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The late Neoproterozoic period 
of Earth history was characterized by 
intense climatic oscillations that are 
commonly interpreted as snowball 
Earth events. These glacial epochs are 
coupled with a distinctive δ13C sig-
nature in associated carbonate strata. 
Carbonates deposited before the ini-
tiation of a snowball Earth event are 
characteristically isotopically heavy 
(+2-6‰ VPDB), whereas the car-
bonates directly overlying glacigenic 
sedimentary rocks are typically iso-
topically light (-5-6 ‰), with a trend 
towards positive values towards the 
top of the carbonate sequence.

The Neoproterozoic stratigraphy 
of Oman contains two such events 
that are recorded in the glacigenic 
strata of the Ghubrah Formation and 
the Fiq Member of the Ghadir Man-
qil Formation (Abu Mahara Group), 
which seem to correlate well with 
the two ‘global’ Sturtian and Ma-
rinoan snowball Earth-type glacial 
epochs, respectively. A third younger 
glaciation (Varangerian) is supposed 
to have occurred after 600 Ma and 
possibly being as young as 580 Ma. 
If so, this glacial epoch should be re-
corded in the overlying strata of the 1 
km-thick Nafun Group of Oman. The 
Nafun Group is made of two silici-
clastic-carbonate depositional cycles, 

comprising the Masirah Bay-Khufai 
formations and Shuram-Buah forma-
tions, and overlies the Marinoan-aged 
Fiq Member of the Ghadir Manqil 
Formation and its cap carbonate 
(Hadash Formation). The base of the 
overlaying Ara Group is dated c. 543 
Ma, and used as the Precambrian-
Cambrian boundary.

The Khufai-Shuram boundary, 
marking the base of the second depo-
sitional cycle, is well exposed in the 
Jabal Akhdar (northern Oman) and in 
the Huqf region of central Oman. In 
the former the outer ramp carbonates 
of the Khufai Formation are overlain 
by relatively deeper marine red and 
brown siltstones and storm-gener-
ated sandstones interbedded with fine 
limestones. Conversely, in the Huqf 
area shallow-water inner ramp car-
bonates of the Khufai Formation are 
directly overlain, without evidence 
for karstification or an erosional un-
conformity, by the storm-influenced 
reddish siltstones of the Shuram For-
mation. The Khufai-Shuram bound-
ary in both Jabal Akhdar and Huqf 
sections contains a massive negative 
δ13C excursion, with values dropping 
from around +5‰ at the top of the 
Khufai, to values of -12‰ at the base 
of the Shuram. This negative shift is 
long lived and persists throughout the 

Shuram Formation and for most of 
the overlying Buah Formation, where 
only at the top positive values are fi-
nally reached (+2‰). 

The absence of 1) glacial deposits 
on the top of the Khufai and 2) a con-
ventional ‘cap’ carbonate sequence, 
together with a δ13C signature not 
typical of classic cap carbonate se-
quences, makes a causal relationship 
with a snowball event improbable. 

Moreover, the Khufai-Shuram 
boundary negative isotopic shift cor-
relates well with other formations 
worldwide where the same pattern 
is found (Wonoka Fm of Australia, 
Johnnie Fm of California, Squantum 
and Gaskiers Fm of Newfoundland 
bracketed to 580-595 Ma, and the 
Hankalchough Fm of china). Some 
of these contain glacial diamictites 
but others show only sings for rela-
tive sealevel lowering (e.g., incised 
valleys) associated with the negative 
shift. A ‘Snowball Earth’ type gla-
ciation thus seems unlikely for the 
Varangerian. Moreover, the observed 
negative δ13C excursion is bigger in 
amplitude than the one predicted by 
the snowball theory, calling for other 
mechanisms capable of producing 
such a shift.
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