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



O’ahu’s emergent shield volcanos have suffered from large 
landslides that removed about half of each volcano. Post-
erosional features are shown on map above by small "x"s.  

Two Shield Volcanos 



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.  



 
 
 

Pre-field Trip Lecture: O’ahu Volcanism 



 
 
 

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

Evolution of O’ahu 



The Koko Fissure  



 
 
 

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 

 



 
 
 

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. 
 



 
 
 

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. 



 
 
 

Volcanic Rock Structures 

Volcanic rocks are also 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. 
 
 
  



 
 
 

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. 
 
 
 
 
 
 



 
 
 

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 

 



Coastline Structures 

Lava flows: 
 
- Resistant to erosion 

 
- Often form capes 

 
 
 

Tuff deposits: 
 
- Eroded by sea / weather 

 
- Table top formations 
 



Scavenger Hunt 
1. List two examples of different types of erosion. What type of                

geological formation is involved?  What mechanisms caused the erosion? 

 

 

 

 

2. List two examples of evidence of past sea level change.                     

       Explain what is the evidence and where you saw it?  

 

 

 

 

3.    List two examples of secondary (rejuvenated) volcanic activity? 

       Provide a specific example (and feature name) for each feature type. 

 

 



 

4. Draw some tuff deposits from the Koko Crater / Halona Blowhole area.   

      What are the embedded dark rocks?       

            What are the embedded white rocks?  

 

 

 

 

 

 

5. Draw different size lava rocks around the Halona Blowhole. 

 Find small marble-sized stones. How were they made? 

 Find larger-sized rocks.  How were they made?  

 

 

Scavenger Hunt 



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) 



Hawai’i Kai View 

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



 
 
 

Hawaiian Volcanism – Five Key Patterns 

La Perouse Pinacle                     Nihoa Island                    Molokai 

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



 
 
 

Hawaiian Volcanism - Hotspot 



 
 
 

Hawaiian Volcanism – Volcanic Centers 



 
 
 

Hawaiian Volcanism – Alignment 



 
 
 

Hawaiian Volcanism – Erosion 



 
 
 

Just Created a New Volcanic Island 
 
 
 
 
 
 
 
 
 
 

…  What Next ? 

http://www.cnn.com/videos/world/2015/02/28/pkg-orig-volcano-forms-new-island-japan.cnn 

http://www.cnn.com/videos/world/2015/02/28/pkg-orig-volcano-forms-new-island-japan.cnn
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MacArthur, R.H. & Wilson, E.O. (1963). An Equilibrium Theory  
of Insular Zoogeography. Evolution, 17 (4): 373-387 

 

Island Biogeography Theory 
 

Number of species found on an island (habitat patch)           
determined by dynamic balance between opposing forces. 

 



 
 
 

Ecological Foundations - Biogeography 

Biogeography is the study of the distribution 
of organisms, species and ecosystems in space  
and time (over ecological and geological scales) 
 

This knowledge informs understanding (ecology, 
evolution) and applies management  (restoration, 
conservation) of the natural world 
 

Alfred Russell Wallace           
studied the distribution                    
of flora and fauna in                  
the Malay Archipelago  
in the mid-19th century.  
 
Wallace saw biogeography                   
as a source of support for                 
the   theory of evolution 



 
 
 

Ecological Foundations - Biogeography 

 
1. Organism distributions and biological communities  
vary across geographic and environmental gradients  
(ecotones)   (for example: latitude, elevation, depth) 

Three main factors influence biogeographic patterns:  

2. They are also structured by the extent of the 
habitat area and by the degree of isolation 
 

3. Increasingly are impacted by humans 
 - overharvesting 
 - habitat degradation / fragmentation 
           - introduced species   



 
 
 

Foundations – Species-Area Curves 

Johann Rheinhold Forster, the naturalist on Captain Cook's 
second voyage to the South Pacific (1772), seems to be the 
first to have noticed this particular point (Quamen 1996). 
 
He stated: “Islands only produce a greater or less number 
of species as their circumference is more or less extensive” 
 
H.G. Watson first quantified  
the species / area relationship  
in 1835, by remarking that as  
the area of a county in England  
increases by factor of 10, the  
number of plant species in that  
county increases by factor of 2  
                    (Rosenzweig 1995).  

N 

2N 



 
 
 

Foundations – Species / Area Curves 

Approx. Area Species Index No. 

mi2 (Actual) k 

4 5 0 

40 9 1 

(400) (20) (2) 

4000 40 3 

40000 84 4 

The species-area relationship is usually constructed for  
a single type of organism (taxonomic group), such as all  
vascular plants within a particular site. 
 
Table 1. Island size versus number of amphibian and             
reptile species in Antilles  (Darlington 1957, Quamen 1996) 
 



 
 
 

Foundations – Species / Area Curves 
These are power relationships:     Species = c * (Area) z  
 
If A denotes the area and S the number of species,               
then the area of the islands can be written as A = 4*10k 
where k is the index number of the island in Table 1 
starting with k = 0 for the smallest island.  
 

And the number of species is  expressed as S = 5*2k.   

log S = log (cAz ) 
so 
log S = log c + log Az 
and finally 
log S = zlog A + log c. 



 
 
 

Foundations – Species-Area Curves 

A species-area curve is the 
relationship between the area 
of a habitat and the number of 
species found within that area.  
 
 
 
 
 
 

The relative numbers follow 
systematic mathematical 
relationships (Preston 1962) 
 



 
 
 

Foundations – Species / Area Curves 

The equation of the 
least squares regression 
line is  y = mx + b  
 
or, using the formulation 
of the power model, 
log S = z log A + log c 
 

So:      z = 0.324 and log c = 0.493 or,  
 equivalently, c = 10 0.493 = 3.113. 
  
 Thus, the power model is:  S=cAz = 3.113A0.324 
  where A is measured in square miles. 
 

Slope = z 



 
 
 

Ecological Foundations - Biogeography 

 The species richness of a given area can be predicted in 
terms of the habitat area and the traits of the species. 

 
    Early empirical slopes (z) fell within a narrow range from     
    0.15 to 0.39 (Preston 1962, MacArthur and Wilson 1967) 
 

 Does Z depend on the ecology of the species? 
 
 Z varies across taxonomic groups and is inversely 

related to their dispersal capability, with flying and 
wind dispersed organisms, having the lowest values 
(Connor and McCoy 1979)  
 



 
 
 

Ecological Foundations - Biogeography 

 Does Z depend on the geography of the habitat? 
 
 The dispersal capacity of species on continents is 

much better than on islands, which is reflected in 
lower z values for continental flora and fauna 
(Connor and McCoy 1979) 
 
Z also varies with the location and shape of 
the area conserved, depending on the dispersal 
capability of the taxa (Ney-Nifle and Mangel 2000) 



 
 
 

Foundations – Island Biogeography 

NEAR 

FAR 

Conclusion 1:  Size of the 
area (island)  matters 
 
Why? 
 
- More colonizations 

 
- Less extinctions 
  

The publication of The Theory of Island Biogeography 
by Robert MacArthur and E.O. Wilson in 1967 showed that 
the species richness of an area can be predicted in terms 
of the balance between immigration and extinction rates. 



 
 
 

The publication of The Theory of Island Biogeography 
by Robert MacArthur and E.O. Wilson in 1967 showed that 
the species richness of an area can be predicted in terms 
of the balance between immigration and extinction rates. 

Conclusion 2:   
Distance from  
the source matters 

Foundations – Island Biogeography 

Why? 
 
- Less colonizations 

 
- More extinctions 



 
 
 

Foundations – Island Biogeography 



 
 
 

Foundations – Island Biogeography 



 
 
 

Foundations – Island Biogeography 



 
 
 

Foundations – Island Biogeography 

Testing Island Biogeography (Simberloff  1976) 
 
 
 
 
 

Study System: 
 
-   Insects  

 
- Mangrove islets 

 
- Florida everglades 

 
 
 
 



 
 
 

Foundations – Island Biogeography 

(Simberloff  1976) 
 
 
 
 
 

Experiment: 
 
- Census species 

 
- Decrease size 

 
-  Census species 

 
 
 
 



 
 
 

Foundations – Island Biogeography 

(Simberloff  1976) 
 
 
 
 
 

Results: 
 
- Species number  
    decreased, when  
    area diminished 
 
-  Decline happened  
    regardless of  
    habitat diversity 
 
 

 
 
 



 
 
 

Foundations – Island Biogeography 

Species Turnover Results (Simberloff  1976) 
 
 
 
 
 

 

The area effect and the underlying dynamic equilibrium 
are not due only to an increase in the transients and 
vagrants on larger islands. 
 
Yet, there are a number of species which are particularly 
prone to quick extinction and which contribute 
disproportionately to the observed high turn-over rates. 
 
However, the effects of decreased area on species 
composition are stochastic at best, not deterministic.  

 



 
 
 

Foundations – Island Biogeography 

Total  
Species 
On 
Island 

Time 

Ecological Time Frame Evolutionary  Time Frame 

Species Accumulation  
Dynamic Turnover 

Higher Efficiency (Narrow Niches) 
Species Adaptation (Speciation) 



 
 
 

Foundations – Island Biogeography 

What does this mean for the colonization of Hawai’i by life? 
 
- Size of the islands                

influences species richness  
 

- Connectivity to mainland 
influences species richness 

 
- Which species colonized  / 

Which ones did not  
 
- Diversity of habitats, as           

islands age and erode,          
changed… enhancing overall 
biological diversity   

Human Impacts Create Islands 
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