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Background project (JAGUARS chaired by Masao 2006-2008):

Yasuo detailed the Mw2.2 nucleation in the 2015 Schatzalp WS. 

He drilled into the 2007 Mw2.2 hypocenter at 3.3 km depth. 

Yabe et al. (2013)

Mw2.2 aftershocks

plan view

Mw2.2 aftershocks

section view
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Background project (JAGUARS 2006-2008)

Drilling reveled that the Mw2.2 was not on the dyke-hostrock

contact but on a pre-existing weakness.  However, the 

drilling direction was not ideal for good core recovery.

Little core recovery in a 

10-m section beyond the 

Mw2.2 fault intersection
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Background project (JAGUARS 2006-2009)

Drilling reveled the Mw2.2 was not on the dyke-hostrock

contact but on a pre-existing weakness.  However, the 

direction didn't allow good core recovery

Little core recovery in a 

10-m section beyond the 

Mw2.2 fault intersection

During the following Jpn-SA project (2009-2015), Ogasawara et al. (2012) 

optimized an overcoring technique suitable for working condition at highly 

stressed ground in SA gold mine,

demonstrating that core recovery with minimum damage even at 

earthquake-prone ground is feasible with great care for drilling direction.
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With a new method (Funato and Ito, 2011; Funato et al., 2016), 

we measure shade width variation to measure tmax

without overcoring, hydrofracturing, borehole scoping, or conventional time-

consuming lab testing.

Ito’s measurement system

Diameter variation of the core
corresponding to t several tens of MPa

at the Mw2.2 seismogenic zones.
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Abe et al. (2017)
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Target A: observation network of M~2 quasi-static 

rupture evolution ahead of stopes in Cooke 4

Naoi et al. 2015 12



Regularly spacing ~10 planer
structures

Dipping by 60~70∘ to south
Sub-‐parallel to the mining edge

Location of planer activity 
migrated with active mining
front.

The planar structure may
represent nucleation of Type II
crack.

24404 events
-‐3.3 < Mw < -‐0.5

Naoi et al. 2015
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Target A: Migration of planar activity
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Target A: Migration of planar activity

Regularly spacing ~10 planer
structures

Dipping by 60~70∘ to south
Sub-‐parallel to the mining edge

Location of planer activity 
migrated with active mining
front.

The planar structure may
represent nucleation of Type II
crack.

24404 events
-‐3.3 < Mw < -‐0.5

Naoi et al. 2015
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Target A: Quasi-static rupture evolution 

which we drill a ~50m hole to probe

Naoi et al. 2015

Naoi et al. (2013 and 2015) have already investigated in detail 

the temporal variation in b-value and repeating earthquakes.
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Skip this slide because of time shortage
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Target A-C: Usual mechanism at usual depth 

On normal faults (striking NE-SW)

in horst/graben structure.

On mining horizons

Seismicity follows 

weekday afternoon blasting

although not the case 

for larger events.

Surface

Mining horizons

2 ~ 3 km depth

3 km depth

A bottom level of a mine

reef
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Target D: Unusual mechanism at unusual depth

The 2014 Orkney M5.5 

on an unknown structure

striking NNW-SSE

on which no significant CFF increased

by mining over decades.

Surface

Mining horizons

2 ~ 3 km depth

3 km depth

The bottom level of the mine

reef

West Rand Group

Multiply faulted by NE-SW 

normal faults occasionally 

intruded by NNW-SSE dykes
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Target D
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The ICDP 1st NQ 750m hole from Site 1 is to 

locate the M5.5 rupture precisely, followed by 

logging and in-hole geophone array installation.

The ICDP 2nd NQ 600m hole intersects the fault 

at greater depth, dedicated for hydrological and 

geomicro-biological monitoring.

If JSPS approves a fund, we drill the 3rd or 

more holes > 900m traversing both denser and 

sparser aftershock areas.

Fault normal view (Imanishi et al. 2016)

Target D
Initial 1-month; latest 1-year; 1-month in July 2016.
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The ICDP 1st NQ 750m hole from Site 1 is to 

locate the M5.5 rupture precisely, followed by 

logging and in-hole geophone array installation.

The ICDP 2nd NQ 600m hole intersects the fault 

at greater depth, dedicated for hydrological and 

geomicro-biological monitoring.

If JSPS approves a fund, we drill the 3rd or 

more BQ holes > 900m traversing both denser 

and sparser aftershock areas.

Fault normal view (Imanishi et al. 2016)

Higher and lower stress drop Target D
Initial 1-month; latest 1-year; 1-month in July 2016.
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Outline
• Background 

– Drilling into the 2007 Mw2.2 hypocenter

– 2011 M~2 quasi-static rupture evolution ahead of stopes
(Yasuo's key note in 2015 Schatzalp Workshop

http://www.seismo.ethz.ch/static/schatzalp/2015/Yabe.pdf)

– A 2014 M5.5 (Hiroshi's poster in 2015 Schatzalp Workshop)

– A new stress measurement method (Funato et al. 2016 )

• Drilling targets that ICDP approved on 31 August 2016

that evolved in s1 > 130 MPa and tmax > several tens of MPa.

– Target A: the 2011 M~2 quasi-static ruptures*

– Target B: a 2014 M2.8 dynamic rupture*

* To be flooded in 2018 because of mine closure.

– Target C: a 2016 M3.5 dynamic rupture (an alternative AE site)

– Target D: a 2014 M5.5 dynamic rupture

• 1st drilling will commence in later March or early April

• Conclusions
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https://www.google.co.za/url?q=http://www.ohchr.org/EN/HRBodies/UPR/Pages/JPSession14.aspx&sa=U&ei=CmZqU4HGNMaN7Qa7qYGoBA&ved=0CDEQ9QEwAg&sig2=vnqIcGkiKLj5TguyWO6Znw&usg=AFQjCNGf8FQ_9nvvmI6hp0EjmKl_CCCi-g
https://www.google.co.za/url?q=http://www.ohchr.org/EN/HRBodies/UPR/Pages/JPSession14.aspx&sa=U&ei=CmZqU4HGNMaN7Qa7qYGoBA&ved=0CDEQ9QEwAg&sig2=vnqIcGkiKLj5TguyWO6Znw&usg=AFQjCNGf8FQ_9nvvmI6hp0EjmKl_CCCi-g
https://www.google.co.za/url?q=http://www.sadc.int/member-states/south-africa/&sa=U&ei=OWZqU-WnDKSv7AaWlIGAAQ&ved=0CC0Q9QEwAA&sig2=Cbm1YvE96O1rm8PWQexn7w&usg=AFQjCNHMGBSTPFIpRmAXdIW-fqbMtsM0ow
https://www.google.co.za/url?q=http://www.sadc.int/member-states/south-africa/&sa=U&ei=OWZqU-WnDKSv7AaWlIGAAQ&ved=0CC0Q9QEwAA&sig2=Cbm1YvE96O1rm8PWQexn7w&usg=AFQjCNHMGBSTPFIpRmAXdIW-fqbMtsM0ow


Targets A and B at Cooke 4
Although it is only 1km depth, stress is high at the remnant.

The M2.8 rupture (Target B) was to be exhumed by mining from yellow band.

 

3000m 

Target A

Target B

Target B (enlarged)

: planned ICDP drilling.

The Cooke 4 mine gave up mining the eastern remnant.

27



Target A (Target B was to be elucidated as well as Target A)
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Target C (A M3.5 fault in a dyke)
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Geology Department has drilled 

and plans to drill AX sub-horizontal 

holes but good core recovery is not 

expected.

We drill holes much in line with s1

direction (vertical)


