SOUTH CAROLINA STUDIES


Unit 1; Day 4
THEME = SOUTH CAROLINA STATEWIDE OVERVIEW                               SCIENCE

LESSON TITLE: Earthquakes in South Carolina
OBJECTIVES: Students will be able to explain why the state’s largest earthquakes occur near Charleston.
PRIMARY STANDARDS ADDRESSED: Science 8th - III.B.3.l 
PRIOR SKILLS REQUIRED: ability to read geologic map symbols and to use latitude/longitude grids
TEACHER BACKGROUND INFO: S. C. Seismic Network webpage < http://scsn.seis.sc.edu/>;

Earthquakes in South Carolina 1698-1975 booklet (Bulletin 40 of S.C. Geological Survey), 1980
LOGISTICS: 1 @ 50-minute class – large tables or other work area – students work in cooperative groups
MATERIALS:  6 @ Geologic and Mineral Resource Map (SC MAPS Portfolio Set); ‘wet-erase’ pens; Earthquake Hazards Map of the South Carolina Coastal Plain.  
PROCEDURES:

   1. Ask students if they think South Carolina ever has earthquakes.  Lead a discussion about why South Carolina should (or should not) have a lot of earthquakes based on the state’s geological setting.  [optional – you may wish to refer to relevant information in your class textbook]
   2. Divide students into groups and hand out Student Work Sheets, Geologic Maps, and other materials.  Instruct groups to use the earthquake location maps for 2002, 2003, and 2004 and mark dots with the ‘wet-erase’ pens on the Geologic Map of South Carolina representing each earthquake’s central location.  Note that the geologic map does not show county boundaries or cities, but it does show river patterns and latitude/longitude markings.  Tell students to mark points on this map as best they can using these references, understanding that their placement will not be exact.
   3. Once groups have plotted all the earthquake locations (you may wish to introduce the vocabulary word “epicenter” at this point) onto their geologic map, instruct them to discuss among themselves the answers to the questions on the last page of the Student Work Sheet and write down their explanations to the questions.
   4. Go over the answers to each question and focus on the importance of having three dimensional data sets (latitude, longitude, and depth) which give more information than a geologic map (surface information only). 
   5. Show students the large Earthquake Hazards Map of the South Carolina Coastal Plain.  Review the symbols in the legend and stress that these hazards are only a danger in the case of a really big earthquake.  Point out that the magnitudes of the earthquakes in the data charts students used in this lesson are not large enough to cause any damage.  Ask students why the South Carolina Geological Survey did not bother to produce a map of earthquake hazards for the Piedmont and Blue Ridge regions.  Also ask what unit on the geologic map is most prone to earthquake hazards and why.
SAMPLE CULMINATING ASSESSMENT:   
   - Give two multiple choice questions on a unit exam: 
   
“What geologic feature causes major earthquakes in the Charleston area of South Carolina?”



a.  shifting beach sands


c.  hurricanes and tornados



b.  buried fault zones


d.  offshore volcanic eruptions
   

“Why does the Coastal Plain region have more earthquake hazards than the Piedmont region?”


a.  it has lots of loose wet sand

c.  it has many more fault zones 



b.  it is closer to the ocean

d.  it contains more sedimentary rock
SOUTH CAROLINA STUDIES


Unit 1; Day 4
THEME = SOUTH CAROLINA STATEWIDE OVERVIEW                               SCIENCE

STUDENT  WORK  SHEET

LESSON TITLE: Earthquakes in South Carolina
EARTHQUAKES (~2 or higher on Richter Scale) IN CHARLESTON AREA – 2004 (January-August)
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	DATE
	TIME (UTC) 
	LOCATION
	DEPTH (KM) 
	MAGNITUDE

	040113 
	18:19:26.87 
	33° 01.03' N 80° 13.15' W 
	7.47 
	2.21

	040212 
	11:03:35.20 
	32° 54.47' N 80° 09.39' W 
	9.09
	2.02

	040229 
	12:40:05.27 
	32° 55.97' N 80° 09.93' W 
	7.67
	2.01

	040501 
	04:16:28.27 
	32° 59.71' N 80° 00.16' W 
	10.66
	2.71

	040508
	11:25:21.68 
	32° 55.37' N 80° 10.52' W 
	5.75
	1.95

	040720
	09:13:14.44
	32° 58.32' N 80° 14.90' W 
	10.27 
	3.12 

	040808
	04:11:05.09
	32° 58.94’ N 80° 16.57’ W 
	7.04 
	2.20 

	040813
	03:43:46.36 
	33° 01.35’ N 80° 10.28’ W
	7.71
	2.53

	040820
	01:56:21.34 
	32° 56.00’ N 80° 09.11’ W
	6.92
	1.87

	Locations and magnitudes are provided by the South Carolina Seismic Network at the University of South Carolina


EARTHQUAKES (~2 or higher on Richter Scale) IN CHARLESTON AREA – 2003
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	DATE
	TIME (UTC)
	LOCATION  
	DEPTH (KM)
	MAGNITUDE

	030201
	06:49:11.13
	32° 55.88’ N 80° 09.26’ W
	5.51
	2.12

	030226
	09:42:39.34
	32° 56.15’ N 80° 09.41’ W
	7.92
	2.12

	030228
	07:02:36.52
	32° 55.90’ N 80° 09.01’ W
	4.33
	2.58

	030302
	17:18:26.49
	32° 55.87’ N 80° 09.90’ W
	6.53
	2.88

	030315
	09:02:24.44
	32° 55.07’ N 80° 09.61’ W
	5.76
	0.92

	030315
	15:56:48.91
	32° 56.21’ N 80° 08.24’ W
	5.43
	2.27

	030315
	16:24:54.73
	32° 56.31’ N 80° 08.26’ W
	5.33
	1.97

	030430
	03:54:24.77
	32° 54.55’ N 80° 09.72’ W
	6.85
	1.55

	030505
	10:53:49.87
	33° 03.31’ N 80° 11.38’ W
	11.40
	3.10

	030612
	23:33:17.27
	32° 58.35’ N 80° 13.67’ W
	10.24
	2.62

	030719
	14:22:21.31
	32° 55.42' N 80° 08.22' W 
	5.70
	2.52

	030924
	10:31:29.88
	32° 53.86’ N 80° 08.89’ W
	4.89
	1.00

	031014
	10:45:38.62
	32° 56.75’ N 80° 10.59’ W
	7.22
	2.49

	031020
	05:59:32.01
	32° 55.51’ N 80° 09.46’ W
	7.01
	1.42

	031022
	23:36:27.90
	32° 58.99’ N 80° 09.93’ W
	7.49
	2.38

	031028
	16:42:43.51
	32° 55.60’ N 80° 10.17’ W
	7.39
	1.66

	031201
	09:18:19.59
	32° 56.34’ N 80° 08.41’ W
	8.57
	2.15

	031202
	21:21:31.11
	32° 55.66’ N 80° 08.96’ W
	5.40
	1.35

	Locations and magnitudes are provided by the South Carolina Seismic Network
at the University of South Carolina


SOUTH CAROLINA STUDIES


Unit 1; Day 4
THEME = SOUTH CAROLINA STATEWIDE OVERVIEW                               SCIENCE

STUDENT  WORK  SHEET - Continued
LESSON TITLE: Earthquakes in South Carolina
EARTHQUAKES (~2 or higher on Richter Scale) IN CHARLESTON AREA – 2002
[image: image3.png]Earthquakes near Charleston in 2002
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	DATE
	TIME (UTC)
	LOCATION
	DEPTH (KM)
	MAGNITUDE

	020107
	17:09:12.19
	32° 55.89' N   80° 08.98' W
	5.80
	0.682

	020111
	13:30:22.06
	32° 56.20' N   80° 08.79' W
	6.13
	2.74

	020111
	13:53:58.89
	32° 56.27' N   80° 08.96' W
	6.74
	1.99

	020122
	23:11:45.43
	32° 56.12' N   80° 08.73' W
	6.73
	1.12

	020128
	07:49:06.78
	33° 01.08' N   80° 09.40' W
	4.71
	2.41

	020202
	18:29:03.89
	33° 00.81' N   80° 09.54' W
	7.71
	2.17

	020313
	20:57:26.52
	32° 55.27' N   80° 09.05' W
	8.44
	2.22

	020428
	00:02:11.52
	32° 56.12' N   80° 09.16' W
	6.94
	2.27

	020530
	08:23:13.02
	32° 57.81' N   80° 12.31' W
	10.11
	1.99

	020707
	02:40:51.05
	33° 02.58' N   80° 08.01' W
	10.83
	2.93

	020716
	02:08:39.41
	32° 56.28' N   80° 08.25' W
	6.86
	2.77

	020716
	02:20:12.04
	32° 56.29' N   80° 08.25' W
	7.15
	2.28

	020726
	21:07:03.01
	33° 03.57' N   80° 11.67' W
	10.01
	3.02

	020921
	02:57:28.64
	32° 55.33' N 80° 09.78' W
	8.23
	2.04

	021001
	02:03:07.79
	32° 55.48' N 80° 10.17' W
	5.74
	1.11

	021129
	06:42:04.39
	33° 02.95’ N   80° 10.64’ W
	9.09
	2.48

	021216
	05:32:30.81 
	33° 02.95’ N   80° 11.04’ W 
	8.46
	2.82


After plotting earthquake locations on the Geologic Map of South Carolina, answer these questions.
a.  Why do you think that all of the earthquake locations seem to be located in the same general map area?
b.  Name the geologic feature in the earth’s crust that is normally responsible for causing earthquakes. 


Explain your answer (why does that geologic feature cause earthquakes?).

c.  Locate on the Geologic Map of South Carolina all of the fault zones listed in the legend.  Are any of the fault lines near Charleston? 
d.  What geologic region(s) of South Carolina contain(s) all of the faults listed on the geologic map?

Explain your answer (why do faults occur in this region and not others?).

e.  How do you think earthquakes can occur in a region which doesn’t show any fault lines on the map?

f.  Look at the column labeled “DEPTH (KM)” on the tables of earthquake data.  [Those numbers should give you a clue as to why the fault line doesn’t show up on the surface of the earth (and on the map)].  Explain how this new information might either support or change your answer to question #5.
SOUTH CAROLINA STUDIES


Unit 1; Day 4
THEME = SOUTH CAROLINA STATEWIDE OVERVIEW                               SCIENCE

TEACHER  ANSWER  KEY
LESSON TITLE: Earthquakes in South Carolina
1.  Ask students if they think South Carolina ever has earthquakes.  Lead a discussion about why South Carolina should (or should not) have a lot of earthquakes based on the state’s geological setting.  

    Based on South Carolina’s geological setting (on a passive tectonic margin with no rift zone or subduction zone nearby), there should not be any major earthquakes here.  Minor earthquakes (3 or less on the Richter Scale) are fairly common everywhere and do not indicate any unusual geologic activity.  However, Charleston has had a major earthquake (in 1886) which was not  expected.  This is a good opportunity to relate that science can still surprise us even if we think we have all the answers.
2. Divide students . . . .  Tell students to mark points on this map as best they can using these references, understanding that their placement will not be exact.

    It will be almost impossible to plot these points accurately, but even using approximate placement, it should be obvious that something strange is happening around Charleston.  The points should cluster around a ‘line’ paralleling the Ashley River and passing near Summerville.
3. . . . .  instruct them to . . . write down their explanations to the questions.

   a.  Why do you think that all of the earthquake locations seem to be located in the same general map area?

    Students should realize that there is something in the crust that causes this concentration of earthquakes.  The distribution is certainly not random.
   b.  Name the geologic feature . . . that is normally responsible for causing earthquakes. 

A fault

Explain your answer (why does that geologic feature cause earthquakes?).

    A fault marks a break in the earth’s crust, where different sections of rock can move relative to one another.  When movement occurs, the vibrations move through the ground until they reach the surface and cause the earth to shake.
   c.  . . . .  Are any of the fault lines near Charleston? 


No
   d.  What geologic region(s) of South Carolina contain(s) all of the faults listed on the geologic map?

    According to the geologic map, all the faults are in the Piedmont and Blue Ridge, the older igneous and metamorphic zones.

Explain your answer (why do faults occur in this region and not others?).

    There are lots of faults in these rocks because they underwent severe deformation and mountain-building a long time ago in geologic history.  The fault lines are left-over from this earlier activity; but all are inactive at the present time.
   e.  How do you think earthquakes can occur in a region which doesn’t show any fault lines on the map?

    Without obvious breaks in the crust there should not be earthquakes near Charleston.  But the Coastal Plain consists of large volumes of loose sediment that was deposited on top of other rocks.  The faults are actually buried deeply in these other rocks under a sedimentary ‘blanket’ so we can’t see the actual fractures at the surface.
   f.  Look at the column labeled “DEPTH (KM)” on the tables of earthquake data. . . .  Explain how this new information might either support or change your answer to question #5.

    Noting that the actual earthquake locations are 4 to 11 km (3 to 7 miles) deep within the crust should actually reinforces the idea that the earthquakes are occurring far underneath the covering of Coastal Plain sediment.
4. Go over the answers . . . and focus on the importance of having three dimensional data sets (latitude, longitude, and depth) which give more information than a geologic map (surface information only).
    Stress that a geologic map only shows what is on the surface.  It does not tell you what is underneath.  To get that information you must consult a geologic cross-section or get information from wells that have been dug into the earth.
5. Show students the large Earthquake Hazards Map of the South Carolina Coastal Plain.  Review the symbols in the legend and stress that these hazards are only a danger in the case of a really big earthquake.  
    Be sure students know the definitions of hazards like “liquefaction”, “landslide”, and “collapse” and the mechanism by which earthquakes can trigger these effects.
Point out that the magnitudes of the earthquakes in the data charts students used in this lesson are not large enough to cause any damage.  Ask students why the South Carolina Geological Survey did not bother to produce a map of earthquake hazards for the Piedmont and Blue Ridge regions.  
    Although there are lots of faults in the Piedmont region, these have all been inactive for millions of years and are expected to stay that way.  Minor earthquakes can occur anywhere, but none of these are expected to be big enough to cause any problems in the upstate.  The Charleston fault line, however, is active (even though it is buried) and has the potential to cause a really big earthquake with really major damage.
Also ask what unit on the geologic map is most prone to earthquake hazards and why.

    The area of greatest concern (colored in yellow) on the Earthquake Hazard Map matches very well with the Quaternary unit “Qr” on the geologic map (Recent – floodplain and shoreline deposits).  This unit consists of mostly unconsolidated sand which is very wet.  Loose, wet, sand is a recipe for disaster when the earth shakes.
SAMPLE CULMINATING ASSESSMENT:   

   - Give two multiple choice questions on a unit exam:    
Answer = “b”
   
“What geologic feature causes major earthquakes in the Charleston area of South Carolina?”



a.  shifting beach sands


c.  hurricanes and tornados



b.  buried fault zones


d.  offshore volcanic eruptions

Answer = “a”
   

“Why does the Coastal Plain region have more earthquake hazards than the Piedmont region?”



a.  it has lots of loose wet sand

c.  it has many more fault zones 



b.  it is closer to the ocean

d.  it contains more sedimentary rock
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ADDITIONAL BACKGROUND RESOURCES
LESSON TITLE: Earthquakes in South Carolina
Earthquake Terms:
Aftershock: A smaller earthquake that follows the main earthquake and originates in or near the focus. 

Earthquake: The shaking of the Earth caused by a sudden movement of rock beneath its surface.
Epicenter: The location on the Earth's surface that lies directly above the focus of an earthquake.
Fault: A planar or gently curved fracture in the Earth's crust along which movement has occurred.
Focus: The zone or point within the Earth at which rupture commences and the earthquake originates. 

Foreshocks: Small earthquakes that often precede a major earthquake.
Intensity: An indication of the effects of an earthquake at a particular place on humans, structure and/or the land itself. Intensity is affected by such factors as distance to epicenter and the nature of surface materials.
Liquefaction: Transformation of stable soil into a fluid that is unable to support buildings or other structures. 

Magnitude: A measure of the total amount of energy released during an earthquake.
Microearthquake: An earthquake having a magnitude of 2 or less on the Richter scale.

Modified Mercalli Scale: A 12 point scale originally developed to evaluate earthquake intensity based on the amount of damage to various structures (see Intensity).
Richter Scale: A system of earthquake magnitude based on the motion of a seismograph.
Seismicity: The worldwide or local distribution of earthquakes in space and time.
Seismogram: The record made by a seismograph. 

Seismograph: An instrument that records the motion of the Earth's surface that are caused by seismic waves. 

Seismologist: A scientist who studies earthquakes.
Seismology: The study of earthquakes and seismic waves.
Definitions adapted from: (1) Tarbuck, E.J, and Lutgens, F.K., 1999, Earth: An Introduction to Physical Geology (6th edition), Prentice Hall, 638 p. and (2) US Geological Survey National Earthquake Information Center.
Other Resources:
<http://www.csuniv.edu/version3/academics/earthquake/index.asp>
<http://www.eas.slu.edu/Earthquake_Center/1886EQ/>:  this is a site full of earthquake photos from 1886

<http://www.uwm.edu/Dept/Geosciences/qketour/Mkequake/q860831.htm> these are some newspaper articles from Milwaukee 
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