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Major hazards in Chile (2014-
2015)
Megathrust earthquakes in subduction zone

® 2014 M 8.2 Lquique earthquake
® 2015 M8.4 Coquimbo earthquake

Volcano eruption
¢ Villarrica Eruption
® Calbuco Eruption

Landslide
® Tocopilla

® Atacama

Forest fire

Source: ONEMI /




" Major hazards in Chile (2014- |
2015)
® Megathrust earthquakes in subduction zone
® 2014 M 8.2 Lquique earthquake
® 2015 M8.4 Coquimbo earthquake
® Volcano eruption — - -
e Villarrica Eruption Seismic imaging IS a
e Cabbuco Eruption usef_ul t(_)ol for these
o Landslide applications
® Tocopilla
® Atacama
e Forest fire
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Recent developments of seismic imaging methods

Wavelet-based multiscale double-difference seismic
tomography

v'Fang and Zhang, 2014, G]JI

Near real time seismic tomography

v'Zhang X. and Zhang H ., 2015, JGR

Seismic anisotropy tomography

v'Zhang et al., 2008, GRL

Seismic scattering imaging

v'Zhang et al., 2009, GRL

Joint inversion using seismic body-wave arrival times and
surface wave dispersion data

v'Zhang ctal., 2014, Pure and Applied Geophysics

v'Fang, Zhang et al., 2016, JGR J
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Imaging the Earth’ s interior using
combined methods and datasets

Velocity
tomography |« tomoDD

/ '\ ‘ Ambient Noise Tomography
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Reflection imaging
(TT, waveform)
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® These seismic imaging tools can be applied from global scales
to small scales
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Double-difference (tomoDD)

Features:

(Zhang and Thurber, 2003)
(1) Use global earthquake data

(2) Target one specific area (e.g. Chile)
----using differential arrival times

\_ Pesicek, Zhang and Thurber, 2014, BSSA  /
- N
4
0
-4
One iteration Multiple iterations
Maule subduction zone, Chile
\_ Pesicek, Zhang and Thurber, 2014, BSSA /
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Near real time
seismic imaging
for volcanoes

ground v Obtaining temporal

deformation geophysical velocity changes
measurements.

v'Near real time seismic
tomography based on
wavelet and SART

Villarrica volcano, Chile, 2016 Zhang X. and Zhang H., 2015, JGR b
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Mount Etna

Volcano, Italy 2001 Eruption
2001 Eruption
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Velocity changes for different time
periods (cross section through crater)

After 2001 eruption:

Velocity increasing, likely
due to fracture closure and
magma cooling
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Velocity changes for different time
periods (cross section through crater)

Between 2001 and 2002
eruptions:

Velocity decreasing, likely
due to magma recharge

-5 5 10 -5
X1x) (X1-X)
2 . | -2
o B 0
g2 W 2
4 e 4
5 0 5 10 5 0 5 10
Xtian)
| a— ]
A 0 1

avplkevs) Blue: increase
Red: decrease

29-08-2016



29-08-2016

. . . N
Velocity changes for different time
periods (cross section through crater)

W‘? During 2002 eruption:
w;;? Velocity decreasing, likely
Eo - due to magma migration
LR and fracturing
<Yw_£\’.u development
‘iwf_ Blue: increase
Red: decrease )
. . . N
Velocity changes for different time
periods (cross section through crater)
After 2002 eruption:
Velocity increasing, likely
due to fracture closure
and magma cooling
" s ' Blue: increase
Red: decrease /




Damages caused by landslide

@

Mudflow in Gansu, China
(>1300 death)

Rockburst
Gas outburst

Roof fall

Causing a lot causality

and property losses in
China each year

/
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Finding effective ways
for monitoring mining
related hazards and
slope stability is
necessary!
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Processes causing
microseismic events (or
acoustic events) for
mining

Fig. 2 Schematic seismic
sources or local rock mass
failure caused by stress change
and different geological
conditions: a fault movement,
b stress change causing rock
mass fracturing near an
excavation, ¢ stope overbreak,
d contrast in rock mass
properties causing strain
bursting, e crushing of mine
pillars, f stress increase causing
rock mass deformation
(Hudyma 2008)
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Source mechanisms proposed for the generation of
acoustic emissions related to slope instability

(2) liquid bridge rupture

(2) crack development

(3) release of force chains

(4) grain friction

(5) grain cementation fracture
(6) rupture of soil fibers.

Michlmayr et al., 2012
Earth-Science Reviews

~
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Purposes of microseismic monitoring

® Using high-resolution microseismic data to monitor, manage,
and hopefully forecast the risks associated with large seismic

events, and rockburst and slope instability.

—

Numerical Modelling ; N Microseismic Analysis

Analysis of Fracture® ¢4

Network structure  * 7
Images Courtesy of tasca | and Failure Mode (S X
Cundal (2000) and Prerce et al. (2007) J A\ &

Propagation Modelling

~
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Microseismic data processing

® Microseismic event detection
® Microseismic event location
® Microseismic source properties

® Microseismic Velocity imaging

/

Microseismic data processing

Detecting individual events

® Microseismic event detection £

® Microseismic event location

111 ¥
fes

Hit count for AE

® Microseismic source properties

® Microseismic velocity imaging

Amplitude: V

@ Ring-down counts (RDC) /
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a ™
Microseismic data processing

® Microseismic event detection

® Microseismic event location

® Microseismic source properties e

* Microseismic velocity imaging 1 :

261
[ —— ]
®
-0.29-003 023 048 074 (BR)

4 N
Microseismic data processing

® Microseismic event detection

® Microseismic event location

Microseismic source properties il
® Focal mechanism

® Source radius
e Stress drop
® Magnitude

Microseismic Velocity imaging
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a ™
Microseismic data processing

Vp at Z=0.4 km

® Microseismic event detection

® Microseismic event location

® Microseismic source properties

® Microseismic velocity imaging

-

Rock mechanics modeling shows that the induced
seismicity is located in the high stress zone

Calibration Update - Deviatoric Stress & Microseismicity (4520E)
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AE activity associated with rockburst

It is obvious that
acoustic emission
activity is active
around the
boundary of cavern,
where stress is high.

monitoring data
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Constructing “stress-strain curves” based on microseismic
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Real mining
case

Courtesy of Dr. Rebuli of IMS
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Slope instability modeling using SRM

Stress
concentration

Fracture initiation

Fracture
development

\ 4
Slip weakening

Fracture
coalescence

.

Ke Zhang, Kunming University of Science and Technology /

Different microseismic signals at different stages of cliff

collapse
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Using microseismicity as a precursor for

bursting failure and rock fall

(a) Amplitude-time
3000

Lu et al., 2012, Applied
Geophysics

1000

Mainshock
2000 No.2 foreshock
No.1 foreshock
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o — N oo - Before the rock failure, there
2 o is a tendency that the

2000 frequency band becomes

. wider and the predominant

Timelms frequency-spectrum moves to

(b) Frequency-spectrum distribution of precursor and mainshock signals |0W€I‘-frequency band.

100000 = No.l foreshock —— No.2 foreshock —— Mainshock

micro-cracks to macro-
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d Using velocity changes as a
proxy for stress variations

. , o . Velocity
® Stress vs. seismic Veloc1ty increase

Fg
stress- T stress
hardening \

Courtesy of Erik Westman of Virginia Tech
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Acoustic emission experiment
v' Temporal and spatial distribution of AE events
v' Temporal velocity changes

Before compression

\__ Collaboration with Erik Westman

After compression

Event frequency
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Microseismic events (AEs) are
grouped into 3 stages according to
temporal distribution.
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Grid Search Location TomoDD Relocation
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Better event location method (tomoDD) is helpful for improving location
accuracy.
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staget

Z{mm)

Velocity changes for different stages:

Z(mm)

(1) 1st stage: events associated with velocity
increase, indicating fracture initiation due
to stress concentration.

(2) 2" and 3 stages: events associated
with velocity decrease, indicating fracture
development.

29-08-2016
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( Time-lapse microseismic imaging N
for a coal mine
» 1200 ft deep seam, 1500 ft by 1500 ft area
* 16 surface geophones
* 18 days of monitoring
« Typical frequency of 30 Hz, wavelength of 140 m
Collaboration with
Erik Westman of
K Virginia Tech /
4 N
The stress changes induced by
coal mining
Rear Front
Abutment Abutment
\_ /
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Observations

¢ Clear representation of high—velocity zone moving with face

retreat

e Consistent low—velocity region behind the face in location of

gob

Microseismic velocity imaging could be a
valuable tool to understand the stress distribution
due to mining for risk assessment.

-

~

® Review of applications of microseismic
monitoring for landslides
Earthquakes weeess———) | andslides

Landslides mmwwe——) Microseismic
Slope instability events
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1976-2005 Global CMT catalog

eismic precursory patterns before a cliff collapse
(Normandie ocean shore, Western France)

x107*

——A1
——G1

——G3
—o— A4
G4

Mo« a5

Cumulative seismic energy (arbitrary unit)
w

Q=8¢
7

30 1800 1830  19:00

Intensive seismicity
observed on A4 2
hours before
collapse

19:30
Time

-

= 09
N
8 Slope =5 =1.0 08
 10° “
g 2 07
£
3 4 06
S
210 08|
n
=z

04

7 8
Magnitude (M)
log(N)=a - bM

The b exponent
continuously decreases
toward the collapse
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Different microseismic signals at different stages of cliff

collapse
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Seismic Signals Associated with Microearthquakes and
Rockfalls on the Sechilienne Landslide, French Alps
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Microseismic monitoring for soil
slopes with waveguides

Steel waveguide

Gravel backfill

Surface cover Sensor

Transducer
Grout plug
) Gr,
Steel waveguide %nd%
lf,g%
Gravel backfill
Deforming
slide mass

Stable stratum Shear surface

Dixon et al. 2012, 2015

K Cheon et al., 2011, Engineering Geology J

Acoustic emission monitoring of a soil slope: Comparisons with
continuous deformation measurements (Hollin Hill, UK)
20 = == Displacement: mm
Section B-B" < Hourly rainfall: mm 2000
= Cumulative RDC
EZO
515 3 1500§
‘E: mooé
gm 5
;& 5 500
AE monitoring of active waveguidesis - : & yy?
able to provide continuous | I R
information on slope displacements i ;
and displacement rates with high i
temporal resolution. i
K Smith, A. et al. (2014) Geotechnique Letters J
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Acoustic emission rates are proportional to the velocity of
slope movement and has high temporal resolution.

K Dixon et al., 2015, Geological Engineering

Summary

® Seismic monitoring is a useful tool for understanding the

processes related to subducting, volcanic eruption, mining

and landslide.
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