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Land colonisation and Earth system
change: A recurring pattern
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The colonisation of the land surface by complex life has
occurred in several phases, each following a common pattern.
All photosynthetic land colonisers must access mineral-bound
essential elements, notably phosphorus. Fungi assist in this,
being particularly effective at rock weathering, and forming
symbiotic partnerships with algae in lichens, or with land
plants as mycorrhizae. The resulting increase in the rate of
silicate weathering lowers atmospheric CO, and global
temperature. Meanwhile the selective enhancement of
phosphorus weathering increases phosphorus supply to the
ocean, organic carbon burial and hence atmospheric O,.

It is widely accepted that the rise of rooted, vascular
plants, including the first forests, through the Devonian-
Carboniferous accelerated silicate weathering, causing a
drawdown of atmospheric CO, and cooling the planet into
glaciations. At the same time, acceleration of phosphorus
weathering likely contributed to atmospheric O, rise.

Prior to this, the first pre-vascular plants colonised the
land in the Mid-Late Ordovician. Existing models assume they
had a negligible effect on weathering, but new experiments
show that mosses amplify silicate weathering by factors of 1.5
to 6. We estimate that this roughly halved atmospheric CO,,
causing sustained global cooling of ~5 °C, and triggering the
Late Ordovician glaciations. Mosses were also found to
amplify phosphorus weathering by a factor of ~60. This could
explain the extensive shallow water phosphate deposits, black
shales, and two global positive excursions in marine carbonate
8"C in the Late Ordovician.

Land colonisation is hypothesised to have begun much
earlier still, in the Neoproterozoic, perhaps with lichen-like
symbioses. This would neatly explain, with a single cause,
both the extreme climate cooling and the ‘lesser oxidation’ (O,
rise) that occured at that time. Whether the 8'°C record or
other lines evidence support the hypothesis is hotly debated,
but massive phosporite deposits support increased phosphorus
weathering and input to the ocean.

An outstanding puzzle is why each phase of colonisation-
driven cooling was not permanent? Perhaps the increasing
ratio of O, to CO, in the atmosphere reduced the efficiency of
photosynthesis, thus suppressing weathering. We also suggest
that enhanced phosphorus weathering could not be sustained
and ecosystems shifted to internal recycling of phosphorus,
thus producing pulses of organic carbon burial and O, rise.
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Tectonic evolution of a ~800-767 Ma
continental arc back-arc system in
South Brazil

C.LENZ!,C. PORCHER?, L.A. FERNANDES?,
R. CONCEICAO?, E. KOESTER?> AND H. MASQUELIN®

'UFS-Brazil (crislenz@yahoo.com.br)

2UFRGS-Brazil (carla.porcher@ufrgs.br,
ladfernandes @ gmail.com, edineikoester@yahoo.com.br,
rommulo.conceicao@ufrgs.br)

3Universidad de La Republica, Montevidéo
(hmasquel@fcien.edu.uy)

In the southern region of Uruguay occur a sequence of
Neoproterozoic para and orthogneisseic called Cerro Olivo
Gneissic Complex. The orthogneissic unit yield crystallization
ages (U-Pb SHRIMP) between 800-767 Ma. This unit is
composed by a sequence of mafic gneisses, with gabbro to
gabbro-diorite composition tectonically interleaved with a
sequence of tonalitic and granodioritic gneisses. These rocks
intrude the Chafalote paragneisses (pelite, quartzite and
marbles) and were metamorphosed under high P-T conditions
between ca. 676-654 Ma. Three different groups of rocks were
distinguishing in the Cerro Bori Ortogneisses unit. Type I
rocks are mafic gneisses with tholeiitic affinity and
geochemical signatures characteristic of a back-arc setting.
Type 1II rocks are mostly tonalitic gneisses with calc-alkaline
affinity and geochemical signatures typical of a continental
margin magmatic arc. Type III rocks are composed by biotite
rich mafic gneisses with potassic to ultrapotassic affinity.
These three rock types (I, II, III) show negative eNd values
(between -2.12 and -6.67) and old TDM ages (between 1.2 and
20 Ga), indicating that assimilation of older crust and
fractional crystallization were important during the evolution
of these rocks. An Andean type magmatic arc setting with
short distance between arc and back-arc is suggested for these
rocks between 800-767 Ma. Thirty million years after the
beginning of subduction the crystallization of a small volume
of potassic and ultrapotassic rocks toke place. The nature,
characteristics and ages of these rocks suggest the former
existence of an ocean between Rio de La Plata and adjacent
cratons (Brasilide Ocean) at a time that break up and
dispersion of Rodinia supercontinent.
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