
5. Data quality control using noise

6. Finding interesting things in the noise

7. Using noise for tomography 



Calculation of signal power of
long-period GSN data 

continuous filtered time series:

1 hour
1. calculate rms
2. convert to power spectral density
3. store as hourly samples of signal level

9/1/2002 9/2/2002 9/3/2002 9/4/2002 9/5/2002

KIP-IU LHZ-00, 100 sec period

100 s

400 s



One week of noise at 23 seconds period



One week of noise at 100 seconds period



KIP-IU,  LHZ
July-December, 2002
4150 hourly measurements

10% low-noise level

100 sec period - distribution of PSD



Noise spectra from the Global Seismic Network



Stability of low-noise spectra

KIP-IU, LHZ
10% low-noise spectra
1988/08 - 2001/12  (138 curves)



10% low-noise level at KIP since 1988

100 sec period, LHZ
147 measurements







6. Finding interesting things in the noise

7. Using noise for tomography 



Seismographs record signals with frequencies
between ~10 Hz to 1000 seconds.

Earthquakes are detected and located using
high-frequency signals (around 1 Hz).

Are there short-lived geophysical phenomena
that generate seismic waves at long periods
but that are not detected at short periods?



Palisades Rockfall, May 12, 2012

Photo: W. Menke10,000 tons?



6/27/12 1:35 PMgoogle map 10964 - Google Maps

Page 1 of 1http://maps.google.com/maps?client=safari&rls=en&oe=UTF-8&q=go…NY+10964&gl=us&sa=X&ei=5UHrT4GKEuHF6gGIr7TJBQ&ved=0CAkQ8gEwAA

Imagery ©2012 Bluesky, DigitalGlobe, GeoEye, New York GIS, USDA Farm Service Agency, Map data ©2012

To see all the details that are visible on the
screen, use the "Print" link next to the map.

seismometer

rockfall



Ground vibration at Lamont, 1 km away

1 micron

5 seconds
Vertical

North-South

East-West



Seismographs record signals with frequencies
between ~10 Hz to 1000 seconds.

Earthquakes are detected and located using
high-frequency signals (around 1 Hz).

Are there short-lived geophysical phenomena
that generate seismic waves at long periods
but that are not detected at short periods?
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How do we locate earthquakes? (1)

seismogram

earthquakes send out 
vibrational waves
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STEP 2: Locate

How are Earthquakes Located?
We can locate earthquakes using a simple fact: an earthquake creates different seismic waves (P waves, S waves,

etc.)  The different waves each travel at different speeds and therefore arrive at a seismic station at different times.

P waves travel the fastest, so they arrive first.  S waves, which travel at about half the speed of P waves, arrive later.

A seismic station close to the earthquake records P waves and S waves in quick succession. With increasing

distance from the earthquake the time difference between the arrival of the P waves and the arrival of the S waves

increases.

Although modern techniques are more complex, we have illustrated the basic concept using an example of an

earthquake near Mexico and seismic stations in North America.  The following two steps show how we determine

distance from the seismograms and estimate the location using three stations.

Step 1. The time between the arrival of the P wave and the arrival of the S wave (S-P time) is measured at

each station.  The S-P time indicates the distance to the earthquake similar to how the time interval between

the flash of light and the sound of thunder indicates the distance to a thunderstorm.  In our example, station

TEIG (with an S-P time of 1.5 minutes) is closest to the earthquake, and station SSPA (with an S-P time

of 5 minutes) is farthest away.

From observing and analyzing many

earthquakes, we know the relationship

between the S-P time and the distance between

the station and the earthquake.  We can

therefore convert each measured S-P time to

distance.  A time interval of 1.5 minutes

corresponds to a distance of 900 kilometers, 3

minutes to 1800 kilometers, and 5 minutes to

3300 kilometers.

Step 2. Once we know the distance to the

earthquake for three stations, we can determine

the location of the earthquake.  For each

station we draw a circle around the station

with a radius equal to its distance from the

earthquake.  The earthquake occurred at the

point where all three circles intersect.

Record from
Tepich, 
Mexico
(TEIG)

Record from
Isla Socorro, 
Mexico
(SOCO)

Record from
Standing Stone,
Pennsylvania
(SSPA)

5 minutes = 3300 kilometers

3 minutes = 1800 kilometers

STEP 1: Measure

P Wave S Wave

P Wave S Wave

P Wave S Wave

1.5 minutes = 900 kilometers
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the flash of light and the sound of thunder indicates the distance to a thunderstorm.  In our example, station
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vibrations arrive 
at different stations
at different times

only one location
explains all 

arrival times



Farallon Islands, CA

Palisades, NY

October 15 Hawaii earthquake

P wave surface wave

P wave surface wave

October 15, 2006, Hawaii earthquake, M=6.7





1. Collect data from the GSN
2. Filter in period range 35- 250 seconds

22:00 23:00



1. Collect data from the GSN
2. Filter in period range 35- 250 seconds

22:00 23:00

origin
time ?



3. Select a target location

4. Calculate dispersion curves to

    all stations

Rayleigh wave

phase velocity

45 sec period

3. Select a target location

4. Calculate and remove dispersion
    from each station to the target



Miyake Island,  2000/08/10



Miyake Island,  2000/08/10



Caldera formation on Miyake Island associated with

magma migration in the Izu Islands, June-September, 2000

dike injection,
earthquakes

caldera
formation

Miyake Island

(Figure adapted from Kumagai et al., Science, 2001)

before after



Systematic global search:

4050 points on the Earth’s surface
100-200 stations
15 years
365 days/year
6 4-hour seismograms/day

20,000,000,000 4-hour event stacks

check for event every 4 seconds:

80,000,000,000,000 detection tests



5. Perform grid search to detect events  
and determine epicenters and MSW

http://www.ldeo.columbia.edu/~ekstrom/Research/SWD/current/RADB_SWD_grd.html

not yet reported by NEIC/USGS

     2014  4 11  8 16 48.0   -6.50  155.50 33.0  6.3  SOLOMON ISLANDS                 
     2014  4 11  7  7 44.0   -6.50  155.50 33.0  6.8  SOLOMON ISLANDS                 
     2014  4 11  2 41 44.0   38.25  -25.75 33.0  5.1  AZORES ISLANDS, PORTUGAL        
     2014  4 11  0  1 52.0  -21.00  -71.00 33.0  6.0  OFF COAST OF NORTHERN CHILE     
     2014  4 10 23 27 44.0   12.50  -86.50 33.0  6.2  NICARAGUA                       
     2014  4 10 22 27 12.0  -19.75 -172.75 33.0  5.7  TONGA ISLANDS REGION            
     2014  4 10 17 49 12.0  -20.25  -71.25 33.0  5.0  OFF COAST OF NORTHERN CHILE     
     2014  4 10  4  3 28.0  -26.25   71.75 33.0  5.0  MID-INDIAN RIDGE                
     2014  4  9 20 30 32.0  -54.50 -133.50 33.0  5.2  PACIFIC-ANTARCTIC RIDGE         
     2014  4  9 19 33 44.0   10.25   56.75 33.0  4.8  CARLSBERG RIDGE                 
     2014  4  9 11 14 48.0  -20.50  -71.50 33.0  5.1  OFF COAST OF NORTHERN CHILE     
     2014  4  9  8 32 40.0   -9.75  154.75 33.0  5.3  D'ENTRECASTEAUX ISLANDS REGION  
     2014  4  9  8 29 28.0  -50.25 -114.75 33.0  5.8  SOUTHERN EAST PACIFIC RISE      
     2014  4  9  4 33  4.0  -19.75  -71.75 33.0  4.8  OFF COAST OF NORTHERN CHILE     
     2014  4  9  4 25  4.0   19.25  146.25 33.0  5.1  MARIANA ISLANDS REGION          
     2014  4  8 22 22 40.0   -6.25  152.25 33.0  4.8  NEW BRITAIN REGION, P.N.G.      
     2014  4  8 20 15  4.0    3.00  -31.00 33.0  4.8  CENTRAL MID-ATLANTIC RIDGE      
     2014  4  8 15 49 52.0  -34.25  179.75 33.0  4.9  SOUTH OF KERMADEC ISLANDS       
     2014  4  8 15  2  8.0   36.50  141.50 33.0  4.8  NEAR EAST COAST OF HONSHU, JAPAN
     2014  4  8 10 14 40.0  -21.25  -71.25 33.0  5.5  OFF COAST OF NORTHERN CHILE     
     2014  4  8  5 44  0.0  -20.50  -71.50 33.0  4.9  OFF COAST OF NORTHERN CHILE     
     2014  4  8  5 20 24.0  -19.75  -71.25 33.0  4.8  OFF COAST OF NORTHERN CHILE     
     2014  4  7 19 26 56.0   44.25    6.75 33.0  5.1  FRANCE                          
     2014  4  7 17 18 48.0   13.25  120.75 33.0  4.8  MINDORO, PHILIPPINES            
     2014  4  7 13 43 28.0  -20.50  -71.50 33.0  5.7  OFF COAST OF NORTHERN CHILE     
     2014  4  7  9 34 48.0   50.25  157.25 33.0  5.3  KURIL ISLANDS                   
     2014  4  7  8 12 24.0   28.75  130.25 33.0  4.7  RYUKYU ISLANDS, JAPAN           
     2014  4  7  7 48 32.0   53.25  171.25 33.0  5.1  NEAR ISLANDS, ALEUTIAN ISLANDS  
     2014  4  7  6 24 32.0  -20.75  -71.25 33.0  4.8  OFF COAST OF NORTHERN CHILE     
     2014  4  7  1  9 52.0    8.75   58.25 33.0  4.9  CARLSBERG RIDGE                 



Detected earthquakes, 2013
Best
Very good
Good

M > 4.6



Unreported earthquakes, 2013
Best
Very good
Good

M > 4.6



Unreported earthquakes, 2013
Best
Very good
Good

M > 4.6



Chelyabinsk meteor, 2013-02-15



centroid location



Chelyabinsk Drama Theatre, 2013-02-15



seismic data from the closest Federation station Арти at
~200 km distance 

very strange signals!

Vertical

East-West

North-South



What is the source?

30 km

500 kT TNT



What is the source?

30 km

500 kT TNTA vertical 
impulse



Inverting the seismic data for an impulse source:

blue = data ; red = model

plunge 76 deg; 
2.8 x 10   dyne-s17



Unreported earthquakes, 2013
Best
Very good
Good

M > 4.6



Unreported earthquakes, 2013
Best
Very good
Good

M > 4.6

2 events



Bingham Canyon Mine, Utah



April 11, 2013



t o Chapter 2

t l
r i

, i
of this Halloween the specter of t
now its existence would have to b
had been declared euilty until pro
back to the situation as it was threr
still in operation.

It was eight o'clock in the evenir
into an adjacent office to call his wi{
party half an hour ago.

"Hear that weird hum in the ba
"Yes. "
"That's the sound of a nuclear

dead one."
The consultant had reason to tl

geological issues had nearly broker
industry.

Rival theories at Vallecitos

mapping of the terrain around the area would reveal whether the

ob*rr'.I anomalies were due to a landslide or a fault'

"If it's a long-term Program to prove a hypothetical fault' we may

be out of luck," orr. o'f tn! cn -t", u reliabiiity engineer' remarked'

The GE man had been at the site for ten hours now' and he was

suffering from severe lower back pain' Half of the 525 people at

VallecitJs would lose their jobs if the plant stayed shut down' .
" I t 'shardtochangeo, , t - -u"ugtment 'sv iewbacktowherei twas

before the USGS -u-p.u-. out," StepP explained to the GT -ul',,

"If we're shut down for two months' our customers won.t wart'

It was rumored that GE's profits on the operation were $l million a

vear.' 
"A plu.trible explanation of a landslide would make me feel more

,..rr.. about starting up this plant, but I can't speak for NRC man-

agement. "  StePP said.-Th. 
pa.tic sitr-,atio.t brought about by. the discovery of the shears

in the trenches had been rel[ved by the shutdown orderr It was nearly

impossible to rescind an order like that' even if the immediate cause

o[ the issue were removed'
True, the fhult seen in the trenches was different from the fault

shown on the USGS map' Tr-ue, there was now an interesting rival

hypothesis ,Hardins 's tu. tdr l id t theory,acredib leal ternat iveexpla-
.ruiio.t of the orisin of the shears' But now in the gatherine darkness

Meehan, The Atom and the Fault

The difference between a fault and a landslide



Landslide force model

d

Facc. Fret.

m

Faulting force model

The elastic stress release in an earthquake is described 
by a double couple of forces 



What are the forces acting on the Earth in a slide?

F =
d(mv)

dt

Faction = �Freaction

F =
d(mv)

dt

Faction = �Freaction

F =
d(mv)

dt

Faction = �Freaction

Fon Earth = �d(mv)slide

dt

SOURCE MECHANISM OF THE GRAND BANKS EARTHQUAKE 2001  

Turcotte, D. L., J. L. Ahern, and J. M. Bird (1977). The state of stress at continental margins, 

Tectonophysics 42, 1-23. 

GEOPHYSICS DIVISION 

GEOLOGICAL SURVEY OF CANADA 

OTTAWA, ONTARIO KIA 0Y3, CANADA (H.S.H.) 

CONTRIBUTION NO. 21786 

DIVISION OF GEOLOGICAL AND 

PLANETARY SCIENCES 

SEISMOLOGICAL LABORATORY 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

PASADENA, CALIFORNIA 91125 (H.K.) 

CONTRIBUTION NO. 4456 

Manuscript received 25 June 1986 

A P P E N D I X  

The spatiotemporal pattern of "instantaneous" submarine slumping is quite 

complex (see Piper and Normark, 1982; Piper et  al., 1985a). In addition, the actual 

physical mechanisms for initiation and termination, especially the latter, of slump- 

ing are not fully understood. Therefore, we have selected a simple model to represent 

this rather complex phenomenon. The selected model consists of a block on an 

incline of constant slope with variations in sliding (Coulomb) friction to initiate 

and terminate slumping. 

Figure A1 shows four stages in the cycle of unstable sediments sliding down the 

continental slope. In Figure Ala, the sedimentary block is at rest and Fs the 

interaction force parallel to slope, is Fs = M g  sin A, where M is the mass of the 

sediments, g is the acceleration due to gravity, and A is the average inclination of 

the continental slope. At time t = 0 (Figure Alb), instability occurs, and the block 

M F, 
Mg s i n A ~  

(a) ~ ~ i ,  Fs" MgsinA 
..... ::::::::::::::::::::: ' 

wO F. 

( b )  M g s i ~ - - -  

~ ~ ~ : - : : : :  Fa << Mg s inA 

V=VM -M ~d f¢~---, --- 

(c) 

_ ~ ~ : : × : : × : ~  

MgsinA . i ~ : : : : : : : : : 1  - 

F. 

FIG. A1. Simplified model of (sedimentary) block sliding down incline (continental slope) and 
associated interaction forces (parallel to slope). Solid arrows represent forces acting on continental slope, 
whereas dashed arrows represent forces acting on overlying block. In (a), block (effective mass M) is at 
rest and static frictional force (F,) equals the pull of gravity (Mg sin A), where g is acceleration due to 
gravity. In (b), at time t = O, block starts to slide (accelerate) as dynamic frictional stress (Fa) is much 
less than gravitational pull. In (c), at  time t = tl, maximum velocity V = V~ is attained, and block starts 
to decelerate as frictional force Fd becomes greater than the gravitational pull. In (d), block comes to 
rest at  t = t2. 

Hasegawa and Kanamori, 1987





X - 18 HIBERT ET AL.: DYNAMICS OF BINGHAM MINE LANDSLIDES

Figure 2. Observed (black) and synthetic (red) seismograms for (a) the first and

(b) the second events. The station name and component are given to the right of each

trace. Landslide force histories for (c) the first and (d) the second event. The time is

given with respect to the long-period detection.

D R A F T March 10, 2014, 3:36pm D R A F T

X - 18 HIBERT ET AL.: DYNAMICS OF BINGHAM MINE LANDSLIDES

Figure 2. Observed (black) and synthetic (red) seismograms for (a) the first and

(b) the second events. The station name and component are given to the right of each

trace. Landslide force histories for (c) the first and (d) the second event. The time is

given with respect to the long-period detection.

D R A F T March 10, 2014, 3:36pm D R A F T

Landslide Force History
Waveform Fits

Hibert et al., 2014

Bingham Canyon Mine - first event



F(t) = �d(mv(t))
dt

= �dp(t)
dt

I(t) =
�

F(t)dt = �p(t)

�
I(t)dt = �

�
p(t)dt = �mD(t)

F(t) = �d(mv(t))
dt

= �dp(t)
dt

I(t) =
�

F(t)dt = �p(t)

�
I(t)dt = �

�
p(t)dt = �mD(t)

F(t) = �d(mv(t))
dt

= �dp(t)
dt

I(t) =
�

F(t)dt = �p(t)

�
I(t)dt = �

�
p(t)dt = �mD(t)

Integrating the forces to get mass displacement

where the mass is constant and D is the 
center-of-mass displacement



HIBERT ET AL.: DYNAMICS OF BINGHAM MINE LANDSLIDES X - 19

Figure 3. Frequency decomposition of the seismic signal recorded at MID station

generated by (a) the first and (b) the second event, along with the modulus of the inverted

forces (black curve) and the vector product of the acceleration and the normalized velocity

vectors (red curve). The vertical black line indicates the onset of the seismic signal. Gray

rectangles indicate the transition phase between episodes. t0 indicates the original start

time of the LFH, before shifting it by the travel-time of the seismic waves. Frequency

decomposition of the seismic signal recorded at DUG station generated by (c) the first

event and (d) the second event, and inverted forces. Inferred trajectories for (e) the first

and (f) the second events. Colored dots indicates the time at which the center of mass

occupied the corresponding position along the inferred trajectory. The contour of the scar

and the deposit is shown by the black dashed line.
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Inverted geometry agrees with ground truth

First slide: 70 million tons
Hibert et al., 2014



1. Noise can be very interesting

2. There are many geophysical phenomena that
   produce seismic signals (other than earthquakes):
        volcanos, landslides, cavity collapses,
        glaciers, asteroids, storms, waves, ....

3. Seismology can be used to investigate and 
   monitor events other than earthquakes 

Main points


