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All About Geology

If you want to collect rocks, it helps to know a little about 
geology. Geology is the study of the Earth and what it’s 
made of. Geology also explores the Earth’s history and 
how it has changed since it formed long ago.

A scientist who works in geology is called a geologist. A 
geologist studies rocks and minerals and everything else 
about the Earth beneath our feet. 
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Rocks and minerals 
are very important  
to understand 
because they make up 
the Earth and because we 
use them every day. We use rocks 
to build houses and walls, and we use minerals 
to make many things, like coins, computers, and glass. 

But we can also use rocks and minerals  
to learn amazing things, like the 

age of the Earth and what 
kinds of animals lived long ago.

Rocks and minerals are also 
fun to collect! By picking 
up rocks and writing down 

where you found them, you can 
learn a lot about geology. And 
you can build your collection 
every time you visit a new place. 

But you're not 
allowed to collect 

just anywhere! 
Check out page 126 

to make sure it's OK to 
collect where you are. And 
when in doubt, ask first!
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Our Earth
The Earth is always changing. The mountains, oceans, and 
rocks seem like they will be here forever. But they will be 
gone someday, and something new will be in their place. 
These changes happen because of the Earth’s geology.

The Earth is made up of layers. The outside of the 
Earth, where all the plants, animals, and people live, is 
called the crust. The crust is like a thin, hard shell of 
rock on the surface of the planet. It has all the  
mountains, plains, oceans, and deserts that we see,  
but the crust is affected by the layers beneath it.

Deeper inside the Earth, there is another layer called 
the mantle. It is very hot and made up of melted rock. 
It’s so far down that we can’t dig there. The melted 
rock in the mantle is called magma. The mantle’s heat 
is like a big oven, and all of that heat causes the crust 
above it to move around. Sometimes the magma pushes 
its way up through the crust—we call that a volcano! 

Deeper down, there are even hotter layers, and some of 
those layers are melted and others are solid. At the very 
center of the Earth is a hot, solid core made of metal. 

When we study geology, we look at what the Earth is 
made of and how the inside of the Earth moves and 
changes. Geology also involves how the weather can 
change the Earth’s surface long-term. Over a long time, 
wind, rain, and ice can wear down rocks, and even whole 
mountains can be worn away! 
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The Crust
The ground, mountains, and 
the ocean are all part of the 
thin outer crust.

Upper Mantle
Located just underneath 
the crust, the upper mantle 
is hot and soft because it is 
made up of melted rock.

Lower Mantle 
The lower mantle is made of 
rocks that won’t melt because 
they’re buried too deep, even 
though it is very hot.

Outer and Inner Core
The outer core is so hot that 
everything there melts and 
swirls around the inner core, 
which is made up of solid 
metal!

Inside the Earth
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Landforms AND Tectonic Plates
Hills, mountains, and canyons are all examples of  
landforms, or features that occur on Earth. But  
have you ever looked at a mountain or an ocean and  
wondered how it formed? In most cases, it’s because  
of tectonic plates.

The thin outer crust of the Earth is made of many  
separate pieces, which are called tectonic plates. These 
plates fit together like giant puzzle pieces. Tectonic plates 
are always moving because of the hot, melted rock  
flowing underneath them. Some plates move away from 
each other, some crash into each other, and some slide 
past each other. These different actions can make all 
kinds of landforms, such as mountains, valleys, and even 
volcanoes! Most of the continents sit on top of their own 
tectonic plate, while most oceans are on top of more  
than one. The map below shows all of the Earth’s most 
important plates, which are outlined in yellow. 
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Let’s look at a few ways tectonic plates can move:

Convergent movement
(coming together)

Divergent movement 
(separating)

Transform movement
(sliding past)

When two plates smash into each other, sometimes one is forced under (where 
the rock melts) and the other is pushed upward. This can make mountains.

At the bottom of the ocean, plates are often pushed apart by rising magma 
(melted rock). This creates underwater mountain ranges; plates moving 
apart on land produce valleys that eventually become seas.

Sometimes two plates just slide past each other. As they grind along, this 
can cause powerful earthquakes that shake the land. Earthquakes happen 
every day, but most are too small to feel.
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Weathering
Most rocks seem very hard and solid. But have you 
ever found a rock that crumbled very easily? Or have 
you seen a giant rock formation with a hole in it? Those 
things happened because of weathering. Weathering 
happens when rain, wind, waves, and ice wear down 
rocks over a long time. Even the round pebbles you find 
at the beach are weathered—when the strong waves 
pushed them around, the pebbles tumbled into each 
other and were worn smooth.

Sometimes weathering can happen to very large rocks 
or rock formations. Rivers weather rocks when the 

The Grand Canyon is an amazing example of how water alone can cut an 
enormous path through rock.
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movement of water carries away sediment (pieces of 
the rock). Over time, so much sediment can be carried  
away that the river gets deeper. Arizona’s Grand  
Canyon was created when a river carved through the 
rocks for many years. 

Wind can weather rocks too. In deserts, the wind can 
blow sand around very easily. When the little, hard 
grains of sand hit other rocks, they begin to break 
them into pieces. The softer areas of rock break down 
first. Sometimes when the soft areas are surrounded 
by harder areas, the softer rock can wear away to form 
a hole or an arch.

Even plants can weather rocks! When trees and other 
plants get their roots into cracks, they can split the 
rocks apart as the roots 
grow bigger. On the sides 
of mountains or on the 
edges of cliffs, this can 
make rocks fall apart and 
tumble down. When you 
see a pile of rock at the 
bottom of a mountain, you 
know that plants, along 
with water and ice, got into 
cracks and broke the rock 
into pieces.

These rock arches in Wyoming are famous 
examples of weathering caused by wind.
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Arches 
These are amazing 
examples of how wind 
and blowing sand can 
weather rocks.

Pillars and mesas
Rock pillars and flat-topped 
mesas are formed by erosion 
caused by wind and rain.

River valleys  
and canyons

These V-shaped 
canyons are made 
by rivers that cut 
down into the rock 
over time.

Scree
Scree is the rubble 
and rock that falls off 
a mountain or cliff. It 
often falls into a pile.

Cliff
Cliffs form when 
water and plants 
weather rocks and 
cause them to fall.

Examples of weathering
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Caves
A cave is an opening in rock, usually underground. 
You’ve probably seen pictures of a dark cave  
before, but did you know that many caves are  
formed by weathering? 

There is a lot of water underground. It is called 
groundwater. When we dig a well to find drinking water, 
groundwater is what comes out. But some rocks, 
especially limestone, can dissolve in groundwater, just 
like sugar dissolves in water. In time, groundwater can 
dissolve and wash away rocks, creating openings. Those 
openings are called caves.

Stalactites are amazing hanging rocks that are found in caves. The ones above are 
from Carlsbad Caverns National Park in New Mexico.
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The dark insides of a  
cenote in Mexico.

Sometimes a big cave can 
weaken the ground above it. If 
the ground above a cave can’t 
hold itself up anymore, it falls 
in. This is called a sinkhole, and 
large sinkholes can even make 
buildings or cars fall into the 
ground. Thankfully, dangerous  
sinkholes are very rare. Sink-
holes are more common in 
tropical areas, and in Mexico 
there are some very big sinkholes called cenote (say it, 
“sih-no-tee”). They are popular places to visit because 
they have water at the bottom.

A sinkhole in a desert in Israel.
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Sinkholes
Sinkholes form when 
groundwater weakens 
and washes away 
underground rock.

Caves
These are openings  
carved by groundwater.

Groundwater
Water that flows through rocks, 
often deep underground.

Cenote
This large sinkhole has 
groundwater at the bottom; 
it is called a cenote.

A lot of rock has 
been washed away 
here—a sinkhole will 
soon form!

Sinkholes, cenotes, and More
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Glaciers
Weathering and erosion from wind and rain can make 
landforms like canyons and cliffs. But some of the  
biggest changes to the land happened because of 
glaciers. During the last ice age, when the world was 
colder, glaciers covered a lot of the northern parts of 
the world. And when the glaciers disappeared, they left 
behind lakes, valleys, and rivers. But what is a glacier?

Glaciers are huge masses of ice that form when tons 
of snow builds up and turns into ice over a long period 
of time. As a glacier continues to form, it spreads out 
across the land, moving and flowing almost like a very 
slow river. Many of the glaciers in the last ice age were 
thousands of feet thick and many miles wide!  

This glacier in Switzerland shows the dirty ice flowing downhill and melting into a 
lake. Do you see the valley that the glacier has carved?
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Glacier
This enormous mass 
of ice slowly slides 
across the land, 
crushing rocks.

Gravel piles
Glaciers leave behind 
ridges and piles of 
gravel and sand.

Rivers and lakes
Many rivers and lakes 
formed when glaciers 
melted and left lots of 
water behind.

Crushed rock
Glaciers crush rocks 
into little pieces that 
become stuck in the 
ice. All of those rock 
pieces make the 
glacier even better at 
scraping the land!

Glaciers only move a few feet each day, but they weigh 
so much that they crush the rocks that they move over. 
Glaciers can even grind down hills, carve valleys into 
rock, and flatten the entire landscape!

During the ice age, the glaciers formed in cold northern 
parts of the world and slowly moved south. As the ice 
of a glacier moved, it picked up lots of broken rock  
and gravel. 
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But when the glaciers melted, the rock was left behind 
in piles, which we can see today as hills. All of that 
melting ice also created lots of rivers, lakes, and other 
landforms. In some places in the world, you can still find 
big, smooth rocks with lots of deep scratches in them, 
which show how the glaciers scraped them as they 
passed through the area.

All of these smooth, shiny rocks were worn flat by a glacier that once moved 
through this valley. Do you see the lines on the rock made by the scraping ice?
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Rock formations
All the landforms you see every day, like mountains 
and lakes, were formed by the Earth’s geology. These 
changes are caused mostly by the moving tectonic 
plates and by weathering. But some of these landforms 
often developed in different ways. Knowing how they 
formed can help you know whether they are good 
places to look for rocks and minerals.

Mountains and some hills form when rocks are forced 
upward by tectonic plate movement. Lots of rocks from 
deep in the Earth can be pushed up to where we can 
find them. Sometimes you can find gemstones, crystals, 
and even fossils in the rocks of mountains.

The Matterhorn Mountain in Switzerland is an awesome example of a mountain 
formed when tectonic plate movement forced rocks upward.
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Rivers and lakes usually 
form due to weathering.  
Here’s how it works: 
Wind and rain make a 
low spot in the Earth 

where water collects. As 
more water collects there, 

it forms rivers and lakes, 
where water begins to flow and 

move. This can move lots of rocks and 
even wear them away. When a river carves into rocks 
over many years, it can form a canyon. On the shores  
of lakes and rivers, you can often find neat rocks  
and minerals that have been worn smooth and round  
by water.

Oceans form when tectonic plates spread apart and 
leave a gap between them. As the gap gets bigger  
and bigger, it fills with water. Oceans are so powerful 
that they can move and weather lots of rocks. On the 
shores of oceans and seas,  
you can find many kinds  
of rocks and minerals,  
as well as seashells and  
even fossils.  

Deserts are regions that 
don’t get much rain, and 
they are very dry. Deserts  
usually form because 
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they are in a hot part of the world, and often there are 
mountains that block them from getting rain. There 
aren’t a lot of plants in deserts, so rocks are usually 
easy to see on the ground. This can make it easy to  
find neat rocks and minerals.

Mines are places where people dig lots of minerals out 
of the ground. When people dig into the ground to  
find valuable metals or gemstones, it’s called mining. 
Sometimes mines are tunnels that go deep under-
ground, and other times mines are giant open pits 
in the ground. Mines can be found in mountains, hills, 
deserts, and anywhere in between. 

This giant gold mine in Australia is an example of mining today. Lots of mining is 
done by digging enormous pits like this.
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Minerals

Rocks and minerals are two very different things. Rocks 
are made up of mixtures of lots of different minerals. 
But minerals are more pure; they are chemicals that 
have hardened. This means that minerals are always 
made of the same stuff, but rocks can be a mixture 
of lots of different things. This makes minerals special 
because we can use them to figure out what our world 
is made of. And once you understand minerals and the 
rocks they formed in, you’re one step closer to figuring 
out where to find crystals and gems to collect!



25

what makes a mineral?
Minerals form when specific chemicals 
join together and harden. For 
example, table salt is a mineral. It 
is a combination of two chemical 
elements: sodium and chlorine. 
Elements are basically “building 
blocks,” and each mineral has its 
own recipe of chemical elements. 
(This is called the mineral’s chemical 
formula.) There are thousands of  
minerals in the world. They can be found as 
grains in all kinds of rocks, but they also can be found 
on their own. 

How Minerals form
Minerals form in many ways. A lot of 
minerals form when very hot water 
comes up from the Earth and gets into 
holes or cracks in rocks and dries up. 
That hot water often has tiny particles 

of minerals in it, and when it dries up 
and cools off, it leaves minerals behind. 

You can also test this at home! Put a little salt 
in some warm water, and stir it up until the salt 
disappears (dissolves). Then let the water dry 

up. When it’s dry, you’ll see a crust of tiny salt 
crystals left over.
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Other minerals form when rocks weather. When rocks 
are exposed to water, they break down and their  
ingredients separate, freeing the minerals inside it.

crystals
If a mineral has enough room when it is forming, it can 
form a crystal. Crystals are hard shapes that are made 
of a pure mineral. Each mineral has its own crystal shape 
(or shapes). Some crystals can be pointy, and others 
can be flat or square. They can also be different colors, 
some can be see-through, and some are shiny.

Mineral collectors love crystals, which can be hard  
to find. Most are found inside holes or spaces in  

rocks. Collectors often break rocks  
to find them. Some minerals can be  

found loose in the dirt or on a beach, 
but most must be dug up out of 

the ground. 

This is a piece of a mineral 
called marcasite. It’s 

actually a group of 
marcasite crystals. 

Look at all the 
amazing details 
on the crystals, 
like the little 

ridges and  
different colors!
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Empty spaces in rock
Many minerals form in the empty 
spaces in rock, such as these holes, 
which were made by trapped gases  
in cooling lava (molten rock).

Hot water
Heat from deep in 
the Earth warms up 
water and adds lots 
of minerals to it.

Filled with 
crystals

This hole was small 
and is totally filled  
by mineral crystals.

Crystals forming
This large opening 
is partially filled with 
warm, mineral-rich 
groundwater, so big 
and small crystals are 
forming inside.

No minerals
No groundwater with 
minerals in it has reached 
this empty space, so no 
minerals are forming here.

How crystal formation happens 
A simplified look at one of the 
many ways minerals form.



28  

What do minerals look like?
There are thousands of minerals in the world, 

but minerals are usually only found in three 
ways: as parts of a rock, as individual 
crystals, or as loose pebbles.

When you see a speckled rock with lots of 
different colors, look at it closely. You can 

see that each colored chunk is a separate 
grain. Those grains are minerals!

You can also find minerals as 
crystals. These hard shapes can 
often be found inside holes in 
rocks. Next time you find a rock 
with a hole in it, look inside. If you 
see little sparkly shapes, those are 
mineral crystals!

Minerals can also be found as 
loose pebbles. Have you ever 
been on a beach or at a river 
and found a white pebble 
that lets light shine through 
it? Or maybe you have found 
a black pebble that looks 
shiny, like metal? Those are 
minerals that water helped 
free from rock.
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The many Forms a mineral can take
Quartz is a very common mineral, and it forms 

in many ways and in many places. It also can 
look pretty different, depending on how 

you find it. When it is very well-formed, 
it looks like big, pointy crystals that 
are white and see-through.

When quartz forms in tiny openings 
in rock, it can look like many little, 
pointy, sparkly crystals all over the 
inside of the hole.

One of the most common ways to 
find quartz is as a part of rocks. 
This speckly, grainy rock is a kind 
of granite, and most of the white 

you see is quartz.

Another common way to find quartz is 
on beaches or rivers as white pebbles. 
Long ago, these might have been 
crystals, but because of weathering, 
this quartz has been rounded and 
worn down into smooth stone.
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Crystal shapes
The best way to learn about 
minerals is to look at their 
crystals. Many minerals only 
have one crystal shape, but  
others can have many different  
shapes depending on where  
they formed! Here are just a  
few examples.

This is calcite, and it can form as sharp, 
pointy crystals. But it can also form as  
clusters of block-shaped crystals. Or it can form 

in cracks in rocks. These are just 
three ways that calcite can form. 

It can have hundreds of  
different crystal shapes!
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Glossary

Band  An easy-to-see layer in a rock or mineral.

Breccia  A rock made up of broken pieces of other rocks that 
are stuck together.

Coarse  Coarse rocks have mineral grains in them that are 
easy to see.

Conglomerate  A rock made up of rounded pebbles that are 
stuck together.

Crust  The hard, rocky outside of the Earth; the Earth’s 
surface. This is where we live and where we find rocks.

Crystal  A solid shape formed when a mineral hardens. Each 
mineral has a different crystal shape.

Cube  A crystal shape that looks like a square block.

Dull  A mineral that is not very shiny.

Earthy  A mineral that is not shiny at all and looks dusty  
or dirty.

EroSION  When rocks or minerals wear (erode) away because 
of weathering.

Eruption  When a volcano throws lava, gas, and ash onto the 
Earth’s surface.

Face  A flat side of a crystal. Some crystals have many, many 
faces, and others only have a few faces, depending on the 
crystal shape.

Fibrous  A mineral that looks like it’s made of fibers or cloth.

Fine  Mineral grains that are so tiny you can’t easily see them.
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Fluorescent minerals  Minerals that glow under a special 
ultraviolet light.

Gem  A mineral specimen that is valuable, often brightly colored 
and transparent.

Geode  A round rock that is hollow inside, often with a lining  
of crystals.

Glassy  A mineral that is very shiny, just like glass.

Granitic  If a type of rock is related to granite, or resembles 
granite, we call it “granitic.”

Grain  The little particles of minerals inside rocks. Some can 
be very big, or coarse, and others can be tiny, or fine.

Igneous rock  Rocks that form when molten rock cools off 
and hardens; this can happen deep inside the Earth or on the 
Earth’s surface.

Lava  Melted rocks that have been pushed onto the  
Earth’s surface.

Luster  How shiny a mineral is.

Magma  Melted rocks that are still deep underground.

Metal  Shiny, bendable minerals that form naturally,  
like copper.

Metamorphic rock  Rocks that form when older rocks are 
heated up and pressed on by lots of weight; this changes the 
old rocks into new types.

Mineral  A substance that forms when a pure chemical  
hardens. Minerals form as crystals inside rocks.

Molten  Melted and able to flow, like liquid.

Opaque  Not see-through; letting no light into it.
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Rock  A group of minerals that formed together in a tight 
mass. Rocks can form inside the Earth or on the Earth’s  
surface. There are three kinds of rock: igneous, sedimentary, 
and metamorphic, and they all formed in a different way.

Sand  Tiny particles of rocks and minerals that have been worn 
down by weathering.

Sediment  Little particles of rocks, minerals, and even plants 
and animals that have been worn down by weathering.  
Sediments are things like sand, dust, and mud.

Sedimentary rock  Rocks that form when sediment sticks 
together and hardens. This mostly happens in or near water, 
especially lakes and oceans.

Specimen  A collectible piece of a rock or mineral.

Tectonic plate  The large sheets of rock that make up the 
Earth’s crust. They move around and bump into each other, 
which causes earthquakes and volcanoes.

Translucent  Something that lets a little light through, but you 
still can’t see through it.

Transparent  Something that lets lots of light through; it is 
clear and see-through.

Vein  A stripe of mineral that formed inside a crack in a rock.

Volcano  An opening, or vent, in the ground where molten 
rock and gas is forced upwards onto the Earth’s surface.

Waxy  A mineral that is a little shiny and reflects light the same 
way wax does.

Weathering  When water, wind, ice, and plants break and wear 
down rocks and minerals.
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