
Areas are designated National Park 
Service lands because of their historical sig-
nificance or natural beauty. The latter category 
includes areas of mountains, valleys, seashores, 
or rock formations, features commonly associ-
ated with very large scale, or tectonic processes. 
And visitors can simulate tectonic features and 
processes in national parks using Oreo® cook-
ies! (Fig. 1).

The term tectonics originates from the 

Greek word “tektõn,” referring to a builder or 
architect. Plate tectonics suggests that large 
features on Earth’s surface, such as conti-
nents, ocean basins, and mountain ranges, 
result from interactions along the edges of 
large plates of Earth’s outer shell, called the 
lithosphere (Greek “lithos,” hard rock; Figs. 2, 
3). The plates, composed of Earth’s crust and 
uppermost mantle, ride on a warmer, softer 
layer of the mantle, the asthenosphere (Greek 
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Fig. 1. Simulating plate boundaries with Oreo® cookies. 
The upper cookie is the lithosphere, the creamy filling the 
asthenosphere, and the lower cookie the lower mantle. (Be 
sure to get the “Double Stuff” variety, which has adequate 
asthenosphere)! First, carefully remove the upper cookie (a 
“twisting” motion is required). Slide the upper cookie over the 
creamy filling to simulate motion of a rigid lithospheric plate 
over the softer asthenosphere. Next, break the upper cookie 
in half. As you do so, listen to the sound it makes. What 
does that sound represent? (An earthquake. Message: it 
takes cold, brittle lithosphere to make earthquakes – earth-
quakes do not occur in the soft, flowing asthenosphere). a) 
To simulate a divergent plate boundary, push down on the 
two broken cookie halves and slide them apart. Notice that 
the creamy filling between the two broken “plates” may tend 
to flow upward, similar to the rising, decompression, and 
partial melting of hot asthenosphere at mid-ocean ridges 
and continental rift zones. b) Push one cookie piece beneath 
the other to make a convergent plate boundary. Note that 
this is the only situation where the cold, brittle lithosphere 
extends to great depths, and hence the only place where 
deep earthquakes occur. The very largest earthquakes are 
at subduction zones where two plates get stuck together for 
centuries, then suddenly let go. c) Simulate a transform 
plate boundary by sliding the two cookie pieces laterally 
past one another, over the creamy filling. You can feel and 
hear that the “plates” do not slide smoothly past one another, 
but rather stick then let go, stick then let go. The cracking 
sound you hear each time is like an earthquake occurring 
along the San Andreas Fault in California. d) A hotspot can 
be simulated with the demonstration in the upper left photo. 
Imagine if a piece of hot, glowing coal were imbedded in the 
creamy filling – a chain of “volcanoes” would be burned into 
the overriding cookie.
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Fig. 4. Tectonic activity occurs at the three types of plate boundaries and at hotspots. Volcanoes erupt in the 
zone where plates diverge, on the overriding plate where plates converge, and along a line where a plate rides over a 
hotspot. Only shallow earthquakes (less than 40 miles; 70 kilometers deep), of small to moderate size, occur at diver-
gent and transform boundaries and at hotspots. The cold, brittle lithosphere may extend to great depths (up to 400 
miles; 700 kilometers) at convergent boundaries, accompanied by a dipping zone of shallow to very deep earthquakes; 
the largest earthquakes occur at convergent boundaries where the two plates lock together for decades, then suddenly 
let go (white stars).
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Fig. 3. Cross section of the upper 600 miles (1,000 
kilometers) of the Earth, including the crust and 
part of the mantle. Increases in temperature and 
pressure with depth cause the mantle to exist in three 
different states. The uppermost mantle and crust com-
prise the cold, rigid plates of lithosphere. Hotter mantle 
below forms the somewhat softer asthenosphere. Pres-
sure increase with depth causes the asthenosphere to 
increase in strength, to the more solid lower mantle. 
Lithospheric plates can be compared to a hard Oreo® 
cookie, riding on the soft, creamy filling (astheno-
sphere). The lower cookie (lower mantle) does not 
move. 
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Fig. 2. Gross layers of the Earth. Left: The classical 
division of the Earth is according to chemical com-
position, the heavier materials concentrated toward 
the center. Right: In modern times the three chemical 
divisions are classified into five zones according to 
physical state caused by temperature and pressure 
changes within the Earth.
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Fig. 5. Plate tectonic map of the world, 
showing the three types of plate bound-
aries. Most of the current tectonic activity 
in the United States involves interactions 
between the North American, Pacific, and 
Juan de Fuca plates. The western United 
States is near plate boundaries and thus 
has volcanoes, earthquakes, and developing 
mountain ranges, while the East Coast is far 
from plate boundaries and lacks active tec-
tonic features.
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Fig. 6. Examples of national park landscapes and plate tectonics. a) Lava Beds National Monument, California. 
A rift valley (filled by Tule Lake and sediments), block faulting (revealed by the steep escarpment of Gillem’s Bluff), and 
dark, basalt lava flows reveal tectonic activity at a divergent plate boundary. b) Mt. Rainier National Park, Washing-
ton. Steep-sided, composite volcano is a consequence of one plate subducting beneath another at a convergent plate 
boundary. c) Pt. Reyes National Seashore, California. The San Andreas Fault runs through Tomales Bay. Granite on 
the Pacific Plate is being transported northward past sedimentary and metamorphic rocks on the North American Plate 
along a transform plate boundary. d) Yellowstone National Park, Wyoming. Hot springs, geysers, mudpots, and other 
geothermal features are manifestations of the North American Plate moving over a hotspot. (Photos by R. J. Lillie).



“asthenos,” lacking strength; Fig. 4). Earth’s 
lithosphere is broken into a mosaic of seven 
major and several minor plates (Fig. 5). Rela-
tive motions between plates define three types 
of boundaries: divergent, where plates rip 
apart, creating new lithosphere; convergent, 
where one plate dives beneath the other and 
lithosphere is destroyed; transform, where 
plates slide past one another, neither creating 
nor destroying lithosphere. Another large-scale 
feature is a hotspot, where a plate rides over 
a fixed “plume” of hot mantle, creating a line 
of volcanoes. Plate tectonics helps us under-
stand the inspiring landscapes that attract 
us to national parks, and to compare geologic 
features in one park with features we see in 
others (Fig. 6). For example, volcanoes in parks 
in the Pacific Northwest and Alaska are simi-
lar because they formed at boundaries where 
plates converge, whereas a different volcanic 
type occurs in Hawai´ian parks because those 
volcanoes formed over a hotspot.
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Park Geology Tour - http://www2.nature.nps.gov/grd/tour/index.htm
Park Geology Photos - http://www2.nature.nps.gov/grd/edu/images.htm
Individual Park Photos - http://www.nps.gov/pub_aff/imagebase.html
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