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Research outline Model scenarios:
Early Miocene (24-15 Ma BP), open Panama gateway (depth = 3000 m) and
wide Tethys (depth = 1000 m), closed Bering Strait, no sea ice
Middle Miocene (15-11 Ma BP), open Panama and narrow Tethys gateways
(depth = 1000 m each), closed Bering Strait, no arctic sea ice
Late Miocene (11-5 Ma BP), open Panama gateway (depth = 300 m),
open Bering Strait, arctic sea ice
Present-day control run

Model resolution: 3.5° x 3.5°, 11 levels. All simulations are integrated for 30000 years.

We investigate changes in the marine carbon cycle by applying the
output of several Miocene ocean circulation sensitivity experiments to
a marine carbon cycle model (HAMOCC2s, Heinze and Maier-Reimer
1999). This model considers geochemical tracers and biogenic
particulate matter in the water column as well as in the bioturbated
sediment. Using 8°C among others as model output variable, the
geochemical simulations provide a new framework to interpret
Neogene paleoenvironmental data.
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Miocene to Pleistocene smoothed (using a
10% Gaussian distribution) benthic &**C
records of different sites representing the
North Atlantic, the deep equatorial Atlantic,
the Southern Ocean, and the equatorial
Pacific compiled from Wright and Miller

96 i 2002).

he simulation for the Early
Miocene shows a very reduced
deep water formation in the North
Atlantic which results in small a
Atlantic-Pacific §'*C gradient. Parts
of the NADW are exported via the
deep Panamanian gateway to the
North Pacific, causing there 8*C
enrichment in the deep water layer.
In the South Atlantic, 5°C is almost
as high as in the North Atlantic. A
minimum-&**C zone is found at
intermediate depths of the
Equatorial Atlantic. For the Pacific

he present day control run PD
ields reasonable agreement with
he observations from the
GEOSECS study 1972-1974
(Kroopnick, 1985) and captures the!
characteristic deep water §°C
gradient between the North Atlantic|
(top) and the North Pacific

Ol e e e e The model runs for the Late (left, LM) and Middle Miocene (right, MM) show
significant changes for the deep Atlantic compared to the Early Miocene.
Below a depth of about 1000 m, the entire Atlantic is filled with low-3"*C

water. Modest differences are found in the Pacific (bottom). Productivity
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export variations can be ruled out as a reason for the deep water changes
since global surface water 3°C values are similar to PD. Both scenarios are
characterized by a weak (LM) or absent (MM) meridional overturning
circulation (MOC) in the North Atlantic, and by intensified northward flow of
deep and bottom water from the Antarctic. Consequently, the physical
carbon pump in the North Atlantic is not as effective as at present, while
enhanced northward flow of Antarctic water masses causes **C depletion in
he South Atlantic and some enrichment in the deep Pacific. The isotopic
changes appear less pronounced in scenario LM, as in this simulation the
Atlantic MOC bears resemblance with the present-day situation.

he highest 8**C values of all model
runs are observed. As Antarctic
sea ice is removed in this model
scenario, there is no barrier
inhibiting air-sea **CO, exchange in
the Southern Ocean.

Conclusions

« Our simulations capture the establishment
of a “modern” interoceanic 3°C gradient
during the Miocene.

« The evolution of marine 5"*C can be
attributed to ocean circulation changes,
which, to a large extent, are caused by the
development of ocean gateways.




