Where did Pinnacles National Park Come From?
Introduction: San Andreas fault
The San Andreas fault system runs nearly
the entire length of California. The San
Andreas fault system is a series of roughly
parallel faults (including the Hayward and
Calaveras faults) that form a diffuse
boundary between the Pacific and North
American tectonic plates (see Fig. 1).
Although it may be confusing, this system
of parallel faults is known as the San
Andreas system but there is also an
individual fault with the same name. The
San Andreas fault system began to form
about 30 million years ago, when the
tectonic margin along the California coast
began to change from subduction
(convergence) to a transform fault system.
The fault system has been evolving over
time, and continues to change. But it has
been altering the landscape of coastal
California for tens of millions of years!
The San Andreas fault is a “right lateral”
strike-slip fault. This means that if one
Figure 1. Major faults in California.
stands on the North American Plate and
looks west toward the fault, the Pacific
Plate is moving to the right relative to the observer (i.e., northward); if one stands on the
Pacific Plate, the North American Plate is also moving to the right relative to the
observer (i.e., southward).
Can we figure out how fast the plates are moving relative to one another?

Pinnacles National Park
Pinnacles National Park is east of Monterey, California, and contains remnants of the
Neenach Volcano. This volcano erupted about 23 million years ago and straddled the
San Andreas fault. The volcanic rocks of Pinnacle National Park represent rocks that
were transported along the west side of the San Andreas fault on the Salinian block. The
Salinian block consists of continental rocks on the western side of the San Andreas fault
that have moved northward from southern California (see Fig. 2). Rocks along the
California coast such as at Pt. Reyes and Bodega Head are part of the Salinian block
that were originally formed in southern California and moved north.
The remnants of Neenach volcano on the east side of the San Andreas fault are
located near Neenach, California (north of Los Angeles) on the North American Plate.
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Since Neenach volcano was dissected by the San Andreas fault, we can estimate the
rate of movement along the fault since its formation 23 million years ago!
The origin and geologic age of Pinnacles National Park is very well characterized,
because geologists have been able to determine the age of the volcanic rocks and
reconstruct the history of the Neenach Volcano eruption. Look at Fig. 1 and observe
the two stars marked “Pinnacles National Park” and “Neenach” that represent the two
parts of Neenach volcano.
1) What is the distance in kilometers between Pinnacles National Park and Neenach,
CA (use the graphical map scale)?
~310 km
2) What is the average yearly rate of motion (in cm per year) of Pinnacles on the
surface of the Earth, if it has been moving for about 23 million years (show your
work)? (conversion factor: 1 cm = 0.00001 km)
310 𝑘𝑚
23,000,000 𝑦𝑒𝑎𝑟𝑠

1 𝑐𝑚
= 1.3 𝑐𝑚/𝑦𝑒𝑎𝑟
0.00001 𝑘𝑚

3) Determine how many kilometers that Pinnacles National Park will travel along the
San Andreas fault in 5 million years.

1.3

𝑐𝑚
𝑦𝑒𝑎𝑟

5,000000 𝑦𝑒𝑎𝑟𝑠

0.0001 𝑘𝑚
= 65 𝑘𝑚
𝑐𝑚

4) On your map, indicate the approximate location of Pinnacles National Park in 5
million years.
See red star on map.
5) Modern measurements of movement along the San Andreas system across
California indicate that the average rate of motion is ~3.5 cm/year. Why is the rate
that you determined from your analysis of Pinnacles so much lower?
The calculated rate is only for the San Andreas fault (proper) and not for the
entire San Andreas system. Other faults in the San Andreas fault system
accommodate movement northward.
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6) In the 1906 earthquake, movement along the San
Andreas fault displaced a fence line near Point
Reyes by 2.6 meters! How many years of “average”
movement occurred in that single earthquake
(lasting a few moments)?

100 𝑐𝑚
𝑚
= 200 𝑦𝑒𝑎𝑟𝑠
1.3 𝑐𝑚/𝑦𝑒𝑎𝑟

(2.6 𝑚)

Figure 3. Fence displaced in Pt.
Reyes during the 1906
earthquake. USGS

7) What does this tell you about movement along the San Andreas fault – does it occur
in a slow, steady fashion, like some of your calculations might suggest?
Motion along the San Andreas fault system is not continuous but may occur in
discrete episodes. The calculated rate represents the average movement over
a very long period of time.

3

4

