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CRITICAL VIEW OF THE CALIBRATION OF THE TRIASSIC TIME SCALE
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The calibration of the geologic time scale by means of radio-isoto-
pic dating techniques is instrumental for an accurate reconstruction of
events and processes in Earth’s history, including biotic evolution, cli-
mate and environmental change, tectonic and magmatic processes, et
cetera.

In this contribution, the importance of high-quality radio-isotopic
ages will be illustrated using examples of geologic events during Triassic
times, for example the observed changes in ocean chemistry (Payne and
Kump, 2007; Payne et al., 2004) and the recovery of life after the most
severe mass extinction in the Lower Triassic (Ovtcharova et al., 2006),
and the events leading to the End Triassic biotic crisis (Mundil et al.,
2005; Olsen et al., 2003; Pálfy et al., 2000), including the timing of the
Siberian Trap volcanism in latest Permian to earliest Triassic times (Renne
and Basu, 1991; Renne et al., 1995) and the CAMP (Central Atlantic
Magmatic Province) volcanism in latest Triassic times (Knight et al.,
2004; Marzoli et al., 1999). In addition, different hypotheses on the
timing and recording of purported climatic signals in Middle Triassic
shallow marine carbonates will be discussed with respect to radio-isoto-
pic ages from intercalated volcanic ash falls and resulting implications for
the Triassic time scale (Kent et al., 2004; Mundil et al., 1996; Mundil et
al., 2003; Preto et al., 2001; Zühlke et al., 2003).

This contribution is aimed at expanding the understanding of us-
ers of geologic time scale compilations, most of which are based on an
often arbitrary selection of data and sometimes questionable interpreta-
tions (the latest for the Triassic being Ogg,  2004). It is to be expected
that the quality of data, in this case radio-isotopic ages from different
isotopic systems, is subject to change as new analytical techniques are
discovered and applied (e.g. Mattinson,  2005), and the knowledge about
primary input values such as decay constants is growing. For example,
the accuracy of radio-isotopic ages mainly depends on two prerequi-
sites: (1) a closed isotopic system of the analyzed mineral or rock, i.e., no
gain or loss of the parent and/or daughter element, and (2) the quality of

the calibration of reference materials (natural or artificial standards) and
decay constants.

Whereas the former is often not given, resulting in ages which are
slightly too young (due to the loss of the radiogenic daughter isotope), it
has often either been ignored or was not recognized (see Mundil et al.
(2001) for discussion). The latter imposes a problem if ages from differ-
ent isotopic systems are compared. For example, recent studies show
evidence that the decay constant for 40K is substantially miscalibrated
by as much as 1%, which vastly exceeds the currently attainable analyti-
cal precision of ca. 0.1% (Min et al., 2000; Mundil et al., 2006). In
particular, research aimed at studying the synchronicity of events has to
take this complication into consideration. A prime example is the age of
the Permian-Triassic mass extinction, which is mostly constrained by U-
Pb ages, in relation to the age of the Siberian Flood volcanism, which is
primarily constrained by 40Ar/39Ar ages (Renne et al., 1995; Bowring et
al., 1998; Kamo et al., 2003; Mundil et al., 2004).

Accounting for these complications and taking only radio-isoto-
pic ages into consideration that pass specific criteria (no evidence of
redeposition, closed isotopic system, adjustment for systematic biases),
the proposed new time scale for the Triassic is significantly different
from even the latest published compilation (Brack et al., 2005), which
has severe implications for the interpretation of events associated with
the Permian-Triassic and Triassic-Jurassic transition (Mundil et al., 2004;
Pálfy and Mundil, 2006).

Recent community efforts are aimed at addressing some of these
complications by resolving inter-laboratory biases (Condon and Mem-
bers of the Earthtime U-Pb working group, 2005). In addition, the appli-
cation of promising new isotopic dating techniques, such as Re-Os dat-
ing of black shales (Creaser et al., 2005; Selby and Creaser, 2005) and U-
Pb dating of paleosols and carbonates (Rasbury et al., 1998), may pro-
vide additional valuable data for time scale calibration where traditional
dating techniques fail, for example due to the lack of volcanic products in
the Upper Triassic.

REFERENCES

Bowring, S.A., Erwin, D.H., Jin, Y.G., Martin, M.W., Davidek, K., and
Wang, W., 1998, U/Pb zircon geochronology and tempo of the end-
Permian mass extinction: Science, v. 280, p. 1039-1045.

Brack, P., Rieber, H., Nicora, A., and Mundil, R., 2005, The Global Bound-
ary Stratotype Section and Point (GSSP) of the Ladinian Stage (Middle
Triassic) at Bagolino (Southern Alps, Northern Italy) and its implica-
tions for the Triassic time-scale: Episodes, v. 28, p. 233-244.

Condon, D.J., and Members of the Earthtime U-Pb working group, 2005,
Progress report on the U-Pb interlaboratory experiment, Goldschmidt
Conference: Moscow, Idaho, p. A319.

Creaser, R.A., Selby, D., and Kendall, B.S., 2005, High-precision Re-Os
shale geochronology: Geochimica Et Cosmochimica Acta, v. 69, p.
A320-A320.

Kamo, S.L., Czamanske, G.K., Amelin, Y., Fedorenko, V.A., Davis, D.W.,
and Trofimov, V.R., 2003, Rapid eruption of Siberian flood-volcanic
rocks and evidence for coincidence with the Permian-Triassic boundary
and mass extinction at 251 Ma: Earth and Planetary Science Letters, v.
214, p. 75-91.

Kent, D.V., Muttoni, G., and Brack, P., 2004, Magnetostratigraphic confir-
mation of a much faster tempo for sea-level change for the Middle
Triassic Latemar platform carbonates: Earth and Planetary Science
Letters, v. 228, p. 369-377.

Knight, K.B., Nomade, S., Renne, P.R., Marzoli, A., Bertrand, H., and
Youbi, N., 2004, The Central Atlantic Magmatic Province at the Trias-
sic–Jurassic boundary: paleomagnetic and 40Ar/39Ar evidence from
Morocco for brief, episodic volcanism: Earth and Planetary Science
Letters, v. 228, p. 143– 160.

Marzoli, A., Renne, P.R., Piccirillo, E.M., Ernesto, M., Bellieni, G., and De
Min, A., 1999, Extensive 200-million-year-old continental flood basalts
of the Central Atlantic Magmatic Province: Science, v. 284, p. 616-
618.

Mattinson, J.M., 2005, Zircon U-Pb chemical abrasion (“CA-TIMS”)
method: Combined annealing and multi-step partial dissolution analysis
for improved precision and accuracy of zircon ages: Chemical Geology,
v. 220, p. 47-66.

Min, K., Mundil, R., Renne, P.R., and Ludwig, K.R., 2000, A test for system-
atic errors in 40Ar/39 Ar geochronology through comparison with U/Pb
analysis of a 1.1-Ga rhyolite: Geochimica et Cosmochimica Acta, v. 64,
p. 73-98.

Mundil, R., Brack, P., Meier, M., Rieber, H., and Oberli, F., 1996, High
resolution U-Pb dating of Middle Triassic volcaniclastics: Time-scale
calibration and verification of tuning parameters for carbonate sedi-
mentation: Earth and Planetary Science Letters, v. 141, p. 137-151.



315
Mundil, R., Ludwig, K.R., Metcalfe, I., and Renne, P.R., 2004, Age and

timing of the Permian mass extinctions: U/Pb dating of closed-system
zircons: Science, v. 305, p. 1760-1763.

Mundil, R., Metcalfe, I., Ludwig, K.R., Renne, P.R., Oberli, F., and Nicoll,
R.S., 2001, Timing of the Permian-Triassic biotic crisis: implications
from new zircon U/Pb age data (and their limitations): Earth and Plan-
etary Science Letters, v. 187, p. 131-145.

Mundil, R., Pálfy, J., and Matzel, J., 2005, New constraints on the timing of
the Triassic-Jurassic extinction and recovery, Abstracts with Programs -
Geological Society of America, Volume 37: Boulder, Geological Society
of America (GSA), p. Paper No. 77-7.

Mundil, R., Renne, P.R., Min, K.K., and Ludwig, K.R., 2006, Resolvable
miscalibration of the 40Ar/39Ar geochronometer, Eos Trans. AGU,
Fall Meet. Suppl., Volume 87(52), p. V21A-0543.

Mundil, R., Zühlke, R., Bechstadt, T., Peterhansel, A., Egenhoff, S.O.,
Oberli, F., Meier, M., Brack, P., and Rieber, H., 2003, Cyclicities in
Triassic platform carbonates: synchronizing radio-isotopic and orbital
clocks: Terra Nova, v. 15, p. 81-87.

Ogg, J.G., 2004, The Triassic Period, in Gradstein, F.M., Ogg, J.G., and
Smith, A.G., eds., A Geologic Time Scale 2004: Cambridge, University
Press, p. 271-306.

Olsen, P.E., Kent, D.V., Et-Touhami, M., and Puffer, J.H., 2003, Cyclo-,
magneto-, and bio-stratigraphic constraints on the duration of the CAMP
event and its relationship to the Triassic-Jurassic boundary: Geophysical
Monograph, v. 136, p. 7-32.

Ovtcharova, M., Bucher, H., Schaltegger, U., Galfetti, T., Brayard, A., and
Guex, J., 2006, New Early to Middle Triassic U-Pb ages from South
China: Calibration with ammonoid biochronozones and implications for
the timing of the Triassic biotic recovery: Earth and Planetary Science
Letters, v. 243, p. 463-475.

Pálfy, J., Mortensen, J.K., Carter, E.S., Smith, P.L., Friedman, R.M., and
Tipper, H.W., 2000, Timing the end-Triassic mass extinction; first on
land, then in the sea?: Geology, v. 28, p. 39-42.

Pálfy, J., and Mundil, R., 2006, The age of the Triassic–Jurassic boundary:
New data and their implications for the extinction and recovery, 7th
International Jurassic Congress: Krakow, Poland.

Payne, J.L., and Kump, L.R., 2007, Evidence for recurrent Early Triassic
massive volcanism from quantitative interpretation of carbon isotope
fluctuations: Earth and Planetary Science Letters, v. 256, p. 264-277.

Payne, J.L., Lehrmann, D.J., Wei, J.Y., Orchard, M.J., Schrag, D.P., and
Knoll, A.H., 2004, Large perturbations of the carbon cycle during re-
covery from the end-Permian extinction: Science, v. 305, p. 506-509.

Preto, N., Hinnov, L.A., Hardie, L.A., and De Zanche, V., 2001, Middle
Triassic orbital signature recorded in the shallow-marine Latemar car-
bonate buildup (Dolomites, Italy): Geology, v. 29, p. 1123-1126.

Rasbury, E.T., Hanson, G.N., Meyers, W.J., Holt, W.E., Goldstein, R.H., and
Saller, A.H., 1998, U-Pb dates of Paleosols; constraints on late Paleo-
zoic cycle durations and boundary ages: Geology, v. 26, p. 403-406.

Renne, P.R., and Basu, A.R., 1991, Rapid eruption of the Siberian Traps
flood basalts at the Permo-Triassic boundary: Science, v. 253, p. 176-
179.

Renne, P.R., Zhang, Z., Richards, M.A., Black, M.T., and Basu, A.R., 1995,
Synchrony and causal relations between Permian-Triassic boundary cri-
ses and Siberian flood volcanism: Science, v. 269, p. 1413-1416.

Selby, D., and Creaser, R.A., 2005, Direct radiometric dating of the Devo-
nian-Mississippian time-scale boundary using the Re-Os black shale
geochronometer: Geology, v. 33, p. 545-548.

Zühlke, R., Bechstadt, T., and Mundil, R., 2003, Sub-Milankovitch and
Milankovitch forcing on a model Mesozoic carbonate platform - the
Latemar (Middle Triassic, Italy): Terra Nova, v. 15, p. 69-80.


