Is there an Earthquake Hazard
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08 ChinaM=7.8
70,000 (official)

10 Haiti M = 7.0
200,000+ (official)

10 Chile M = 8.8
<30,0007?

11 Japan M = 8.9
>30,0007? (RDH est.)
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Some questions:

What is an earthquake?

What is earthquake magnitude?

What does it mean in terms of energy release when
the newspaper says that the January, 2010, Haitian
earthquake had a magnitude of 7, or that the

January, 2010 Chilean EQ had a magnitude of 8.8?

How do we locate earthquakes?




Fault Behavior that Produces Earthquakes, or does not

Stick-slip —>}<— Stable sliding

Continuous motion
Elastic rebound (no earthquakes)
CElg e DELCE),

Segments of some active faults, e.g., San Andreas,
release energy continuously, so these segments are not

dangerous.




Idealized Fault Types

Fault surface

—

Right-handed Strike-slip faults Left-handed
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Saltville fault on
Broadway at 1-640

In Knoxville




Where do most earthquakes occur?




World Earthquakes 1975—1995
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Plates and Plate Boundaries
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San Andreas and
related faults

| Mumay ransfany
1307

o =Sk, oo

180° Genada

Linited Giabas
un,

71 WL W i, S380 M

5

L]
Pt

— .

o el

fucfwa and late Carazeic
faults, mcluding fransorme

Spreading ceres will
bercading Lranefam raulls

Sl gundoddicn 2one

Inach e or fassll
sy bduclicn aone

Wilcar

X &3
—

—
Bl pirerss

by

‘é‘w"?'"ﬁt'n.-ers e
AL e plale A
e )

Makbed o ) D oo, 1957 Enec s




¥ .%?.1?:%.‘((4% Rl
ot 8 AL I A AAAA N AD AR 4 A8 A 2
L & AP 1 Rl L 4 i s -




Stable Sliding:

Offset concrete road
segments & sidewalk
in
Hollister, California




Peak Horizontal Acceleration
With 10 Percent Probabhility of Exceedance in 50 Years

SEISMIC-HAZARD MAPS FOR THE CONTERMINOUS UNITED STATES

By
i L\! Petersen, Charles 5. Mucdler, Kathbeen M. Flaller, Russell 1. Wheeler, EV, Lovendecker,
I(b(ﬂl Vesson, 81 rph n . Flarmwen, Chiris 1L Cramer, David M. Perkins, ndl\mn(h\ﬂhulr’
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Earthquakes within continental plates are an embarrassing
stepchild of modern earthquake seismology.

Seth Stein & Stephane Mazzoti, 2007
Geological Society of America Special Paper 425




Locating Earthquakes




1989 M = 6.9 Loma Prieta (World Series) EQ
recorded at Konigsberg, Norway
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Separation time of P and S waves =
distance from source
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Geologic Setting of ETN




Appalachians Topography

kilometers




Southern Appalachlans Topography
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Geologic Map of Tennessee (East half)
(Hardeman, 1966)

Hectronic version by USGS
Faults added by lennifer B. Whisner

No relationship between surface geology &
earthquakes that occur in the eastern U.S.




Copper Creek thrust fault, Raccoon Valley, I-F-75 N
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Peak Horizontal Acceleration
With 10 Percent Probability of Exceedance in 50 Years

SEISMIC-HAZARD MAPS FOR THE CONTERMINOUS UNITED STATES

By
Arthur D. Frankel, Mark D. Petersen, Charles 5. Mueller, Kathleen M. Haller, Russell L. Wheeler, E.V. Levendecker,
Robert 1.. Wesson, Stephen C. Harmsen, Chris IL Cramer, David M. Perkins, and Kenneth S. Rukstales
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Legend
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Yr 181112 Greet Earthquakes

EQ Epicenters
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00-52
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From Csontos et al. 2008




Earthquake-Generated
Liquefaction
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Eastern AR




New Madrid, MO From Stewart & Knox, 1995




2011 VA EQ
Mud
Volcanoes

Photos courtesy of
Jeff Munsey, TVA




ISOSEISMALS of 1886
Charleston, SC, Earthquake

Estimated M = 7.0

Dutton (1890)
Courtesy of P. Talwani
Univ. SC

CHARL TIHOUAKE

ROSS1-FOREL SCALE







Bent RR Tracks in 1886
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Ancient Sandblow (~7 ka), Wabash Valley, southern Indiana
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Possible ETSZ Liquefaction Features

Taylor Farm, near Lyerly, S of Summerville, GA
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USGS Aeromagnetic Data
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Some Facts

None of our surface faults in E TN are active,
but we have earthquakes, so there
must be active faults here.

We do not live on a plate boundary, but
we have earthquakes in both W and E TN.
Why?

Powell et al. (1996, Science) suggested that
the ETSZ is ephemeral and will cease activity
in ~100-200 years. S. Stein has published
a similar statement in Nature about the
NMSZ based on GPS data.




Facts about E TN Earthquakes

 High frequency: 2" in eastern U.S.

* No historic > M = 4.6 earthquake.

 No surface faulting, except those
produced by collateral damage.

 Focal depths 8 to 25 km; most ~15.

* Not enough known yet to delimit
recurrence interval of large
earthquakes.




ETSZ

Locations
of some
examples

O

Possible

Liquefaction
(2008-10)

Possible

Petormation
(2008-10)

kilometers




French Broad River Terraces and

Possible Paleoseismic Features Around Douglas Reservoir

Part of the White Pine 7.5-Minute Quadrangle, Tennessee (1939 version)

s Modern French Broad
%1000 River floodplain
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Graded & Gridded Dandridge Bridge W




Detailed Geologic Map Dandridge Bridge W
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Fracture Chronology
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Fractures & Sinistral Fault in High Terrace (T3 or T4, >28 ka)
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Early fractures cut by younger fault with ~15 cm of
sinistral displacement.
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Graded & Gridded Dandridge Bridge E
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West site N

045

N =553 180 Circle = 10%

Rose plotted from fracture azimuths where fracture length is
greater than or equal to 0.5ft (ArcMap)
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Quaternary
sediment
Fractures

| Bedrock
Fractures

Rose plotted from fracture azimuths where fracture length is
greater than or equal to 0.5ft (ArcMap)

N

Limestone
N=114
Circle = 15 %

Valley and Ridge near Oak Ridge, TN

Shale & siltstone
N=122
Circle = 15 %

Siate & siltstone
N = 256
Circle = 10%

Blue Ridge Foothills
near Pigeon Forge, TN
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Site in Lower Terrace
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What kind(s) of faults are these?

Fault surface

Normal fault \ y

o

Right-handed Strike-slip faults Left-handed

Idealized fault types




Fractured
Weathered
Shale

Near Dandridge
bridge E site
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Sketch of Structures
at DL—6 Site -
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I Middle Ordovician
Sevier Shale
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Alluvium-filled
tension fracture

Middle Ordovician

; Slightly modified from a sketch by Jim Vaughn
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Faulted Shale & Liquefied River Sediment
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0 Strike Slip
0 Reverse
Ao Normal

80 EQs
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M = 6.69 + 0.74*log(MD)
Wells & Coppersmith, 1994, BSSA

4
1072 10! 1 10

Maximum Displacement (m)

What magnitude earthquake would be
required to produce the observed displacements?




August 23, 2011, M = 5.8 EQ

Central Virginia
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2011 VA EQ: Chlmney & Carport Damage
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Photo courtesy of Jeff Munsey, TVA
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Photo courtesy of
Jeff Munsey, TVA




2011 VA EQ: Broken Weld in Floor Post

Photo courtesy of Jeff Munsey, TVA




2011 VA EQ
Mud
Volcanoes

Photos courtesy of
Jeff Munsey, TVA




Conclusions Regarding the
August 23, 2011, VA EQ

* Damage was widespread in the vicinity of
the August 23 EQ in Central VA.

e Damage was consistent witha M = 5.8 EQ

 Reaffirms our M > 6.5 assessment of the
magnitude of the prehistoric ETSZ EQs.




ETSZ Conclusions

* Seismologists have said (before our recent
work) that the ETSZ is ephemeral and will
die out within a few hundred years.

 During the past 2.5 years, we have
documented late Quaternary fracture
arrays and small faults on and in shale
bedrock that are evidence of M > 6.5
earthquakes in the ETSZ.

* We have shown that the ETSZ has a history
of activity spanning thousands of years.




So, is there an earthquake hazard
In East Tennessee?

Yes, but the level of the hazard must
be better evaluated
with more

primary scientific data.

Additional funded research is needed!

We are awaiting funds transfer of a
2.5-y grant from the NRC.

Do I have earthquake insurance? Not at present.




