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MeNulty and Obermeier
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shown for the time period 1804-1562

From McNully and Obermeier {1999)

Seismic Hazards Report for the EGC ESP Site
Epicenters of Historical Earthquakes and Estimated Energy
Centers of Large Prehistoric Earthquakes in Site Region




Ouvutline

* Source Characterization Issues
* Previous Investigations
« EGC ESP Field Program

e Criteria for Origin of Clastic Dikes

* Conclusions




Paleoliquefaction

* Earthguake-induced liguefaction:

Process by which saturated, granular
sediment temporarily loses it strength in
response to strong ground motion and
compacts resulting in an increase in pore
warter pressure. If pore water pressure
exceeds overburden pressure, the sediment
may behave as a viscous fluid and flow up to
the ground surface, forming a number of
distinctive sedimentary features (e.g., sand
blows, dikes, and sills).




COMMON TRAITS OF CLASTIC DIKES - VERTICAL SECTION

10t 40 m

“‘:-.i.‘u \"‘Gmu.rﬂﬂn.rlma El\ﬂﬁ{ i A Lk
H‘*Eﬁfur-:.atlngdlhna
in sall
L in planar l!f

03 to0.6m

lanar
ﬁﬁ“ﬁ ?ﬁﬂﬁ' “‘Fﬁ' ﬂlmﬂ:& of sidewall

Region with Initlal <2 s 0
hﬂﬁrﬂ dﬂﬂ'w __:-'..' ¥

Figure 4. Schematic cross sectional view of sand boil, which is
evidence of the occurrence of liquefaction. (From Obermeier [1999])
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Source Characterization Issues

* Evidence for strong Holocene/late
Pleistocene ground shaking

 Tectonic Source

* Strength of Shaking-Magnitude of
Event




Evidence for Strong Ground Shaking
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Seismic Hazards Report for the EGC ESF Site
Sites of Palecliquefaction in Southern Indiana and llinois




Tectonic Source

< 5 TR rmas_ b % Hrucis me

ATPOT RO Q00N (308

MISSOURI

L&)

Springheld Earthquake
(5,200 1o 7,400 years BF)

=

Shoal Creek Earthquake | J

5,700 years BPF)

é &

EXPLANATION
+ s

m— Slate boundaries

Bedrock Structures

Location Map

INDIANA
Vincennes Earthquake

./ {5,200 to 6,300 years BP)
o s S~

—

™
Waverly Eathquake b
(3,500 to 8,500 years BP) Vf \

lion Eathquake
000 o 13,000 yaars BP)

~ 1

Mapped taults
+——+ Mappad tolds

D Dome Struciures
Data sources: Matson (1945), University of Misoun (1591),
Indiana Geological Sodaty (2001),
IBings Geologhcnl Survey (1066)

Geophysical Lineaments

Geophysical ingaments

Dl souifess: Hamson and Schidtr (2002) &
Hidsnbrand and othars (2002)

Palec-earthquake Energy Centers

Palechiquatacton sites and dike
widths (m):

@ -

@ oas-05

T <0.18
Square indicates young (1811-127)
and anciant dikes
- Approimate limit of liquetaction for
palec-garthquakes, Queried where
poarly constrained,
Duata source: @Mchulty and Obeamekr (1969, and
O Tute and others (1959) and Tutle

BIBCHHNG SONMMUNICATN 13 KathiT
Hanson, Febinaary 11, 2003)

0 25 50 Kilometers

| I E—|

? ZI'O diO-MiIes
Scaln 1:1.267.200

Figure B-1-5
Seismic Hazards Report for the EGC ESP Site
Map Showing Bedrock Structures,
Geophysical Lineaments, and
Palecearthquake Energy Centers




Magnitude Estimates

* Magnitude Bound method
— Range of liquefaction effects (Rmax)

* Back-analysis using geotechnical data to estimate
ground motions required to induce liguefaction
— Cyclic Stress method
« site-specific geotechnical data and magnitude scaling factors
* Energy-stress method
- Energy-based solution (Green/Mitchell)
 Attenuation relationship and NEHRP site amplification factors

 Advantage-circumvents the need for MSF and K (overburden
pressure)




Springfield Event
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Estimated Magnitude Springfield Event
Maganitude Bound Method
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Estimated maximum range of liquefaction from energy
center, for sarthquakes centerad in Indiana and Nlinois;
curve was derived from historical cbsarvations in study
arsa and in nearby New Madrid seismic zone. From
Obsrmeler et al. {1993) and Pond (1998).

—— Maximum epicentral range tor all worldwide, shallow-
focus (<50km) earthquakes. From Ambrasays (1988).

{) Maximum epicentral range for individual worldwide,
shallow-focus (<50km} earthquakes. From Ambraseys
(1988).

Maximum apicentral ranga of liquelaction for 1988
Saguenay, Quebec, earthquake. From Tuttle et al. (1892).
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Seismic Hazards Report for the EGC ESP Site
Moment Magnitude Versus Maximum Distance to
Surface Evidence of Liquefaction
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Figure 8. Map of southern Indiana/Tllinois and the twelve paleoliquefaction sites analyzed in this
study.

From Green et al., 2004




Vincennes Earthquake- Wabash Valley
Estimated Magnitude
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Figure 10. Regional assessment of the magnitude of the Vincennes earthquake. Open circles are for
sites where multiple interpretations were made.

From Green et al., 2004




Large earthquake and Several small
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earthquake similar location and general region at
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Figure 9. Illustration of potential scenarios that may occur when integrating the results from back-
calculations of multiple paleoliquefaction sites in regionally assessing the magnitude of the
paleocearthquake.

From Green et al., 2004




Constraints and Uncertainties

Factors related to Field Observations, ground
fallure mechanisms, and field setfing

— Completeness of record (spatial and temporal)
— Abillity to discern features in plan view

— Dating resolution

Factors related to liquefaction susceptibility

— AgQing, density, paleo-groundwater conditions
Factors related to seismicity

— MSF, values of pga from empirical data
Valididy of In-Situ Testing Techniques

— Completeness of record (spatial and temporal)
— Abillity to discern features in plan view




Quaternary
Deposits of
lllinois

Quaternary Deposits of Hlineis
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Lake Michigan Lobe Chronosiratigraphy

Geochronologic Time-distance diagram for a transect from south of Peoria, lllincis, to the Straits of Mackinac
and Chrono i in Michigan, showing diachronic units and their material referents Straits of
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EGC ESP Field Investigations
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Field Mapping Approach

* |dentify reaches of the larger streams
where Henry Formation is mapped

* Use Soil Conservation Service maps to
identify locations where deposits of latest
Pleistocene to Holocene are present

e Use 1:24,000 scale topographic maps

— to identify older terrace surfaces and
locations along drainages where older
deposits would likely be exposed

— Gravel pits




Quaternary Deposits in Site Vicinit
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