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There are two seismic zones in
Virginia: Central Virginia
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Virginia is far away from plate
boundaries .
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CVSZ is populated with kndwﬁ faults
but many other blind and deeply

buried faults remain undetected. Then who is the trigger that gives the last

push to earthquake generation in CVSZ?



It’s underground water!!
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» The development in the second half of 20th century of a new direction in
seismology, that is induced seismicity by large man-made reservoirs and fluid
injection in the deep, shed a new light on the underground water as an important
factor in the geodynamics processes of earth crust.

» Despite the growing evidence of earthquake occurrence under the influence of
hydrological factors, the role fluids play in crustal processes is still underestimated
in earth science studies. X



How present is the water in the earth's depth?

The humans with their exploration have only
scratched the big earth we have under our feet.

» The results from deep drilling challenged the
traditional idea that geological data obtained
from the surface can be directly correlated with
geological materials in the deep crust.

» Drilling at Kola, Russia, at 4.5 km encountered a
sudden decrease in density, presumably due to
increased porosity.

» Dirilling at Oberpfilz, Germany, discovered hot
fluids in open fractures at 3.4 km.

Rocks contain cracks and pores.
roes vy omsg Most of these voids within rocks
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migrating through the crust.
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water-table which induces the pressure
transient, increases pore-fluid pressure
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and reduce effective stress.

Miller, Geophys. . Int.
2008. 173

The mean earthquake depth for earthquakes
But what is important in the of CVSZ since 1960 is 6.7km.

earthquake generation is pressure +T
transient response in stress-sensitive

formations. Through this pressure

transient, or water-hammer effect, in a

fractured and permeable crust, a /

higher water table or river stage means _ 5’

an increase in pore-fluid pressure at
depths where earthquakes can be

1 Studies have shown that the occurrence of
generated.

earthquakes can be effected even by small
stress changes of as little as 0.1 bar 5



What makes Virginia special that helps the penetration of surface water
underground ?

1. A big James River watershed (25 percent of the entire state of Virginia).

» Annual discharge of the James
¢  River at Richmond is about 213
cubic meters/ sec or about four
time than at its origin.

> Total length of the river from the sources to southern Chesapeake Bay is about
540 km and its total basin area is 26,164 square km. %



2. Presence of karst

Karst comprises the
Valley and Ridge
Province, which is one
third of the state




3. Topography Profile of the James River across Virginia

> From Blue Ridge to the end of
Fall Zone the gradient is 0.7 m
per 1 km and for 70 km
through Coastal Plain the
river is tidal.

» The river topography .
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4. Mines

According to the Virginia Department of AT

Mines/Minerals and Energy approximately 0.0 " sl V"I '- f;/
2,000 abandoned mine lands sites exist in the oS recs Waliin. 5.1
state. Vertical shafts of abandoned mines can N M) KT TR
be hundreds of feet deep.

§ They can

intercept and
convey surface
water and
groundwater.
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» The possibility of a causal

relationship between climate and
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intraplate seismicity in the case
CVSZ has been suggested time ago
by Costain and Bollinger
(1991,1996).

They observed common
periodicities between residual
streamflow and earthquake strain
energy in this zone.
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Average streamflow for James River near Richmond is about 5,000 cub-ft/sec on
summer and 20,000 cub-ft/sec at March.
‘With black arrows are noted the time when earthquakes occurred in CVSZ.

The flooding of James River following by
earthquakes gave the first hint for seeking a
deeper correlation between rainfall and

discharge and earthquakes for CVSZ.

» Some time series with rainfall data from four
hydrometerological stations for rainfall and two
other ones for discharge of James and Rivanna
River, were constructed.

» A time series for earthquakes of this zone has

been constructed too. ) 3



enamuwBlERE

enmsesBBERE

Montpelier, precipitation (inch)

— Y — e
| - | In
F 8 &8 § & 3§ &8 ®§ ¢ % &8 § ®§ § § ¥ % ¢ A
Charlottesville, precipitation (inch)
- - =
" 1 L I 1 M | | | 4
H H i H H H i i £
Free Union, precipitation, inch

Time, years

Discharge, James River at Cartersville (ft3/s)

A Jglen
i & & &
I |
| | TN | | I
§ H H ] H b H H H
b) Time, years
Earthquakes
. | | .
I R I L L LILL .
i, & & § 1 & _TC%  § &t 1 i

i

BEemmBmasn0n naoan

EOmmBmAnnOn an0an

Precipitation versus earthquakes
Charlottesville

o
8

2

=
8

1]l

&
8

&
2

l '[ l l.& ll'l‘; :

w8 o L
Lag (months)
Precipitations versus earthquakes

Montpelier

0

Hly
LI ._Ii

50 5
Lag (months)

Precipitation versus earthquakes

o

Louise

e
2

=3
=

e
2

,IJ' __ ﬁJ

&
5

EommimAn=On wada0
=3 o
2 8

3

o

| T ‘[‘Ill JJ@ 1

H

5
-8

&

015

% 0 s [
Lag (months)

Precipitations versus earthquakes
Free Union

&8

o

T”ui |mT i H.

Bomab=ant0n: wuoan
=3
=3

15 ]11 L

-ﬂl1|

-10 10 15

LI
Lag (months)

The time-lag for all precipitation
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Kendall's tau b Charbttew dle
Charlottesrilk Corelaion Coeflicent L.000
Sg.(1-aild) :
N 1
Earthquakes Corelaion Cosficent 081"
5g.(1-ailed) 019
N 10%
* Corvelation is significant af the 0.05 Level (1-taled).
Kendallsau b Mantpelier
Montpelier Correlaton Coefficent L000
Sg.(1-ailsd) T
N it
Earthquakes Carmelaion Cosfiicent 0307
5g.(1-aild) 045
N Eik
* Comelation is sigraficant at the 0.05 Level (1-talked).
Kendall's au b Louisa
Louisa Correlation Cosfficient L000
Sg.(1-ailed) :
N e
Earthquakes Comelaion Coeficent | 0M8°
Sg.(1-ailsd) 04
N 1096
* Correlation s sigpificart a the 0.05Level (Ltalled).
Kendall's au b Free Union
Free Union Correlation Coeficent 1.000
Sg. (1-ailsd) :
N 617
Earthquakes Correlation Coefficent s
5g.(l-aid) 042
N LIE]
= Correlation is sigrificant af the 0.05 Level (1taked).
Kendall's tan b James River
James River Correlaion Coafficient 1.000
Sg.(1-ailed) :
N e
Earthquakes Correlation Coefficent 02"
Sg.(1-ailed) 046
N 1
* Correlation is sgrificant af the 0.05 Level (1-taled).
Kendall's mu b Rivanna River
Rivanna River Correlation Coeficent  1.000
Sg.(1-ailed) -
. N o 912
Earthquakes Camrelation Cosfficent 1] K]
5g.(1-niled) 33
N 912
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The significance of these results is
controlled using Kendall test.

Except of discharge for Rivanna
River, all other cross-correlations
are significant at the 0.05
probability level.
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The cross-correlation can be

monts Precpimton,
- demonstrated also going after some
rainfall-earthquake pairs during the
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Conclusions:

1. Central Virginia Seismic Zone is very rich in surface waters and its
terrain is very favorable for penetration of large amounts of these
waters deep underground.

2. A strong correlation has been found between rainfall and
earthquakes and consequently between James River discharge and
earthquakes.

3. The earthquakes of CVSZ are generally generated approximately
three months after abundant precipitation that surpasses 2-3 times the
precipitation monthly mean.
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