
✓ Practice Problem 1
Add 4 hours:15 minutes:35 seconds to 10 hours:50 minutes:35 seconds.

✓ Practice Problem 2
Subtract 5 hours:30 minutes:45 seconds from 10 hours:25 minutes:40
seconds.

To find earthquake origin times you will need to subtract
one time from another. Using this system of borrowing from
the column to the left should allow you to solve any problem
of this type.

HOW ARE EARTHQUAKES LOCATED?

Seismologists (scientists who study earthquakes) know
that an earthquake has occurred when they feel the ground
shaking or they see their instruments detect energy waves.
Earthquakes can happen anywhere. Some of them occur in
populated areas. But more often they happen in the oceans
or in places where few people live. Furthermore, the small
wave could have come from a small, nearby earthquake or
from a large earthquake located thousands of kilometers
away. In this section, you will learn how seismologists can lo-
cate an earthquake with recordings from as few as three seis-
mic stations.

The first step is to determine how far away an earthquake
is. The fact that P-waves travel much faster than S-waves en-
ables seismologists to determine the distance to an earth-
quake’s epicenter. When an earthquake occurs, energy waves
move away in all directions. Both P- and S-waves start out
from the epicenter at the same time. A person at the epicen-
ter would feel both waves immediately. There would be no
separation between them. But the farther you are from the
epicenter, the longer the delay between the arrival of P-waves
and the arrival of S-waves. Travel time is the time inferred
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between the breaking of the rocks that causes an earthquake
and when the event is detected at a given location.

Figure 7-7 is a graph from the Earth Science Reference
Tables that shows how long it takes P- and S-waves to travel
to places as far as 10,000 km away. Note that the scale of dis-
tance from the epicenter is on the bottom axis and travel time
is on the vertical axis. Along the bottom, the distance from
one dark line to the next is 1000 km (103 km). Each 1000-km
division is split into five subdivisions. Therefore each thin
line represents 1000 km ! 5 " 200 km. On the vertical scale,
each thick line represents 1 minute and there are three divi-
sions. What is the value of each thin line? Remember there
are 60 seconds in each minute. Therefore each vertical divi-
sion is one-third of a minute, since 1 minute (60 seconds) !
3 " 20 seconds.

For example, this graph tells you that if an earthquake
epicenter is 4000 km away, the P-wave will take 7 minutes to
get to you. That is, at your location you will feel the first vi-
brations 7 minutes after the rupture occurs at the epicenter.
The graph shows that the S-waves need about 12 minutes:
40 seconds to travel the same distance. Therefore, if the time
separation between the arrival time of the P- and S-waves is
5 minutes:40 seconds, the epicenter must be 4000 km away.

Figure 7-7 Travel time
graph for P- and S-waves.
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An observer closer to the location of the epicenter would no-
tice a smaller delay between the arrival of the P- and S-waves.
A more distant recording station would register a greater sep-
aration between them.

Imagine that you did observe a 5-minute:40 second time
delay. What does this tell you about the location of the epi-
center? It tells you that the epicenter of the earthquake is
4000 km from your location. Therefore, on a map you could
draw a circle centered on your location with a radius of 4000
km and know that the epicenter is somewhere on that circle.
However, you do not know where on the circle the epicenter
is, but you do know it has to be that distance away from your
station.

The text and photographs that follow will demonstrate a
procedure that can be used to locate the epicenter of an earth-
quake. Notice that Figure 7-8 shows a seismogram recorded
at Denver, Colorado, on which there are two divisions in each
minute. Therefore each division is 30 seconds. On this seismo-
gram you can see that the P-wave arrived at 8 hours:16 min-
utes:0 seconds, and the S-wave arrived at 8 hours:19 minutes:
30 seconds. The time separation between P- and S-waves is
therefore 3 minutes:30 seconds.

There is only one distance at which this time separation
can occur. To find it, place the clean edge of a sheet of paper
along the vertical distance scale. Make one mark at 0 min-

Figure 7-8 By read-
ing the seismogram
you can see that P-
waves arrive 3 min-
utes:30 seconds
before the S-waves
at this recording
location.
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utes and another at 3 minutes:30 seconds as shown here. (See
Figure 7-9.) Perform this step carefully to avoid problems fur-
ther along in the procedure.

Next, as you keep the edge of the edge of the paper verti-
cal, move the paper to the position at which each marks rests
on a graph line. As shown in Figure 7-10, the 0 mark will be
on the P-wave line and the mark for 3 minutes:30 seconds
will be on the S-wave line. Notice that this time separation
occurs only if the epicenter is 2200 km away.

The next objective is to draw a circle around the Denver
seismic station with a radius equivalent to 2200 km. Figure
7-11 shows a drawing compass stretched along the map scale

Figure 7-9 The space be-
tween the two marks on the
edge of the sheet of paper
represents the time differ-
ence between the arrival of
the P- and S-waves.

Figure 7-10 The time sepa-
ration marks are moved to
the right until they line up
with P- and S- waves graph
lines. The time separation
indicated on the edge of the
paper will occur at a specific
distance, which can be read
below on the distance scale.
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to 2200 km. (See Figure 7-11.) Do this with care because it is
another step where errors are common.

Place the point of the compass on the map location of the
Denver seismic station. Be sure the compass opening has not
moved since it was set at 2200 km. Draw a circle around Den-
ver at a distance equivalent to 2200 km. (See Figure 7-12.)

Figure 7-11 Use 
the map scale of
distance to stretch
the compass to the
correct epicenter
distance.

Figure 7-12 Place
the point of the com-
pass at the recording
station and draw a
circle at the epicen-
ter distance. The 
epicenter must be
somewhere on this
circle.



Now you have drawn a circle drawn on a map that shows
how far the epicenter is from Denver. The epicenter can be
anywhere on that circle. You still need two more seismic sta-
tions to locate the epicenter. Following the same steps with
another seismogram of this earthquake recorded at Miami
would give you a second circle. Most likely those two circles
will intersect at two points. The epicenter must be at (or near)
one of those points. Using the same procedures with a seis-
mogram from a third location will enable you to draw another
circle. These three circles should intersect at one point on the
map. That point is the epicenter. (See Figure 7-13.)

If you have the data, you can draw more than three cir-
cles. That is a good way to check your work. Is it really that
neat and simple? The theory is, but in practice the circles may
not meet exactly. More often the three circles make a small
triangle, and the epicenter is located inside that triangle.
When seismologists work with real seismic recordings and
make these circles to locate actual seismic events, the circles
seldom intersect at a single point. Differences in the compo-
sition of Earth’s interior and a wide range of other variables
can contribute to errors that prevent a perfect meeting of the
circles.
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Figure 7-13 When the distance from the epicenter of an earthquake is determined
for three recording stations, the intersection of the three circles on the map will
mark the epicenter.


