
 
 
 

Hawaiian Volcanism –  
Evolution of Hawaiian Volcanoes 

Link to Video of Dive to Lo’ihi 

http://vimeo.com/102290033
http://vimeo.com/102290033
http://vimeo.com/102290033
http://vimeo.com/102290033


 
 
 

Review of Regional Patterns 

Swell:  Vertical expansion of deep sea floor (< 5000 m) 
from  mantle plume heating: trough and arch. 
Ridge:  Plume effect noticeable to the NW of hotspot  

Isostasy: equilibrium of lithosphere and asthenosphere, 
whereby tectonic plates “float” at an elevation which 
depends on their thickness and density.  Two patterns:  



 
 
 

Review of Isostatic Structures 

  

 

Hawaiian swell:                
trough and arch                     
(Walker 1990)  
 
 
 
 
 
Flexure of the 
lithosphere beneath 
active shield volcanoes 
(Bianco et al., 2005) 

South North 



 
 
 

Review of Local Patterns 



 
 
 

 Bathymetry of the Hawaiian Islands 

Tuscaloosa  
seamount  



 
 
 

Ka’ena Volcano - precursor of O‘ahu 

The two volcanoes 
that formed O’ahu 
had a head start: 
they grew on top            
of an older volcano, 
now submerged             
northwest of the 
island and partially 
covered by it. 
 
Originally, submarine 
ridges extending > 
100 km presumed to 
have originated from 
the Waianae peak (Stinson et al., 2014) 



 
 
 

Ka’ena Volcano - precursor of O‘ahu 

Analyses of rocks 
from ridge are 1 MY 
older than Waianae.  
 
Many of these rocks              
formed above water, 
indicating that this 
volcano once stood 
above the surface.  
 
It broke through  
the ocean’s surface 
about 3.5 MY.  It 
cooled about 5 MY.  

Map of schematic outlines and structural 
features of Ka‘ena (blue), Wai‘anae (black),  
and Ko‘olau (green) Volcanoes of O’ahu. (Stinson et al., 2014) 



 
 
 

Growth history of shield volcanoes 
 
 Theoleiitic – Alkalic Lava Succession 

9 cm / yr 



 
 
 

Lava Chemistry 

 Two categories of volcanic eruptions:  
 
Alkalic:   (More alkaline – contain Na, K)  
- Low degree of melting (lower temperature) 
- Lava high in Sodium and Potassium  
- Explosive, such as at Mount St. Helens 
- Produces pyroclastic bombs and cones 

 
Tholeiitic:  (Less alkaline – do not contain Na, K)  
- High degree of melting (high temperature) 
- Lava high in Iron and Magnesium 
- Effusive, such as in Big island of Hawai'i  
- Produces smooth lava flows and lava fountains 

 
 
 



 
 
 

Volcano Structure 

 Volcanoes are placed into two general categories: 
 
- Cinder Cones:  

 
 
 
 
 

- Shield Volcanoes:   
  

Tholeiitic Lavas 

Alkalic Lavas 



 
 
 

What if the plate did not move ? 

Olympus Mons - youngest and tallest volcano on Mars.  
 
Its summit is 21 km high.  
It has a central complex  
consisting of six nested  
calderas that form a  
depression 72 x 91 km                                                              
wide and 3.2 km deep.  
 
As a shield volcano, it has  
an extremely low profile  
with very shallow slopes  
averaging ~ 4-5 degrees.  



 
 
 

Growth history of shield volcanoes 
 
 Theoleiitic – Alkalic Lava Succession 

9 cm / yr 



 
 
 

Growth history of shield volcanoes 
 
 About 95% of volume added during shield stage. 



 
 
 

Evolution of Hawaiian Volcanoes - Location 

The Hawaiian Hotspot  
supports three distinct   
volcanic systems, which 
are segregated in  space 
  

http://hvo.wr.usgs.gov/ 
seismic/volcweb/earthquakes/ 

http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/
http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/
http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/
http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/
http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/


 
 
 

Evolution of Hawaiian Volcanoes - Depth 

http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/ 

http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/
http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/
http://hvo.wr.usgs.gov/seismic/volcweb/earthquakes/


 
 
 

Evolution of Hawaiian Volcanoes - Duration 
Three distinct 
volcanic systems 
occur at the same 
sites, following this 
time sequence: 
 
- Shield building:   
 ~ 1 - 2 My 
 
- Declining: 
 < 1 My 
 
- Rejuvenation: 
 < 1 – 2 My    



 
 
 

Summary - Evolution of Hawaiian Volcanoes 

 Differences in: 
 
 Location (hotspot) 
 
 Heating / melting 
 
 Lava chemistry 
 
 Eruptions  
 
 Volcanic structures 
 
 Dominant Process: 
  volcanism 
  erosion 



 
 
 

Evolution of Hawaiian Volcanoes - Dynamics 
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Stages of Hawaiian Volcanism – Submarine Stage  

Structures:  
 
    
 
 
 
 
                                            Pillow Basalts: Slow flow of lava, Rapid cooling  



 
 
 

Lo’ihi Structures 

Pele’s vents on the summit            
of Lo’ihi volcano, at a depth            
of ~ 3200 feet (~ 1000 m). 
Rich in dissolved Si, H2S, K,  
Li, Rb, Ca2, Sr2, Ba2, Fe2, 
Mn2, NH4 and possibly Ni2. 

Eruptions produce land-slides             
of volcanic debris called talus.  
Over 90% of flanks of Lo’ihi               
are covered in this debris 

• Formation depends on pressure and solubility  



 
 
 

Stages of Hawaiian Volcanism – Emergent Stage  

Structures:  
 
 Dykes. Basalt rubble 
 
 Mingling with sediments 
 
 Hyaloclastite:  glassy basalt 
 fragments formed by chill 
 shattering of lava in water 



 
 
 

Stages of Hawaiian Volcanism – Emergent Stage  

Dynamics:  
 
Deep Earthquakes 
 
Explosions – close to surface 



 
 
 

Stages of Hawaiian Volcanism – Shield Building 

Structures:  
 
     Crater 
 
     Lava deltas 
  
     Rifts, Flows 

Mauna Loa, 4,170 m (13,680 ft)  above sea level 



 
 
 

Shield Formation - Kilauea 



 
 
 

Shield Formation – Kilauea  

Eruptions on Kīlauea 
occur at both the 
summit caldera and   
at the Southwest           
and the East Rift 
Zones, which radiate 
from the summit. 
 
East Rift Zone is 
larger and more 
active than the 
Southwest Rift Zone 
and, since 1983, has 
received the highest 
rate of magma supply 
in historical times. 



 
 
 

Rift Zone Geomorphology 



 
 
 

Shield Geomorphology 



 
 
 

 

In eruptions with a low effusion rate - where little lava 
is discharged at once – pahoehoe flows tend to form.  
 
Pahoehoe flow fields are fed by a well-insulated under-
ground tube system that prevents the lava from cooling.  
 
Because fewer gas bubbles escape in pahoehoe flows, 
they typically have more air bubbles or ‘vesicles’.  

Pahoehoe 



 
 
 

‘A’A 

In eruptions with a high effusion rate - where a lot             
of lava is discharged at once - `a`a flows tend to form.  
 
 
 

`A`a flows usually develop where lava is transported 
through open channels on the ground surface. Open 
channels allow the lava to cool with increasing distance 
from the vent, causing it to become thicker and more 
pasty. This thickened lave squeezes out many gas 
bubbles trapped inside it, called vesicles. 
  
The constant heat loss in an `a`a flow causes many more 
crystals to form. This further thickens the consistency 
of the lava, making it more pasty and resistant to flow. 
 



 
 
 

What starts out as a pahoehoe flow may go through the 
transition to `a`a when there is a change in conditions: 
 

- such as a sudden steepening in slope,  
- or due to the continuous loss of heat and gas as 

distance from the vent increases.  
 

However, once the `a`a has undergone irreversible 
processes such as losing gas or forming crystals, it 
generally does not change back to pahoehoe.  
 
It is common to have pahoehoe and `a`a flows from the 
same eruption with no different chemical composition. 
 

‘A’A vs Pahoehoe 



 
 
 

Shield Geomorphology 

The average subaerial lower slopes on Mauna Loa                       
and Kīlauea volcanoes are about 4°.  Below sea-level,                 
the slope of the volcanoes steepens considerably,                   
with an average slope of 13° at ~500 m water depth.  Why?  
 



Stages of Hawaiian Volcanism – Declining Stage 

Structures:  
 
     Alkalic Cap 
 
     Cinder cones 
  
      

Mauna Kea, 4,205 m (13,796 ft)  above sea level 

Why are cinder cones much 
steeper than shield volcanos ?  
 



 
 
 

Stages of Hawaiian Volcanism – Erosional Stage 

Structures: 
 
 Filled in valleys 
 
 Gentler slopes 
 
  Debris fields 
 
  
      

Kohala Volcano, Big Island 

Waimea Canyon , Kauai 



 
 
 

Stages of Hawaiian Volcanism – Erosional Stage 

Structures: 
 
 Slumps 
 
  Debris fields 
 
 Sea cliffs  
  
      

Molokai sea cliffs 
Tuscaloosa  
seamount  



 
 
 

Stages of Hawaiian Volcanism – Erosional Stage 

Changes in 
surrounding 
ocean: 
 
Formation of 
coral reefs 
 
Development 
of lagoons 
 
 



 
 
 

Stages of Hawaiian Volcanism – Rejuvenation 

Structures:  
 
    Cinder cones, outcroppings 
 
    Ash, pyroclastic bombs 
 
    Lava flows, vents 
  
      

The best examples of volcanic rejuvenation (re-start)               
are Ko'olau  (O’ahu) and East Maui volcanoes.  



 
 
 

Stages of Hawaiian Volcanism – Rejuvenation 

Tuff -  type of rock consisting of consolidated volcanic 
ash ejected from vents during a volcanic eruption. 



 
 
 

  

 

After 500,000 to 3 million years of inactivity, some 
Hawaiian volcanoes become reactivated after erosion  
has altered their original form (Bianco et al., 2005). 

Why does Volcanic Rejuvenation Occur ?   

South North 



 
 
 

Hawaiian Volcanism – Five Key Patterns 

La Perouse Pinacle                     Nihoa Island                    Molokai 

SE–NW gradient illustrates concurrent patterns: Age & Distance from Hotspot  



 
 
 

Hawaiian Volcanism - Hotspot 

The Swell and the Ridge 



 
 
 

Hawaiian Volcanism – Alignment 

Hotspot track / fracture zones 



 
 
 

Hawaiian Volcanism – Volcanic Centers 

Different types of volcanic structures  



 
 
 

Hawaiian Volcanism – Erosion 

Marine deposits and coastal cliffs 
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