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1. Calcium carbonate production in coastal environments 

 

Biologi ca l pro d u ct i o n of calci u m carb on a t e in th e ocean s is an imp or t an t pro c e ss. 
Althou gh carb on a t e is pro du ce d in th e op en ocean (pelagi c , see Chapt e r 5 ), this 
ch ap t er con ce nt r at e s on prod u ct i o n in coast a l wat e r s (nerit i c) becau se th is  
con t r ib ut e s sed im en t to the c oast th ro u gh  s kelet a l breakd o wn pro du ci ng  san d and 
grave l dep o sit s  on  beach e s , acro ss con t in e nt a l sh elve s,  and with i n reef s.  Marin e 
organ i sm s wit h hard body part s  preci p i ta t e  calci um carb o n at e  as th e min er a l s calci t e 
or arago ni t e . Corals, mollu scs, foram in i fe r a, bryo z o an s, red algae (for examp l e th e 
algal rims that ch ara cte r i z e reef crest s on Indo -Pacif ic reef s)  are part i cu la r l y 
pro du ct i ve , as well as some sp eci e s of green algae (esp e ci a l l y Halimeda). Upon 
death, these calca r e o u s organ i sm s break down  by ph ysi ca l, chemi ca l, and biolo gi ca l 



1.1 Global distribution of carbonate beaches  

Beaches are accu mu l a t io n s of sed ime nt on the sh o re l in e. Carbon at e organ i sm s , 
part i cu la r l y sh ell s  th at live d in th e san d, toget he r wit h dead shell s rewo r ke d fro m 
sh all o w marin e or adjace n t rocky sh o re s, can cont r i bu t e  to  beach sed im en t s . 
Dissolut i o n and re -preci p i t a t io n of carbo n at e can ceme nt  sed im ent s formi n g 
be a ch r o ck, or shell y depo si t s calle d  coq ui n a . On man y arid coas t s an d islan d s lacki ng 
rive r in pu t of sed ime n t to the coast, biolo gi ca l pro du ct i on of carb on a t e is th e 
domin an t source of sand and gravel.  Over geo lo gi c a l time (thou san d s of years) this 
bio lo gi ca l sou rce of carb o n at e sedim e nt may have formed beache s th at are 
comp o se d ent ir e l y , or nearl y en t ire l y , of  calci u m carbo n at e. Where large rive rs 
disch a r ge sed im en t to th e coast, or alon g coasts cove r e d in dep o si t s of glaci a l till 
dep o sit ed du rin g th e last ice age, beach e s are domin a te d by sed ime n t derive d fro m 
terri gen o u s (derive d fro m con t in en t a l rocks) sou rce s.  Carbon a t e sed im en ts 
comp r i se a small e r pro po r t i on of th e se  beach sed im e nt s (Pilkey et al., 2011).  

Sand blown in lan d fro m carb o n at e beach e s forms du n e s an d th ese may be ext e n si ve 
an d can beco m e lit hi f i ed int o su b st a nt i a l deposi t s of carb on at e eolia ni t e (win d -
blo wn) dep o sit s. Signif ica n t dep o si t s of eolia n ite are fou nd in th e Medit err an e a n, 
Africa, Austral i a, and some part s of th e Caribb e an (for examp l e most of th e island s of 
th e Bahamas). The occu rr e n ce  of carb on a te eolian i t e s is th ere fo r e a usefu l pro xy for 
map p in g th e occu r r en ce of carb o n at e beache s (Brooke, 2001).   

Carbon at e beach e s may be comp o sed of sh ell s prod u ce d by trop i ca l to su b -polar 
sp eci e s, so their occur r en ce is not limit e d by lat itu d e , al t ho u gh carb on a t e pro du ct i on 
on polar sh elve s has rece i ve d litt l e at t en t io n (Frank et al., 2014) .  For examp l e, 
Ritch ie and Mather (1984) repo rt e d th at over 50 beach e s in Scotlan d are comp o sed 
almo st ent ir e l y of sh ell y carb o n at e san d.  There is an in cre a se in carbo n at e con t ent 
towar d s th e sout h alon g th e east coast of Florid a (Houst on an d Dean, 2014). 
Carbon at e beache s, comp r i si n g 60 -80 per cent  carbo n at e on avera ge, ext en d for 
over 6000 km alon g th e temp er a t e sout h e rn coast of Austral i a, derive d fro m 
organ i sm s th at lived in ad jace nt sh all o w -marin e en vir o n me nt s (James et al., 1999; 
Short, 2006). Calcareo us biot a have also con t rib u te d alon g mu ch of th e weste r n 
coast of Austral i a; carb on a t e con t en t s avera ge 50 -70 per cent , backe d by sub st an t i a l 
eolia n it e clif f s  compo sed of simila r sed im en t s alo n g th is arid coast (Short, 2010). 
Similar non -trop i ca l carb o n at e pro du ct i on occur s of f th e nort h e rn  coast of New 
Zealand (Nelson, 1988) and east e rn Brazil (Caran n an t e et al., 1988), as well as 
aro u nd th e Mediterr a nea n Sea,  Gulf of Calif or n i a, North -West Europ e, Canad a, Japan 
an d aro un d th e nor t h e rn South China Sea (James an d Bone, 2011).  

On large carb on a te banks, bioge n i c carb on a te is su pp l e m en te d by preci p i t at i o n  of 
in o rga n i c carb o na t e , inclu d i n g pelle t s an d grap est o n e dep o si t s (Scoffin, 1987) . Ball 
(1967) ident i f i ed marin e san d belt s, tid al bars, eolia n rid ge s, and platf o rm in te r i or 
san d blan ke t s comp r i sing carb o n at e san d bod ie s prese nt in Florid a an d the Bahamas.  
This is also one of th e locat i o n s wh ere ooid s (oolit e s) fo rm th rou gh th e con ce nt r i c 
preci p it a t io n of carbo n at e on sph e r i ca l grain s. I norgan i c preci p it a ti o n in th e Persian 
Gulf , includ i n g the sh all o w wat e r s of th e Trucial Coast,  refle ct s  high e r wat er 
tempe r a tu r e and salin it y  (Purser, 1973;  Brewer an d Dyrsse n, 1985). 
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b u d ge t s  (Cooper and Pilke y, 2004). Few analyse s con si d e r th e con t r ib u t io n of 
bio ge n i c carb o n at e an d non e fore sh a do w th e con se q ue n ce s of an y red u ct io n in 
su p p l y of carb o na t e sand.  This is part l y becau se of time lags bet we e n pro d u ct io n of 
carb o n at e an d it s in co rpo r a t i on in t o beach dep osi t s, which is poo rl y const r a i n ed in 
pro c e ss st ud i e s and wh ich is su bje ct to great varia b i l i t y bet we en diff e re n t coasta l 
set t in gs, ran gi n g fro m years to cen tu r i e s  (Anderso n et al., 2015) . In view of 
un ce rt a i nt i e s in rat e s of sed im en t sup p l y  and tran sp o rt, prob a b i l i st i c mod e l in g of 
sh o re l in e beh av i o r may be a more ef f e ct i ve way of simu l at i n g possi b le resp on se s, 
inclu d in g pote n ti a l accre t i on wh ere sed im e nt su p p l y is suf f i ci en t (Cowell et al., 
2006).  

 

2.2 Potential impacts of sea-level rise on reef islands 



The imp act s of fut u re sea -leve l rise  on in d ivi du a l ato ll s remai n un clea r (Donner, 
2012). Healt h y reef syste m s may be cap ab l e of keep i n g pace with rat e s of sea -leve l 
rise. There is evide n ce th at reef s have cop e d wit h mu ch more ra p id rat e s of rise 
du rin g post gl a ci a l melt of majo r ice sh eet s than are occu r r i n g now or ant ici p a te d  in  
th is cent u r y. Reef s have resp o nd ed by keep in g up, cat ch in g up, or in case s of very 
rap id rise givin g up, oft en to backst e p an d occu p y more lan d wa r d locat i o ns 
(Neumann and Macintyr e , 1985; Woodrof fe and Webster, 2014). Geologic a l  
evid e n ce su gge st s th at health y coral reef s have exh ib i t ed accret i o n rat e s in th e 
Holoce n e of 3 to 9 mm year −1 (e.g., Perry an d Smithers, 2011), comp ar a b le to 
pro je cte d rat e s of sea -leve l rise for the 21 st  cent ur y. Howeve r, reef gro wth is like l y to 
lag beh in d sea -leve l rise in man y case s resu lt i n g in large r wave s occu r r in g over th e 
reef flat and aff e ct in g th e sh ore l i ne (Storlazz i et al., 2011; Grady et al., 2013). It is 
uncle a r wh et he r th ese large r wave s, and th e in cre a se d wave run -up th at is like l y, will 
ero d e reef -



t h at are con n e ct e d to deep- wate r, ocean i c en viro n m en t s (Andersso n and Mcken z ie, 
2012).  The seawa t e r ch emi st r y wit h in a reef syst e m can be sign if i ca ntl y diff e r ent 
fro m th at in th e op en ocean, perh a p s part i al l y of f set t in g th e more ext re m e eff e ct s 
(Andersson et al., 2013; Andersson an d Gledh il l, 2013). Corals have th e ab ilit y to 
mod u l at e pH at the sit e of calci f i cat i o n (Trot te r et al. 2011; Venn et al. 2011; Fal ter 
et al., 2013). Intern al pH in bot h trop i ca l an d temp e r at e coral is gen e r all y 0.4 to 1.0 
unit s highe r th an in th e amb ie nt seawa te r, wherea s foram in i f er a exh ib i t no eleva t io n 
in int e rn a l pH (McCulloch et al., 2012).  

Change s in th e seve r it y of sto rm s will aff e ct coral reef s; storm s erod e some island 
sh o re l in e s, but also pro vi d e in pu t s of bro ke n coral to exte nd ot he r islan ds (Marago s 
et al., 1973; Woodroff e, 2008). Alterat i on s in ult ra- vio le t rad iat i o n may also have an 
imp act, as UV has been lin ke d to coral bleach in g. Furth e r mo r e, if reef s are not in a 



o f 0.2 m year −1, and a 10  per ce nt  discou nt rat e [simi l a r to an in te r e st rat e ] over a 
25-year perio d). In the Maldive s, min in g of coral for con st ru ct i on has had seve r e 
imp act s (Brown an d Dunne, 1988), resu lt in g in th e need for an art if i ci al su b st i tu te 
breakwa t e r arou nd Malé  at a con st r u cti o n cost of aro un d 12,000,000 dollar s 
(Moberg and Folke, 19 99). 

 

4. Conclusions, Synthesis and Knowledge Gaps 

 

There has been relat i ve ly lit t l e stu d y of rat e s of carb o n at e pro du ct i on, and fu rt h er 
rese a r ch is need e d on the su pp l y of bio ge n i c sand and grave l to coast a l eco syst e m s. 
Most beach e s have some calca r e ou s bio ge n i c mat e r i a l with i n th em; c arbo n a te is an 
imp o rt a nt comp o ne nt of th e sho re l in e beh ind coral -reef syst e m s, wit h reef island s 
on at o ll s ent i r e l y comp o se d of skelet a l carb o n at e.  

The sed ime n t bud ge t s of these syste m s need to be bet t er und e r stoo d; dire ct 
ob se r va t io n s an d mon it or i n g of key varia b le s, such as rat e s of calci f i cat i o n , wou ld be 
very usef u l . Not only is lit t l e kn o wn ab ou t th e varia b i l i t y in carb on a t e prod u ct i on in 
sh all o w -marin e sys t e m s, but th eir resp on se to ch an gi n g climat e an d ocean o gr a ph i c 
drive r s is also poo rl y unde r st o od. In the case of reef syste m s, bleach in g as a resul t of 
eleva t ed sea tempe r a tur e s and redu ce d calci f i ca t i o n as a con se qu e n ce of ocean 
acid i f i ca t io n seem like l y to red u ce coral cove r an d pro du ct i on of skele ta l mat e r i al. 
Longer -term imp li ca ti o ns for th e su st a in a b i l it y of reef s an d sup p l y of sed im en t to 
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