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MASTERING
SEISMOLOGY:
UNDERSTANDING
THE LAB 4 5
FINDING
EPICENTERS
ANSWER KEY

For  students  of  earth
science  and  physical
geology, few tasks are
as  fundamental  and
rewarding  as  locating
the  epicenter  of  an
e a r t h q u a k e .  T h e
p r o c e s s ,  w h i c h
c o m b i n e s  d a t a
analysis,  geometry,
and  a  solid  grasp  of

wave  mechanics,  is  a
c o r n e r s t o n e  o f
i n t r o d u c t o r y
geophys ics .  Many
students  encounter
this  challenge through
structured  laboratory
exercises,  specifically
Labs 4 and 5 in popular
geology  curricula.  The
L a b  4  5  F i n d i n g
Epicenters  Answer
Key often serves as a
critical checkpoint, but
the true value lies not
in  simply  verifying
a n s w e r s  b u t  i n
understanding  the
underlying  principles.
This  comprehensive
guide  will  walk  you
through  the  concepts,
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methods, and common
pitfalls associated with
these labs, providing a
detailed  look  at  how
seismologists  pinpoint
earthquake origins and
how  you  can  master
these  techn iques
yourself.
By  moving  beyond
simple answer retrieval
and  focusing  on  the
"why"  behind  each
step, you will develop a
practical skill set that is
applicable to real-world
se ismic  ana lys i s .
Whether  you  are  a
student  preparing  for
an exam or  a  lifelong
learner  curious  about
how scientists monitor
our  dynamic  planet,
this deep dive into the
epicenter-finding
process  will  illuminate
the  journey  from  raw
seismogram data to a
precise  geographic
location.

THE FOUNDATION:
SEISMIC WAVES
AND THEIR
PROPERTIES

Before  tackling  the
specific  steps  in  the
L a b  4  5  F i n d i n g
Epicenters  Answer
Key,  it  is  essential  to
revisit  the  physics  of
earthquake  waves.  An
earthquake  releases
energy in  the form of
seismic  waves  that
travel  through  the
Earth.  Two  primary
types  of  body  waves
a r e  c r i t i c a l  f o r
epicenter  location:
Primary (P) waves and
Secondary (S) waves.

Understa
nding P-
Waves
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and S-
Waves
P - w a v e s  a r e
compressional  waves
that  travel  through
solids,  l iquids,  and
gases.  They  are  the
fastest  seismic waves,
which is why they are
the  first  to  arrive  at  a
seismograph  station.
S-waves  are  shear
waves  that  can  only
travel  through  solids.
They are slower than P-
waves,  arriving  at  a
station  after  the  P-
waves  have  passed.
The  time  difference
between the arrival of
the P-wave and the S-
wave  at  a  specific
station is called the S-P
interval.
This time lag is the key
t o  d e t e r m i n i n g
distance.  The  longer
the  S-P  interval,  the
f u r t h e r  t h e

seismograph station is
from the  earthquake's
e p i c e n t e r .  T h e
relationship  between
the  S-P  interval  and
d i s t a n c e  i s  n o t
perfectly  linear,  but  it
is well-understood and
can  be  plotted  using
travel-t ime  curves
specific  to  the  region.
Th is  foundat ional
know ledge  i s  t he
bedrock  upon  which
Labs 4 and 5 are built.

LAB 4:
INTRODUCING THE
TRIANGULATION
METHOD

L a b  4  t y p i c a l l y
i n t r o d u c e s  t h e
fundamental technique
of triangulation. In this
exercise,  students  are
given  seismograms
from  three  different
recording stations. The
pr imary  goa l  i s  to
determine the distance
from  each  station  to
the epicenter, then use
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those  three  distances
t o  p i n p o i n t  t h e
epicenter's location on
a  map.  Understanding
the Lab 4 5 Finding
Epicenters  Answer
Key  for  this  section
r e q u i r e s  c a r e f u l
a t ten t ion  to  da ta
reading.

Step 1:
Reading
the
Seismogr
am
The  first  practical
challenge  in  Lab  4  is
accurately  identifying
the  first  arrival  of  the
P-wave  and  the  first
arrival  of  the  S-wave
on a seismogram. This
can  be  tricky  due  to
background  noise  or
s u b t l e  w a v e

beginnings. A common
mistake  is  picking  a
later,  more  prominent
wave  crest ,  which
throws  off  the  entire
calculation.

Look for a
small, sudden
upward or
downward tick
that occurs
before any other
major vibrations.
This is your P-
wave arrival.
Scan ahead on
the
seismogram for
a much larger,
more chaotic set
of vibrations. The
very beginning of
this section is the
S-wave arrival.
Measure the
time difference
between these
two arrival times
precisely. This is
your S-P interval,
usually
measured in
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seconds or
minutes.

Step 2:
Using
Travel-
Time
Curves
Once you have the S-P
interval  for  a  station,
you must convert that
time  into  a  distance.
Travel-time  curves
graphically  represent
t h e  r e l a t i o n s h i p
between  t ime  and
distance  for  P  and  S
waves. To use them:

Find your1.
calculated S-P
interval on the
vertical (time)
axis of the graph.
Move horizontally2.
from that point

until you touch
the S-wave
curve.
From that3.
intersection,
move vertically
down to the
horizontal
(distance) axis.
This value is the
distance from
the station to the
epicenter.

T h i s  p r o c e s s  i s
repeated  for  all  three
stations. Accuracy here
is  paramount.  A  small
error  in  reading  the
graph  can  lead  to  a
significantly  misplaced
epicenter. The Lab 4 5
Finding  Epicenters
Answer  Key  often
p r o v i d e s  t h e s e
distances, allowing you
to check your method.

Step 3:
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Drawing
Circles
and
Finding
the
Intersecti

on
W i t h  t h e  t h r e e
distances  calculated,
you turn to a map that
shows  the  location  of
each  seismograph
s t a t i o n .  U s i n g  a
compass or a piece of
str ing,  you  draw  a
circle  around  each
station.  The  radius  of
each  c i r c le  i s  the
distance you calculated
for  that  station.  The
epicenter is located at
the  point  where  all

three circles  intersect.
Ideally, this is a single,
tight point. In practice,
the circles often form a
small triangle, and the
epicenter is considered
to be at the center of
that  tr iangle.  This
triangulation  is  the
core  of  Lab  4  and  a
critical  skill  reinforced
in  Lab  4  5  Finding
Epicenters  Answer
Key  materials.

LAB 5: REFINING
THE PROCESS AND
HANDLING REAL-
WORLD DATA

Lab  5  usually  builds
u p o n  L a b  4  b y
in t roduc ing  more
complex scenarios. The
L a b  4  5  F i n d i n g
Epicenters  Answer
Key  for  this  section
may involve data that
is less clean, requiring
adjustments for station
elevation, variations in
crustal  thickness,  or
the  use  of  a  s ingle
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station over time. This
lab  pushes  students
f r o m  a  t e x t b o o k
example  toward  a
more  realistic  seismic
analysis.

Incorpora
ting
Station
Magnitud
e and
Depth
In Lab 5, you might be
asked  to  not  only  find
the epicenter but also
e s t i m a t e  t h e
e a r t h q u a k e ' s
magnitude  and  depth.
Magnitude  is  typically
d e t e r m i n e d  b y
m e a s u r i n g  t h e
maximum amplitude of
t h e  S - w a v e  o n  a

seismogram and using
a  nomogram  along
with  the  S-P  interval.
Depth can be inferred
if multiple S-P intervals
from  different
d i s t a n c e s  a r e
inconsistent  with  a
shallow  earthquake.
These additional  steps
make  the  Lab  4  5
Finding  Epicenters
Answer  Key  more
comprehensive,  often
including  expected
magnitude ranges and
depth classifications.

Handling
Data
Uncertain
ty
R e a l - w o r l d
seismograms are never
perfect.  Lab  5  often
presents  data  with
noise,  clipped  waves
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(when  the  recording
goes  off  scale),  or
missing  station  data.
The answer key for this
lab  is  less  about  a
s i n g l e  c o r r e c t
coordinate  and  more
about  an  acceptable
range. A skilled student
will  acknowledge  the
u n c e r t a i n t y  a n d
provide  a  best-fit
locat ion.  Th is  is  a
significant  step  up
from the idealized data
i n  L a b  4 .  W h e n
consulting the Lab 4 5
Finding  Epicenters
Answer Key for Lab 5,
pay  attention  to  the
m a r g i n  o f  e r r o r
allowed.

COMMON
CHALLENGES AND
HOW TO
OVERCOME THEM

Many students find the
L a b  4  5  F i n d i n g
Epicenters  Answer
Key  essent ia l  fo r
identifying where they

went  wrong.  Here  are
some  o f  t he  mos t
frequent  challenges
and  their  solutions:

Misidentif
ying
Wave
Arrivals
As  mentioned,  this  is
the  most  common
error .  The  P-wave
arrival is often a faint,
sharp onset. If you are
unsure,  compare  the
s e i s m o g r a m  t o  a
reference.  Remember
that the S-wave arrival
i s  m a r k e d  b y  a
significant  increase  in
a m p l i t u d e  a n d  a
c h a n g e  i n  w a v e
frequency. A useful tip
is to look for the exact
moment  the  waves
change from a steady,
low-frequency  pattern
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to  a  higher-frequency,
more  erratic  pattern.
Practice is the only real
cure,  and  checking
your work against  the
L a b  4  5  F i n d i n g
Epicenters  Answer
Key  can  he lp  you
calibrate  your  eye.

Incorrect
Use of
the
Travel-
Time
Curve
Errors  here  are  often
due to using the wrong
scale or misreading the
graph.  Always  double-
check  your  units.  Are
y o u  w o r k i n g  i n
seconds,  minutes,  or
k i lometers?  Is  the

graph  calibrated  for
kilometers or miles? A
common trick is to test
your  reading  with  a
k n o w n  p o i n t .  F o r
example, a 5-minute S-
P  interval  typically
c o r r e s p o n d s  t o  a
d is tance  o f  about
3 , 5 0 0  t o  4 , 0 0 0
kilometers.  I f  your
n u m b e r  i s  w i l d l y
different,  re-examine
your reading. The Lab
4  5  F i n d i n g
Epicenters  Answer
Key  p rov ides  the
correct  distances,  so
u s e  t h e m  a s
benchmarks  to  check
your  graph-reading
technique.

Imprecise
Circle
Drawing
U s i n g  a  c o m p a s s
incorrectly, shifting the
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m a p ,  o r  u s i n g  a n
inconsistent  scale  can
ruin your triangulation.
Ensure  your  compass
point is exactly on the
station location. Use a
r u l e r  t o  s e t  t h e
c o m p a s s  r a d i u s
precisely based on the
map's scale (e.g., 1 cm
=  1 0 0  k m ) .  A f t e r
drawing the first circle,
check  that  its  radius
aligns  with  a  known
geographic  feature  to
verify  your  scale.  The
precise  intersection  in
the Lab 4 5 Finding
Epicenters  Answer
Key  is  your  goal,  but
do not be discouraged
by a  small  triangle  of
error.  That  is  normal
for real data.

SEMANTIC
KEYWORDS AND
DEEPER
UNDERSTANDING

Beyond  the  step-by-
s t e p  p r o c e s s ,
mastering the Lab 4 5

Finding  Epicenters
Answer  Key  involves
grasping  the  broader
context of seismology.
C o n s i d e r  t h e s e
semantic  concepts:
s e i s m i c  w a v e
propagation,  P-wave
shadow  zone ,  S-
wave  shadow  zone,
a n d  e p i c e n t r a l
distance.  These  are
not  just  vocabulary
w o r d s ;  t h e y  a r e
concepts  that  explain
why  we  use  th ree
s ta t i ons  and  why
c e r t a i n  d a t a  i s
u n r e l i a b l e .  F o r
instance, the existence
of  a  P-wave  shadow
zone  (between  103°
and  142°  f rom  the
epicenter)  means  that
stations  in  that  zone
receive  very  weak  P-
waves,  making  S-P
interval  measurement
difficult.  Understanding
t h i s  h e l p s  y o u
appreciate  why  some
stat ions  are  more
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reliable than others for
epicenter  location,  a
nuance often explored
in the more advanced
parts of Lab 5.
A n o t h e r  c r i t i c a l
semantic  area  is  the
difference  between
e p i c e n t e r  a n d
hypocenter .  The
epicenter  is  the  point
on the Earth's surface
direct ly  above  the
focus,  or  hypocenter,
which  is  the  actual
p o i n t  o f  r u p t u r e
underground.  While
Lab  4  focuses  on  the
surface  epicenter,  Lab
5  m a y  a s k  y o u  t o
c o n s i d e r  d e p t h ,
effectively  moving
from a 2D problem to a
3D one. The Lab 4 5
Finding  Epicenters
Answer Key for Lab 5
should,  therefore,
prov ide  not  just  a
latitude  and  longitude
but also a depth value.

PRACTICAL TIPS
FOR STUDENTS
USING THE
ANSWER KEY

The Lab 4 5 Finding
Epicenters  Answer
K e y  i s  a  t o o l  f o r
l e a r n i n g ,  n o t  a
shortcut.  To  maximize
its benefit:

Attempt the
lab fully first.
Do not look at
the key until you
have your own
answers.
Compare, don't
just correct. If
your answer
differs from the
key, trace back
through your
steps to find the
source of error.
Was it a misread
seismogram? A
graph
misreading? A
compass error?
Focus on
process, not
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just product.
The key gives a
final location, but
you should ask:
"Did I understand
why the
epicenter is
there?"
Use the key for
pattern
recognition. If
the key suggests
your epicenter is
50 km away from
yours, look at the
three circles. Did
you overestimate
or underestimate
a distance? This
helps you correct
your technique
for future
problems.

Real-
World

Applicatio
ns
The skills  practiced  in
L a b  4  5  F i n d i n g
Epicenters  Answer
Key  exercises are not
just  academic.  They
are  directly  used  by
organizations  like  the
U n i t e d  S t a t e s
Geological  Survey
( U S G S )  a n d  t h e
I n t e r n a t i o n a l
Seismological  Centre
(ISC).  Every  time  an
earthquake is reported
i n  t h e  n e w s ,  t h e
epicenter you see was
d e t e r m i n e d  b y  a
p r o c e s s  n e a r l y
identical to these labs,
a l b e i t  w i t h  m o r e
sophisticated  software
and numerous stations.
The  p r i nc ip l es  o f
tr iangulat ion,  S-P
interval  calculation,
and  travel-time  curve
reading are immutable.
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Mastering  them  in  a
lab  setting  prepares

you  to  understand
critical  information
about  natural  hazards


