go250000oonf

000001420

oooooooono
googoooboogo

ooooobobooboobooboobbo
gbooobogboooobobooboobbuoobooooboobooboo

gooobobobooooobbon
2. 0000000000000000O0000ODO

g3 dbooooboobobobboobobo

O03-1goooooooon
b oboooboooboon

ooooooboboboobbon
2. 0000000000000D00DO0b0OD

o3 dboboooboobobobboobbo

g3-100goboooog
ggooobooooboooboon
0320 0000000000
o oogobbooboooboon

040 00O0OO0ODOOOO0ODOOn
oo obobboobooboon

gbooogbooobboobbob
mooooooooobobobooooooooboboooooobobooooobboboboobo
ooobooboooobgoobooboooboob bbb obooobobooo
gooooobobboboobooooooobobbobobbobobobobOooboobooD
EnergyIndex U0 OO0 00000 O0O0OO0OODOO0OOODOOODOOODODOODOOO0ODDOODOO
gooooooobbooboooobooboobooooboooooobuooboboboooo
ggooboobooboooogoboboooooboooooboboooooobooboboon
googgoogoooboo
([ogooooogoobobooboooboboboboboo@Woobooooob)obooboooobo
gooooooooboogboobbooboooboobobbobobDooobDboboDoobbooo
gobobooboooboobuooooooboobooooooon
goobooboobboooboooboboobbobbobobboobooobooboooo
gobogboboobobbobbooboooooooooooooobobbooboooboono
goooooboooobobobbobbo0obooobooooboobobooboobOooon
ooobo0oboo0oboooboboobooboobobobobooboo
gogooooooooboooooobboobbobboboooboobobooooobobobog
oooooboboooo3kmd00bOoobObOO0o00o0bo0oooboobboooobooboooboon
goobgoobobobbooooobbobbobbbooobooboobooooooon



oo

g

gobooboobobooooobooooooooobbboobobbooobbbboobooOoa
ggogoobobbbobooooobbobboobobobbobbobobbooboooobobo
ggbooooboooobooobo
MobboooooooogooboooobooboooDboobOoobDo0bOboboboooboo
O00b000bbO00o0bo0ob0boU0UDO0ObOEnergyIndex DO OO0 0oonoooonoond
goobooboooooobboobogoboboobbooboboooboobooooogobbooo
gobogooogoooobobobboboooobboobboobooon

gobooooobooooo
o21goooooboo0oooooooooboooboboooooboobbooobboDbo
ggboooooooouooooooboooooooobobooboobobbooboobooboobon
gooobo0oboboooooboooobo0obob0bD0ob0oooboUobDobDoUooU o
goooboboogoooobooobooboooooobooboobobobooobboon
oogboooboobbooboobobooboooobobobobbooboboobooooobo
goboogbgoboobbboobbooboobooobobooooboobboobooo
gobooobooooboogooobo
[o200000000000000000000DODODO00DO0O0OODODDODO0O0ODOOODbOOO
gooogooo

(02300000000 0b00000b0O0b0oOo0obo0ooobooboobbboooboooo
googoooooo

o220 00o0bobooobgooooobboboobooobboboobobobooooboo
gbobgoboobbobouobooobuobbobbooobooboboooooanoobn
Mo2500000oogooobooooooooooooooooobDbooooooooboog
gooooo

ooooooooo221b00022s000oooooon
[ooobbooooboooooooM20b0Dbooobobooobbobobboboooboooo
goboobogbbobbobobboboooooobobobobobbon
Mooogoooo 33kmO0d0dO000 200mO00000O0000O00OOOO0OOODODObOOO
7000400 300)0000048kS/sO00000000O0DO0OOOO0OOOOODOOODOOO
ooooboooboboood k1sombOOoooo-3<M<OOOOOooooooooooDooo
gooboooooooobooobodooboooboobobooobobobbooobobbooooo
oobobboooooooooooooboboo2skHzODOOooOOoOooooooooooooDooo
goboooboboboooobobboboo3oobooobobbooboooooboobooobn 20
gboboooobobobobbooboooobobbooouobbooboooboobbooog
ooobboouobobobooogooooobOooobOob0 SOUooooboooooooooDoo
goboobooboboob0obbooboobbooob0o0oboooUobooooUbboo sog
googooobooobobooooobooboooobbobooooobooobobbobooogoo
gooob0oboooboboobobobooobooooobobooboooooboboooo 3000
ooobooobobooooooooobobobooooooboboobooo 1coMPa O OO OO
goooooooobooooooobooobooobobobobboboboboboobooobo
gobobboobooobbodooobuoooboooooobboobobooooooooon
goooboboogoboooooouooooobooboooobooooooboooobboon
oobooooboooobobboooopbboboboboobbooboboooo
(mgobooobooooooooobooboooobobbobbboobbboobooboo
ooooboobo0ooooboooboobobb 1okHzOODODDODOOOODOOOOOoOooDOoooooo



gobobobooooobobbbbooobbobobbooobooobooboboo
MooooobO0ob0o0000U0AEODDDODOO0ODOODOO0OOO0OOOO0ODODbOO0O0OLOOoDbOOo
ooooooooooooooboooombobobOobo0O0o0o00ooo00ob0ObO0O0OUOnUOAE
gooooobobobooobobobobb1boooboo0bobob0o0o0obooobOAEDDDO
pO0O0O0OODOO0OO0OOO0OOLOODOOOUO POODODDOOODOOUOODOODOODODOOAE
goboobobooboo pOO0ODDLOO AEDDODDODDOOODOOODOODDOOOOOUOLODDODODOO
0o000o00ooboOo AEOD0O0OOOoO220200 00000000000 AECDOOOoOoOonoono
goopOOo0obobobooob0bOo0ooobbOobooobooboooboobboooboboob
gbooogoobboobobooooooboobooogboboboobboobobobobo
go0oobbO0OUAEdOODODOODOOO pOOOO0ODODODLOOOODODDODOOODODDODOO
gobooobbooooboobbobobooobobobooobobboooooooooooboo
gbooooooooboooooooboooooboboooobbobobobobobboooobooo
ooooobooboboboboboooooobooo

Mo250000000000000000 AEODOODOOOODOOODOO0OO 10-220mbO0O0Q0O
Oo0ob0O0O0O AEOD00O0OnO AEOOObooooooo2011oc70b0 1000000 3goooO
goooobboooobooboogooboboooboboboooooboboooooooooobOon
ooooooooo smU00oooo0oboOooooDoooobboooobo0 20m0bbDOOO
gooboobobooboooooooooMmwobobbooooooboboboboboooooo
ooogooog2s0o0 s boogooboboobooboboooboboboogoo
gboooobgoobobobobobooboobooooobDobooobobboooobobobog
oboobooboboooobooooobb AEDD0oooooooooooboooooobooo
oooobooobbooob300o0oooooooboobooMPaOOOOODODOOOOOODODOO 10 MPa
goooobooobbooboooobobbobbooboboobobooboooooooobooooo
gooooboooobuoooooopbooboboobobbooooooooo

00odogo250000000000000000022000000000000D00ODOODOODOOLOO

Nakatani, M., Microfractures on natural faults stressed by mining (invited), The International Summer School
on Earthquake Science “Diversity of Earthquakes™ organized by the Earthquake Research Institute of
the University of Tokyo and the Southern California Earthquake Center, 25 September 2013, Hakone,
Japan.

R.J. Durrheim, H. Ogasawara, M. Nakatani, Y. Yabe, A.M. Milev, A. Cichowicz, H. Kawakata, H. Moriya,
M. Naoi, T. Kgarume, O Murakami and The Satreps Research Group (2013), Observational Studies In
South African Mines To Mitigate Seismic Risks: A Mid-project Progress Report, Proceedings of SAGA
13th Biennial Conference, accepted.

Yabe, Y., M. Nakatani, M. Naoi, T. Iida, T. Satoh, R. Durrheim, G. Hofmann, D. Roberts, H. Yilmaz, G.
Morema, and H. Ogasawara, 2013, Estimation of the stress state around the fault source of a Mw 2.2
earthquake in a deep gold mine in South Africa based on borehole breakout and core discing, Proc. 6th
Int. Symp. on In-Situ Rock Stress, Sendai, 604-613.
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