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Pre-field Trip Lecture: O’ahu Volcanism 



 
 
 

The study of Hawaiian volcanism hindered by two processes:  
 
1) Erosion of original shields. 

 
2) The overlaying of later volcanic  
features from rejuvenation period. 
 
 

Two shield volcanoes on O’ahu: 
 
Wai’anae: 1227 m (Mt. Ka’ala) 
 
Ko’olau:  Lacks alkalic cap 
  

    Rises to 960 m  
    (Mt. Konahaunui) 
 

    Intense dike complex  

Two Eroded Shields 



 
 
 

Both shield volcanoes have suffered from large landslides 
that removed about half of each volcano. Post-erosional 
volcanoes are shown on the map above by small "x"s.  

Two Eroded Shields 



 
 
 

Wai’anae:   
  
Shield formed between 3.8 and 2.9 MY.  
Caldera located near center of Waianae 
Range and rift zones extend NW and SE. 
 
Lava flows of capping-stage about 1.8 MY.  
 
Rocks from the renewed volcanism stage 
present but have not been dated.  
 
Volcano extensively modified by erosion. 

Ko’olau:   
 
Main shield is about 2.7 to 1.8 MY.   
Caldera located south of Kaneohe Bay. 
 
Numerous dikes mark location of a 
rift zone trending to NW and SE.  
 
No rocks from capping stage.  
 
Much of volcano removed by landslide  
 
Re-shaped by renewed volcanism 
between 1 MY and 30,000 years ago.  
 
 
 



 
 
 

Evolution of O’ahu 



 
 
 

USGS Map of O’ahu:  http://http://pubs.usgs.gov/of/2007/1089/Oahu_2007.pdf 

Evolution of O’ahu 



 
 
 

USGS Map of O’ahu:  http://http://pubs.usgs.gov/of/2007/1089/Oahu_2007.pdf 



 
 
 

Volcanism on O’ahu 

Ko‘olau Poko or  
"short Ko‘olau," is  
one of two districts  
(with Ko‘olau Loa or  
"long Ko‘olau") making 
up the ko‘olau  
("windward”)  side  
of O‘ahu and 
encompassing  
the lands and reefs 
offshore of the 
northeast-facing slopes 
of the Ko‘olau volcano 



 
 
 

Ko’olau Erosion 

Very large dike complex 
exposed NE of the crest of 
the Ko`olau range. The rift 
zone extends from Kane`ohe 
northward towards Kahuku. 
 
The caldera of the Ko`olau 
volcano was about 13 km long 
and 6.5 km wide, extending 
from near Waimanalo to 
beyond Kane`ohe. Its SW 
boundary lies near the base of 
the Pali, and its eastern 
boundary is east of the 
Mokulua Islands offshore. 
 
Most of the Ko`olau lavas are 
tholeiitic. Later alkalic rocks 
filled in the caldera during the 
post-caldera stage.  



 
 
 

The entire eastern 
half of the Ko`olau 
volcano slid off into 
the ocean. Much post-
slump erosion has 
developed large 
amphitheater valleys. 
 
 
Debris from enormous 
landslides off O’ahu 
and Molokai extends 
hundreds of kilometers 
Map © 2001 MBARI 
 

Ko’olau Erosion 



 
 
 

Ko’olau Erosion 

Often shaped by the sea      
(e.g., Napali Coast, Kauai) 



 
 
 

More Evidence of Volcanism 

Olomana’s 3 peaks:  1643 feet tall. 
 
Horizontal basalt ponded inside Ko’olau caldera                                                                                                                                                                                                                                



 
 
 

Ko’olau Field Trip 

Goals: Explore the structures of the Ko’olau range and          
the Honolulu Volcanics. Learn about the geological forces 
(volcanism and erosion) shaping O’ahu’s physiography  



 
 
 

Ko’olau Field Trip 

Complicated landscape 
 
Remains of original 
shield volcano 
(tholeiitic basalt) 
 
Evidence of erosion 
 
Evidence of later 
rejuvenated volcanism 
(alkalic lavas, ash) 
 



 
 
 

Volcanic Structures 
Cinder cone 
A steep (> 30°) slopes conical hill of debris that accumulates around 
and downwind from a volcanic vent. 
 
NOTE: In O’ahu, Mount Tantalus (Puu-ohia) in southern Ko’olau Range 
 
Other examples of cinder cones: 

Kalama cinder cone in Maui, 
close to Haleakala 

Big island examples, with Mauna 
Kea on the background 

 



 
 
 

Volcanic Structures 
 
Tuff ring 
Volcano constructed by pyroclastic 
deposits with low slopes (2 to 10°)            
that encircle a relatively wide crater. 
 
 
 
 
 
 
 
Tuff cone 
Volcano composed of hardened ash               
with steeper (20 to 30°) slopes. 
 
 
 
 
 
 



 
 
 

Makapu’u View 

Caldera originally 6 miles wide by 7.5 miles long  
 
Highest point on Ko’olau range:  3168 feet 
 
Shield height reduced by subsidence (sinking), 
approximately 1000 feet and erosion (1000 feet) 



 
 
 

Ko’olau Field Trip – The Koko Fissure  



 
 
 

Ko’olau Field Trip – Koko Crater  
 
- Tuff cone 

 
- Lava interacted 

with sea water  
 

- height: 1280 ft 
 

- layers of 
palagonite  

   (weathered ash)  
 
 



 
 
 

Ko’olau Field Trip – Coastline  

Lava flows: 
 
- Resistant to erosion 

 
- Often form capes 

 
 
 

Tuff deposits: 
 
- Eroded by sea / weather 

 
- Table top formations 
 



 
 
 

Hawai’i Kai View 

Evidence of Honolulu Volcanics on leeward side: 
 
  - tuff cone 
  - crater 
  - lava flow 



 
 
 

Stages of Hawaiian Volcanism – Rejuvenation 



 
 
 

After the post-caldera stage of         
the Ko`olau volcano, a period of 
erosion lasted for about 2 my.  
 
Then a period of post-erosional 
volcanism began, about 1 my ago.  
 
O`ahu's post-erosional volcanism is 
the best-developed of the 
archipelago, and forms many 
prominent features. 
 
Koko Rift Zone is a key feature,  
consisting of the Koko Head / 
Hanauma Bay caldera complex,  
Koko Crater and Rabbit Island 
(offshore from Makapu`u). 

Rejuvenated Volcanism on O’ahu 
 



 
 
 

Rejuvenated Volcanism on O’ahu 
 

Post-erosional Honolulu Series 
volcanoes, shown here as 
yellow dots, started a little 
less than 1 my ago. The 
youngest is a flow in SE O`ahu 
that is about 32,000 yrs old. 
 
 
 
This late volcanism produced         
a variety of structures: 
 
- Isolated lava flows 

 
- Cinder cones 

 
- Tuff cones 

 



 
 
 

Rejuvenation Stage – Honolulu Volcanics 

http://pubs.usgs.gov/of/2007/1089/Hawaii_expl_pamphlet.pdf 

Take Home : 
 

Honolulu  
volcanics  
younger 
than the 
Ko’olau  
shield  

building 
basalt 

 



 
 
 

http://pubs.usgs.gov/of/2007/1089/Hawaii_expl_pamphlet.pdf 

Rejuvenation Stage – Honolulu Volcanics 

Take Home : 
 

Alkalic  
Honolulu  
Volcanics 

(Na, K rich) 
differ in 
chemical 

composition 
from 

tholeiitic 
Ko’olau  

(Silica rich) 
basalt 

 



 
 
 

Lava Types 

A’A’                                        Pahoehoe 

Chemical Composition: 
 

Felsic (or silicic)                                           Mafic (Basaltic) 
(aluminium, potassium, sodium, calcium)                         (iron – magnesium) 

 
Structure:  



 
 
 

Structural Lava Features 
Vesicle 
Bubble formed when molten rock approaches  the surface and volatiles 
come out of solution at the lower pressures.  Vesicularity refers to the 
vesicle volume in a rock. 
 
Porosity 
Or void fraction, is a measure of the void (i.e., "empty") spaces in a 
material, and is described as the fraction of the total volume made up by 
the voids (empty space).  Thus, porosity ranges from 0 – 100 %.   
 
For example:   
 
Pahoehoe lava 
Hawaiian term for lava flows typified by a smooth, billowy, or ropy surface. 
High retention of heat leads to slow cooling, which in turn allows the gases 
to escape. The result is a low porosity lava, with a smooth surface. 
 
Aa lava 
Hawaiian term for lava flows characterized by a rough and jagged surface.  
Low retention of heat leads to fast cooling, which in turn inhibits the 
escape of gases. The result is a high porosity lava, with a rough surface. 
 



 
 
 

 
 
 
 
Aphyric 
Texture defined by a fine-
grained or glassy groundmass 
without any phenocrysts. 
 
 
Obsidian (or glassy):   
Without obvious crystals. 
 
 
 
 
 

Porphyritic 
Texture of an igneous rock in which 
larger crystals (phenocrysts ) are set in a 
fine-grained groundmass. 
 
Vitrophyre (or vitric):   
Igneous rock with a glassy groundmass.  
 
 

Characterizing Lava Types 



 
 
 

Fisher, R. V. and Schmincke, H.-U., 1984. Pyroclastic rocks . 
Springer-Verlag, Berlin, 472 pp. 

Characterizing Lava Types 



 
 
 

Volcanic Rock Structures 
Pyroclast - Any fragment ejected during  
an explosive volcanic eruption.   
 
They are classified by size:  
 
Ash 
Consists of fragments of pulverized 
rock, minerals and volcanic glass, created 
during volcanic eruptions.  Ash consists  
of small  particles (< 2 mm in diameter) 
deposited via gravity or rain.  
 
Lapilli (singular: lapillus)   
Pyroclasts  between 2 and 64 mm. 
  
Bomb 
Pyroclast larger than 64 mm in diameter,  
that was partly or completely fluid when 
ejected from the volcano. 



 
 
 

Phenocrysts & Glass 

Phenocryst:  Large, conspicuous crystal in a porphyritic igneous rock. 
 
Groundmass: Fine-grained material between phenocrysts in a porphyritic 
rock.  The groundmass can be lithic (rocky) or vitric (glass-like). 
 



 
 
 

Volcanic Rock Structures 

Volcanic rocks are classified by their structure,              
which relates to their origin and composition: 
  
 
Pumice 
Highly vesicular and rough-textured  
pyroclasts with very low bulk density.  
Pumice, which may or may not contain  
crystals, has a porosity of 90%.             
The vesicle walls are thin-walled. 
 
Cinder 
Vesicular, coarse-grained pyroclasts  
of basaltic composition.  At least            
one dimension is > 2 mm.  Vesicle walls  
are usually  thick (much thicker than  
those in pumice pyroclasts).   
Also known as scoria. 
 
 
 



 
 
 

Volcanic Rock Deposits 
 
Pyroclastic Deposits – Deposits made of a 
mixture of various pyroclastic materials.   
They are classified by degree of consolidation: 
 
Agglomerate:  Coarse accumulation of  
volcanic material containing at least 75% bombs. 
 
 
 Tephra: Unconsolidated agglomerate. 
 
 
 
 Breccia:  Consolidated fragmental rock 
 composed of angular coarse fragments 
 with or without a fine-grained matrix. 
 
 
 Tuff:  Consolidated ash. 
 
 
  


