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Royer et al. (2004), in their recent article in GSA Today,
dispute the conclusion of Shaviv and Veizer (2003) that celestial forcing may have been the major driver of Phanerozoic
climate, arguing instead for CO2 as the dominant force. The
δ18O of calcareous shells reflects the ambient temperature of
seawater and the quantity of water locked in the polar ice
caps, each contributing about one half to this signal, but lately
it has been realized that seawater pH drives the δ18O in the
opposite direction. Royer et al. utilized this for reconciling
the GEOCARB III and the δ18O trend of Veizer et al. (2000)
by assuming that any discrepancy of the two variables is due
to pH. This is an interesting proposition that has some merit,
but note that such a correction is entirely arbitrary, because
we do not have any constraints for the pH of Phanerozoic
seawater, except possibly some boron isotopes for the youngest portion of this record. Moreover, the pH correction itself
basically reflects the GEOCARB III CO2 model, such that the
correlation obtained between the corrected δ18O and CO2
cannot be claimed to be a CO2 fingerprint. Furthermore, the
model of Royer et al. does not consider the mitigating “ice
volume” effect. Once included, the required pH correction
(and GEOCARB III CO2 levels) would have to be about doubled for CO2 climate “driving” to be on par with the CRF. For
all these, and the reasons listed in our detailed response (see
www.gsajournals.org; go to “Online Journals,” then “Online
Forum”), we argue that the δ18O trend is still chiefly a reflection of the temperature history of the past oceans, controlled
principally by the celestial driver.
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A major purpose of our paper was to show that paleotemperature records do not support the presence of prolonged
cold intervals (similar in magnitude and duration to the PermoCarboniferous glaciation) during the Ordovician/Silurian
(460–400 Ma) and mid-Mesozoic (220–120 Ma), as required by
the δ18O record of Veizer et al. (1999). The fact that our pHcorrected curve better matches the more robust record of glacial sediments should be taken as a positive result, considering
an alternative explanation of diagenesis. Crucially, diagenetic
overprinting can be present even when screening samples
using the petrographic and trace element criteria adopted by
Veizer et al. (1999) (cf. Montañez et al., 2000; Wenzel, 2000; Mii
et al., 2001; Pearson et al., 2001).
Shaviv and Veizer claim that we correlate the CO2 and pHcorrected temperature records. This is simply untrue. Also,
their “ice volume” effect, to be applied to our pH correction, is
based on an average slope for the change in temperature with
δ18O, for the entire Phanerozoic. This approach is incorrect.
The ice volume correction is applicable only to periods of major glaciation, but at these times our pH correction was minor.
The correspondence between the Phanerozoic records of
atmospheric CO2 and glacial sediments, and the revision of the
δ18O paleotemperature record toward values better matching
the glacial sediment record, strongly implicate CO2 as a primary driver of climate over these timescales. Cosmic ray flux is
likely only of second-order significance (see also Rahmstorf et
al., 2004).

REFERENCES CITED
Mii, H.-S., Grossman, E.L., Yancey, T.E., Chuvashov, B., and Egorov, A., 2001, Isotopic
records of brachiopod shells from the Russian Platform—evidence for the onset of midCarboniferous glaciation: Chemical Geology, v. 175, p. 133–147.
Montañez, I.P., Osleger, D.A., Banner, J.L., Mack, L., and Musgrove, M.L., 2000, Evolution of
the Sr and C isotope composition of Cambrian oceans: GSA Today, v. 10, no. 5, p. 1–7.
Pearson, P.N., Ditchfield, P.W., Singano, J., Harcourt-Brown, K.G., Nicholas, C.J., Olsson,
R.K., Shackleton, N.J., and Hall, M.A., 2001, Warm tropical sea surface temperatures in the
Late Cretaceous and Eocene epochs: Nature, v. 413, p. 481–487.
Rahmstorf, S., Archer, D., Ebel, D.S., Eugster, O., Jouzel, J., Maraun, D., Neu, U., Schmidt,
G.A., Severinghaus, J., Weaver, A.J., and Zachos, J.C., 2004, Cosmic rays, carbon dioxide,
and climate: Eos (Transactions, American Geophysical Union), v. 85, p. 38, 41.
Veizer, J., Ala, D., Azmy, K., Bruckschen, P., Buhl, D., Bruhn, F., Carden, G.A.F., Diener,
A., Ebneth, S., Goddéris, Y., Jasper, T., Korte, C., Pawellek, F., Podlaha, O.G., and Strauss,
H., 1999, 87Sr/86Sr, δ13C and δ18O evolution of Phanerozoic seawater: Chemical Geology,
v. 161, p. 59–88.
Wenzel, B., 2000, Differential preservation of primary isotopic signatures in Silurian brachiopods from northern Europe: Journal of Sedimentary Research, v. 70, p. 194–209.

JULY 2004, GSA TODAY

