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The Erosion of Islands  

Weathering describes the general process by which rocks are broken down              
by mechanical and chemical processes at the Earth’s surface into sediments, 
clays, soils and substances that are dissolved in water. 
 
After the physical breakup and chemical decay of exposed rocks by                
weathering, the loosened fragments and alteration products are carried away. 
 
Erosion involves the transport of these materials away from the source area 
using many transport agents: gravity, wind, rivers, ice and snow. 
  
As weathered products are carried away, fresh rocks are exposed to further 
weathering. Over time, the island is gradually worn down.  These materials           
are deposited on land (in valleys and marshes) and carried out to sea 
 



 
 
 

Factors Which Control Rates of Weathering 

1. Properties of Parent Rock 
 
Mineralogy affects susceptibility to weathering.  For 
example, mafic silicates like olivine and pyroxene weather 
much faster than felsic minerals like quartz and feldspar. 
 
Mafic refers to minerals or rocks rich  
in magnesium and iron; term combines  
"magnesium" and "ferric". 
 
Felsic refers to minerals or rocks rich 
 in lighter elements silicon, oxygen,  
aluminium, sodium, potassium; term  
combines "feldspar" and "silica" 

 



 
 
 

Factors Which Control Rates of Weathering 

1. Properties of Parent Rock 
 
A rock’s structure  affects its susceptibility to weathering.  
 

 
Layered sedimentary  
rocks have bedding  
planes that can be  
easily pulled apart and  
infiltrated by water.  
 
Weathering therefore  
occurs more rapidly on 
sedimentary rocks. 



 
 
 

Factors Which Control Rates of Weathering 

2. Climate 
 
Rainfall and temperature affect rate of weathering.  
 
High temperatures and greater rainfall increase 
the rate of chemical weathering. 
 
 3. Length of Exposure 
 
The longer a rock is exposed to weathering, the greater 
the alteration, dissolution and physical breakup.  
 
Lava flows quickly buried by subsequent lava flows are 
less likely to be weathered than flows which remain 
exposed for long periods of time. 
 
 



 
 
 

Factors Which Control Rates of Weathering 

4. Presence of Soils 
 
Soils affect the weathering  rates because they: 
 
- retain rainwater so rocks covered by soil are subjected 

to chemical reactions much longer than if exposed to air  
 

- harbor variety of  
vegetation, bacteria  
and organisms that  
produce acidic  
environment, which  
in turn promotes  
chemical weathering 



 
 
 

 Examples of Chemical Weathering 

1. Conversion of silicates into clays 
 

Silicates comprise all minerals in igneous rocks and are 
important components in metamorphic rocks.  
 
However, not all silicates survive weathering to become 
incorporated into sedimentary rocks. 
 
Examples of silicates:   
felspar, mica and amphibole  
(but not quartz) 
 
 
Silicates + water = Clays + dissolved SiO2 + dissolved cations  
                                                                            ( K+, Na+)  
 



 by   
 
 

 Examples of Chemical Weathering 

2. Dissolving of minerals by water 
 
Clay formed depends on composition of original silicate: 
 
 
Feldspars + water = Aluminium rich clay (kaolinite) +  
    dissolved SiO2 +  
         K+ + Na+ 

 
 
Fe+Mg silicates + water = Fe+Mg rich clays +  
    dissolved SiO2     
 



 
 
 

 Examples of Chemical Weathering 

3. Dissolving of minerals by low acidic water 
 
Slightly acidic rainwater reacts with carbonates. 
 
 
For instance: 
 
- carbonic acid dissolves carbonates (such as calcite) 
 
 
 
 CaCO3 + H2CO3 = Ca2+ 2HCO3

- 

 
  
 



Question:   
 
 

 Examples of Chemical Weathering 

4. Chemical Weathering Through Oxidation 
 
Oxidation involves combining metals (like Fe) with oxygen. 
During oxidation, the metals lose electrons to the oxygen. 
 
metal + oxygen = metal oxide 
4Fe + 3O2 = 2Fe2O3 

 
NOTE: Iron also dissolves                                                                
   in water as cations.  
 
   Dissolved Fe exists in  
   two oxidation states  
   Fe2+ and  Fe3+ 
  
 



 
 
 

So What ? 
As soils develop in humid environments, rock-derived 
elements gradually lost due to weathering and run-off. 
 

Under constant conditions, ecosystems should reach a   
state of profound and irreversible nutrient depletion.  
 

Question:  
 
What two other 
mechanisms provide 
nutrients for 
evolving islands ? 



 
 
 

Nutrient Cycles 
Bio-geochemists distinguish between two nutrient types:  
 
atmospherically derived or rock-derived elements 
 
 
 

Note:  
 
In functioning 
ecosystems, 
there are also 
organism-
derived 
nutrients, 
regenerated by 
recycling 



 
 
 

Nutrient Cycles 

Rock-derived (calcium, magnesium, potassium, phosphorus): 
 
- important constituents of minerals 
 
- enter terrestrial ecosystems  
    through partial or complete  
    dissolution of these minerals  
    (chemical weathering) 



 
 
 

Nutrient Cycles 

Atmospherically derived elements (Carbon, Nitrogen): 
 
- have an important gas phase 
 
- enter terrestrial ecosystems through deposition from 

atmosphere (dissolved in precipitation or dry deposition) 
 

- enter terrestrial ecosystems through biological 
   processes (photosynthesis and biological N2 fixation) 

 

Acacia koaia 
 
Kohala , Hawaii Island 
 



 
 
 

Hawaiian Ecosystem Development 
Evaluated sources of biologically significant elements and 
their implications for ecosystem functioning across a 
developmental sequence of sites in the Hawaiian islands.  
 

Quantity and availability of nutrients in the soil control 
plant productivity and aspects of ecosystem functioning.  
 

(Chadwick et al., 1999) 

Six Study Site (Ages):                
The two youngest sites       
on the still-active Kilauea 
volcano; the 20,000-yr-old 
site on Mauna Kea, the 
150,000-yr-old site on 
Kohala, the 1,400,000-yr-
old site on East Molokai, 
and the 4,100,000-yr-old 
on Kauai. 



 
 
 

Nutrient Cycle Study - Approach 
Over time, the topography evolves from classical shield 
volcanoes with gentle slopes, to deeply dissected landforms. 
 
 
Compared sites with substrates of different ages: 
implicitly assume substitution of space for time. 
 
 
Did not assume all sites influenced by identical conditions 
throughout their history; older sites subjected to greater 
climatic variation and isostatic / thermal driven subsidence. 

(Chadwick et al., 1999) 



 
 
 

Nutrient Cycle Study - Methods 
Located 6 sites that differ markedly in the age of their 
underlying substrate, from 300 through to 2,100, 20,000, 
150,000, and 1,400,000 to 4,100,000 years old.  
 
Sites are similar in current climate, with a mean annual 
temperature of 16 deg C, and 2,500 mm of precipitation.  
 
Substrate is basaltic rock admixed with tephra, with initial 
chemistry that varies little in space or time. 

(Chadwick et al., 1999) 

Tephra is fragmental material from  a 
volcanic eruption regardless of composition, 
fragment size or emplacement mechanism 



 
 
 

Nutrient Cycle Study - Methods 

Evaluated following metrics, across developmental sequence: 
 
- soil nutrient availability 

 
- forest composition 

 
- net primary production (NPP) 

 
- and nutrient limitation 
 

(Chadwick et al., 1999) 



 
 
 

Results – Youngest Sites 

(Chadwick et al., 1999) 

 
Soils little weathered: 
properties influenced by 
coarse-textured 
pumice-rich material 
 
Soils harbor little 
extractable nutrients 
(N, P) 
 
Plants rich in cations, 
but low in nutrients 
(N, P) 
 
 

Plant available  
nutrients in soil and 
nutrients in leaves 



 
 
 

Results – Middle-Aged Sites 

(Chadwick et al., 1999) 

Highly weathered soils. 
 
Most chemically 
reactive minerals have 
transformed to less-
active clays, with loss of 
the nutrient-holding 
capacity of younger soils 
 
Nutrients (N, P) 
extractable and   
loaded  in plants 
 

Plant available  
nutrients in soil and 
nutrients in leaves 



 
 
 

Results – Oldest Sites 

(Chadwick et al., 1999) 

soil has lost most of its 
active minerals to 
weathering and leaching  
 
most of remaining soil is 
made up of inert iron and 
aluminium minerals 
 
has no capacity to supply 
nutrients to plants and 
little ability to retain 
recycled nutrients 

Plant available  
nutrients in soil and 
nutrients in leaves 



 
 
 

Nutrient Cycle Study - Results 

(Chadwick et al., 1999) 

(a) Cations (Calcium, 
Magnesium) and Silica   

     lost more rapidly  
     – compared to lava 
 
(b) Aluminium and  
     Phosphorus     
     retained longer  
     – compared to lava   
 
(c) Weathering rates                        
     (mass / area / time)    
     faster for Calcium                   
     than for Phosphorus 



 
 
 

Nutrient Cycle Study - Results 

(Chadwick et al., 1999) 

Calcium inputs: 
 
 
 
- (a) Substrate & rainwater 

 
 
 
 

- (b) % from rainwater 



 
 
 

Nutrient Cycle Study - Results 

(Chadwick et al., 1999) 

Phosphorus inputs: 
 
 
 
- (a) Substrate & aerosols 

 
 
 

- (b) % from aerosols 



 
 
 

Nutrient Cycle Study - Implications 

(Chadwick et al., 1999) 

The biological availability of 
essential plant nutrients varies 
along the age sequence:  
 
youngest sites have highest 
concentration of cations                          
(Ca, Mg, K) and little available 
nitrogen and phosphorus in soil 
 
intermediate-aged sites have          
fewer available cations and more 
nitrogen and phosphorus in soil 
 
oldest sites have lowest phosphorus 
and cation availability and highest 
nitrogen availability in soil 

Metrosideros polymorpha  (Ohia) 
 

Makes up 80 - 88 per cent of each 
forest's basal area, across the sites 

 
Plant tissues reflect changes in          

cation / nutrient availability  
  



 
 
 

Nutrient Cycle Study - Implications 

(Chadwick et al., 1999) 

Inputs from atmosphere  
can sustain productivity  
of Hawaiian rainforests  
on highly weathered soils 
 
Cations supplied by  
marine aerosols and  
phosphorus deposited  
in dust from central  
Asia, 6,000 km away. 



 
 
 

Weathering Study - Methods 
Determined total mass loss and rate of chemical weathering 
from 3 minimally eroded lava flows of different ages: 
 ∼10 k, 170 k, and 350 k years old 

Annual 
Rainfall 

To assess influence         
of both climate and 
substrate age on 
weathering, they 
sampled three flows: 
 
each flow crosses  
precipitation gradient                   
    ∼600 to ∼2500  
          mm / yr.  
 

(Porder et al., 2007) 



 
 
 

Mass loss rates highest for 0–10 k year interval under the 
wettest climatic conditions (54 t km−2 yr−1). 
 

Decreased to near zero in the wet sites during the 10–170  
and 170–350 k year age intervals.  
 

Weathering rates lower in drier sites; 
Highest ∼24 t km−2 yr−1 from 0–10 k year interval. 

Weathering Study - Results 

NOTE:  Wet sites 
accumulated  material 
– soil was created 

(Porder et al., 2007) 



 
 
 

Weathering Study - Results 

Confirmed that weathering 
depends on climate 
 

By working on uneroded 
flow of a single rock type 
across rain gradient, able    
to quantify dust deposition 
 

 
Dust inputs reached 82%        
of total mass loss from 
weathering zone at some  
sites, and averaged 30%       
on the 170 k year old flow 
 
Rain deposition of dust 

(Porder et al., 2007) 



 
 
 

Dust Study - Methods 
Eolian  dust  in  deep-sea  sediment  cores provides indicator  
of  past  atmospheric  circulation  and paleoclimate 
 

To identify provenance of eolian dust in North Pacific, 
isotopic compositions and rare earth element (REE)  
concentrations  from silicate in deep-sea sediments 
 
- Central Pacific data identical    
to  loess (glacier dust) from  Asia 
 
- Island-arc (Kuril - Aleutians)   
contributions dominate  in NW Pacific 
 
- Sediments from eastern Pacific  
derived from west margin of North   
and South American continent 

(Nakai et al., 1993) 



 
 
 

Aerosols 

Vog - The word is a combination "volcanic" and "smog".  
 
Form of air pollution that results when sulfur dioxide and other 
gases and particles emitted by an erupting volcano react 
with oxygen and moisture in the presence of sunlight. 
 
Kīlauea has been erupting continuously since 1983.                       
Kīlauea emits 2,000 - 4,000 tons of sulfur dioxide every day. 
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