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Although life had begun in the O = Quatenary —

form of anaerobic bacteria —

early in the Archean Eon, pho- BN Tertiary = - -300
tosynthetic bacteria did not -100 | e

appear until the middle BN Cretaceous — 4 -600
Archean and were notabun-  -200 | e Jurassic

dant until the start of the Pro- E Triassic .E 4 -900
terozoic. The bacteria emitted -

oxygen. The atmosphere -300 = Egﬂrﬂé?,?vaman 8 -4 -1200
changed. The oceans changed. B Mississippian O

The oceans had beenrich in -400 I s Devonian +. —-1500
dissolved ferrous iron, in large B Silurian Q

part put into the seas by the _500 | ™= ordovician ‘IS - -1800
extruding lavas of two billion . o

years. Now with the added EEER Cambrian 0O -2100
oxygen, the iron became ferric, ~-600 &

insoluble and dense. Precipitating out, it sank to the bottom — < -2400

as ferric sludge, where it joined the lime muds and silica
muds and other seafloor sediments to form, worldwide, the -4 -2700
banded-iron formations that were destined to become

rivets, motorcars, and cannons. This was the iron of the - - -3000
Mesabi Range, the Australian iron of the Hammerslee Basin, o 4-3300
the iron of Michigan, Wisconsin, Brazil. More than ninety QU
percent of the iron ever mined in the world has come from — 1-3600
Precambrian banded-iron formations. Their ages date U
broadly from twenty-five hundred to two thousand million — _-3900
years before the present. The transition that produced them <
—from a reducing to an oxidizing atmosphere and the asso- 1 -4200
ciated radical changes in the chemistry of the oceans—
would be unique. It would never repeat itself. The earth 4 -4500
would not go through that experience twice. [

- -4800

John McPhee. Annals of the Former World

Plant Biology
SC/BIOL 2010 reen
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GEOLOGY AND ENVIRONMENT
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FIGURE 2.3

Modern and fossil stromatolites. (A)
Living stromatolitic reef composed
of solitary and interconnected
columnar and mound-shaped
carbonate stromatolites at Shark
Bay (Hamelin Pool), 650 km
north-northwest of Perth, Western
Australia; stromatolites are 30 to 40
cm in height. (B) Precambrian
stromatolitic reef composed of
interconnected columnar and
mound-shaped carbonate
stromatolites, about 2300 Ma in
age, from the Transvaal Supergroup
(Campbellrand Subgroup, Transvaal
Dolomite) at Groot Boetsap River,
50 km northwest of Warrenton,
northern Cape Province, South
Africa; stromatolitic reef is about 40
cm in height. (C) Vertical section
of a living stromatolitic microbial
mat, showing stratified organization
of the photic zone—the uppermost
growth surface and the immediately
underlying undermat layer—and of
the thick, underlying oxygen-
depleted zone, from “North Pond,”
Laguna Mormona-Figueroa, 15 km
northwest of San Quintin, Baja
California del Norte, Mexico.

e

> DEPLETED

)

ROWTH

_—~ SURFACE
8 <— UNDERMAT

OXYGEN-
ZONE

Source: JW Schopf (1992) The oldest fossils and what they mean. In Major Events in the

History of Life (ed. JW Schopf). Jones and Bartlett. Boston.



Principal Biochemical Pathways of Heterotrophic and Autotrophic Metabolism.

HETEROTROPHY
Anaerobic Fermentation (Primitive):
ETHYL
(No addition of s
GLUCOSE - PYRUVATE _olecular Oxygem)  CARBON  + 2 UNITS
SUGAR “Glycolysis” DIOXIDE OF ENERGY
) +
HEAT
Aerobic Respiration (Advanced):
(Addition of i g
G;_ggf;g el PEREEAYE Molecular Oxygen) -  CARBON + 36 UNITS
“Glycolysis” “Citric Acid Cycle” DIOXIDE OF ENERGY
_l’_
HEAT
AUTOTROPHY
Anoxic Bacterial Photosynthesis (Primitive):
(Light Energy)
CARBON + HYDROGEN = GLUCOSE +  SULFUR
DIOXIDE SULFIDE Bacteriochlorophylls SUGAR
Oxygenic Cyanobacterial Photosynthesis (Advanced):
(Light Energy)
CARBON + WATER > GLUCOSE +  OXYGEN
DIOXIDE Chlorophyll a SUGAR

Source: J. W. Schopt (1992) The oldest 1ossils and what they mean. /n Major Events in
the History of Life (ed. J. W. Schopf). Jones and Bartlett. Boston
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(% of present value)

Figure 1 Schematic representation of the rise of oxygen level
on Earth during the early history of life [modified from
(27)']. Major evolutionary landmarks are indicated by arrows
on the lower x-axis, and major geological periods are
indicated by brackets on the upper x-axis. Putative stages of
early divergence of photosynthetic prokaryotes are indicated
by brackets above the lower x-axis: one assumes ~ 3-3.8
Gyrs and the other 3.5-3.8 Gyrs, depending on what date is
accepted as the starting point for oxygenic photosynthesis.
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Carl E. Bauer and Jin Xiong (2002) Complex evolution of photosynthesis.
Annual Review of Plant Biology 53:503-521.

! Nitschke W, Muhlenhoff U, Liebl U. 1998. Evolution. In Photosynthesis: A Comprehensive Treatise, ed.
A. Raghavendra, pp. 286-304. Cambridge, UK: Cambridge Univ. Press






e Modern and fossil stromatolites.

5% A Modern stromatolites at Shark Bay (Hamelin
Pool), Western Australia. B Modern Shark Bay
columnar and domical stromatolites for

. | comparison with (C) fossil stromatolites from the
' ~2,300-Ma-old Transvaal Dolomite, Cape

' Provmce South Africa. D-F Modern and fossil

~ '_ microbial laminae from Shark Bay (D), the
*Wal ~1,300-Ma-old Belt Supergroup of Montana (E),
| K and the ~3,350-Ma-old Fig Tree Group of the
&4 castern Transvaal, South Africa (F). Scale for A

{ Figure 1 from J. William Schopf (2010) The paleobiological record of
o4 photosynthesis. Photosynthesis Research 107:87-101.
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- Archean-age microbially laminated

~stromatolites.
~EP A Domical, pseudocolumnar and branching

= stromatolites, overlain by rippled sediments, and B a

a8 domical stromatolite from the ~2,723-Ma-old

P Tumbiana Formation (Fortescue Group) of Western
Australia. C Conical stromatolite and D stratiform and
4 conical stromatolites, from the ~2,985-Ma-old Insuzi
Group, South Africa. E-G Laterally linked conical

| stromatolites from the ~3,388-Ma-old Strelley Pool
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cyanobacteria
(a through f)

Modern oscillatoriaceans
(g and h)

compared with a
= . morphologically similar
— fossil trichome (i through

9

kerogen quartz

'l" " l]‘" ‘ Figure 4 from J. William Schopf (2010) The

10 um || | paleobiological record of photosynthesis.
Photosynthesis Research 107:87-101.
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Modern

4 (right panels)
' cyanobacteria.

Figure 5 from J. William Schopf (2010) The
paleobiological record of photosynthesis.
Photosynthesis Research 107:87-101.
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