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Definition of Microbialite 

• ‘organosedimentary deposits that 
have accreted as a result of a benthic 
microbial community trapping and 
binding detrital sediment and/or 
forming the locus of mineral 
precipitation’ (Burne & Moore, 1987) 

• Microbialites have been around for 3.5 billion years 



How Well Do We Understand the 
Mechanism of Microbialite Formation? 

 
 

Biomineralogical study of stromatolites at the nanoscale  

• “Stromatolites are layered sedimentary structures 
initiated from a limited surface and forming a variety 
of morphologies. They are often composed of 
calcium carbonates and found throughout the 
geological record back to 3.5 Ga. While they have 
often been considered as one of the oldest traces of 
life on Earth, the relative impact of abiotic and 
biological processes involved in the formation of 
modern stromatolites is yet poorly known.”  

 EAG Lecture Tour 2011 Dr. Karim Benzerara, CNRS and University Pierre 
et Marie Curie, Paris, France. 
http://www.eag.eu.com/education/dlp/lecture-tour-2011/ 

 

http://www.eag.eu.com/education/dlp/lecture-tour-2011/karim-benzerara/


PS = photosynthesis, AR = aerobic respiration, SR = sulfate reduction  
ASO = aerobic sulfide oxidation 
NSO = denitrifying sulfide oxidation (anaerobic respiration) 
Modified after: Visscher , et al, (1998). 

Microbial Biogeochemistry (I) 
What's Making Microbialites?   
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Microbial Biogeochemistry (II) 
• Vischer et al, (1998) state that in the Bahamas stromatolites occurence: 

– Photosynthesis and respiration are high in high biomass layer 1 (0.5mm depth) 
and low biomass layer 2 (0.5-3mm depth), causing both precipitation and 
dissolution of CaCO3. The balance of these processes results in little or no net 
lithification, depending on the amount of organic carbon produced by 
photosynthesis that is used for aerobic (vs. Anaerobic) respiration 

– Sulfate reduction is high in high biomass Layer 3 (3-5mm depth), where it 
causes CaCO3 precipitation. This results in a lithified layer in which carbonate 
sand grains are cemented together by micritic precipitates 

• My comments - microbialties result from very complex biogeochemistry 

• These microbial communities somewhat make their own habitat (top 2 
microbial mat layers may effectively buffer the 3rd) but microhabitat 
physical conditions and water chemistry (hydrology) must influence 

• Physical and chemical conditions must be suitable as microbial mats don't 
occur everywhere and microbialite structure preservation is even rarer ... 



Microbialite sites in SWWA 
• SWWA microbialites have 

diverse morphologies and 
occur in diverse hydrologic 
settings (relationship?) 

• Most are in the Perth 
Basin, particularly in the 
central and southern parts 
where water level and 
chemistry impacts of 
development are greatest 

• Climate change?  

• A well studied site in WA 
is Shark Bay (Hamelin 
Pool), what controls 
microbialite structure 
morphology there? 

Figure compliments Val English 



• “This microbial benthic domain has produced organo-sedimentary deposits 
(mats, domical or columnar structures) mainly by trapping, binding and 
biologically promoted carbonate precipitation” Jahnerta and Collins, (2012) 
– What are the variables in these microhabitats? 
– Chemical variables 

• Tidal flushing in the embayment and marine water chemistry 
• Influence of submarine groundwater inflow?  

– significant in Shark Bay? 

• Surface water inflow?  
– negligible in Shark Bay? 

– Physical variables 
• Different energy conditions - position in swash zone (marine) or 

hydroperiod (terrestrial lakes) 
• Exposure to different wind conditions (seasonal) 
• These two influence turbidity (suspended sediment) and depth of 

light penetration 
– Therefore the variation in the hydrology of the microhabitats strongly 

influences structure morphology and sediment fabric 

Microbial Sedimentation, Shark Bay 



Range of Morphologies in Shark Bay 

Jahnerta R. and Collins L., 2012, Characteristics, distribution and morphogenesis of subtidal microbial systems in Shark Bay, Australia. V 303–

306, pp 115–136 Marine Geology 



Influence of Water Energy/Water 
Level Change 

Jahnerta R. and Collins L., 2012, Characteristics, distribution and morphogenesis of subtidal microbial systems in Shark Bay, Australia. V 303–

306, pp 115–136 Marine Geology 



What's controlling Microbialite 
Formation and Morphology? 

• In short environmental variables including energy 
conditions, water chemistry and hydroperiod, 
mediated by the microbial assemblage which is 
present 

• Anything which impacts these variables will have an 
impact on structure formation, morphology and 
persistence 

• In marine settings, water chemistry is more stable, 
lacustrine settings have more dynamic hydrology 

• We have had significant hydrological change in 
SWWA since the 1970’s and more is predicted 

 



Anthropogenic Activities in Capture Zones 
= Changed Water and Solute Balances 

Townley et al, (1993). 

•All microbialite bearing lakes in SWWA are strongly 
groundwater dependant 
•Groundwater abstraction, catchment land use (+ 
lower rainfall) have reduced groundwater inflow 
(reduced regional GW levels) 
•Increased TDS and increased nutrients are 
common (increased evap and contamination) 
•Increased acidity in some due to the oxidation of 
Potential Acid Sulphate Soils from low lake levels?  
 

Winter et al, (1998). 



Climate Impacts SWWA? 

Climate variable  Prediction at 2030 Prediction at 2070 

Mean summer temp.  +0.5 C to +2.1 C  +1 C to +6 C 

Mean winter temp  +0.5 C to +2.0 C +1 C to +5.5 C 

Mean winter rainfall  -2% to -20%  -5% to -60% 
Source http://www.dec.wa.gov.au/content/view/5174/1927/ 

Observed  • Observed declines in rainfall 
of 15-20% last century 

• This decreased groundwater 
recharge as much 30-40% 
• Nonlinear response 

• Predictions for this century 
decreased rainfall as much as 
60% by 2070 

• Decreased recharge means 
decreased discharge (again 
non linear >60%?) 

• Temperature increases further 
decrease net recharge 

Predicted 



Note that T1 – T14 are described in detail in Australian groundwater-dependent ecosystems toolbox part 2: assessment tools, 

2011, Richardson  S., Irvine E.,  Froend  R., Boon  P., Barber  S., and  Bonneville B., National Water Commission 

From Richardson et al, (2011) 



Rainfall Declines = Groundwater 
Declines = Reduced Groundwater Inflow 

CSIRO (2010). South-West Western Australia Sustainable Yields Project.  

Lake Richmond  

Lake Walyungup 

Lake Clifton 

Yalgorup 



Lake Richmond 
• Post urbanisation water level control (exit drain) has reduced water 

level fluctuations with a generally reduced end of winter water level  
• Increased fresh surface water inflow (Richmond was brackish now 

fresh) and increased nutrient inflow (urban landuse). Groundwater? 
• Has the microbial assemblage changed? Pest algae? 
• Change in water regime/chemistry = change in microbial assemblage 

= change in structure morphology?   

Modern active sites Historically (Holocene)  

active site 



Lake Walyungup 
• Holocene columnar structures no longer active except for tiny rims around 

base (modern domal form?) 
• Even modern domal structures are much less active than 1996, very poor 

CaCO3 preservation? Many occurrences I mapped are gone 
• Change in water regime/chemistry = change in microbial assemblage = 

change in structure morphology?  
• Area not actively monitored from ~2000 until 2012 

 
1996 2012 

i Lake level and hydroperiod 
h TDS  
1996 ~10,000ppm TDS 
2012 ~50,000ppm TDS (5x) 



Lake Clifton 
• Most monitoring in SWWA but not systematic 
• Historically the most productive site (reef) 
• Extreme hydrological regime change 
• Extreme geochemical change (PASS?) 
• Has the microbial assemblage changed? 
• Structure forming? 
• Missing “Layer 3”? 
• Structure precipitation or dissolution? 

• Pest algae? Increased browsing (feral fish) 
1991 – 92 End of Summer 
TDS  28,000 mg/l 
HCO3  150 mg/l 
SO4 1500 mg/l 
From Moore, (1993) 

2011 End of summer 
TDS  120,000 mg/l (4.3 x)   
HCO3 * 220 mg/l       (1.5 x) 
SO4  7553 mg/l       (5 x) 
Recent measurements 

Noble, (2010) 

*Same time in 2011 Lake Waly TDS 55000 & HCO3 1930 mg/l  



Yalgorup Wetlands –  
End of Summer TDS (g/l) 

Yalgorup  
Wetland 

Commander  
(1988) 

Moore 
(1993) 

Noble 
(2010) 

1993-2010 
Increase 

Clifton Av. 26 21 126 6.0 

Pollard 42 28 90 3.2 

Martins Tank 94 85 194 2.3 

Yalgorup 190 148 318 2.2 

Hayward 184 127 266 2.1 

North Newnham 154 112 274 2.4 

South Newnham 125 68 99 1.5 

• Microbial mats occur through most of Yalgorup, not just the 
microbialite forming lakes. 

• What are the implications of existing and future water 
level/chemistry changes on microbial assemblages, mats and 
hence structure formation/persistence? 



Understanding The Implications For 
Microbialites of SWWA Hydrological Change 
• A function of how climate and surface water – groundwater 

interactions will change at individual wetlands due to reduced 
rainfall and changes in groundwater availability (complex in its 
own right). Water and solute balances 

• Most lakes have become more saline others fresher has this  
affected the morphology of microbialites being deposited or 
halted deposition all together. Acid Sulphates have possibly 
reversed it at Lake Clifton (structure dissolution)? 

• Lake Richmond – Fresher but more nutrients, iWL and 
hydroperiod 

• Lake Walyungup – hTDS, iWL and hydroperiod 

• Lake Clifton – hTDS and nutrients, iWL and hydroperiod 

• Lake Thetis – h turbidity (boardwalk), iWL? TDS? 



Q. What do we need to know to understand existing and 
future hydrological change on SWWA microbialites 
• A. That's what day 2 of this forum is all about, my ideas are ... 
• Monitoring of microbial assemblages present, correlating with  

modern water level/chemistry regimes 
• Establishing the ability of these modern microbial communities to 

deposit microbialites 
• Compare with historical data where it exists 
• Detailed understanding of biogeochemistry (C, O, S, N, DoC etc) of 

our various microbial mats  and the tolerances of these assemblages 
to change including what are the thresholds for collapse? 

• Influence of Acid Sulphate Soils, nutrient dynamics and pest algae 
• How have these systems changed prior to our influence?  

 

Q. Does Water Chemistry Control Structure of Microbial 
Assemblages and their Depositional Products? 

A. It must at least influence it if not control it, along with other physical 
properties such as energy conditions and hydroperiod. 



Starting to address the gaps 

• Lindsay Collins (Curtin University) and myself 
collaborating with DEC Val English on 2 projects 

• THE LACUSTRINE MICROBIALITES OF THE ROCKINGHAM-BECHER 
PLAIN – CHARACTERIZATION AND COMPARISON WITH MARINE 
AND STREAM WATER MICROBIAL SYSTEMS IN WESTERN 
AUSTRALIA 

 PhD Candidate: João Pinto Bravo Correia Guerreiro (Petrobras) 

• THE HOLOCENE EVOLUTION AND ASPECTS OF THE MICROBIAL 
DEPOSITS IN THE CLIFTON-PRESTON LAKE SYSTEM, WESTERN 
AUSTRALIA 

 MSc Candidate: Alonso Lluesma Parellada (Petrobras) 

• This forum is an important step  



Thanks for listening any Q’s? 
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