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Installation

Borehole seismic sensors

GONAF –
Geophysical Observatory of the

North Anatolian Fault 

and degradation….of my voice 



Where has IES done some of its borehole seismology?
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Why Borehole Seismology ?

Next Step in Basic Seismology:

Detection
Location

Next Step in Public Seismology:

Hazards 
Risks

Next Step in Earthquake Science:

New seismic phases
Earthquake physics



1 MIN

M~ 1  limit of ~ 17 station surface net  

M~ -1  in 2.7 km observatory

M~ -2  in 2.7 km observatory

Why?   Event Detection – one 2.7 km deep borehole sensor, Mammoth CA 

LVEW December 2007 Seismicity on 2.7 
km deep 4.5 Hz 3-component- sonde
vertical channel.  Analog chart display



Why? Event Detection – one 2.7 km borehole in Mammoth CA …

M > 0.7

…. compared to 17 station surface net

Surface and borehole

Borehole only

0.6

M < -2

6    ~ 60



Sektion 3.2: Geomechanik und Rheologie

Magnitude – A M~0 example from GONAF



Gutenberg-Richter
One M=1.6  on surface net 113 more on GONAF 

Detected by cross correlation



The problem: 

Locate drilling target using best 3-D method

Target M=2 repeating event  ~  10x10 m.

Phase 1:  60 surface stations, 2 years,
located within “100 m errors”

Phase 2:  add 32 levels borehole, 1 year,
located within “50 m errors” 

moved 800 m

Phase 3: add sensor 400 m from target,
located within “20 m errors” 

moved 200 m

Why: Earthquake location - a lesson from SAFOD



Auckland  New Zealand

Public concern  – two volcanic examples….

…. and if you are working in the Canary Islands or living in Tokyo, you know of two more!

Saudi Arabia

Harrat Rahat

14th century flow

GONAF – Istanbul seismic gap

– two earthquake examples….

Alpine Fault

Scenic Hotel



Basel from space

“Hot/Dry Rock” well

Geothermal Development for 

Downtown Basel, Switzerland

For Public and Industry



BIG BOOM IN BASEL – the connection between earthquakes and fluid flow

MAP                                                                         CROSS SECTION

Injection well

Microearthquakes

“Cementing” 
Microearthquakes

Injection well
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What happened? December 2006
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December 2006 – February 2008
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October 18, 2006 - 7:56 AM News

Swiss officials have been participating in a earthquake preparedness exercise .......

.... disaster simulation coincides with the 650th anniversary of the 

Basel earthquake of October 18, 1356 – a M=6.5 which destroyed the city.



December 9, 2006 - 6:43 PM 

Man-made tremor shakes Basel !

Drilling for a geothermal plant triggered a quake 
that caused minor damage to buildings.

Prosecution

.....The prosecutor has launched its investigation… 

…The police have already seized computer data....



Hand over those 
earthquakes,  you 
seismologist scum...

But sir!
I was just working on 
my  PhD...



Earthquake Physics: SAFOD cross section, faults, well log, cores, and seismograph
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Fig  modified from S D  Springer et al  Lithosphere  2009 

~ 30 m

~ 150 m

p-wave velocity

How deep do 
these zones go?



wall fault wall

fast slow fast

FL – trapped SH FR – trapped PSV FΦ – Leaky PSV

Fault zone guided waves





Mt Aoraki
Alps

West Coast

River 
Cut

Valley

Keep on DFDPing?

until ...  Nearby M ~ 7 or 8 !

DFDP 2 -1.5 km

-3 km?

-4.5 km?

How can we use it?

Road

River

Alpine Fault

Ff

DFDP 1



M~ 1

M~ -1

1 MIN

Why?  Completing the Gutenberg-Richter Relation

If M > 0.7 gives N = 1

then 

implies  a and  b = 0 ??? 



Why? Earthquake Physics from one 2.7 km borehole in Mammoth CA …

…. the “quantum earthquake” hypothesis

Borehole only
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Basel1 C1

Basel1 C2

Basel1 C3

Basel1 C4

500 ms

4661 m

Depth

What happens to a seismic wave as it approaches the earth’s surface?

MEQ Recorded in 4.66 km stimulation Well – Basel 



Spectral analysis of Basel MEQ versus depth
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Surface seismograph

Borehole seismograph

M ~ 0.5 MEQ    Data from 3.3 km deep LVEW

see:  http://quake.wr.usgs.gov/cgi-bin/heliexp.pl

What happens to a seismic wave as it approaches the earth’s surface?

http://quake.wr.usgs.gov/cgi-bin/heliexp.pl


Day

Night 

Surface seismic station – Riverhead, Auckland. NZ



Results of test station installed at Riverhead, NZ, depth of 245m

Same small event M~1

BoreholeSurface

1 minute
1 min



Seismic city-noise in Auckland New Zealand

Tea Time ….2 times a day
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Net of Reasons: Signal-to-Noise Improvement with Depth & Signal Frequency

1 Hz 10 Hz     100 Hz     1000 Hz
+ +

Signal-to-Noise
loss due to scattering & attenuation 
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Why (not) borehole seismology ?

Summary of expectations

Quality Time Cost

excellent not fast not cheap

The trade offs

very good fast not cheap

good not fast cheap

bad fast cheap
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