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Carbonate platforms are sensitive recorders of environmental change
through geologic time. Climatically induced changes in sea level or
changes in subsidence are expressed through migration of sediment
belts that are recorded in the accumulating sedimentary succession.
Changes in nutrient levels are recorded in shifts in the biotic community
and, if eutrophic levels are reached, platforms may drown due to
breakdown in carbonate production (Föllmi et al., 1994). Our group
has been focusing on the ,60 Ma Late Jurassic–Early Cretaceous
period, which was originally considered to have had uniform
greenhouse conditions (Fischer, 1982). Available climate proxy data,
however, such as oxygen isotope data (d18O) from deep sea cores, the
paleontologic data (e.g., Frakes et al., 1992), and the 87Sr/86Sr and
carbon isotope data of Jurassic and Cretaceous carbonates (Jenkyns
and Wilson, 1999), indicate that there were major cooling and warming
events that likely affected global ice volume, sea level, and the
accumulating sedimentary and microfossil record of carbonate plat-
forms.

Numerous carbonate platforms were developed within the tropical–
subtropical belt of the circumequatorial Late Jurassic–Early Cretaceous
Tethys Ocean. Many of these platforms have comparable shapes, sizes,
facies, subsidence rates, and geologic structure to the present-day
Bahamas Banks, a commonly used modern-day analogue (e.g.,
Bosellini, 2002, and references therein). In addition, the outcropping
Tethyan platforms provide important clues to the poorly known
subsurface Mesozoic carbonates that underpin the modern Bahamas
platform. The Tethyan platforms were characterized by high rates of
sedimentation (from ,30 up to .100 m/myr; D’Argenio et al., 1999)
and exhibit meter-scale shallowing-upward cycles or parasequences
generated during high frequency, small sea-level fluctuations within the
Milankovitch band (Strasser, 1991; Schulz and Schäfer-Neth, 1997;
Lehmann et al., 1999; Strasser et al., 1999; Immenhauser et al., 2004;
Husinec and Read, 2007). The Late Jurassic–Early Cretaceous
platforms contain important information about changes in fauna,
depositional facies, diagenesis, and climatic events, as well as the history
of platform growth and demise (Simo et al., 1993).

As such platform tops lie near sea level, they are sensitive to such
small changes in sea level as those driven by the earth’s orbital forcing
of global climate––Milankovitch forcing. There is abundant evidence of
orbitally forced changes in climate and sea levels in Paleozoic and
Mesozoic rocks from many carbonate platforms around the world
(Read, 1995, and references therein). Namely, the cycles of precession
(19–23 kyr, decreasing to slightly smaller values into the past), obliquity
of the Earth’s rotational axis (41–54 kyr), and eccentricity of the earth’s
orbit around the sun (98–123 kyr and 413 kyr) produce periodic
variations in the insolation patterns (Berger, 1984; Berger and Loutre,
1994; Hinnov, 2000), which in turn cause variations in oceanic and
atmospheric systems.

During greenhouse times, precessional cycles (roughly 20 kyr and
decreasing slightly with geologic age) appear to be dominant when the
Earth is relatively ice free (Fischer, 1982; Read, 1995). Carbonate
platforms during greenhouse periods––as in the Late Jurassic–Early
Cretaceous––developed under relatively small sea-level fluctuations
(typically a few meters) with roughly 10–20 kyr periodicities on which
are superimposed small, ,100 and 400 kyr sea-level fluctuations
(Koerschner and Read, 1989; Bond et al., 1991; Goldhammer et al.,
1993; Lehrmann and Goldhammer, 1999). These platforms are
consequently composed of markedly layer-cake, meter-scale, low-
energy peritidal and or subtidal cycles (e.g., Osleger, 1991; Montañez
and Read, 1992; Elrick, 1995; Read, 1998).

During icehouse times when the Earth had major ice sheets,
Milankovitch-driven sea-level changes were large (many tens of meters)
and typically, obliquity (40 kyr) or eccentricity (100–400 kyr) domi-
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nated. Major ice sheets were absent in the Cretaceous; however, there is
increasing evidence of cooling events and buildup of small ice sheets
(Frakes, 1999). At these times, sea-level changes were likely to be larger
(few tens of meters) than in greenhouse times, and were possibly driven
by obliquity and eccentricity, rather than precession (Read, 1995).
These conditions leave a very distinctive record on carbonate platforms
(Smith and Read, 1999, 2001) and such cooling events should be
evident on the Late Jurassic–Early Cretaceous Tethyan platforms,
interspersed with the classic greenhouse cyclic succession.

The meter-scale carbonate cycles that make up the platform are the
building blocks of depositional sequences––i.e., genetically related,
unconformity-bounded successions of strata lacking apparent internal
unconformities. The parasequences and parasequence sets are arranged
in systems tracts (Mitchum and Van Wagoner, 1991). Depositional
sequences (and parasequences) form as a result of changes in
accommodation space (sea level plus subsidence; e.g., Sarg, 1988;
Goldhammer et al., 1990; Van Wagoner et al., 1990; Osleger, 1991; Chen
et al., 2001; Raspini, 2001). Many of the parasequences that developed
during greenhouse worlds are typically shallowing-upward successions of
genetically related strata capped by microbial laminites (Read, 1998);
however, some parasequences lack regressive laminites and instead have
burrowed and rooted upper parts, capped with green paleosols. We
recently found that the presence or absence of regressive microbial
laminites versus rooted-burrowed caps on the peritidal parasequences is
controlled by salinity, and possibly by climate (Husinec and Read, 2011).
The laminite-capped parasequences resulted from a salinity increase as
the platform interior shallowed under (semi-arid) conditions. The rooted
and burrowed parasequences capped by subaerial exposure surfaces
likely formed during times of more humid climate favoring brackish to
normal marine coastal waters and tidal flats colonized by macrophytes
whose intense bioturbation inhibited development of microbial caps.

The interiors of Late Jurassic–Early Cretaceous greenhouse plat-
forms commonly lack high-resolution taxa important for biostratigra-
phy; however, they typically contain abundant benthic foraminifera
and dasycladalean calcareous algae, the latter likely being a major
producer of aragonite mud today (Neumann and Land, 1975).
Interestingly, Stanley and Hardie (1998) originally suggested that the
abundance of dasycladaleans peaks during times with aragonite seas,
with the only exception being the Late Jurassic–Early Cretaceous. Later
studies have shown, however, that both calcite and aragonite episodes
include periods of high and low dasycladalean diversity (Aguirre and
Riding, 2005) and that peaks of dasycladalean diversity can be reached
even when the Mg/Ca ratio plunges to a very low level (as in the
Barremian; Husinec et al., 2009).

Another area of focus is the primary C-isotope record and its
sedimentologic and paleontologic expression on shallow platforms,
including their response to documented oceanic anoxic events (OAEs;
e.g., Funk et al., 1993; Föllmi et al., 1994; Jones and Jenkyns, 2001;
Jenkyns, 2003; Erba et al., 2004; Föllmi and Gainon, 2008). The carbon
isotope signal from the bulk carbonate matrix of shallow-water
platforms is not markedly altered, even in some sections with a
meteoric diagenetic overprint (Grötsch et al., 1998). Consequently,
carbon isotope excursions associated with carbon cycling and global
oceanic anoxic events on Early Cretaceous Tethyan platforms can be
used not only to improve the low-resolution biostratigraphy based on
benthic foraminifera and calcareous algae, but also to study how
shallow platform environments responded during OAEs in terms of
biota, productivity, and parasequence stacking pattern. Our group has
found evidence of short-lived, rapid Adriatic platform drowning at the
Aptian OAE-1a (,120 Ma), accompanied by a major carbon-isotope
excursion. Our studies also show carbon and oxygen isotope variations
at the parasequence set scale, with C and O signatures becoming heavier
toward parasequence set boundaries.

The Late Jurassic–Early Cretaceous greenhouse platforms also
contain extensive dolomites with stable-isotope and trace-element

geochemistry that indicate they formed from relatively normal marine
waters––i.e., below evaporite precipitation field. Such dolomites are
widespread in isolated platforms worldwide (Budd, 1997).

In summary, Tethyan Mesozoic carbonate platforms have provided
and will continue to provide a fertile research area for sedimentologic,
paleontologic, geochemical, paleoclimatic, and paleoceanographic
studies.

REFERENCES

AGUIRRE, J., and RIDING, R., 2005, Dasycladalean algal biodiversity compared with

global variations in temperature and sea level over the past 350 Myr: PALAIOS,

v. 20, p. 581–588.

BERGER, A., 1984, Accuracy and frequency stability of the earth’s orbital elements

during the Quaternary, in Berger, A., Imbrie, J., Hays, J., Kukla, G., and Saltzman,

B., eds., Milankovitch and Climate, Part I: Reidel, Dordrecht, The Netherlands,

p. 3–39.

BERGER, A., and LOUTRE, M.F., 1994, Astronomical forcing through geological time,

in de Boer, P.L., and Smith, D.G., eds., Orbital Forcing and Cyclic Sequences:

International Association of Sedimentologists Special Publication, v. 19, Blackwell

Scientific Publications, Oxford, UK, p. 15–24.

BOND, G.C., KOMINZ, M.A., and BEAVAN, J., 1991, Evidence for orbital forcing of

Middle Cambrian peritidal cycles: Wah Wah range, south-central Utah, in

Franseen, E.K., Watney, W.L., Kendall, C.G.St.C., and Ross, W., eds.,

Sedimentary Modeling: Computer Simulations and Methods for Improved

Parameter Definition: Kansas Geological Survey Bulletin, v. 233, p. 293–318.

BOSELLINI, A., 2002, Dinosaurs ‘‘re-write’’ the geodynamics of the eastern

Mediterranean and the paleogeography of the Apulia Platform: Earth-Science

Reviews, v. 59, p. 211–234.

BUDD, D.A., 1997, Cenozoic dolomites of carbonate islands: Their attributes and

origin: Earth-Science Reviews, v. 42, p. 1–47.

CHEN, D., TUCKER, M.E., JIANG, M., and ZHU, J., 2001, Long-distance correlation

between tectonic controlled, isolated carbonate platforms by cyclostratigraphy and

sequence stratigraphy in the Devonian of South China: Sedimentology, v. 48,

p. 471–495.

D’ARGENIO, B., FERRERI, V., RASPINI, A., AMODIO, S., and BUONOCUNTO, F.P., 1999,

Cyclostratigraphy of a carbonate platform as a tool for high-precision correlation:

Tectonophysics, v. 315, p. 357–385.

ELRICK, M., 1995, Cyclostratigraphy of Middle Devonian carbonates of the eastern

Great Basin: Journal of Sedimentary Research, v. B65, p. 61–79.

ERBA, E., BARTOLINI, A., and LARSON, R.L., 2004, Valanginian Weissert oceanic

anoxic event: Geology, v. 32, p. 149–152.

FISCHER, A.G., 1982, Long-term climatic oscillations recorded in stratigraphy, in

Geophysics Study Committee, National Research Council, Climate in Earth

History: National Academy Press, Washington, D.C., p. 97–104.
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