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Archean Stromatolites: oldest forms of life on Earth

Domal stromatolites in the ~3.49 Ga Conical stromatolites in the ~3.35 Ga
Dresser Fm., Western Australia Strelle P

Conical stromatolites in the ~3.35 Ga Domal stromatolites te ~2.7 Ga
Strelley Pool Fm., Western Australia Tumbiana Fm.. Western Australia
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Microbial composition of some modern stromatolites

Domal

Hamelin Pool, Shark Bay, Western Australia

A. HPDOM-S B. HPDOM-I C. HPIRR

I Library 1
I Library 2

w-Proteobacteria 7%

-Protecbacteria 11% o-Proteabacteria 26%

u-Protenbacteria 28%

i,

| 3-Protacbacteria 3%
Gemmimonas 10% | y-Proteobacteria 3%
—E-l- | y-Proteobacteria 4%
| Bacteroidetes 6%
| 6-Protecbacteria 6% Acidobacteria 4%
| | Flanctomycetes 6%
Gemmlmnas 6% — | Verrucomicrobia 1%
| Bactercidetes 2%
Planctomycetes 18%
o,
FRICIRTy =g 2158 Actinobacteria 31%
I Verrucomicrobia 2%
Actinobacteria 5%
Chloroflexi 5% Actinobacteria 9%
1 Chioroflexi 1%
= | OP11% Firmicutes 6% Euryarchaeota 15%
Euryarchaeola 6% | Euryarchaeota 5%

| Crenarcheaota 4%

Papineau et al. (2005) AEM




Phototrophy in modern stromatolites

A. Cyanobacteria

Leptolyngbya borganum X84810
Synechococcus sp. PCC 6301 XD3538

Prochlorococcus mannus AF180967
Anabaena planctonica AB093488
Nostoc commune AB088405
Cylindrospermopsis raciborskii AF516730
Seytonama sp. AY0B9954
Osciflatonia princeps AB045961

Phormidium autumnale AY218830

IRR 56%
Microcoleus sp. PCC 7420 X70770

DOM 100%
Trichodesmium sp. X70767

Pleurocapsa sp. X78681
_[_‘—_17 IRR 33%
Chroococcidiopsis sp. PCC 6712 AB039004
.LGloeocapsa sp. KO30D1 ABOB7573
Spirufina subsalsa AF323394
Chloroplasts

Pseudanabaena sp. PCC 6802 ABD39016
Gloeobacter violaceus BA000045
DOM 11%

Spirochaeta

B. a-Proteobacteria
{ Rhizobium vitus X67225
Bartonella elizabethas L01260
Rhodomicrobium vannielii M34127
|;DOM-S 49%, DOM-1 2%
—— ™ DOM-| 4%, IRR 2%

__I_“—_g DOM-S 17%
Rhoaopse:E:nl::r/;s species D14426 M al Nn conc I us | ons.:

Papineau et al. (2005) AEM

|
Rhizobiales

IRR 20%

IRR 14%
= Rhodobacter capsulatus M6067 1 % ] ] ] ]
s i 5 - Modern stromatolites contain minor proportions of
Rkl | cyanobacteria, but also of anoxygenic phototrophsic

— T \1-S 6%, DOM-| 9%, IRR 5% |

oo we R bacteria.
DOM-S 4%6
_,/—w - Phototrophic bacteria occur near the surface of
y-proteocbacteria .
stromatolites.

0.10




Paleoproterozoic stromatolites and the Great Oxidation Event

_ 200- Observation:

é“"’j - The accumulation of oxygen
gémoi " ¥Giobal pattern (Awramik. 1992) in the Paleoproterozoic
83 e atmosphere occurred in a
55 80 ' 68 i i .

’E . RS step-wise fashion in the

2 o Paleo- and Neoproterozoic

0 . T ;
T e [ T - Stromatolite diversity and
/rchaeﬂn Proterozoic e abundance significantly

\ increased at the time of the
GOE.

. GOE
50 | @ : 45
40 - . : _
g8 J I Adjusted by 'Basin Factor' | QUEStIONS:
475 30 - I .
3 o | 22 - What was the trigger of the
] 0 -
2 GOE?
10 1
| 1 . . .
0 , - Which microorganisms
27 _26 25 24 23 22 21 20 19 18 17 1.6 lived in these stromatolites?
Late Suquan‘nli Tatuli ] Ludlka_:r_w [—_".]"{.ﬂlf‘ffl_ -
Archaean Proterozoic

Melezhik et al. (1997)




The Belcher Islands, Nastapoka Arc, and Richmond Gulf

@ Age constraints: Max -> 1.96 Ga (?°"Pb/?%°Pb),g (Todt et al., 1984)
(Belcher Group) Min -> 1.80 Ga (207Pb/206pb)WR (Fryer et al., 1972)

() Age constraints: Min -> 2.025 Ga (207Pb/206pb)monazite (Chandler and Parrish, 1989)
(Richmond Gulf Group)

© Metamorphic grade: zeolite to prehnite-pumpellyite facies

Nastapoka Islands

Sanikiluaq




Expeditionary field cruise in the Hudson Bay
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Geology of the Hudson Bay — Belcher Islands
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Expeditionary field cruise in the Hudson Bay

Our combined expertise:

- Precambrian geology

- Biogeochemistry

- Stable isotope geochemistry
- Micropaleontology

- Structural geology

- Organic geochemistry

- Sedimentary petrology

- Astrobiology




Late Paleoproterozoic sequence stratigraphy, Hudson Bay
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Figure 2. Stratigraphic correlations of the late Paleoproterozoic Belcher (B), Nastapoka, and Richmond Gulf (R)
Groups in the Hudson Bay (modified after Chandler, 1988). Sections that were sampled during the July 2011
expeditionary field cruise are indicated with blue stars, whereas those with preliminary chemostratigraphies are
shown with red stars. Geobiologically important sections are shown with green and orange stars.




Megacycle 1: The Kasegalik Fm. on the West limb

B

Afte‘r Jac ksdn>_(1969)




Megacycle 1. Kasegalik stromatolites

(contact with Archean basement is never seen — needs scientific drilling)

N | Columnar cylindrical and

undulatory lamina bifurcate/anastomosed __nodular/hemispherical
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Diversity of Kasegalik stromatolite reefs

L2977

Domed nodular/hemispherical

L ':‘-{. -
~

-

olomite

Columnar branching bifurcate/dendroid

i,

Pik-gr doomie



Increased redox states in Kasegalik Fm.

Ferruginous mudstone (red bed)

Clay-chert nodules




Chemostratigraphy of the Kasegalik Fm
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The Eskimo volcanics and the Fairweather argillite

Bottom of the
Eskimo pillow basalt
Top of the Kasegalik
carbonates

Gray-green rippled argillite of the Gradational contact between
Fairweather Fm. Fairweather and Mcl ear




Megacycle 2: The McLeary
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The McLeary Fm. near Sanikiluaq, local transgression

Lateral-branching columnar Nodular, bulbous, multifurcate Bifurcate and multifurcate
layered stromatolites es stromatolites

o P p -
) = > 2 e 5 it - v
[t . S 8, 3 * _ § . £ i Sl T

Dolomite + chert + ferric oxides Dolomite + chert +/- ferric oxides Dolomite + chert + silt
+ silt + silt




McLeary stromatolites near Sanikiluag

Nodular, bulbous, oncolitic, columnar branching bifurcate
ate stromatolites




McLeary stromatolites near Sanikiluag

Nodular, bulbous, oncolitic, columnar branching bifurcate

and multifurcate stromatolites
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McLeary stromatolites near Sanikiluag

Nodular, bulbous, oncolitic, columnar branching bifurcate
and multifurcate stromatolites




Micropaleontology of the McLeary Fm. near Sanikiluaqg

Cyanobacterial microfossils from black chert nodules

Hoffman (1976)



Chemostratigraphy of the McLeary Fm. near Sanikiluaqg
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- The McLeary Fm. on Tukarak Island

Megacycle 2
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McLeary stromatolites on Tukarak Island
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McLeary stromatolites on Tukarak Island
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McLeary stromatolites on Tukarak Island

Stromatolite beds with clumps of black chert

Tabular multifurcateand = 0% -~ Turbinate-conical anastomosed and
‘bifurcate stroms : 4 - multifurcate stroms

Bl Turbinste and buiboud stroms with [ 5 2 P % 25 Turbinate and bulbous stroms




McLeary stromatolites on Tukarak Island

Turbinate and bulbous bioherms of multifurcate and bifurcate stromatolites




McLeary stromatolites on Tukarak Island

Turbinate and bulbous bioherms of multifurcate and bifurcate stromatolites

]
5% S

)

Tabuluar or bulbous bioherms of
bifurcate and columnar stroms

_I::'-l'

Tabuluar bioherms of multifurcate

and columnar stroms

Tabuluar or bulbous bioherms of
bifurcate and columnar stroms

-‘

Tabular and turbinate bioherms of
multifurcate and anastomosed stroms

-
- LS 4
Y = ) 3

= |

Cross-sectional top view of bulbous or tabular
bioherm of multifurcate and bifurcate stroms

5

Turbinate and bulbous bioherms of
multifurcate and bifurcate stroms




Megacycle 3 - Geologic context: Tukarak Fm:.




Geology of the Belcher Islands
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Mavor stromatolites and Costello Fms.

Mavor stromatolites




Geology of the Hudson Bay — Richmond Gulf
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Nastapoka stromatolites




Nastapoka stromatolites — small details of large structures

Pseudocolumnar wavy
stromatolites




r' e —
asatapoka stromatolites form bioherms 10’s m in size
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Summary and discussion on Paleoproterozoic stromatolites

© Thereis wide variety of stromatolites in the Paleoproterozoic Belcher and Nastapoka Groups.
© There are more than 43 stromatolite morphotypes in the Belcher-Nastapoka Groups.

© The mineralogy of stromatolites (and the presence of ferric iron) is a factor related to
morphology.

@ The diversity of these stromatolites is likely due to variable microbial community composition.

@ Variations in microbial community composition are related to the chemistry of the environment
(mineralogy).

While these stromatolites are dolomitic, small
differences in their mineralogies may correlate to
differences in their microbial community composition.




Carnegie Institution of Washington




From the Proterozoic Biosphere book (1992)




From the Proterozoic Biosphere book (1992)

'REEFAL STROMATOLITE
ms NDS AND BRANCHING COLUMNS;
 STRONGLY ELONGATE

FORESLOPE
i GONICAL STROMATOLITE
; BIOHERMS

SHALLOW-RAMP STROMATOLITE
MOUNDS AND COLUMNS;
ELONGATE

DEEPER-RAMP MUDS

AL STROMATOLITE
BIOHERMS







