
Description:
This lesson builds on the student readings found 
in Oregon’s Ancient Geology. There are three main 
types of rocks in the world and all are found here 
in Oregon. In this lesson, students learn what the 
three main types of rocks are and identify geologic 
events in our region that could have created these 
rocks.

Directions: 
Note: Prior to this lesson, students should have received a copy of the three-part readings 
on Oregon’s Ancient Geology (Columbia Basalts, Missoula Floods, and Fire & Ice) and had 
time to read the material and discuss it with their class. If not, provide time in class, or assign 
the readings as homework, before starting this lesson.

1) Give each student a copy of the worksheet and map attached to this lesson.

2) Review with students the three types of rocks. The worksheet briefly describes the rock 
types for students.

3) Based on the information gathered from the readings, lecture, video and the worksheet; 
students should mark on the map where in Oregon, and/or the Northwest, they would likely 
find igneous, sedimentary, and metamorphic rocks and name what geologic event would 
have created them.

Additional Resource: National Geographic Society Photo Gallery of Rocks, features amazing 
images from around the world of each of the rock types.

Grade Level: 4-10

Essential Skills: 3, 9

NGSS:  4-ESS2-1, 5-ESS3-1

CCSS: RI.4.7, W.4.7, W.4.8

Social Sciences: 6.11, 6.12, 
6.13, 6.14, 7.8., 7.9, 7.10, 7.13, 
8.10, HS.14, HS.15

Math: MP.5

Time: 2-3 class periods

Materials:
Student reading sheets from 
Oregon’s Ancient Natural 
History online

AITC Library Resources: 
Cycling Back to Nature: Soils Alive
The Soul of Soil
More Lessons: 
Earth as an Apple and Soil 
Conservation 
Water Filtering and Soil
Soil Horizons & Below our Feet

Extension Activity:
Solve the Rock Box
Have students work in teams. 
Give them a box of rocks with 
igneous, metamorphic and 
sedimentary samples. The rocks 
should be numbered. Students 
examine the rock samples, 
identify what type they are 
(igneous, metamorphic or 
sedimentary), and describe the 
qualities of the rock that lead 
them to their conclusion. 
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Background:
1) The three student geology readings can be 
downloaded and printed from the online lesson, 
Oregon’s Ancient Natural History - 

2) The geologic events described in these readings 
were capable of forming one or more of the 
three types of rocks on the planet - sedimentary, 
metamorphic, or igneous.

3) All rocks on earth are formed as either igneous, 
sedimentary or metamorphic rocks. The diagram 
to the right shows how the rocks on earth are changed from one rock type to another. 
This changing of rock types is called the “Rock Cycle”. A copy of this Rock Cycle image 
can be downloaded from the Geology Resources section.



 
 
In this reading you will learn about the Columbia River Flood Basalts. 
You will learn what they are, when and where the floods happened, and 
how they effected the land in Oregon and the Northwest. What are the 
three most important things you learned about the Columbia River Flood 
Basalts? Write them out and be prepared to discuss with the class. 
 
Floods of Lava
One of a few known lava floods ever to happened on the earth’s surface, 
was right here in the Northwest. These molten floods covered over 63,000 
square miles of the region in basalt a mile deep.

When we think of lava flows, we tend to think of explosive red streams, 
sliding down volcanic mountainsides. The Columbia River flows however, 
were an oozing, rather than an explosive, lava called a flood basalt. No 
human ever witnessed a flood basalt in process. They are very rare events. 
These basalt lava flows did not come from a volcano. They came from 
vents in the earth surface. Some of these vents are over 90 miles long.
 
When did the flows happen?
Lava began flowing in the Columbia Basin about 17 million years ago and 
continued until about 6 million years ago. Scientists believe there may 
have been 300 individual lava floods. Lava eruptions typically lasted for 
several days to a few weeks, and the flows were layered 50-100 feet deep. 
Depending upon the surrounding terrain, the floods moved one-half mile 
per hour to about three miles per hour. The flows would have changed 
the flow of rivers—often forcing them into new channels. These rivers 
sometimes returned to their old locations as the “new basalt” was eroded 
to the earlier elevations of surface rock. Each lava flood was separated by 
thousands of years.
 
Where are the basalt flows located?
By the time these eruptions stopped, most of the Columbia Basin was 
coated with basalt rock at least one mile thick. In parts of the central and 
southern Yakima Valley the basalt measures three miles deep. The lava 
floods covered virtually all of Washington east of the Cascades and south 
of a line roughly following the Spokane River, Lake Roosevelt and the 
Columbia River. 

In Oregon, streams of basalt lava carved a wide path through the Columbia Gorge 
region. Large areas of northeast Oregon were covered, as well as southeast Oregon 
and the Snake River Plain in Idaho. There were even parts that went all the way to 
the Pacific Coast. You can see dramatic remnants of the basalt flow on Oregon’s 
coast in such prominent features as Tillamook Head. There, the ocean carved the 
basalt into massive cliffs
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and small islands that provide habitat for seabirds. Such bird-friendly islands do not 
exist elsewhere along the Pacific coast, so this ancient “catastrophe” is now a haven 
for seabirds. At a place called Cobble Beach north of Newport, Oregon the waves 
have sculpted fallen basalt from the nearby cliffs into smooth cobbles that make a 
distinctive rolling sound as each wave subsides. 

In total the Columbia River Basalt Floods cover more than 60,000 square miles. At 
least 50,000 cubic miles of basalt can be found within this area, and some estimates 
go as high as 90,000 cubic miles. The immense weight of this basalt literally caused 
the earth’s outer crust to sink and form the depression known as the Columbia River 
Basin. 
 
What caused the lava floods?
While the basalt appears to have come from deep within the earth’s crust, scientists 
don’t agree on what triggered these huge lava floods. Some scientists think that 
millions of years ago there were volcanic “hot spots” in the Northwest, like the one’s 
found in Yellowstone National Park. Other scientists believe a huge asteroid rammed 
into southeastern Oregon and the impact created so much heat and disruption that it 
set off these violent eruptions.
 
What is basalt?
Basalt is a type of igneous rock. Igneous rocks are formed when molten rock wells up 
to the surface through the crust, cools and becomes solid. At first glance all basalt 
looks alike. However, there are differences in their color and the makeup. Some basalt 
has more silica, some contains crystals of olivine, and still others show evidence of 
exotic forms of feldspar. These differences help scientists determine from which 
volcanic vents the basalt flowed. 

The exposed basalt on the vertical walls of canyons and buttes looks like rock 
fence posts or columns and is called columnar basalt. These columns were 
formed when the lava cooled and crystallized. When lava cools, it shrinks. This 
creates vertical polygons, usually five-sided, that separate by long cracks. The 
Columbia plateau is known for its distinctive columnar basalt cliffs. 
 
Another form of basalt is “pillow basalt,” which is created when lava encounters 
water. It cools rapidly and forms shapes like connected loaves of bread or 
pillows. Pillow lava is easily found along the Oregon coast. 

Because of these large and extensive lava flows, basalt is the dominant parent 
material for soil in Oregon and the Northwest. Basalt is also an important part of 
the regional aquifer system that is housed in basalt underground.



 
 
In this reading you will learn about the age of glaciers and volcanoes in Oregon and the Northwest region. You will learn 
what happened during this time, when and where the these volcanoes developed, and how they effected the landscape. For 
this activity read the material below, record three important things you learned about this geological period, and be pre-
pared to discuss it with your class. 

The Ice Age
The Pleistocene epoch or what is commonly called the Ice Age, 
happened between 2 million to 10,000 years ago. During this 
time the planet cooled drastically and glaciers spread from the 
north and south poles into the central regions of the planet. It is 
estimated that during the Pleistocene up to 30% of the Earth’s 
surface was covered by ice. A permafrost zone also stretched 
beyond the ice into North America and Eurasia. 

The mean annual temperature at the edge of the ice would have 
been −6 °C (21 °F); at the edge of the permafrost the temperature 
was 0 °C (32 °F). To compare, today the mean annual temperature on earth is 15 °C (59 °F). In the area south of the 
ice sheets, large lakes formed because river outlets were blocked by ice and the cooler air slowed evaporation. In the 
Northwest, glaciers created towering ice dams like the one that formed Glacial Lake Missoula and caused the massive 
floods that scoured the landscape when the ice dam failed. 

In Oregon, the Pleistocene is not just about ice and floods, it is also about fire. 
Before this period of time the Cascade mountains we know today did not exist. 
There was no Mt. Saint Helens, Mt. Jefferson, or Three Sisters. The Cascades 
Range was created during the Pleistocene by the fire of volcanoes while 
simultaneously being worn away by glaciers. 

Oregon’s Cascades
The Cascade Range is a 700 mile long chain of mountains and volcanoes. The 
range stretches from northern California, through Oregon and Washington up 
into southwest Canada. The width of the range varies from 50 miles wide in the 
southern and central parts, to 120 miles wide in the northern section. There 
are more than two dozen mountains and volcanoes in the Cascade Range. On 
average the mountains in the Cascades are about 5,000 feet above sea level. 

When Plates Collide
The Cascades are part of an area called the Pacific Ring of Fire - a ring of 
volcanoes and mountains around the Pacific Ocean. All of the known historic 
eruptions in the contiguous U.S. have been from Cascade volcanoes. The most 
recent are Lassen Peak in 1914 and Mount St. Helen’s in 1980 and again in 2006.  
 
The Cascades were formed by two of the earth’s tectonic plates pushing and rubbing together. These plates are the 
oceanic Plate of Juan de Fuca, located just off the Pacific coast, and the North American Continental Plate. The ocean 
plate is heavier and subducts (or moves under) the lighter continental plate. As this happens, enormous pressure is 
created and portions of basalt crust from the ocean plate melt with sediments from the ocean floor to form magma. As 
this magma vents to the surface it creates volcanoes.

Oregon’s Age of Fire & Ice
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There are two parts to the Cascade Range – the old Cascades on the west side and new 
Cascades on the east side. The west side was formed between 40 and 5 million years ago 
as the two plates pushed together. Over time there was a change in the angle that the 
ocean plate pushed against the continental plate. As a result the volcanic activity in the 
Cascades moved farther east and formed a new mountain range. 

The volcanoes in the Cascades are stratovolcanoes, also known as composite volcanos. 
They are typically tall and cone-shaped and have periodic explosive eruptions. They are 
built up by many layers (strata) of hardened lava, tephra, pumice, and volcanic ash. Stra-
tovolcanoes are commonly found in subduction zones and form in chains along the plate 
tectonic boundaries where an oceanic crust is drawn under a continental crust. 
 
Mt. Mazama
During the Pleistocene, Mt. Mazama was one of Oregon’s largest stratovolcanoes with 
peaks 12,000 feet high. It was taller than Mt. Hood and wider than Mt. Jefferson. 

Mt. Mazama was destroyed by a volcanic eruption 7,700 years ago. During this major 
eruption, an estimated 12 cubic miles of rock and debris exploded in a single day. Winds 
carried ash across much of the Northwest and parts of southern Canada. Lava flows 
partially filled the valleys around Mount Mazama with up to 300 feet of pumice and ash. 
So much magma erupted that the volcano collapse in on itself. When the dust settled it 
revealed a volcanic depression called a caldera. The caldera was five miles in diameter 
and one mile deep. Today, this area as is called Crater Lake, the seventh deepest fresh 
water lake in the world (1,943 feet deep) and Oregon’s only National Park. Because of 
the long history of volcanic activity around Crater Lake, scientists believe this volcanic 
center will erupt again. 
 
Mount Saint Helen’s
Mount Saint Helen is the most recent Cascade volcano to erupt. In 1980 an earthquake 
triggered an eruption and caused the entire north face of the volcano to slide away. The 
eruption column rose 80,000 feet and deposited ash in 11 U.S. states. At the same time, 
snow, ice and several entire glaciers on the volcano melted, forming a series of large 
lahars (volcanic mud slides) that reached as far as the Columbia River, nearly 50 miles 
away. 

In total, 57 people and thousands of animals were killed. Hundreds of square miles were reduced to wasteland, causing over a 
billion dollars in damage. Mount Saint Helen was left with a crater on its north side. The U.S. Forest Service has preserved the 
area by creating the Mount Saint Helen’s National Volcanic Monument. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Carved by Ice
Unlike the midwestern United States, Oregon did not have huge ice sheets covering the landscape. There were, however, 
ice caps on the highest parts of the region. A massive glacier covered the Cascades about 170 miles from Mt. Hood to Mt. 
McLoughlin. At its deepest, it was a half mile thick. Other Oregon mountains ranges also had extensive glaciers or ice caps 
including the Strawberry, Elkhorn and Wallowa Mountains in eastern and northeastern Oregon and the Klamath and Steen 
Mountains in southern Oregon.



In many areas the glaciers created near perfect u-shaped mountain valleys like those 
found in the Steen Mountains. The Steen Mountain Range in southeastern Oregon is one 
of the largest single fault uplifts in North America. Glaciers eroded sections of this area 
into gentle slopes. 

The Cascades Effects on Climate
The Cascade Range is so large it affects the climate of the Northwest United States and 
parts of Canada. In Oregon the Cascades are a substantial barrier between the east and 
west sides of the state. Historically, the Cascade Range has been a difficult barrier for 
people to cross. The only sea level route through the entire 700 mile-long range is the 
Columbia River Gorge. 

The climate on the eastern side of the Cascades is effected by a rain shadow. A rain 
shadow is a dry area on the lee side of a mountainous area. The mountains block rain-
producing weather systems, casting a “shadow” of dryness behind them. The diagram to 
the right shows how warm moist air is pulled by the prevailing winds over a mountain. 
The moist air condenses and precipitates, then the dry 
air moves forward leaving a rain shadow behind the 
mountain. 

The east side of the Cascades is dry and desert like with 
anywhere from 9 - 20 inches of precipitation annually. It 
also has more extreme temperatures (hot and cold) then 
the west side of the range. The Willamette Valley on the 
west side of the Cascades is much wetter (averaging 50 
inches of precipitation annually) and has a mild, temperate 
climate. 

Most of the Cascades peaks are white with snow and ice year-round. 
Because the Cascades are close to the Pacific Ocean, and the winds come 
primarily from the west, a tremendous amount of precipitation falls on 
the western slopes of the Cascades. About 150 inches of snow falls on 
average annually, and it is not uncommon for some areas in the Cascades 
to have over 200 inches of snow. 
 
Cascade’s Effect on Agriculture
In the Willamette Valley the wet, mild climate created by the Cascade 
Range is idea for agriculture. Willamette Valley farmers raise about 170 
different plants and animals making it one of the most agriculturally 
diverse areas in the United States. Crops in the valley include greenhouse 
and nursery plants, grass seed, fruits, vegetables, Christmas trees, nuts 
and wheat, as well as dairy and beef cattle, sheep, other live stock. The 
western slopes of the Cascades are densely covered with Douglas-fir, Western Hemlock and Red Alder and have historically 
been one of the most active logging areas in the United States. 
 
The dry climate on the eastern half of Cascades limits the agricultural diversity. The dry climate is more suited for cattle, wheat, 
and alfalfa and grass hay. Along the Columbia River farmers irrigate to raise fruit trees, melons, potatoes, onions and grapes. 
 
Fertile Soils
Volcanoes obviously can cause damage and destruction, but in the long term they also benefit the soil. Volcanic ash blows 
over thousands of square miles of land adding nutrients and increasing the soil fertility of forests and agricultural land. Over 
thousands to millions of years, the breakdown and chemical weathering of volcanic rocks forms some of the most fertile soils 
on earth. Nearly everywhere volcanoes are located, people use the rich soil for farming. 
 
The volcanic, Jory soils found in Oregon are ideally suited to produce world-class wines and fruits like pears and apples. They 
are also excellent for growing conifers. Jory soils are brick red, typically 4-6 feet in depth and consist of a silty, clay loam. The 
depth and quality of the soils is the reason for much of the agricultural bounty found in Oregon.



 
 
In this reading you will learn about glacial Lake Missoula and the amazing floods. You will learn how geologists discovered 
the floods, the landforms created by the flood and the effects the floods had on Oregon & the Northwest. What are the three 
most important things you learned about the Missoula Floods? Write them out and be prepared to discuss with the class. 
 
Glacial Lakes and Amazing Floods
During the last Ice Age (18,000 - 12,000 years ago) a massive 
Canadian glacier called the Cordilleran Ice Sheet crept south into the 
Idaho Panhandle, blocked the Clark Fork River and created Glacial 
Lake Missoula. 

This ice sheet blocked the water from the Clark Fork Rivers creating 
an ice dam that is thought to be 2,000-feet high. This ice dam 
caused flooding in the valleys of western Montana. At its greatest 
size, Glacial Lake Missoula stretched east about 200 miles and 
contained more than 500 cubic miles of water – that is equal to the 
water in both Lake Erie and Lake Ontario. 

Periodically, the ice dam that created Glacial Lake Missoula would 
fail and often caused enormous floods of ice- and dirt-filled water 
to rush down across northern Idaho and eastern and central 
Washington, through the Columbia River Gorge, back up into 
Oregon’s Willamette Valley, and finally pour into the Pacific Ocean at 
the mouth of the Columbia River. 

Scientists believe the water from these floods roared across the 
landscape as fast as 65 miles per hour, shaking the ground as it 
roared towards the Pacific Ocean. The flood waters stripped away 
hundreds of feet of soil and cut deep canyons in the landscape. It is 
believed Lake Missoula would have drained in as little as 48 hours. 

Over 2,500 years the ice sheet continued moving south and 
blocked the Clark Fork River again and again, recreating Glacial Lake 
Missoula many times. The lake filled, the dam failed, and flooding 
was repeated dozens of times, leaving a lasting mark on the 
landscape of the Northwest. 

Eventually, the glacial ice sheet receded north so the dam did not 
reform, and the flooding stopped. 
 
How the Flood was Discovered: 
 
Geologists are really detectives. They observe the landscape around them, searching for clues about what 
happened in the past to form the landscape we see today. This is what geologist J. Harlen Bretzs was doing over 
100 years ago when he was trying to figure out what formed the unusual, scarred and rocky landscape of eastern 
Washington.

Glacial Lake Missoula and the Floods that Changed Oregon
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Bretz spent much of his life studying an area he called “The Channeled Scablands.” 
Bretz believed only an enormous flood could have formed the bare, black rock buttes 
and canyons in eastern Washington. In 1923, Bretz hypothesized this area must have 
been formed by a massive flood. 

Other geologists at the time didn’t believe Bretz’s hypothesis. Geologists at the time 
tended to believe past geological events could only be explained by forces observable 
today. Since a flood the size Bretz suggested had never been seen, his idea was con-
sidered impossible. To make matters worse, Bretz could not identify what would have 
been the source of such a gigantic flood. 

In 1942, a geologist from Montana named Joseph T. Pardee found evidence suggest-
ing a gigantic glacial lake had formed during the last ice age by glaciers that had 
moved into Montana from Canada and blocked up the Clark Fork River.
Pardee discovered giant ripple marks in an area that was once occupied by glacial 
Lake Missoula. These ripple marks were huge versions of the ripples you might see at 
the beach or river. They are 15-30 feet high and had a wavelength of 250 feet. These 
ripple marks are evidence that deep and swift flowing currents passed through this 
area. Pardee said they were formed by a sudden failure of the ice dam that held back 
Lake Missoula. 
 
With the help of Joseph T.Pardee, the clues to the puzzle had been pieced together 
into an amazing, and almost unbelievable story. Today, geologists continue to study 
landforms in the northwest that were formed by the great Missoula Floods.  
 
Clues in Oregon’s landscape of the great flood
 
Scoured basalt walls and monoliths can be seen 
in many places along the path of the Missoula 
Floods. In Oregon some of these include the basalt 
cliffs and monoliths near the Wallula Gap near 
Hermiston, Hat Rock State Park, along on the south 
side of the Columbia River and Beacon Rock near 
Portland.
 
Waterfalls from streams tumble down into the 
Gorge area including Multnomah Falls, the largest 
falls in Oregon. 

Rocky Butte in Portland - a volcanic cinder cone eroded by the flood waters. 
 
The Floods Effect Oregon Agriculture: 
The Missoula Floods are a remarkable part of the Northwest’s natural heritage. As they traveled through Washington these 
floods created scablands and dramatic dry canyons. In Oregon however, the floods created the exceptionally fertile, produc-
tive farmland, wetlands and aquifers found in the Willamette Valley. 
 
How did this happen? 
As the flood water thundered through the Columbia Plateau of eastern and central Washington, it scoured away much of the 
area’s topsoil. When the floods reached Portland and the mouth of the Willamette River, some of the flood waters (full of top 
soil) backed up into the Willamette Valley and created Lake Allison. 

Lake Allison was an enormous temporary lake created by the Missoula Floods. By examining clues in the landscape, geologist 
believe it covered 11,000 square miles of the Willamette Valley. It stretch from Portland to just north of Eugene and measured 
up to 400 feet deep. With each flooding event, Lake Allison would fill up and then recede back down the Willamette River into 
the Columbia River, leaving layers of deep mud and silts across the Valley floor. The last floods probably occurred less than 
13,000 years ago.



Today the lake bottom is seen as the flat topography and fertile soils of the Willametter Valley. Geologist know icebergs, 
probably remnants of the glacier that dammed Lake Missoula, were carried this far, because the valley is littered with glacial 
erratics.
 
Glacial Erratics are rocks that are made of different material then the surrounding area. They can be small fragments to 
large boulders that weigh many tons. These exotic boulders puzzled Willamette Valley farmers for over 150 years and are 
now considered important evidence of the Missoula Flood. Over 300 boulder-sized glacial erratics have been mapped in the 
Willamette Valley. Originally from Canada, the erratics were trapped in the ice sheet, then floated across the Northwest in the 
floods when the ice dam broke. 

The Oregon Erratic Rock Natural Site is just outside of Salem and features 
a 40 ton rock. This is the largest known glacial erratic in the Willamette Valley 
from the Missoula Floods.


