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Fig. 4. Vertical exposure of a Late Proterozoic (~ 650 Ma) periglacial sand wedge 3 m deep (2) in brecciated
mid-Proterozoic quartzite at the Cattle Grid copper mine, South Australia. A near-vertical, diverging lamination that
parallels the wedge margins is discernible within the wedge. Deformed sand wedges of an earlier generation (1)
occur within the breccia and a third-generation wedge (3) occurs within overlying Late Proterozoic aeolian
sandstone (Whyalla Sandstone) and the uppermost part of the large wedge. Bedding in breccia and sandstone is
turned upward adjacent to the wedges. Numerous such sand wedges formed near sea level in the area bordering the
Adelaide Geosyncline during the Marinoan Glaciation at ~ 650 Ma. Identical sand wedges are forming today in the
periglacial dry valleys of Antarctica and in the Arctic. The structures indicate a very cold, arid, strongly seasonal
climate.

=25 7 EE85{EE T 0)Sand Wedge (from Williams, 1993)
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Figure 2. The cosmic ray flux (@) and tropical
temperature anomaly (AT) variations over the
Phanerozoic. The upper curves describe the
reconstructed CRF using iron meteorite exposure age
data (Shaviv, 2002b). The blue line depicts the
nominal CRF, while the yellow shading delineates
the allowed error range. The two dashed curves are
additional CRF reconstructions that fit within the
acceptable range (together with the blue line, these
three curves denote the three CRF reconstructions
used in the model simulations). The red curve
describes the nominal CRF reconstruction after its
period was fine tuned to best fit the low-latitude
temperature anomaly (i.e., it is the “blue”
reconstruction, after the exact CRF periodicity was
fine tuned, within the CRF reconstruction error). The
bottom black curve depicts the 10/50 m.y. (see Fig.
1) smoothed temperature anomaly (AT) from Veizer
et al. (2000). The red line is the predicted AT 4, for
the red curve above, taking into account also the
secular long-tenm linear contribution (term B x ¢ in
equation 1). The green line is the residual. The langest
residual is at 250 m.y. B.P., where only a few
measurements of 3'%0 exist due to the dearth of
fossils subsequent to the largest extinction event in
Earth history. The top blue bars are as in Figure 1.

(Shaviv and Veizer, 2003)
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Figure 2. CO; and climate. A: Comparison of model predictions
(GEOCARB III; Berner and Kothavala, 2001) and proxy
reconstructions of CO,. 10 m.y. time-steps are used in both curves.
Shaded area represents range of error for model predictions. B:
Intervals of glacial (dark blue) or cool climates (light blue; see text).
C: Latitudinal distribution of direct glacial evidence (tillites, striated
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Figure 4. pH-correction for shallow-marine 8'*0 carbonate
curve. A: The blue curve corresponds to temperature deviations
relative to today calculated by Shaviv and Veizer (2003) from

the “10/50" 8'%0 compilation presented in Veizer et al. (2000,
where the original data (Veizer et al., 1999) were detrended

and then averaged in 10 m.y. time-steps using a 50 m.y. moving
window. In the two remaining curves, data from the blue curve
have been adjusted for pH effects due to changes in seawater Ca*
concentration (after Horita et al., 2002), and CO; based either

on GEOCARB |1l or proxies. A sensitivity analysis was performed
on the GEOCARB + Ca** curve by holding Ca** levels constant
(lower bound of orange band), or by allowing the saturation state
of CaCOj; in the ocean to vary through time (€2; upper bound; see
text for details). B: Cosmic ray flux (relative to the present day) as
reconstructed by Shaviv (2002). C: Intervals of glacial and cool
climates, as in Fig. 2B.

(Royer et al., 2004)



% Xk

Shaviv and Veizer, 2003: Celestial driver of Phanerozoic climate, EGS - AGU - EUG Joint
Assembly, Abstracts from the meeting held in Nice, France, 6 — 11

Mann et al., 2009: Global Signatures and Dynamical Origins of the Little Ice Age and
Medieval Climate Anomaly., Science, Volume 326, Issue 5957, pp. 1256



