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G2-1	:	Development	of	evaluaAon	method	of	discharge	rate	



Purpose	of	this	study	

Magma	pressure	driven	model	(e.g.,	HreinsdóHr	et	al.	,	2014)	
Pseudo-Gas	model	(Nishimura	et	al.,	1998)	

Gas	bubble	growth	model	(Scanndone	&	Giacomelli,	2001)	
Shock	tube	model	with	magma	fragmentaAon　(Koyaguchi	and	Mitani,	2005)	

To	Understand	how	the	volcanic	products	are	effused	from	the	conduit.	

1.  Examine	characterisAc	behaviors	of	Alt	records	that	can	
capture	 macroscopic	 pressure	 changes	 of	 magma	
chambers	during		erupAons.	

2.  Magma	 flow	 models	 are	 examined	 to	 interpret	 the	
observed	Alt	records.	

This	is	most	important	to	predict	the	spaAo-temporal	distribuAons	of	ash		



Small	erupAons	

ExaminaAon	from	Alt	records	



Shinmoe-dake	May	27,	2010　PhreaAc	explosion	



Ontake-san	Sept.	28,	2014	
PhreaAc	explosion	
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ExponenAal	decay	of	the	
magma	pressure	

Tilt	signals	from	the	occurrence	of	erupAon	(semi-log	plot)	

𝑒↑− 𝑡/𝜏  	

𝜏=180 s	𝜏=160 s	

Shinmoe-dake,	2010	 Ontake-san,	2014	

※Tilt	meter	response		
							Low	pass	(30s)	filter	



Sakurajima	
13h07m	on	May	10,	2014　	

Column	height	4500	m	

ExponenAal	decay	of	pressure	
source	

JMA	SFT2	at　	
3	km	north	of	the	crater	



Pseudo-gas	approximaAon	model	

Choking	

Δ𝑃= Δ𝑃↓0 /(1+𝑐( 𝛾↓𝑚 ) 𝑣↑∗ 𝑆/𝑉 𝑡)↑2𝛾↓𝑚 /𝛾↓𝑚 −1   	

𝑄= 𝜌↑∗ 𝑣↑∗ 𝑆	
𝑣↑∗ =√𝛾↓𝑚 𝑅↓𝑚 𝑇 	
							      = 𝑎↓0 (2/𝛾↓𝑚 +1 )↑1/2 	
								

𝜌↑∗ = 𝜌↓0 (2/𝛾↓𝑚 +1 )↑1/𝛾↓𝑚 −1  	

Mass	raAo	of	solid	and	gas	parts	
𝑚= 𝑀↓𝑠 /𝑀↓𝑔  	

gas constant: 𝑅↓𝑚 = 𝑅↓𝑔 /1+𝑚 	

speci:ic heat : 𝛾↓𝑚 = 𝐶↓𝑝,𝑔 +𝑚𝐶↓𝑠 /𝐶↓𝑣,𝑔 +𝑚𝐶↓𝑠  	

Pseudo	Gas	ApproximaAon	

Conduit
Cross Sectional Area:𝑆	

Magma Chamber
Pressure	Increase:	∆𝑃	

(Nishimura,	1998)	

Initial value
              Acoustic vel. :
𝑎↓0  
														Density	:	= 𝜌↓0  



Large	ErupAons	
ExaminaAon	from	Alt	records	



On	Aug.	18,	2013　	

127回予知連資料	
（気象研・気象庁・鹿児島大）	

Column	height	5000	m	

Constant	
decay	

Data	of	the	CoordinaAng	
Commifee	for	PredicAon	
of	Volcanic	ErupAons	#127	
(MRI,	JMA,	Kagoshima	
Univ)	

JMA	



Kozono	et	al.	(2014)	

Shinmoe-dake	Jan.	26,	2011	Sub-Plinean	erupAons	

Constant	decay	of	
magma	volume	

Kozono	et	al.	(2013)	



Conduit
		Radius:		R	

Rigidity:	𝜇	

Magma Chamber
Pressure	:	p	
Depth	:	 𝑧↓𝑐 	
ConcentraAon	:	 𝑛↓0 =𝑠√𝑝 	

Choking	 𝑄= 𝜌↑∗ 𝑣↑∗ 𝑆	

A	magma	erupAon	model	

Gas	bubble	growth	in	magma	chamber	
Choking	condiAon	at	the	conduit	exit	

𝑑𝑝=−𝑘𝑑𝑉/𝑉↓0  	

1/𝜌(𝑝) = 𝑛(𝑝)/𝜌↓𝑔 (𝑝) + 1−𝑛(𝑝)/𝜌↓𝑙  	

𝑄= 𝑑𝑉/𝑑𝑡 =𝑐𝑜𝑛𝑠𝑡.	

Constant	decay	of	
magma	pressure	

𝑛(𝑝) = 𝑛↓0 −𝑠√𝑝 /1−𝑠√𝑝  	
mass	raAo	of	gas	

𝑠√𝑝 　:	concentraAon	
													s~4× 10↑−6  Pa↑1/2 	

𝑅=10m	
        𝑧↓𝑐 =	4	km	
𝑉↓0 =	400,000	
m3	

𝜇=1×10↑8  
𝑃𝑎	
𝛾=1.05	

Constant	erupAon	rate	



1.  Volcanic	pressure	sources	exponenAally	decay	with	Ame		for	small	erupAons	
(Ontake	2014,	Shinmoe	2010,	Sakurajima	vulcanian).	The	exponenAal	decays	
are	matched	with	the	predicAons	from	magma	pseudo		gas	approximaAon	
model.	

2.  Contrary,	large	magmaAc	erupAons	indicate	constant	decays	of	pressure	of	
the	sources	(Plinean	of	Shinmoe,	2011,	Sakurajima).Magma	erupAon	model	
with	chocking	condiAon	can	explain	the	constant	decays.	

3.  ExponenAal	decay	and	constant	decay	can	be	also	examined	from	detailed	
observaAon	and	analyses	of	volcanic	ash	monitoring.	

4.  ErupAon	with	exponenAal	decays	may	enable	us	to	predict	the	duraAon	Ame	
of	erupAon	and	roughly	esAmate	the	volume	of	ejecta	if	we	can	precisely	
monitor	the	ground	deformaAon.		But,	erupAons	with	constant	discharge	rate	
may	suddenly	stop,	which	makes	the	predicAon	difficult.	

	

Summary	



Report	of	Extended	Board	of	the	CoordinaAng	Commifee	for	PredicAon	of	Volcanic	ErupAons.	2014/09/28	

Temporal	change	of	
erupAon	column	is	a	
key	to	understand	



Grímsvötn	Volcano,	Iceland	

Explosive	ErupAon	of	basalAc	magma	in	May	2011	

HreinsdóHr	et	al.	(2014)	

Magma	pressure	driven	model	

Poiseuille	Flow	

𝑄= 𝑑𝑉/𝑑𝑡 =−𝜋(1/𝜇 + 3/4𝑘 )
𝑎↑3 𝑑∆𝑃/𝑑𝑡 	

𝑄=− 𝜋/𝜂 ∆𝑃/𝐿 	
Conduit
length: 𝐿	
		Radius:		R	

Rigidity:	𝜇	

Magma
Bulk	modulus:	𝑘
Viscosity:	𝜂
Pressure	Increse:	∆𝑃	

𝑄= 𝑄↓0 exp(− 𝑡/𝜏  )	
𝑃=Δ𝑃exp(− 𝑡/𝜏  )	



Data	during	erupAons	

Few	reports	!	

Vulcanian	erupAons	at	Sakurajima	
　　ExponenAal	decay		
Iguchi	(2012,	Bull.	Dis.	Prev.	Res.	Inst.	Kyoto	Univ.)	

・ Erup;on	tremor　(seismic	observaAon)	
　　　VEI	and	maximum	amplitude	(McNuf,	1994）	
　　　Temporal	changes	（McNuf	&	Nishimura,	2008）	
　　　ErupAon	volume	and	tremor	amplitude	at	Sakurajima	(Iguchi,	2012)	
	

Unknown	and	complex	
mechanism	of	erup;on	
tremor	!	

・ Erup;on	column	(Rader	observaAon)	

・ Volcano	deforma;on	
	(GeodeAc	observaAon)	
　Measurement	of	moment	


