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Hinnov [1] disputes our interpretation of magnetostratigraphic evidence [2] supporting the notion that the
carbonate cyclic succession at Latemar represents less
than a million year (Myr) interval of accumulation in
Middle Triassic time and maintains that it instead
represents 9–12 Myr based on the attribution of the
∼600 meter-scale beds to 20 thousand year (Kyr)
Milankovitch precessional forcing [4,3]. In response, we
must first stress that the precession model for the cyclic
bedding conflicts with virtually all other stratigraphic
elements of the Latemar controversy, which can be
summarized as follows. (1) Zircon U–Pb isotopic dates
from three volcanoclastic layers distributed over 250 m of
the Latemar cyclic succession are hardly distinguishable
within the 95% confidence levels of 0.6 to 1.5 Myr [5]. (2)
A magnetostratigraphic survey conducted at Latemar
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showed the existence of essentially one normal magnetic
polarity zone [2]. (3) Biostratigraphic data from Latemar
indicate that deposition straddled at most the upper
Reitzi–lowermost Curionii ammonoid zones, that is to
say, over little more than one (Secedensis) ammonoid
zone [5,7,6]. (4) All these observations are substantially
confirmed by data from the coeval basinal deposits because the thick (∼500 m) Latemar cyclic succession
interfingers with a very thin (∼10 m) interval of
Buchenstein sediments, as suggested by several authors
(e.g., [8,9]) and not contested by Hinnov [1]. Near
Latemar in the Seceda core and outcrop [10], this interval
of the Buchenstein beds also straddles the Secedensis
Zone as well as a normal polarity chron (SC2n), and
according to an age model based on zircon U–Pb isotopic
dates on volcanoclastic layers in the basinal sediments,
encompasses less than 1 Myr [11–13].
In response to this overwhelming evidence, one of
the main points that Hinnov [1] tries to make is that the
available fossil evidence allows (but doesn't require)
that the cyclic succession at Latemar extends well
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down into the Reitzi Zone, which at Seceda is associated with reverse magnetic polarity Chron SC1r and
would thus conflict with the predominantly normal
polarity magnetizations we reported from the Latemar.
Rather than criticizing the details of the proposed
realignment, for example, the inconsistent use of the
U–Pb zircon dates beyond their analytical precision for
correlation before discrediting them entirely, we would
simply point out that the possibility of remagnetization
at Latemar suggested by Hinnov would not materially
affect the overall conclusion that the Latemar cyclic
succession corresponds to only a thin basinal interval of
latest Anisian age in the Buchenstein record. The only
evidence that this interval could be as much as 9–12
Myr long comes from the precession cycle model long
advocated by R.K. Goldhammer, L. Hinnov and coworkers [15,16,4,3,14,1].
In analyzing the frequency spectrum of the CDL
series [3], we indeed may not have adequately considered a time-varying accumulation of the Latemar
succession, which on closer inspection is more poorly
behaved than we had appreciated. The CDL series has
only 472 entries of depth-rank (integer values from 1 to
4) for successive intervals of a 159 m-thick section (Data
Repository Item 2002129, ref. [3]); this provides a depthrank value every 34 cm on average, which we suggested
is too coarse to systematically resolve meter-scale
variations. Hinnov [1] counters that the CDL observations should be regarded as virtually continuous down to
the 0.5 cm level of resolution, which is not obvious from
the listing nor is it evident what to do with 13 intervals
(all depth-rank of 1) that are listed as being only 0.1 cm
thick. At face value, intervals of uniform facies (i.e.,
depth-rank) in the CDL series range in thickness by a
factor of more than 3000 (0.1 cm to 330 cm), which
suggests a very inhomogeneous record. Moreover, the
Latemar cyclic succession, with alternating supratidal
and subtidal facies and meter-scale bedding that is
mainly defined by exposure surfaces, is unlikely to be a
continuous depositional record. The supratidal facies
(depth-ranks 1 and 2) tend to be thinner and account for
only ∼27% (43/159 m) of the overall CDL section but
these intervals are more frequent (295/472, or 63%) than
the subtidal facies (depth-ranks 3 and 4), which account
for almost 75% of the CDL section (116/159 m) even
though designated for only 37% (177/472) of the
intervals. Such asymmetries in frequency and relative
thicknesses of supratidal and subtidal facies intervals,
and the varying sediment accumulation rates they imply,
pose challenging problems in spectral analysis, which
are recognized by Hinnov. More troubling is evidence
for frequent discontinuities in the CDL series: over 50%

(270/471) of the depth-rank values jump by 2 or 3
between adjacent intervals with over 30% (147/471)
jumping by 3, the maximum possible; in fact, only 35%
(165/471) of the changes are a unit depth-rank (and 36
adjacent intervals are for some reason listed as having
the same depth-rank). Accordingly, we are increasingly
skeptical of the meaning of findings of frequency peaks
in spectral analyses of the CDL series, including our
efforts in the untuned depth domain [2] (see also [1]) and
certainly those resulting from realignments and tuning
employed in the conversion to a time series [3]. The
origin of the repetitive meter-scale bedding, whose
characteristic timing (average but not necessarily
periodic) of ∼1.7 Kyr [2] falls well below Milankovitch
precessional (20 Kyr) forcing, remains unclear but we
speculated that tidal amplitude variations [18,17,20,19]
may play a role in such cyclic platform carbonates.
It is difficult to shoe-horn the 9–12 Myr duration
estimate for the Latemar into the geologic time scale
but Hinnov [1] suggests that the most recent version of
the time scale assigns ostensibly sufficient time (17
Myr) to the Middle Triassic [21] to allow this. This
comparison, however, is misleading because the
Latemar cyclic succession clearly represents only a
small fraction of the Middle Triassic (Anisian and
Ladinian), for example, only ∼15% (by correlation) of
the uppermost Anisian to upper Ladinian Seceda
section (see Fig. 2 in [2]), only 1 or 2 of the 25
magnetic polarity chrons recognized in the Middle
Triassic (e.g., [22]), and only 1 or 2 of the dozen or so
ammonoid zones recognized in the Middle Triassic
(e.g., [21]), small proportions that are much more
consistent with a short duration from a straightforward
appraisal of the U–Pb zircon dating [11,12,5,23].
Moreover, the long Latemar time scale is made even
more problematical because the Middle Triassic is most
likely considerably shorter than given by Gradstein et
al. [21], who placed the Middle/Late Triassic (Ladinian/Carnian) boundary at 228 Ma and the Early/
Middle Triassic (Olenekian/Anisian) boundary at 245
Ma. The Middle/Late Triassic boundary has to be
considerably older, perhaps 235–237 Ma [23,26,24,25],
in part because U–Pb zircon dates from marine beds on
Gravina Island, southeastern Alaska, give 225 ± 3 Ma
for a level described as latest Carnian or earliest Norian
according to conodonts [27]. The age from Gravina
Island is to our knowledge the only available age
calibration point for the marine Late Triassic and needs
corroboration. Nevertheless, the date is consistent with
an age of 227–228 Ma that has been inferred recently
from magnetostratigraphic correlations of the Carnian/
Norian boundary in Tethyan marine sections to the
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astronomically calibrated Newark continental section
[29,28], which in turn can be correlated by vertebrate
biostratigraphy to a bentonite in the Ischigualasto
Formation of Argentina that yielded an 40Ar / 39Ar
sanidine plateau date of 227.8 ± 0.3 Ma [30]. The
entire Middle Triassic may thus be as short as, and cannot
therefore accommodate, the 9–12 Myr cycle-count
duration of the Latemar [1], which represents only a
small fraction of the Middle Triassic.
With regard to carbonate accumulation rates, the
straightforward application of an age model based on
U–Pb zircon dates would suggest values on the order of
500 m/Myr for the Latemar cyclic succession, as recently
suggested also by [31] and which is not unusually high
considering rates of 600 m/Myr estimated (with loose
age constraints) by Keim and Schlager [32] from the
nearby Sella platform. The 20 Kyr durations for the
meter-scale bedding cycles would reduce the carbonate
accumulation rate estimates by about an order of magnitude to values that Hinnov [1] says are more within an
acceptable range but the long duration model would also
reduce accumulation rates of coeval basinal sedimentation at Seceda and elsewhere to exceptionally low rates
of 1 m/Myr or less. Such extreme condensation would
likely result in the formation of hiatuses and biostratigraphic correlation would hardly be consistent, but that
is not what is observed (e.g., [25]).
A more general consequence of the ongoing
Latemar controversy is that most of the U–Pb zircon
dates on volcanoclastic horizons in the Alps have been
largely ignored even in the most recent GTS2004 time
scale compilation [21]. Ignoring these data just because
they could not be reconciled with age estimates based
on the conventional cycle counting at Latemar has, in
our opinion, contributed to a poorly calibrated and
distorted Triassic chronology that requires significant
revision, as is already underway [25]. It is time to
move on.
References
[1] L.A. Hinnov, Discussion of “Magnetostratigraphic confirmation
of a much faster tempo for sea-level change for the Middle
Triassic Latemar platform carbonates” by D.V. Kent, G. Muttoni,
and P. Brack, Earth Planet. Sci. Lett. 243 (2006-this volume)
868–873, doi:10.1016/j.epsl.2006.01.013.
[2] D.V. Kent, G. Muttoni, P. Brack, Magnetostratigraphic confirmation of a much faster tempo for sea-level change for the
Middle Triassic Latemar platform carbonates, Earth Planet. Sci.
Lett. 228 (2004) 369–377.
[3] N. Preto, L.A. Hinnov, L.A. Hardie, V. De Zanche, Middle Triassic
orbital signature recorded in the shallow-marine Latemar carbonate
buildup (Dolomites, Italy), Geology 29 (2001) 1123–1126.

849

[4] L.A. Hinnov, R.K. Goldhammer, Spectral analysis of the Middle
Triassic Latemar Limestone, J. Sediment. Petrol. 61 (1991)
1173–1193.
[5] R. Mundil, R. Zühlke, T. Bechstädt, A. Peterhänsel, S.O.
Egenhoff, F. Oberli, M. Meier, P. Brack, H. Rieber, Cyclicities
in Triassic platform carbonates: synchronizing radio-isotopic and
orbital clocks, Terra Nova 15 (2003) 81–87.
[6] S. Manfrin, P. Mietto, N. Preto, Ammonoid biostratigraphy of the
Middle Triassic Latemar platform (Dolomites, Italy) and its
correlation with Nevada and Canada, Geobios 38 (2005)
477–504.
[7] R. Zühlke, T. Bechstädt, R. Mundil, Sub-Milankovitch and
Milanovitch forcing on a model Mesozoic carbonate platform —
the Latemar (Middle Triassic, Italy), Terra Nova 15 (2003)
69–80.
[8] F. Maurer, Growth mode of Middle Triassic carbonate platforms
in the Western Dolomites (Southern Alps, Italy), Sediment. Geol.
134 (2000) 275–286.
[9] P. Brack, G. Muttoni, High-resolution magnetostratigraphic and
lithostratigraphic correlations in Middle Triassic pelagic carbonates from the Dolomites (northern Italy), Palaeogeogr. Palaeoclimatol. Palaeoecol. 161 (2000) 361–380.
[10] P. Brack, W. Schlager, M. Stefani, F. Maurer, J. Kenter, The
Seceda Drill Hole in the Middle Triassic Buchenstein beds
(Livinallongo Formation, Dolomites, Northern Italy): a progress
report, Riv. Ital. Paleontol. Stratigr. 106 (2000) 283–292.
[11] P. Brack, R. Mundil, F. Oberli, M. Meier, H. Rieber, Biostratigraphic and radiometric age data question the Milankovitch
characteristics of the Latemar cycles (Southern Alps, Italy),
Geology 24 (1996) 371–375.
[12] R. Mundil, P. Brack, M. Meier, H. Rieber, F. Oberli, High
resolution U–Pb dating of Middle Triassic volcaniclastics: timescale calibration and verification of tuning parameters for
carbonate sedimentation, Earth Planet. Sci. Lett. 141 (1996)
137–151.
[13] G. Muttoni, A. Nicora, P. Brack, D.V. Kent, Integrated Anisian–
Ladinian boundary chronology, Palaeogeogr. Palaeoclimatol.
Palaeoecol. 208 (2004) 85–102.
[14] N. Preto, L.A. Hinnov, V. De Zanche, P. Mietto, L.A. Hardie, The
Milankovitch interpretation of the Latemar platform cycles
(Dolomites, Italy): implications for geochronology, biostratigraphy, and Middle Triassic carbonate accumulation, SEPM Spec.
Publ. 81 (2004) 167–182.
[15] R.K. Goldhammer, P.A. Dunn, L.A. Hardie, High frequency
glacio-eustatic sealevel oscillations with Milankovitch characteristics recorded in Middle Triassic platform carbonates in northern
Italy, Am. J. Sci. 287 (1987) 853–892.
[16] R.K. Goldhammer, P.A. Dunn, L.A. Hardie, Depositional cycles,
composite sea-level changes, cycle stacking patterns, and the
hierarchy of stratigraphic forcing: examples from Alpine Triassic
platform carbonates, Geol. Soc. Amer. Bull. 102 (1990) 535–562.
[17] W. Munk, M. Dzieciuch, S. Jayne, Millennial climate variability:
is there a tidal connection? J. Climate 15 (2001) 370–385.
[18] C.D. Keeling, T.P. Whorf, The 1800-year oceanic tidal cycle: a
possible cause of rapid climate change, Proc. Natl. Acad. Sci. 97
(2000) 3814–3819.
[19] W.H. Berger, U. von Rad, Decadal to millennial cyclicity in
varves and turbidites from the Arabian Sea: hypothesis of tidal
origin, Glob. Planet. Change 34 (2002) 313–325.
[20] P.L. de Boer, Orbitally forced long-term variations of the
astronomical tide and their role in the generation of Milankovitch
and sub-Milankovitch cycles, in: B. D'Argenio, A.G. Fisher, I.

850

[21]
[22]

[23]

[24]

[25]

[26]

D.V. Kent et al. / Earth and Planetary Science Letters 243 (2006) 847–850
Premoli Silva, H. Weissert (Eds.), Multidisciplinary Approach to
Cyclostratigraphy, SEPM Society for Sedimentary Geology,
Sorrento, May 26–28, vol. 2001, 2001, abstract.
F.M. Gradstein, J.G. Ogg, A.G. Smith, A Geologic Time Scale
2004, Cambridge University Press, Cambridge, 2004, p. 589.
G. Muttoni, D.V. Kent, S. Meco, M. Balini, A. Nicora, R. Rettori,
M. Gaetani, L. Krystyn, Towards a better definition of the Middle
Triassic magnetostratigraphy and biostratigraphy in the Tethyan
realm, Earth Planet. Sci. Lett. 164 (1998) 285–302.
J. Pálfy, R.R. Parrish, A. Vörös, Mid-Triassic integrated U–Pb
geochronology and ammonoid biochronology from the Balaton
Highland (Hungary), J. Geol. Soc. ( Lond. ) 160 (2003) 271–284.
G. Muttoni, D.V. Kent, P.E. Olsen, P. DiStefano, W. Lowrie, S.
Bernasconi, F.M. Hernandez, Tethyan magnetostratigraphy from
Pizzo Mondello (Sicily) and correlation to the Late Triassic
Newark astrochronological polarity time scale, Geol. Soc. Amer.
Bull. 116 (2004) 1043–1058.
P. Brack, H. Rieber, A. Nicora, R. Mundil, The Global Boundary
Stratotype Section and Point (GSSP) of the Ladinian Stage
(Middle Triassic) at Bagolino (Southern Alps, Northern Italy)
and its implications for the Triassic time scale, Episodes 28/4
(2005) 233–244.
Y. Gallet, L. Krystyn, J. Besse, J. Marcoux, Improving the Upper
Triassic numerical time scale from cross-correlation between
Tethyan marine sections and the continental Newark basin
sequence, Earth Planet. Sci. Lett. 212 (2003) 255–261.

[27] G.E. Gehrels, J.B. Saleeby, H.C. Berg, Geology of Annette,
Gravina, and Duke islands, southeastern Alaska, Can. J. Earth
Sci. 24 (1987) 866–881.
[28] G. Muttoni, S. Meco, M. Gaetani, Magnetostratigraphy and
biostratigraphy of the Late Triassic Guri Zi Section, Albania:
constraint on the age of the Carnian–Norian boundary, Riv. Ital.
Paleontol. Stratigr. 111 (2005) 233–245.
[29] J.E.T. Channell, H.W. Kozur, T. Sievers, R. Mock, R. Aubrecht,
M. Sykora, Carnian–Norian biomagnetostratigraphy at Silicka
Brezova (Slovakia): correlation to other Tethyan sections and to
the Newark Basin, Palaeogeogr. Palaeoclimatol. Palaeoecol. 191
(2003) 65–109.
[30] R.R. Rogers, C.C. Swisher, P. Sereno, A.M. Monetta, C.A.
Forster, R.N. Martinez, The Ischigualasto tetrapod assemblage
(Late Triassic, Argentina) and 40Ar/39Ar dating of dinosaur
origins, Science 260 (1993) 794–797.
[31] A. Emmerich, U.A. Glasmacher, F. Bauer, T. Bechstädt, R.
Zühlke, Meso-/Cenozoic basin and carbonate platform development in the SW-Dolomites unraveled by basin modelling and
apatite FT analysis: Rosengarten and Latemar (Northern Italy),
Sediment. Geol. 175 (2005) 415–438.
[32] L. Keim, W. Schlager, Quantitative compositional analysis of a
Triassic carbonate platform (Southern Alps, Italy), Sediment.
Geol. 139 (2001) 261–283.

