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•  Positive	anthropogenic	GHG	emission	trends	
demand	burning	of	carbon-based	fuels	to	be	
phased	out	as	rapidly	as	possible.	

•  The	now	solidified,	but	still	warm	magma	body	
that	lies	beneath	the	extinct	Dunedin	Volcano	
provides	anomalously	high	ground	heat	flow.		

		

•  Successful	utilization	of	this	geothermal	
resource	would	provide	long-term	economic	and	
environmental	benefits	locally,	nationally	and	
globally.	







8-story	library	heated	with	shallow	geothermal	
energy	saving	over	1000	tons	of	coal	annually	



Dunedin	is	built	on	an	extinct	volcano.	



The	compositions	of	the	solidified	
lavas	tell	us	something	lies	deeper.	



2-6x	enrichment	of	incompatible	
elements	in	some	of	the	volcanic	
rocks	(due	to	fractional	
crystallization)	means	that	1-5x	of	
their	mass	crystallized	in	the	crust	

Much	of	the	magma	was	trapped	and	
crystallized	beneath	the	surface.	
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The	ancient	magma	body	now	forms	a	large	mass	of	
dense	igneous	rock	that	perturbs	our	local	gravity.	

W.I.	Reilly	(1972)	
Gravitational	
expression	of	the	
Dunedin	Volcano,	
New	Zealand	
Journal	of	Geology	
and	Geophysics,	
15(1):	16-21.	



1500	km3	volume	
approx.	½	of	which	is	
occupied	by	dense	

igneous	rock	

The	gravity	readings	allow	us	to	estimate	its	size.	



The	Dunedin	
region	exhibits	
anomalously	high	
heat	flow	–	based	
on	very	limited	
data!		





age	range	of	volcanics	





500	m	

MBIE	“Smart	Idea”	Concept:	
•  drill	2x	observation	holes	each	ca.	500	m	deep	
•  measure	ground	heat	flow	for	1+	year	
•  assess	geothermal	resource	



Low-Enthalpy	Dunedin	Geothermal	Energy	
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Further	evidence	of	a	significant	geothermal	energy	
resource	beneath	Dunedin	comes	from	a	gas-rich	
well	on	the	Taieri.			





Chemical	“thermometers”	in	the	water	indicate	
that	it	reacted	with	rock	at	~	80-110°C.	





Further	evidence	of	a	potential	geothermal	energy	
resource	beneath	Dunedin	comes	from	a	gas-rich	well	
on	the	Taieri.			





The	water	contains	
high	concentrations	of	
Na	(400	ppm)	&	HCO3-	
(3020	ppm)	that	
indicate	it	reacted	with	
deeper	rocks.	



The	composition	of	the	fluid	
indicates	these	reactions	took	
place	at	≥	40-60°C.	







Conductive	heat	transport	
	L	=	(	α t	)	1/2	

for		
α	=	10-6	m2	s-1	
	t	=	11-16	Myr	(3.5-5	x	1014	s)	

then	
	L	=	19-22	km	

An	order-of-magnitude	calculation	indicates	that	
the	still	hot	igneous	rock	lies	about	20	km	deep.	




