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Lets examine some geomorphological, sedimentary, and 
beach changes on the east side of Oahu 



Changing coasts on the Hawaiian islands

Outline

-Island weathering (erosion) & 
review sea level changes

-Sea level affects on coastal 
landscapes

-Kawainui marsh as a record of 
natural & anthropogenic 
changes in the coastal lowlands

-Beaches, sand, and future sea 
level change



Oahu has also undergone many 
geomorphological changes

-Erosion is a primary source of land 
loss

-During periods of low sea level stands, 
more of each island is exposed to 
weathering (wind and water flow).

-Some rivers can cut through coastal 
plains

-There is plenty of evidence for this 
weathering

-In addition, coastal plains develop 
from high stands (reef and/or sediment 
accretion/accumulation)

(Stearns and Vaksvik 1935).



Interactions between sea level and erosion have 
shaped many features

Block Diagrams of the 
Development of the Pali
(A) Valleys cut in basaltic dome. 
(B) Removal of inter-stream 
divides in the high wet area and 
the development of high sea 
cliffs along the coast. 
(C) Beginning of submergence. 
(D) Final submergence
(E) Emergence leaving broad 
flat valley floors sloping gently 
seaward and valleys deeply 
filled with sediments. 

Low sea level

High sea level

(from Stearns and Vaksvik 1935). 



Low 18O
Warmer, 
less ice

450,000 
years ago

High 18O
Colder, 
more ice

Present 
(Holocene/ 
Interglacial): 
Warmer, less 
ice- so more 
16O in ocean

Last Glacial 
Maximum: 
Colder, more 
ice- so more 
16O in ice 
sheets

Holocene

Climate 
variability

The effect of building more ice on continents 
(through evaporation and precipitation of mostly 
16O) and the coincidence of colder temperatures 
both result in heavier 18O of foraminifera tests



Above-water coral terraces in 
Huon (New Guinea) 

Submerged 
reef Hawaii

Illustration of sea level rise 
(right) due to ice sheet 
collapse (above) that ended 
the last glacial episode

Fleming et al. 1998



Many remnants of different sea 
level ages exist across the island

Fletcher et al. (2008)

• Kailua Beach has a clear 
stream channel

• Many of the famous waves of the 
north shore (Waimea, Sunset, 
Haleiwa, etc.) have channels created 
largely by streams (past & present)
– Streams cut channels at times of 

lower sea level

– Lower salinities and higher velocities 
prevent coral growth (movement of 
sand in channel- abrasion)



• There are also features formed 
during past high stands 

• A few points in time had higher 
sea level than present, and 
fossil corals are found across 
Oahu

– many of these are last 
interglacial (~120,000 years ago) 
or before

– Some are from a Holocene high 
stand (about 3-5,000 years ago)

Muhs et al. (2002)



Coring through reef 
platforms 

But much of the accretion 
took place in areas 
currently underwater, 
although this accretion 
affected coastal areas 
(beaches)

We can learn a lot more 
about past changes by 
coring/drilling down through 
sediments/reefs/marshes



• There is a complex 
array of processes that 
both build up reefs (and 
erode them)

• Drilling through reefs 
indicates the ages and 
nature of reef 
formation

• Many are from the 
last interglacial 
stage 5e (~120,000 
years ago)

• But there are a 
variety of ages

(Grossman and Fletcher, 
2003)



Part of the structures of 
coastal habitat are 
composed of eolianite
-formed by either 
‘cementation’ of sands 
and or cementation of 
carbonate reefs

Sands are often deposited 
during sea level high 
stands

They become ‘cemented’ 
when sea levels are lower

Fletcher et al. (2005)



• Much of the sand on beaches also migrates with sea level changes, 
but not all

• There are deposits of sand within some of these former lagoons

• Sand and beaches are “Migrating upward and landward through 
space and time”  during periods of sea level rise

• How might future sea level high stand be different?

Fletcher (2010) Bochicchio et al. (2009)



• Coring, collecting, and dating 
different fossil reefs around Oahu 
shows that a sea level high stand 
occurred around 2-4,000 years ago

• In particular, Kapapa Island (outside 
of Kaneohe Bay) reflects a recent 
high stand

Fletcher et al. (2008)



Kawainui Marsh used to 
be a bay, much like 
Kaneohe Bay 

Kailua town started as a 
sandbar, like the 
sandbar in Kaneohe!

Right (above): Comparison 
between present day 
coastline and coastline 
during 1.8 meter mid 
Holocene sea level high 
stand

Below: Cross-section across  Kawainui marsh and the 
sandy Kailua berm. (Harney and Fletcher, 2003)

maps based on John C. Kraft (in Athens and Ward 1991).



Quick side story: the early beginnings of 
Kailua

The site of Kawai’nui Marsh has changed 
over the last 2 million years from volcanic 
caldera, to deeply eroded stream valley

Kawai’nui Marsh lies near the center of 
the eroded caldera of Ko’olau Volcano 
(shield volcano) that formed ~1.7 million 
years ago

With erosion of the Ko’olaus, a collapse of 
the NE side of the caldera (and slide into 
the ocean- between 1.7-0.5 mya) sets the 
setting for more recent changes in sand 
movement and coastal modification 

The Nuuanu Slide 
is visible as the 
trail of large blocks 
and mounds 
extending to the 
northeast.



Shield lavas

Dike complex

Caldera fill

Alluvium

Wetland sediments

Beach and dune sands

Uplifted  reefs

Honolulu Series vents

Honolulu Series flows

The marsh fills a broad, shallow basin 

occupying the lower floodplain of 

Maunawili Stream.

Ko’olau

caldera 

boundary

Simplified Geology of the 

Kawai’nui Marsh Area, Oahu



Coring Method
Russian Peat Corer:
Removes 50 cm intervals of sediment
Subsamples were collected in 2cm and 3cm intervals
Sampling of neighboring holes to recover overlap sections



Foram Identification (Left):
(A) Rosalina vilardeboana
(B) Peneroplis Pertusis
(C) Amphistegina madagascariensis
(D) Unknown species
(E) Spiroloculina corrugata
(F) Ammonia Tepida
(G) Cymbaloporetta bradyi
(H) Ammonia Tepida
(I) Quinqueloculina sp.
(J) Trioculina Linneiana

Foraminifera and Ostracods in The Sediments

Ostracod 
Shells

Meadow Region Trail Region Northern Region

Cavanaugh (2013)



Key Points:
-Marine, Lagoonal, transitional, and marsh facies
Marine layer (ML) : Marine shells, high carbonates

Lagoonal facies (LF):  Wide range of carbonates, abundant forams
Transitional facies (TF): Decline in forams or ostracods
Marsh facies (MF): Absence of microfossils, 
-In the ponded basin sites, abrupt increase in organics/peat

Distinction of 
Kawainui’s 
Facies

Cavanaugh (2013)



Late Holocene Sea Level Change and Geomorphology of Kawainui 

Lagoonal Environment
Circa 1600-1300 Y.B.P 
(Kraft 1980)

Late Hawaiian 
occupation/pre-European 
Arrival (Drigot 1982)

-Open Marine Bay 

-Lagoonal Environment 

-Estuarine/Brackish Marsh 
Environment 

-Freshwater marsh 
environment

Fletcher et al. (2008)



2000
A.D.

1500
A.D. 

1000 
A.D.

800 
A.D.

Polynesian Arrival
800-1100 A.D.
Athens (2009)

Taro Agriculture in Kawainui
1300 A.D. (Allen-Wheeler 1981)

European Arrival 
late 18th century

Pre-historic Fishpond 
Maintenance

?

Rice Overtook 
Taro 1860-early 1900s

Southern marsh  
Pastureland 
early 1900’s

Extensive Modification 
Since 1950’s

http://en.wikipedia.org/wi
ki/Kailua,_Honolulu_Coun
ty,_Hawaii

http://www.oldrustycars.com
/articles_96428.html

http://www.lakescientist.com/learn-
about-lakes/water-
quality/pollution.html

http://the.honoluluadvertiser.com/article/
2005/Dec/11/ln/FP512110355.html

Brief Anthropogenic 
History of Kawainui

Cavanaugh (2013)



‘Loulu’ Palm – Decline around 1000 A.D. possibly related to arrival and subsequent 
impacts (i.e. feral pigs and rat introduction) 

Increase in Grass and Sedge Pollen after arrival – indicative of landscape modification 
– last 1200 yrs

Introduced  ‘Canoe’ Species – cocos nucifera or ‘Coconut Palm’ (niu – Haw.)

Kawainui Pollen Record 
(Athens & Ward 1991)
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Pritchardia
(Loulu palms)

• Pollen evidence from 
crater lakes at higher 
elevations indicate 
Pritchardia presence 
at higher elevations

• Pritchardia palms, and 
some other endemic 
species, are now only 
found in limited 
environments (e.g. 
Nihoa island)

Athens (1997)

The relict loulu forest on 
Huelo Islet (Molokai) is 
typical of lowland forest 
ecosystems in Hawaii 
before human 
settlement.
Photo by Ken Wood, 
National Tropical Garden.



• Another major constituent of 
pollen in cores was 
unidentified for many years

• Kanaloa kahoolawensis was 
found on an inaccessible 
rocky part of the Kaho’olawe
island
– A leguminous shrub (~1 m 

high and ~ 2m across)
– Preferred semi-arid lowland 

environments

Athens (1997)



• Changes in pollen of Pritchardia and 
Kanaloa in 3 different sediment cores 
from 3 different environments
– Kawainui (windward, mesic)
– Mauanawili (windward wet)
– Uko’a pond (leeward, dry)

• All show major declines beginning 
~1000 years ago (note differences in 
timescales below)
– Date is later at Maunawili (early 

settlements mostly at sea level?)

• Lowland forests were gone by Captain 
Cook’s arrival

Athens (1997)



Causes of forest declines

• Introduced species (canoe 
species)

• Clearing land for 
agriculture

• Predation on seeds by rats
– In some areas (like leeward 

Oahu) changes in landscape 
appear before local human 
occupation (but after 
humans arrived)

• Fire

– Charcoal in cores are a 
good indicator of 
human arrival, maybe 
land practices too?

Athens (1997)



Similar changes have 
occurred in many animals

• Presence of 
bones of 
different 
species 
(mostly 
birds) in a 
sinkhole on 
Kauai

• Burney et al. 
(2001)



Fletcher et al. (2008)

• Global Sea level 
curve based on 
observations 
from many 
different regions

• Regional sea level 
curve for hawaii



Fletcher (2010)



Human Impacts on Beaches: Disruptions of 
Geological cycles

There are 3 primary causes of beach loss
1) human interruption of natural sand movement and sand supply 
2) high waves and currents leading to natural deficits in sand-supply 

(often associated with surpluses on other beaches),
3) sea-level rise which drives the beach to reposition in a more 

landward location Fletcher (2010)

25% of the 
length of 
beaches on 
Oahu have 
been lost to 
shoreline
hardening



“Most beaches in Hawai‟i lack 
abundant offshore sand sources. 
The primary source of sand on a 
chronically eroding shoreline is 
the dune system located along its 
landward edge. But these have
not historically been protected 
by management authorities.”
Fletcher (2010)



Typical Oahu Beach armourings: 
Ewa Beach, Kamehameha Hwy (Kaaawa), Lanikai

Fletcher (2010)



Sand Disruption
• In the absence of building over sand 

banks, the beach would naturally 
migrate shoreward (below)

• Building over the ‘sand banks’  
(armouring and/or sea walls) will 
further diminish beach widths (right)



• ‘Armoring’ beaches with 
breakwaters, sandbags, sea 
walls, etc. results in greater 
water energy and therefore, 
erosional loss

• Historical photographs 
illustrate sand losses over the 
years (right- Lanikai Beach)

Fletcher et al. (1997)



• Changes in beach 
extent at Lanikai
from aerial 
photographs 
(Romine and 
Fletcher, 2013) 



• In the absence of human activities, 
there would be a slow return to 
glaciation (thousands of years)

– Sea level would fall

• Instead, the planet is warming and 
sea level rising

• In the absence of catastrophic  
glacial collapse, sea level will rise 
by 20-50 cm in the next century

IPCC (2007)Figure 8. Causes of sea-level rise. Source: IPCC 

Climate Change 2001 Synthesis Report.



• We’re seeing many 
effects already, but 
much more expected

• Insurance companies 
are some of the first to 
respond (All State no 
longer covers many 
coastal houses)



Land within 
30 cm of 

mhhw



• Extreme events have always occurred, perhaps their 
frequency will increase in the future?  

• Regardless, sea level rise will make any future event worse




