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The steep, columnar basalt cliffs on the opposite side of the river from the Tower Fall overlook are 
remnants of an ancient lava flow, providing a window into the past volcanic forces that shaped much 
of the Yellowstone landscape. (Left insert shows basalt columns along the roadside at the same level 
as across the valley shown in the right insert.)  
 

Most of Earth’s history (from the formation of the earth 4.6 billion years ago to 
approximately 541 million years ago) is known as the Precambrian time. Rocks of this 
age are found in northern Yellowstone and in the hearts of the nearby Teton, 
Beartooth, Wind River, and Gros Ventre mountain ranges. During the Precambrian and 
the subsequent Paleozoic and Mesozoic eras (541 to 66 million years ago), the 
western United States was covered at times by oceans, sand dunes, tidal flats, and 
vast plains. From the end of the Mesozoic through the early Cenozoic, mountain-
building processes formed the Rocky Mountains. 

During the Cenozoic era (approximately the last 66 million years of Earth’s history), 
widespread mountain-building, volcanism, faulting, and glaciation sculpted the 
Yellowstone area. The Absaroka Range along the park’s north and east sides was 
formed by numerous volcanic eruptions about 50 million years ago. This period of 
volcanism is not related to the present Yellowstone volcano. 

Approximately 30 million years ago, vast expanses of today’s West began stretching 
apart along an east–west axis. This ongoing stretching process increased about 17 
million years ago and created the modern basin and range topography (north–south 
mountain ranges with long north–south valleys) which characterizes much of the West, 
including the Yellowstone area. 

 



About 16.5 million years ago, an intense period of volcanism initiated near the borders of present-day 
Nevada, Oregon, and Idaho. Subsequent volcanic eruptions can be traced across southern Idaho 
towards Yellowstone. This 500-mile trail of more than 100 calderas was created as the North 
American plate moved in a southwestern direction over a shallow body of magma. About 2.1 million 
years ago, the movement of the North American plate brought the Yellowstone area closer to the 
shallow magma body. This volcanism remains a driving force in Yellowstone today. 

Yellowstone Geologic History 

 

• 542 to 66 Ma 
Area covered by inland seas 

• 50 to 40 Ma 
Absaroka volcanics 

• 30 Ma to present 
“Basin and Range” forces creating Great Basin topography 

• 16 Ma 
Volcanism begins again in present day Nevada and Idaho 

• 2.1 Ma 
1st Yellowstone super eruption 

• 1.3 Ma 
2nd Yellowstone super eruption 

• 640 ka 
3rd Yellowstone super eruption 

• 174 ka 
West Thumb eruption 

• 160 to 151 ka 
Bull Lake Glaciation underway 

• 21 to 16 ka 
Pinedale Glaciation maximum 

Ma = mega annum, or millions of years ago 

ka = kilo annum, or one thousand years ago 

Illustration (above) depicts sixteen million 

years of movement of the Yellowstone-

Snake River Plain volcanic system.  

The youngest activity of the hot spot is the 

caldera system in Yellowstone. 



  

The location of Yellowstone's three calderas and two resurgent domes.

Magma (molten rock from below the 
area. This shallow body of magma is caused by heat convection in the mantle. Plumes of magma rise 
through the mantle, melting rocks in the crust, and creating magma reservoirs of partially m
partially solid rock. Mantle plumes transport heat from deep in the mantle to the crust and create what 
we call “hot spot” volcanism. Hot spots leave a trail of volcanic activity as tectonic plates drift over 
them. As the North American Plate drifted westward over the last 16.5 million years, the hot spot that 
now resides under the greater Yellowstone area left a swath of volcanic deposits across Idaho’s 
Snake River Plain. 

Heat from the mantle plume has melted rocks in the crust, and created tw
partially molten, partially solid rock near Yellowstone’s surface. Heat from the shallowest magma 
chamber caused an area of the crust above it to expand and rise. Stress on the overlying crust 
resulted in increased earthquake activity a
the magma chamber and magma oozed through the cracks. Escaping magma released pressure 
within the chamber, which also allowed volcanic gasses to escape and expand explosively in a 
massive volcanic eruption. The eruption spewed copious volcanic ash and gas into the atmosphere 
and produced fast, super-hot debris flows (pyroclastic flows) over the existing landscape. As the 
underground magma chamber emptied, the ground above it collapsed and created th
Yellowstone’s three calderas. 

This eruption 2.1 million years ago—
5,790 square miles with ash, as far away as Missouri. The total volcanic material ejected is estimated 
to have been 6,000 times the volume of material ejected during the 1980 eruption of Mt. St. Helens, in 
Washington. 

A second significant, though smaller, volcanic eruption occurred within the western edge of the first 
caldera approximately 1.3 million years ago. The third and
640,000 years ago created the present 30

The location of Yellowstone's three calderas and two resurgent domes.
 

Magma (molten rock from below the earth’s crust) is close to the surface in the greater Yellowstone 
area. This shallow body of magma is caused by heat convection in the mantle. Plumes of magma rise 
through the mantle, melting rocks in the crust, and creating magma reservoirs of partially m
partially solid rock. Mantle plumes transport heat from deep in the mantle to the crust and create what 

” volcanism. Hot spots leave a trail of volcanic activity as tectonic plates drift over 
drifted westward over the last 16.5 million years, the hot spot that 

now resides under the greater Yellowstone area left a swath of volcanic deposits across Idaho’s 

Heat from the mantle plume has melted rocks in the crust, and created two magma chambers
partially molten, partially solid rock near Yellowstone’s surface. Heat from the shallowest magma 
chamber caused an area of the crust above it to expand and rise. Stress on the overlying crust 
resulted in increased earthquake activity along newly formed faults. Eventually, these faults reached 
the magma chamber and magma oozed through the cracks. Escaping magma released pressure 
within the chamber, which also allowed volcanic gasses to escape and expand explosively in a 

eruption. The eruption spewed copious volcanic ash and gas into the atmosphere 
hot debris flows (pyroclastic flows) over the existing landscape. As the 

underground magma chamber emptied, the ground above it collapsed and created th

—among the largest volcanic eruptions known to man
5,790 square miles with ash, as far away as Missouri. The total volcanic material ejected is estimated 

times the volume of material ejected during the 1980 eruption of Mt. St. Helens, in 

A second significant, though smaller, volcanic eruption occurred within the western edge of the first 
caldera approximately 1.3 million years ago. The third and most recent massive volcanic eruption 
640,000 years ago created the present 30- by 45-mile-wide Yellowstone Caldera
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Yellowstone Caldera.  



Since then, 80 smaller eruptions have occurred. Approximately 174,000 years ago, one of these 
created what is now the West Thumb of Yello
huge lava flows of viscous rhyolitic lava and less voluminous basalt lava flows partially filled the 
caldera floor and surrounding terrain. The youngest of these lava flows is the 70,000 year old 
Pitchstone rhyolite flow in the southwest corner of Yellowstone National Park.

Since the last of three caldera-forming eruptions, pressure from the shallow magma body has formed 
two resurgent domes inside the Yellowstone Caldera. Magma may be as little as 3
Sour Creek Dome and 8–12 miles beneath Mallard Lake Dome, and both domes inflate and subside 
as the volume of magma or hydrothermal fluids changes beneath them. The entire caldera floor lifts 
up or subsides, too, but not as much as the two do
the caldera floor toward the south. As a result, Yellowstone Lake’s southern shores have subsided 
and trees now stand in water, and the north end of the lake has risen into a sandy beach at Fishing 
Bridge. 

  

Volume comparison of global volcanic eruptions.

Recent Activity 

Remarkable ground deformation has been documented along the central axis of the caldera between 
Old Faithful and White Lake in Pelican Valley in historic time. Surveys of suspected 
deformation began in 1975 using vertical
surveys documented unprecedented uplift of the entire caldera in excess of a meter (3 ft). Later GPS 
measurements revealed that the caldera went into an
when the caldera returned to an episode of extreme uplift. The largest vertical movement was 
recorded at the White Lake GPS station, inside the caldera’s eastern rim, where the total uplift from 
2004 to 2010 was about 27 centimeters (10.6 in).

The rate of rise slowed in 2008 and the caldera began to subside again during the first half of 2010. 
The uplift is believed to be caused by the movement of deep hydrothermal fluids or molten rock into 
the shallow crustal magma system at a depth of about 10 km beneath the surface. A caldera may 
undergo episodes of uplift and subsidence for thousands of years without erupting. Notably, changes 
in uplift and subsidence have been correlated with increases of earthquake activity.
of these fluids away from the caldera, and the accompanying earthquakes, subsidence, and uplift 
relieves pressure and could act as a natural pressure release valve balancing magma recharge and 
keeping Yellowstone safe from volcanic erupt
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Remarkable ground deformation has been documented along the central axis of the caldera between 
Old Faithful and White Lake in Pelican Valley in historic time. Surveys of suspected 
deformation began in 1975 using vertical-motion surveys of benchmarks in the ground. By 1985 the 
surveys documented unprecedented uplift of the entire caldera in excess of a meter (3 ft). Later GPS 
measurements revealed that the caldera went into an episode of subsidence (sinking) until 2005 
when the caldera returned to an episode of extreme uplift. The largest vertical movement was 
recorded at the White Lake GPS station, inside the caldera’s eastern rim, where the total uplift from 

about 27 centimeters (10.6 in). 

The rate of rise slowed in 2008 and the caldera began to subside again during the first half of 2010. 
The uplift is believed to be caused by the movement of deep hydrothermal fluids or molten rock into 
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The rate of rise slowed in 2008 and the caldera began to subside again during the first half of 2010. 
The uplift is believed to be caused by the movement of deep hydrothermal fluids or molten rock into 

gma system at a depth of about 10 km beneath the surface. A caldera may 
undergo episodes of uplift and subsidence for thousands of years without erupting. Notably, changes 
in uplift and subsidence have been correlated with increases of earthquake activity. Lateral discharge 
of these fluids away from the caldera, and the accompanying earthquakes, subsidence, and uplift 
relieves pressure and could act as a natural pressure release valve balancing magma recharge and 



  

Where to See Volcanic Flows

1. Sheepeater Cliff: columnar basalt

2. Obsidian Cliff: lava 

3. Virginia Cascades: ash ow 

4. Gibbon Falls: Near caldera rim 

5. Tuff Cliff: ash flow 

6. West Entrance Road, Mt. Haynes and Mt. Jackson: columnar rhyolite, Lava Creek tuff

7. Firehole Canyon: lava 

8. Lewis Falls: Near caldera rim 

9. Lake Butte: On edge of caldera, overall view of caldera

10. Washburn Hot Springs Overlook: overall view of caldera

11. Between Tower Fall and Tower Junction: columnar basalt
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Between Tower Fall and Tower Junction: columnar basalt 

West Entrance Road, Mt. Haynes and Mt. Jackson: columnar rhyolite, Lava Creek tuff 


