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Controls on Fluid Flow in 
Hydrothermal Systems & 
Epithermal Environments 

What controls fluid flow in 
hydrothermal systems? 

  
magmatic intrusions 
country rocks 
faults & fractures 
hydrothermal alteration 
mineral dissolution-precipitation 
 
Scale dimensions of controls, 
e.g., Taupo Volcanic Zone. 
 
Complex & simple flow networks 
 
 

Rotorua Geyser 
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Rowland et al. 2009 

Central TVZ 
 

Geothermal systems 
(Red = low resistivity) 

 
Segmented rift 

 
Normal faults NE-SW 
 offset rift segments 

 
Caldera structures 

 
Active Silicic Volcanoes: 

Okataina 
Taupo 
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Shallow Seismicity (<15 km) 
 

M>2.5 events 
 

1990-2008 
 
 

Data: GeoNet New Zealand 
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East & West thermal belts 
 

Rift Segments 
 

Modern volcanic events 
(<0.06 Ma) 

 
 
 
 

Central Taupo Volcanic Zone 

Rowland et al. 2009 

GEOTHERMAL SYSTEMS 
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water table 
 
permeability  
structure 
 
bouyant  
water column 
 
convective 
heat transfer 
 
intrusion 
 
 

Geothermal System 

Broadlands-Ohaaki 
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Broadlands-Ohaaki 

fractured meta-sedimentary 
basement  rx 

layered volcanic deposits 

Broadlands-Ohaaki 
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fractured meta-sedimentary 
basement  rx 

layered volcanic deposits 

Broadlands-Ohaaki 
cover!

basement!

high !
porosity!

low !
porosity!

Static fault-fluid !
interactions!

hydrothermal minerals & alteration patterns 

epidote & calcite 
replacing plagioclase 

Broadlands-Ohaaki 
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Ohakuri: Epithermal prospect (inactive) 
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Ohakuri 
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Ohakuri 
>2 million oz dis Au (<1 ppm) 
 
Round Mountain analogue 
 
Veins discontinuous & anastomosing 
 
 

Geothermal Hydrology-Faults 

Paeroa Fault 
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Geothermal 
Hydrology-Faults 

What controls distribution 
of hot springs? 

Rainbow fault draped by 
silica sinter 

J. Rowland 

Rotokawa 
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Rotokawa 

Flow rate 10 l/sec 

Waiotapu: Champagne Pool 

photo L Homer 
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geysers & hydrothermal eruptions 

eruption vents, Waiotapu, NZ 

10 km 

Waiotapu 

Reporoa Caldera 

Reporoa Caldera 

water table 
 
permeability  
structure 
 
bouyant  
water column 
 
convective 
heat transfer 
 
intrusion 
 
 

Geothermal System 
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epithermal veins 
 

small scale 
 

100-500 m vertical 
 

transitory 
 

exceptional permeability 
 
 
 
 

Geothermal System 

epithermal veins 
 

small scale 
 

100-500 m vertical 
 

transitory 
 

exceptional permeability 
 
 
 
 

Hishikari, Japan 
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epithermal veins 
 

small scale 
 

100-500 m vertical 
 

transitory 
 

exceptional permeability 
 
 
 
 

Hishikari, Japan 

Wells 
15-30 cm diameter 

50 to 150 kg/s 
1-3 km deep 

 
 

2 phase (boiling) well 

10 cm 

chalcopyrite scale 
60,000 ppm Au 

>100,000 ppm Ag 

back pressure plate 
downstream side 

Brown, 1986 

solution 
1 ppb Au 
8 ppb Ag 

boiling 
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Extensional-transtensional structures→small differential stress. 
 
High fluid flux over short periods: <<1000 yrs 
 
Vein filling ~ several short lived flow events separated by  
long periods of quiescence (Sanematsu et al. 2006). 
 

water table 
 
permeability  
structure 
 
bouyant  
water column 
 
convective 
heat transfer 
 
intrusion 
 
 

Geothermal System 
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White Terraces 

Pink Terraces 

Lake Rotomahana 

Mt Tarawera 

1900 to 1904: Waimangu Geyser plays in eastern part of Echo Crater 
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100-120 kg/s 

Haraharo caldera ~300 ka 
 

Tarawera rhyolite dome complex ~20 ka 
 

1886 basalt eruption craters 

The long term transfer of 
energy via hydrothermal 
fluid flow is modulated by 
permeability structure which 
varies in space and time.  
 
A complex network of fluid 
pathways is required and 
characteristic of geothermal 
reservoirs.  
 
 

Summary 



17 

High fluid flux structures 
form a short circuit that 
redistributes much of the 
fluid flow and focus 
discharge due to seismic 
and/or volcanic and/or 
magmatic processes.  
 
The extensional fracture 
that hosts the high flux 
structure and forms the vein 
requires small scale 
differential stress to form.  
 
 
 

Summary 

High fluid flux structures 
form a short circuit that 
redistributes much of the 
fluid flow and focus 
discharge due to seismic 
and/or volcanic and/or 
magmatic processes.  
 
Dike intrusion is a second 
process that can form 
extensional fractures and 
high fluid flux structures. 
 
 

Summary 


