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What	  are	  algae?

They	  occur	  in	  most	  habitats,	  ranging	  from	  marine	  and	  freshwater	  to	  
desert	  sands	  and	  from	  hot	  boiling	  springs	  to	  snow	  and	  ice

Algae	  are	  the	  photosynthe=c	  organisms	  excep=ng	  land	  plants	  

They	  are	  "simple"	  (their	  =ssues	  are	  not	  organized	  into	  many	  dis=nct	  organs)

From	  single-‐celled	  forms	  to	  large,	  complex	  mul=cellular	  forms	  (seaweeds,	  kelps)	  
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prokaryotes	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Cyanobacteria	  (blue-‐green	  algae)

eukaryotes,	  	  “true”	  algae

Major	  groups

Chlorophyta	  (green	  algae)
	   Charophytes
Rhodophyta	  (red	  algae)
Heterokonts
	   Bacillariophyceae	  (diatoms)	  
	   Phaeophyceae	  (brown	  algae)
Haptophyta	  (coccolithophores)
Dinoflagellates

and	  several	  other…

Polyphyle=c:	  many	  independent	  endosymbio=c	  events

type	  of	  chlorophyll	  and	  other	  pigments
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Heterokonts
	   Bacillariophyceae	  (diatoms)	  	  test	  (cell	  wall)	  of	  silica
	  
	   Phaeophyceae	  (brown	  algae)	  very	  few	  species	  calcify

Haptophyta	  (coccolithophores)	  calcite	  scales

Dinoflagellates	  	  calcite	  cysts	  

plankton

Chlorophyta	  (green	  algae)
	   Charophytes
Rhodophyta	  (red	  algae)

Cyanobacteria	  (blue-‐green	  algae)

A	  few	  subgroups	  calcify	  

CALCAREOUS	  ALGAE
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Charophytes	  (stoneworts)

Sister	  group	  (closest	  rela=ves)	  of	  land	  plants

Common	  pondweeds

Fresh	  and	  brackish	  water

Cosmopolitan,	  highest	  abundance	  in	  warm	  temperate	  climates
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internodes

nodeswhorls	  of	  branchlets

1 cm
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1 mm
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1 mm
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antheridia:	  low	  preserva=on	  poten=al

1 mm
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calcite	  forma=on	  in	  cells	  surrounding	  the	  egg	  cell	  	  

gyrogonite

calcite	  (plus	  aragonite)	  precipita=on	  around	  stem	  cells	  and	  branchlets

1 mm
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internode

node

calcified	  stems1 mm
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stems	  of	  charophytes
Early	  Cretaceous.	  Southern	  Spain

1 mm
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gyrogonites

Early	  Cretaceous.	  Southern	  Spain

0.5 mm
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usually	  in	  s=ll,	  clear,	  non-‐flowing,	  water

low	  to	  medium	  nutrient-‐rich	  water

tend	  to	  disappear	  with	  eutrophica=on

Lake	  Tanganyika

Green	  Lake,	  NYTaken	  from	  Talbot	  and	  Allen	  (1996)
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rock-forming fossils

major components in many lacustrine limestones

Pleistocene, Baza Basin, S Spain
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Chlorophyta	  (True	  green	  algae)

most	  DASYCLADALES

Two	  main	  groups	  calcify:

some	  BRYOPSIDALES	  
(or	  HALIMEDALES)
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Dasycladaceae

DASYCLADALES
The	  order	  includes	  two	  families:

Polyphysaceae
(Acetabulariaceae)	  
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Polyphysaceae
(Acetabulariaceae)	  

5 mm
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each	  plant	  is	  a	  single	  giant	  cell	  with	  many	  nuclei

rela=vely	  common	  in	  shallow-‐water	  in	  tropical	  and	  warm	  temperate	  regions
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calcified	  “ampullae”	  in	  fer=le	  plants
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occasional	  	  components	  of	  shallow-‐water	  tropical	  &	  subtropical	  carbonates

2 mm
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Dasycladaceae
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5 mm

5 mm
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single	  giant,
mul=nucleate	  cell

laterals	  /branches

holdfast

stalk

aragonite	  crystalls

aragonite	  moulds

1 mm

Taken from Genot (1985)
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loca=on	  of	  sporangia

varying	  degree	  of	  calcifica=on

varying	  distribu=on	  of	  
aragonite	  precipitates

some	  are	  never	  calcified
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calcium	  carbonate	  precipita=on	  is	  
regulated	  by	  the	  local	  pH	  at	  the	  

calcifica=on	  site	  and	  over-‐
satura=on	  of	  calcium	  carbonate	  in	  

the	  seawater

photosynthesis,	  respira=on	  and	  
a	  light-‐driven	  proton	  pump	  
determine	  the	  local	  pH

bioinduced	  but	  not	  fully
controlled	  aragonite	  precipita=on

aragonite	  needles	  and	  prisms

1 micron

Taken from Genot (1985)
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Late Triassic from SE Spain
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1 mm

Taken from Flügel (2004)
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Taken from Flügel (2004)

Palaeocene, Pyrenees

1 mm
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red	  and	  orange	  areas:	  calcifying

yellow:	  	  living,	  not	  calcifying

taken	  from	  Flügel	  (1983)

only	  six	  genera	  and	  few	  species
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shallow-‐water
(usually	  <	  10	  m)

from	  slightly	  brackish	  to	  
slightly	  hypersaline

Early	  Cretaceous,	  Pyrenees
(from	  Flügel,	  2004)
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Edad	  (M
a)
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BRYOPSIDALES	  
(or	  HALIMEDALES)

Halimeda
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calcified	  segments

uncalcified	  junc=ons
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fine-‐grained	  aragonite	  

single	  giant,	  mul=nucleate	  cell,	  forming	  
a	  branching	  tube	  (siphon)	  complexly	  

interwoven	  

development

(Van	  den	  Hoek	  et	  al.,	  2003)
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calcium	  carbonate	  precipita=on	  is	  
regulated	  by	  the	  local	  pH	  and	  over-‐
satura=on	  of	  calcium	  carbonate	  in	  

the	  seawater

photosynthesis,	  respira=on	  and	  
a	  light-‐driven	  proton	  pump	  
determine	  the	  local	  pH

bioinduced	  aragonite	  precipita=on

aragonite	  needles	  and	  prisms

(taken	  from	  Granier,	  2011)
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red	  and	  orange	  areas:	  calcifying

yellow:	  	  weakly	  calcifying

living	  Halimeda	  distorta	  community	  at	  -‐	  74	  m,	  
Penguin	  Bank,	  off	  East	  Molokai,	  Hawaiian	  Is.	  
(Webster	  et	  al.,	  2006)

From	  0	  to	  130-‐140	  m	  water	  depth	  

tens	  of	  species
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Halimeda	  segments	  on	  a	  beach	  (northern	  	  Dominican	  Republic)

Halimeda	  is	  a	  common	  component	  in	  shallow-‐water	  carbonate	  deposits
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Taken	  from	  Orme	  and	  Salama	  (1988)

Taken	  from	  Marshall	  and	  Davies	  (1988)nutrient	  supply	  by	  jets	  of	  upwelled	  oceanic	  water

Halimeda bioherms
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Taken	  from	  Phipps	  and	  Roberts	  (1988)
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Taken	  from	  Roberts	  et	  al.	  (1988)

Accre=on	  rate	  up	  to	  0.6	  m/100	  yr
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Taken	  from	  Wilson	  (2005,	  amer	  Roberts	  and	  Sydow,	  1996)
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Hine	  et	  al.	  (1994)

topographic	  upwelling
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Messinian	  Halimeda	  bioherms

Sorbas	  Basin,	  SE	  Spain
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0.5 mm
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Udotea

Rhipocephalus

more	  BRYOPSIDALES	  

Udotea

Penicillus

they	  all	  produce	  fine-‐grained	  aragonite	  
skeletons	  that	  desintegrate	  amer	  death

poor	  preserva=on	  poten=al	  but	  high	  carbonate	  mud	  produc=on
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The	  micrite	  ques=on

300	  
km

Great	  Bahama	  Bank	  (GBB)
most	  carbonate	  accumula=ng	  in	  shallow-‐

water	  tropical	  shelfs	  is	  mud
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Plaoorm	  interior	  

1	  km

Tidal	  flats	  

….	  and	  most	  of	  the	  mud	  (>	  90%)	  is	  fine-‐grained	  aragonite
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mudstones/wackestones	  probably	  are	  the	  most	  abundant	  facies	  in	  fossil	  carbonates	  	  

Late	  Cretaceous,	  Cuenca,	  Spain
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Early	  Cretaceous,	  Gargano	  Peninsula,	  Puglia,	  Italy

=dal-‐flat	  and	  inner	  plaoorm	  deposits	  
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Which	  is	  the	  origin	  of	  aragonite	  mud?

-‐	  largely	  algal	  Lowenstam	  (1955)
Bryposidales	  and	  Dasycladales	  (Green	  Algae)

-‐	  whi=ngs	  (clouds	  of	  carbonate	  mud	  in	  the	  water	  column)	  
	   Loreau	  (1982)

Which	  is	  the	  origin	  of	  whi=ngs?

-‐	  Resuspended	  seafloor	  mud	  (of	  algal	  origin)

-‐	  Water	  column	  precipitates

-‐	  Inorganic	  precipita=on	  (high	  oversatura=on	  required)

-‐	  Bioinduced	  by	  phytoplankton

No	  conclusive	  evidence.	  Geochemistry	  tends	  to	  support	  the	  algal	  origin
(for	  example	  Broecker	  et	  al.	  2001,	  14C/C	  ra=o)	  

5	  micron
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Braga	  and	  Riding	  (2004)
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1 mm

Taken from Flügel (2004)
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