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a) Fringing reef L5/2

5.1. Historical Perspective

Initial great thinkers regarding reef
morphodynamics:

Subsidence and atolls:
Darwin (1842), Dana (1872)

Glacial effects on sea level and
temperature:

Daly (1910s-1930s), Davis (1928)

1950s: 1000 m of shallow water
corals documented on Bikini Atoll

-- Why look? Ans: Geology
beneath H-bomb testing

b) Barrier reef

c) Atoll

Figure 1.3. Schematic representation of the progression deduced by Charles
Darwin showing how (a) fringing reefs around a volcanic island would develop
into (b) barrier reefs and barrier reefs would develop into (c) an atoli, as a result
of subsidence and vertical reef growth (based on Huxley, 1878).



5.2. Reef Morphology and Zonation; 5.2.1. Reef Morphology L5/3

Two main provinces:
-- Atlantic (West Indies) # species? far fewer
-- Indo-Pacific (Tropics, but not eastern Pacific) far more species

Windward vs. leeward:
-- Windward: Straighter edge; generally more developed and more productive

-- Leeward: More irregular edge; lower slope; less prominent reef crest

Recent sea-level:
-- mid-Holocene highstands (Pacific) lead to supratidal conglomerates

-- rising sea-level throughout Holocene (West Indian) have no recent emergence features

Main zones:
-- Reef front: Offshore with live corals
-- Reef crest: High energy margin, marked by wave breaking
-- Backreef: Reef flat and/or lagoon
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5.2.2. Reef Zonation
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5.3. Reefs in Time and Space
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5.3.1. Reef Distribution and Structures L5/7
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Figure 5.7. Island types and their occurrence in an ocean plate setting.
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Figure 5.8. Volcanic island morphology, in cross-section, and its relationship to
island age and barrier reef development. The former profile of the volcanic
island is shown by the dashed lines and thickness of reef development is
inferred from the break of slope associated with the reef morphology (based on
Menard, 1983).



5.3.2. Quaternary a) Sea level L5/9
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Figure 5.10. Evolution of atolls in the late Quaternary as a function of sea-level
variations. Radiometric dating provides an insight into the environments of
deposition and their change from the Last Interglacial (marine oxygen-isotope
substage 5e) through the last glacial maximum to the modern Holocene reefs.
Similar variations can be envisaged for previous glacial/interglacial cycles.
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Figure 5.11. Modes of reef growth in response to relative sea-level change. The
rate of sea-level rise determines whether or not reef growth can be achieved.
The patterns of sea-level change most widely experienced in the Atlantic reef
province and in the Indo West Pacific influenced the reef growth strategies .



5.3.4. Reef Growth and Sedimentation — Determines surface morphology of reef L5/11

(Note: Reef growth # Coral growth.)

Coral growth Primary
(4 =200 mm/yr) framework
Binding, encrusting Living tissue
Secondary P nie: .
framework rr Coral imestone

Also erosion,

human impact, etc. Boring Encrustation

| | =5 and epibiota

nterna . .

Fine skeletal i . a— Microboring

carbonate sedimentation Macroboring
Sand

Precipitation, Cementation

lithification MEE{W cements

Void

Figure 5.12. Reef growth consists of five processes which can be viewed in
time, and also with increasing depth into the reef structure (based on Scoffin,
1987; Wood, 1999).

Review of Reef Morphology: L5/12
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5.4. Processes on Reefs; 5.4.1. Sediment Processes on Reefs

In terms of nutrients and grazing pressure, coral reefs are favored only when:

Low Nutrients High Nutrients
High Grazing Coral Turf Algae
Pressure
Low Grazing Frondose Crustose Coralline
Pressure Macroalgae Algae

Controls on sediment supply, movement and particle size:

-- Supply of calcareous sediment increases with area of productive reef rim.

-- Dispersal of sediment increases with strength of waves and currents.

-- Size of sediment “particles” (pieces?) on reef increases with wave and currents energy.
-- Size of sediment is generally finer on leeward side of reef.

-- Sediment on reefs is often poorly sorted (“texturally immature”).

-- Net sediment input from other parts of reef favors better sorting.

-- Local winnowing favors larger sizes with poor sorting.

-- Size of sediment is concentrated in classes associated with skeletal elements.

-- Durability (and therefore size) of particles depends on type of coral and bioerosion.
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Figure 2.15. Reef sediments break down via a series of discrete size classes
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depending on the biological skeletal elements and the processes of breakdown

which are operative (based on Folk and Robles, 1964; Scoffin, 1987).



5.4.2. Wave and Tide (Current) Processes L5/15

A) Wave Processes:

-- Higher wave energy (generally) favors reef growth.

-- Reefs greatly affect local waves via wave breaking on reef crest.

-- Little shoaling or refraction on mid-ocean reefs because reefs rise steeply from deep water.
-- Little reflection from reef crest.

-- Wave breaking can set up water level on reef flat/lagoon.

-- Some (reduced) wave energy can pass over reef crest.

-- Refraction and dissipation patterns across flat/lagoon important to sediment redistribution.

-- Waves often vary dramatically around an island with reefs (e.g., leeward vs. windward).
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a) Grand Cayman

Figure 5.13. Wave and
current energy and
morphology around Grand
Cayman Island, West Indies.
(@) The distribution of wave
power around Grand
Cayman. Arrow indicates field
site.

-- Higher wave energy shore: Closely spaced, well-developed coral spurs with deep grooves
on forereef.

-- Lower wave energy shore: More widely spaced and poorly developed reef topography.
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b) Current and wave energy
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deeper.
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Figure 5.13. (b) The relative
c) Forereef terrace importance of wave and
current processes in relation
_____________ sea level _ to fringing reefs. (c) Typical
forereef morphology (based
on Roberts et al., 1992).

forereef
... buttress

5.4.2. Wave and Tide (Current) Processes L5/18

B) Current Processes:

-- On forereef, waves dominate shallower, currents dominate deeper.
-- Unbounded reefs = open-ocean flow across reef, low residence time (e.g., “ribbon reefs”)
-- Land-bounded reefs = still relatively open on ocean side, moderate currents

-- Reef-bounded systems = atolls with extensive reef island development lead to longest water
residence times and S,T stress in highly protected lagoons.

-- Wave-set up drives rip-like circulation over flat/lagoon.
-- Tides can create large currents in backreef flat/lagoon.
-- Flood tide delta-like deposits can form in lagoons landward of reef passages/inlets.

-- In lagoon, currents move with wind in shallows with return flow is likely in deeps.



b) T t L5/19
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Figure 5.14. The distribution of wave and tidal forces across shallow-water
environments of the Cocos (Keeling) Islands, Indian Ocean. (a) The atoll and
the dominant flood and ebb tidal currents. (b) Transect x through an inter-
island passage on the eastern margin, and (c) transect y on the southern
margin of the atoll, and the relative importance of different processes and their
potential to move sediment (based on Kench, 1998).

5.4.3. Extreme Events and Disturbances L5/20

Physical disturbances to reefs — Hurricanes (or other large storms), floods, earthquakes/
tsunamis, exposure by extreme low tides or wind set-down, high temperatures or salinity,
sedimentation.

Biological disturbances to reefs — Predators, pathogens, diseases, high nutrient loads, invasive
species, loss of grazers, human impacts (physical and chemical in nature).

Adaptation to disturbance — Moderate disturbance can enhance diversity and productivity.

Morphological features from large storms — Storm deposits (some high-standing), erosion of
reef front and crest, rubble ridges and ramparts on crest and flat, origin of reef crests.

Disturbance magnitude and frequency — e.g., 1 vs. 2 hurricanes; recovery period depends on
intensity of storm/disturbance.

Response to disturbance — Bleaching = expelling symbiotic algae, most commonly associated
with high temperature (although multiple stressors often contribute).



Figure 5.15. A reef block on |_5/21
the rim of Suwarrow atoll in

the northern Cook Islands,

Pacific. This block of reef

limestone was ripped from

the reef rim presumably by a

tropical cyclone. This atoll was

struck by a severe cyclone in

1942, which may have been

responsible.

5.2.3. Atolls and atoll reef islands L5/22
Atolls are composed entirely of calcareous reef-derived sediment
-- Most common in Indian & Pacific (Maldives, French Polynesia).
i (Woodroffe
b) Subsiding atoll Fig. 5.10)

AN

SL -

FX Pleistocene limestone I Holocene reef  [_] Holocene sand

Typical Holocene growth phases:

Early to mid-Holocene catch-up reef growth.
Mid-Holocene phase of reef-flat formation (when Indo-Pacific tropic sea level was +0.8 m).

Late Holocene phase of reef-island formation and lagoonal infill.
What'’s next? Accelerated sea level rise — reef-islands (e.g., Tuvalu) are in big trouble



Reef island morphology vs. storm frequency: L5/23

Frequent storms
-- rubble rampart deposits on reef flats on windward side
-- spur and groove on reef front
-- algal ridge on high-energy windward reef crest
-- conglomerate platform forms reef flat and underlies island
--islands are termed “motu” are composed largely of shingle
-- large storms import rubble to subaerial island
-- waves are usually too large to build substantial sand onto island
-- more dynamic subaerial island position
Infrequent storms
-- less extensive rubble deposits, less prominent algal ridge
-- less extensive conglomerate platform
-- islands are termed “cays” composed mainly of sand
-- large storms erode sand from subaerial island, but also cause rollover/washover
-- sand is built back during normal swell conditions
-- less dynamic subaerial island position

-- movement of groundwater promotes beachrock formation and island stability
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