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Geothermal: Consider Rifts on Land

Human energy Consumption = 15 TW
Human electrical consumption = 1.7 TW



Consider New Zealand*

Wairakei Geothermal Power Station

4-5 cm yr-1

Present back arc extension ~0.75 cm yr-1

Material summarized in this lecture is 
largely from a 1983 field conference 
organized by Henley, Roberts and 
Hedenquist (1983)



Volcanic 
centers in 
Havre Trough



3480 Megawatts of thermal outflow
18×106 bbl oil equiv/yr
0.07% of 25 × 109 bbl oil/yr consumption
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Back arc spreading of 0.75 cm yr-1

can account for ~50% of heat 
output– suggests thermal output 
may vary somewhat with time



Volcanic 
centers in 
Havre Trough



Wairakei

Old-style drainage 
ditches

Silicified grass



Power ~747 at full throttle

Sheep in full flight



sulfurterraces

thermal ponds

Profusion of colors:
y,b,r iron oxides and hydrox

orpiment (As2S3)
y orthorhombic sulfur
orange realgar (AsS)
purple cinnabar (HgS)
grey (py and monoclinic S)



seeps everywhere

Pool colors: Sb and SbS orange, S yellow, Fe2+ green



Champaign Pool

Au deposition on As 
and Sb colloids



Carbonate precipitation 
engineers incredibly 
uniform flow

Beautiful terraces



vigorous boilingRock altered in 2 years in 
this recently-activated area



small explosions

situation inherently unstable



The rogue bore
250 MW, excavated hole 30m 
deep and 150m diameter



Waimangu Geyser in eruption in early 1904

Largest geyser in 
world erupted at 
intervals of ~36 hrs for 
5 hrs.  Mud, rocks and 
water thrown up 
~1000’.

Inferno Crater-
former site of 
Wiamangu Geyser

Receding lake 
left brilliant white 
mud on walls



Pink Terrace before 1886

Pink Terrace today

But this was just the tip…

One of 7 wonders 
of the world blew 
up in 1886

7.5 acres



The Tarawera eruption of 1886
Triggered by small dike injection
4.5 hr eruption
1.3 km3 ejected (500’ x 2 miles)
Heard in Auckland 130 miles away

Keam (1981)



Waste high mud impeded rescue

Keam (1981)



Weight of mud collapsed houses

Keam (1981)





New Zealand is, in fact, a very 
dangerous place

* “flat” volcano- most dangerous
Pummice 1.8m thick
80% material ejected >200 km
Fluidized pyroclastic flows traveled 80 km

*



Au precipitated 
with As and Sb 
in Champaign 
pool, New 
Zealand 









Gold

El Indeo

Few things 
motivate like Au



Nuggets discovered in Amazon forests of Serra Pelado, Para, 
Brazil in 1980.  Mountain→ 600’ pit, 0 → town of 100,000.  
42t Au from 6400 small claims by 61,000 workers





Sacks of earth



http://homepages.wmich.edu/~nwitschi/teaching/crowd.jpg

The California Gold Rush
January 24, 1848 John Marshall discovers gold at Sutter’s Mill 



http://www.legendsofamerica.com/photos-california/CaliforniaGoldMiners.jpg



Barrowman crosses Australia in 1980’s

1880’s Paddy Hannan discovers Au in Kalgoorlie, 1891 Tom Cue at Murchison goldfields

One generation 
explored the 
world for gold



Au veins scruffy looking-
not the more dramatic 
wide bull qtz veins 

Deposits with silica…



Silica spires

Silica breccia

Alteration produces weird surface forms



Hg transported in vapor

Silica boulders on hill

Bx

cinnebar



McLaughlin epithermal gold deposit

Geysers geothermal area

geysers

Serpentine replaced by silica and 
carbonate →”silica-carbonate” 
pinnacles called “eagle rocks”

http://nrs.ucdavis.edu/mclaughlin/naturalhis/region/region2.htm



Silica bubbles containing globules of 
bitumen, tar, or flowing oil. Redington 
mine cavity yielded several bbls green 
oil

2.2 Ma Clear Lake 
Volcanics

Gold deposits 
as H2S lost to 
vapor phase in 
boiling system



McLaughlin Gold

http://nrs.ucdavis.edu/mclaughlin/naturalhis/gold/gold1.htm

silica
carbonate

adularized
mudstone

Gold dendrites in 
qtz (calcedony) 
vein

Stony Creek 
Fault



The Mother Lode, Ca
m wide vein strikes across countryside 
formed by a different mechanism

Gold rush of 



Ladder structures 
indicate overpressured 
fluids- jack open veins



Abitibi Greenstone Belt
Quebec

Same areas contains 
lode gold and VMS base 
metal deposits

Au

Cu+Zn

Bimodal Metal
Distribution





Summary
1. Geothermal power impressive locally but of 

small potential and poorly located
2. Geothermal areas are extraordinarily 

hazardous in the long run
3. Geothermal systems can form epithermal gold 

(Hg-Ag-…) deposits
4. Key to Au is low-salinity waters
5. Connections to hydrocarbons and basins- high 

grade and HC, overpressures in lode Au 
systems

6. Basins are analogues for metamorphic 
petrology
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