
it cannot be considered a rock.

Sandstone is formed from smaller particles than conglomer-
ates and breccias. Its sand-sized sediments can be just about any
mineral, but they are usually grains of minerals such as quartz
and feldspar that are resistant to weathering. Siltstone is similar
to sandstone except it is made of smaller, silt-sized particles.
Shale is a detrital sedimentary rock that is made mainly of clay-
sized particles. Clay-sized sediments are compacted together by
pressure from overlying layers.

Chemical Sedimentary Rocks

Chemical sedimentary rocks form when dissolved minerals
come out of solution. You can show that salt is deposited in the
bottom of a glass or pan when saltwater solution evaporates. In
a similar way, minerals collect when seas or lakes evaporate. The
deposits of minerals that come out of solution form sediments
and rocks. For example, the sediment making up New Mexico’s
White Sands desert consists of pieces of a chemical sedimentary
rock called rock gypsum. Chemical sedimentary rocks are
different. They are not made from pieces of preexisting rocks.

How do chemical sedimentary rocks form?




Limestone Calcium carbonate is carried in
solution in ocean water, When calcium car-
bonate (CaCO3) comes out of solution as cal-
cite and its many crystals grow together,
limestone forms. Limestone also can contain
other minerals and sediments, but it must be
at least 50 percent calcite. Limestone usually
is deposited on the bottom of lakes or shallow
seas. Large areas of the central United States
have limestone bedrock because seas covered
much of the country for millions of years. It
is hard to imagine Kansas being covered by
ocean water, but it has happened several
times throughout geological history.

Rock Salt When water that is rich in
dissolved salt evaporates, it often deposits the
mineral halite. Halite forms rock salt, shown
in Figure 15. Rock salt deposits can range in
thickness from a few meters to more than
400 m. Companies mine these deposits
because rock salt is an Important resource.
It’s used in the manufacturing of glass, paper,
soap, and dairy products. The halite in rock
salt is processed and used as table salt.

Organic Sedimentary Rocks

Rocks made of the remains of once-living things are called
organic sedimentary rocks. One of the most common organic
sedimentary rocks is fossil-rich limestone. Like chemical lime-
stone, fossil-rich limestone is made of the mineral calcite.
However, fossil-rich limestone mostly contains remains of once-
living ocean organisms instead of only calcite that formed
directly from ocean water.

Animals such as mussels, clams, corals, and snails make their
shells from CaCOj that eventually becomes calcite, When they
die, their shells accumulate on the ocean floor. When these shells
are cemented together, fossil-rich limestone forms. If a rock
is made completely of shell fragments that you can see, the rock s
called coquina (koh KEE nuh).

Chalk Chalk is another organic sedimentary rock that is made
of microscopic shells. When you write with naturally occurring
chalk, you’re crushing and smearing the calcite-shel] remains of
once-living ocean organisms.

Figure 15 Rock saltis extracted
from this mine in Germany. The
same salt can be processed and
used to season your favorite foods.
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Coal Another useful organic sedimentary rock is coal, shown
in Figure 16. Coal forms when pieces of dead plants are buried
under other sediments in swamps. These plant materials are
chemically changed by microorganisms. The resulting sedi-
ments are compacted over millions of years to form coal, an
important source of energy. Much of the coal in North America
and Europe formed during a period of geologic time that is so
named because of this important reason. The Carboniferous
Period, which spans from approximately 360 to 286 million
years ago, was named in Europe. So much coal formed during
this interval of time that coals composition—primarily
carbon—was the basis for naming a geologic period.

Applying Math UG Thickness

COAL FORMATION It took 300 million years for a layer of plant matter about 0.9 m thick to 1
produce a bed of bituminous coal 0.3 m thick. Estimate the thickness of plant matter
that produced a bed of coal 0.15m thick.

Solution

§8 This is what you know: e original thickness of plant matter = 0.9 m
e original coal thickness = 0.3 m
e new coal thickness = 0.15 m

§) This is what you need to kinow: thickness of plant matter needed to form
0.15 m of coal

€) This is the equation you need to use: (thickness of plant matter)/(new coal thick-
ness) = (original thickness of plant matter)/
(original coal thickness)

€3 Substitute the known values: (? m plant matter)/(0.15 m coal) =
(0.9 m plant matter)/(0.3 m coal)

@ Solve the equation: (2 m plant matter) = (0.9 m plant matter)
(0.15 m coal)/(0.3 m coal) = 0.45 m plant
matter

3 Check your answer: Multiply your answer by the original coal
thickness. Divide by the original plant matter
thickness to get the new coal thickness.

Practice Problems )
1. Estimate the thickness of plant matter that produced a bed of coal 0.6 m thick.
2. About how much coal would have been produced from a layer of plant matter
0.50 m thick?

- - . =
For more practice, visit

SciencePiline earth.msscience.com/
math_practice

—
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Figure 16 This coal layer in
Alaska is easily identified by its
jet-black color, as compared with
other sedimentary layers.

Another Look at the Rock Cycle

You have seen that the rock cycle has no beginning and no
end. Rocks change continually from one form to another.
Sediments can become so deeply buried that they eventually
become metamorphic or igneous rocks. These reformed rocks
later can be uplifted and exposed to the surface—possibly as
mountains to be worn away again by erosion.

All of the rocks that you've learned about in this chapter
formed through some process within the rock cycle. All of the
rocks around you, including those used to build houses and mon-
uments, are part of the rock cycle. Slowly, they are all changing,
because the rock cycle is a continuous, dynamic process.

4 - =
Secrian
Summary Self Check
Formation of Sedimentary Rocks 1. Identify where sediments come from.
® Sedimentary rocks form as layers, with older 2. Explain how compaction is important in the formation
layers near the bottom of an undisturbed of coal.
stack. 3. Compare and contrast detrital and chemical
Classifying Sedimentary Rocks sedimentary rock.
€ To dassify a sedimentary rock, determine its 4. List chemical sedimentary rocks that are essential
composition and texture. to your health or that are used to make life more
Detrital Sedimentary Rocks convenient. How is each used?
@ Rock and mineral fragments make up 5. Think Critically Explain how pieces of granite and slate
detrital rocks. could both be found in the same conglomerate. How
i i ?
Chemical Sedimentary Rocks would the granite and slate pieces be held together?
: ; } e e e
@ C.hemlcal.sedimenta‘ry rocks form from solu Applying Math :
tions of dissolved minerals, . ; )
. . 6. Calculate Ratios Use information in Table 2 to esti-
| Organic Sedimentary Rocks : ; -
] B . mate how many times larger the largest grains of silt
@ The remains of once-living organisms make and sand are compared to the largest clay grains.
- up organic sedimentary rocks.

v,

- earth.msscience.com/self_check quiz SECTION 4 Sedimentary Rocks 109
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M Observe sedimentary
rock characteristics.

m Compare and
conftrast sedimentary
rock textures.

M (lassify sedimentary
rocks as detrital,
chemical, or organic.

Materials

unknown sedimentary
rock samples

marking pen

5% hydrochloric acid (HCD)
solution

dropper

paper towels

water

magnifying lens

metric ruler

Safety Precautions

B (O B RN

WARNING: H(/ is an acid
and can cause burns. Wear
goggles and a lab apron.
Rinse spills with water and
wash hands afterward.
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Sedimentary Rocks

Sedimentary rocks are formed by compaction and cementation of sed-
iment. Because sediment is found in all shapes and sizes, do you think
these characteristics could be used to classify detrital sedimentary

rocks? Sedimentary rocks also can be classified as chemical or organic.

© Real-World Question

How are rock characteristics used to classify sedimentary rocks as
detrital, chemical, or organic?

© Procedure

1. Make a Sedimentary Rock Samples chart in your Science Journal
similar to the one shown on the next page.

7. Determine the sizes of sediments in each sample, using a magni-
fying lens and a metric ruler. Using Table 2, classify any grains of
sediment in the rocks as gravel, sand, silt, or clay. In general, the
sediment is silt if it is gritty and just barely visible, and clay if itis
smooth and if individual grains are not visible.

3. Place a few drops of 5% HCl solution on each rock sample.
Bubbling on a rock indicates the presence of calcite.

4. Examine each sample for fossils and describe any that are present.

5. Determine whether each sample has a granular or nongranular
texture.
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One of the most famous rocks in the world is
causing serious problems for Australians

Turu (yew LEW rew), also known as

Ayers Rock, is one of the most popular

tourist destinations in Australia. This
sandstone skyscraper is more than 8 km around,
over 300 m high, and extends as much as 4.8 km
below the surface. One writer describes it as an
iceberg in the desert. Geologists hypothesize that
the mighty Uluru rock began forming 550 mil-
lion years ago during Precambrian time. That’s
when large mountain ranges started to form in
Central Australia.

For more than 25,000 years, this geological
wonder has played an important role in the lives
of the Aboriginal peoples, the Anangu (a NA
noo). These native Australians are the original
owners of the rock and have spiritual explana-
tions for its many caves, holes, and scars.

Tourists Take Over

In the 1980s, some 100,000 tourists visited—
and many climbed—Uluru. In 2000, the rock
attracted about 400,000 tourists. The Anangu
take offense at anyone climbing their sacred
rock. However, if climbing the rock were out-
lawed, tourism would be seriously hurt. That
would mean less income for Australians.

To respect the Anangu’s wishes, the Australian
government returned Ayers Rock to the Anangu

Athlete Nova Benis-Kneebone had the honor
of receiving the Olympic torch near the
sacred Uluru and carried it partway to the
Clympic stadium.

in 1985 and agreed to call it by its traditional
name. The Anangu leased back the rock to the
Australian government until the year 2084, when
its management will return to the Anangu. Until
then, the Anangu will collect 25 percent of the
money people pay to visit the rock.

The Aboriginal people encourage tourists to
respect their beliefs. They offer a walking tour
around the rock, and they show videos about
Aboriginal traditions. The Anangu sell T-shirts
that say “I didn’t climb Uluru” They hope visi-
tors to Uluru will wear the T-shirt with pride
and respect.

formation. Sh

Write Research a natural landmark or large natural land or water
formation in your area. What is the geology behind it? When was it
formed? How was it formed? Write a folktale that explains its

are your folktale with the class.

&V
£ nling;

For more information, vis
earth.msscience.com/tim




m The Rock Cydle

1. Arock is a mixture of one or more minerals,

rock fragments, organic matter, or volcanic
glass.

2. The rock cycle includes al] processes by
which rocks form.,

m Igneous Rocks

1. Magma and lava are molten materials that

harden to form igneous rocks.

2. Intrusive igneous rocks form when magma
cools slowly below Earth’s surface. Extrusive
igneous rocks form when laya cools rapidly

at the surface.

3. The compositions of most igneous rocks

range from granitic to andesitic to basaltic.

Metamorphic Rocks

1.

Heat, pressure, and fluids can cause
metamorphic rocks to form,

- Slate and gneiss are examples of foliated

metamorphic rocks. Quartzite and marble are
examples of nonfoliated metamorphic rocks.

Sedimentary Rocks

1.

Detrital sedimentary rocks form when frag-
ments of rocks and minerals are compacted -
and cemented together,

2. Chemical sedimentary rocks come out of

3.

8 V:sual:zing MainIdeas

solution or are left behind by evaporation.

Organic sedimentary rocks contain the
remains of once-living organisms,

Copy and complete the following concept map on rocks. Use the following terms: organic,
metamorphic, foliated, extrusive, igneous, and chemical.

e o o
Scienced!ine

three groups are

ea rth.msscience.com/interactive_tutor

Nonfoliated )
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Using Vocabulary

basaltic .2/ lava 1 G4

cementation ©.10° metamorphic rock 2 95
compaction ©. 104 nonfoliated 0. 102
extrusive .95 rock p.S0

foliated 1. 101 rock cycle D 91

sediment 1. 107
sedimentary rock . 103

granitic p.97
igneous rock (.74
intrusive .95

Explain the difference between the vocabulary

words in each of the following sets.
1. foliated—nonfoliated
2. cementation—compaction
3. sediment—lava
4, extrusive—intrusive
5. rock—rock cycle

6. metamorphic rock—igneous rock—
sedimentary rock

el

. sediment—sedimentary rock

o0

. lava—igneous rock
9. rock—sediment

10. basaltic—granitic

Checking Concepts

Choose the word or phrase that best answers the

question.

11. Why does magma tend to rise toward
Earth’s surface?
A) Tt is more dense than surrounding
rocks.
B) It is more massive than surrounding
rocks.
Q) It is cooler than surrounding rocks.

D) It is less dense than surrounding rocks.

Sel_enceai AL
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12.

13.

14.

15.

16.

17.

18.

During metamorphism of granite into
gneiss, what happens 10 minerals?

A) They partly melt.

B) They become new sediments.

€) They grow smaller.

D) They align into layers.

Which rock has large mineral grains?
A) granite Q) obsidian
B) basalt D) pumice

Which type of rock is shown in this photo?
A) foliated

B) nonfoliated
() intrusive

D) extrusive

What do igneous rocks form from?
A) sediments Q) gravel
B) mud D) magma

What sedimentary rock is made of large,
angular pieces of sediments?

A) conglomerate Q) limestone

B) breccia D) chalk

Which of the following is an example of a
detrital sedimentary rock?

A) limestone () breccaa

B) evaporite D) chalk

What is molten material at Earth’s
surface called?
A) limestone
B) lava

C) breccia
D) granite

. Which of these is an organic

sedimentary rock?
A) coquina
B) sandstone

Q) rock salt
D) conglomerate

Fe earth.msscience.comlvocabulary#puzzlemaker



