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The Paleoproterozoic Lower Aravalli Group, in Ra-

jasthan India, was deposited along a newly formed 
passive margin and preserves a range of evidence for 
biological activity on the early Earth.  Distinct co-eval 
basins that developped along this passive margin pro-
vide an extraordinary opportunity to investigate the 
range of biological responses to the effects of rifting at 
a time when atmospheric oxygen was rising.  After 
several field missions in the Aravalli Group, we have 
now produced a varied set of key observations that 
establish the sequence of events during the opening of 
this Paleoproterozoic rift and place them in an astrobi-
ological context centered on the causes of atmospheric 
oxygenation on the early Earth. 

Unconformably overlying the Paleo- to Neoarchean 
basement gneisses is a sericitic-pyrophyllitic paleosol, 
sometimes overlain by a quartzite unit with local pock-
ets of polymictic, monomictic, and diamictic conglom-
erates.  These siliciclastics units represent the initiation 
of physical and chemical weathering in the earliest 
phase of Aravalli rifting and are stratigraphically over-
lain by the Delwara metavolcanic rocks.  Although 
they do not occur in every basins, the Lower Aravalli 
volcanic rocks are widespread along the passive mar-
gin and are of tholeiitic affinity with occasional quartz-
carbonate amygdules and pillow structures.  Such 
rocks are typical of spreading centers on the seafloor 
and likely formed underwater in association with 
synkinematic rifting.  In different basins, volcanic and 
hydrothermal activity associated with early rifting is 
represented by manganiferous jasper+quartz banded 
iron formations and copper (malachite+chalcopyrite) 
and uranium mineralization in overlying transgressive 
metasedimentary rocks.  Stratigraphically overlying 
the Delwara Formation is the transgressive marine 
and/or lacustrine sedimentary sequence of the Jha-
markotra Formation, which varies in different basins. 

Shallow-marine dolomites and carbonaceous shales 
of the Jhamarkotra Formation are thought to represent 
the open marine environment along the Aravalli pas-
sive margin.  These carbonates contain rare oolites and 
also preserve δ13Ccarb values up to +11‰, which relates 
them to the timing of the worldwide δ13Ccarb excursion 
between about 2.25 and 2.06 Ga.  In some areas, these 
carbonates occur as pink calcitic marbles, although 
these only have δ13Ccarb values up to +3‰.  The carbo-
naceous shales that overlie these carbonates are typi-
cally grey and black finely laminated shales with a 
range of δ13Corg values up to -13‰.  On the basis of 

low metamorphic grades around the greenschist facies 
for these shales and the characteristics of their insolu-
ble organic matter (elemental abundances and Raman 
and C-XANES spectra), these carbon isotope composi-
tions are interpreted to reflect biogeochemical cycling 
during deposition and are consistent with high rates of 
primary productivity during the marine transgression.  
This may have been in response to increased nutrient 
delivery from high weathering rates. 

In the different restricted basins of the Lower Ara-
valli Group, the Jhamarkotra Formation is character-
ized by distinct biogeochemical signatures.  The most 
notable feature in type-area of the Jhamarkotra Forma-
tion, near the city of Udaipur, is the occurrence of 
finely laminated columnar stromatolitic phosphorites.  
These unsual rocks represent one of the oldest and 
largest Paleoproterozoic phosphogenic event and con-
tain up to 35%wt P2O5.  They occur in several basins 
along the Aravalli passive margin including around the 
city of Udaipur and in other basins situated 150 to 250 
km to the south.  We found a few rare occurrences of 
large (up to 60µm) spherical microfossils made of apa-
tite and kerogen surrounding a core of quartz in the 
intercolumnar dolomite of these stromatolitic phos-
phorites.  The δ13Ccarb values of these rocks varies be-
tween -1 and +1‰, whereas the δ13Corg values vary 
between -32 and -15‰.  Some of these rocks in the 
southern basins are manganiferous stromatolitic phos-
phorites and are currently being investigated.  Black 
shales that stratigraphically overlie these rocks contain 
up to 14%wt organic matter with a range of δ13Corg 
values between -30 and -19‰.  Based on the generally 
low metamorphic grade of these rocks, the presence of 
residual molecular functional groups in C-XANES 
spectra of insoluble organic matter, and the exceptional 
preservation of sedimentological features, we interpret 
these isotopic compositions to reflect the original bio-
mass in the depositional environment.  These com-
bined datasets for the stromatolitic phosphorites and 
their associated sedimentary rocks point to high levels 
of primary productivity stimulated by a continuous 
supply of phosphorus over geologic time scales in re-
stricted basinal depositional environments. 

We propose that high levels of primary productiv-
ity, especially oxygenic photosynthesis, were stimu-
lated by high phosphorus delivery and that this se-
quence of events may be more widespread than previ-
ously recognized and possibly an underlying cause of 
atmospheric oxygenation in the Paleoproterozoic. 
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