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Why study Miocene ocean circulation?

Evolution of oceanic gateways during Miocene

* Miocene (~23-5 Ma) is a warm epoch of the Neogene Period.

« The planet’s current ocean circulation pattern, with deep-water
formation (DWF) in the North Atlantic and no DWF in the North
Pacific, might have evolved sometime during the Miocene (Cramer et
al., 2009; McKinley et al., 2019).

« Proxy data suggest reduced DWF in Northern Hemisphere before
Miocene (Muller-Michaelis & Uenzelmann-Neben, 2014).

« A number of oceanic gateways were shoaling or deepening during this
epoch.

 This study offers a comprehensive examination of factors affecting
ocean circulation during the early and middle Miocene (~20-11 Ma) by
conducting an opportunistic intercomparison of 14 fully coupled climate

model simulations.
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Fig. 1: The evolution of some major gateways throughout the Miocene is shown here. The red box indicates the Fram Strait, the black dashed box indicates the Tethys Seaway and the black solid box indicates the Panama Seaway.
The shoaling/deepening of these oceanic gateways altered the pathways for exchange of water masses between oceanic basins and thus likely affected the large scale ocean circulation. (Modified from Steinthorsdottir et al., 2021)

Table 1: The strength of the overturning in each basin is given in

this table. AMOC -

Atlantic Meridional Overturning Circulation, PMOC — Pacific Meridional Overturning
Circulation, SOMOC — Southern Ocean Meridional Overturning Circulation.
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Fig. 2: The annual average mixed layer depth (MLD). Dark blue areas in polar and subpolar seas signify potential deepwater formation
regions. Most simulations exhibit deep MLDs in the Southern Ocean. In the Northern Hemisphere, 6 simulations show deep MLDs in
the North Atlantic, while 3 show deep MLDs in the North Pacific Ocean. A deep MLD cut-off of 300 m is utilized, due to the availability
of only annual average values for all simulations, which offers the best spatial distribution of persistent polar sinking regions. Table 1
specifies the overturning strength in each basin. AIS= Antarctic Ice Sheet, MMCO — Miocene Climatic Optimum
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Overturning vs. Surface Freshwater Flux
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Fig. 3: Dependence of difference between AMOC and PMOC strength on the difference in surface freshwater flux (FWF) received
by North Atlantic and North Pacific. The surface freshwater flux is calculated as Precipitation - Evaporation + Runoff. The
annotated box with r=0.76 is the Pearson correlation coefficient between FWF and overturning. 1 Sv = 10° m3/s. AIS= Antarctic
Ice Sheet, MMCO — Miocene Climatic Optimum

(a) Panama Seaway Cross Section (b) Zonal VT vs Depth of Panama Seaway
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Fig. 4: The cross section of the Panama Seaway (Fig. 4a) and the dependence of zonal volume transport (VT) through the Panama
Seaway on the depth of the gateway (Fig. 4b) is shown. The simulations circled in blue in Fig. 4b are the simulations with a closed
Tethys Seaway. Positive values in Fig. 4b indicate the net zonal VT is eastward or into the Atlantic and negative values indicate the
VT is into the Pacific.
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Conclusions

« Southern Ocean is the dominant basin of deep overturning in most of

the simulations (Table 1), in agreement with proxy records (Thomas

et al., 2014).

« Weak but consistent AMOC present in majority of simulations, PMOC

present in 3 simulations (Table 1, Fig. 2).

 Surface freshwater flux controls the dominant overturning basin

across the simulations in the Northern Hemisphere (Fig. 3).

 Arctic Ocean was substantially fresher than modern during the

Miocene.

« The flow through the Panama Seaway is affected by the Tethys

Seaway. With an open Tethys, as the Panama Seaway shoals, the VT

turns from westward to eastward (Fig. 4).

« Flow through Panama Seaway is eastward always when Tethys

Seaway is closed.

Next Steps

 Investigate the depth structure of the volume transport through the

Panama Seaway further.

 Investigate the effect of orography on the basin with overturning in

the Northern Hemisphere.

« Compare the Miocene simulations to the pre-industrial control

simulations.
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Tethys Seaway:

(a) Tethys Seaway Cross Section (b) Tethys Seaway VT vs Area
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Drake Passage:
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Fram Strait:
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