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THE BLACK SEA MODELTHE BLACK SEA MODEL



The Black Sea model requires a very The Black Sea model requires a very 
strong positive fresh water balancestrong positive fresh water balance

Nutrients are supplied from land Nutrients are supplied from land 
along with the fresh wateralong with the fresh water



THE OXYGEN MINIMUM THE OXYGEN MINIMUM 
MODELMODEL



How the How the BenguelaBenguela coastal coastal 
upwelling system feeds on itselfupwelling system feeds on itself



The Oxygen Minimum model requires The Oxygen Minimum model requires 
special conditions such that it can special conditions such that it can 
feed on itselffeed on itself

Nutrients are trapped in a localized Nutrients are trapped in a localized 
recycling systemrecycling system



THE WARM SALINE BOTTOM WATER THE WARM SALINE BOTTOM WATER 
HYPOTHESISHYPOTHESIS



All of these models involve nutrient traps All of these models involve nutrient traps 

How do they behave in the context of a How do they behave in the context of a 
change in the structure of the ocean?change in the structure of the ocean?

From gyre (modern From gyre (modern –– ““ice houseice house””))
To eddy (warm To eddy (warm –– ““greenhousegreenhouse””))

OceanOcean



First First –– a look at the modern ocean a look at the modern ocean 



AND SCHEMATICALLY SEENAND SCHEMATICALLY SEEN





The The structurestructure of the modern ocean of the modern ocean 
dependsdepends on on ……

Ocean frontal systems that Ocean frontal systems that definedefine and and supplysupply
the oceanic pycnocline the oceanic pycnocline 

The ocean The ocean frontsfronts are are forcedforced by by steadysteady westerlywesterly
windswinds centeredcentered on 45on 45°° latitudelatitude

The The steadysteady westerlywesterly windswinds are are forcedforced by by 
permanent atmospheric high pressure at the permanent atmospheric high pressure at the 
polespoles

High pressure at the High pressure at the polespoles is is forcedforced by polar iceby polar ice
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LowLow latitudelatitude stratificationstratification with with anticyclonicanticyclonic gyresgyres
vs. high vs. high latitudelatitude convectionconvection with with cycloniccyclonic gyresgyres
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This This ““highly organizedhighly organized”” ocean ocean 
circulation is the integral of circulation is the integral of 

forcing by the weather over a forcing by the weather over a 
decade or twodecade or two

The shorter term circulation The shorter term circulation 
is controlled by eddies is controlled by eddies 
generated by weather generated by weather 

eventsevents



Add the complexity of moving high and low pressure 
systems locked to the planetary waves of the jet stream 

(NH) and the more stable Walker Circulation (SH)



Variable winds combine with bathymetry to 
produce mesoscale ocean eddies today



A detailed density section across 
the North Atlantic W – E at 36°N



HoweverHowever, without polar ice , without polar ice ……
The polar pressure The polar pressure systenssystens reverse with the reverse with the 
seasonsseasons

Because the Because the equatorialequatorial lowlow remainsremains constantconstant, each , each 
hemisphere hemisphere alternatesalternates between between threethree and two cell and two cell 
atmospheric circulationatmospheric circulation

The The westerlywesterly windswinds requirerequire a polar high and are a polar high and are 
seasonalseasonal

The The subropicalsubropical/polar frontal systems are at best /polar frontal systems are at best 
seasonalseasonal

The well The well defineddefined structurestructure of the modern ocean of the modern ocean 
disappearsdisappears



But remember this anticyclonic gyre dome?

It is forced up 2m by the winds, but 
evaporation at 30° removes 1m – net 
height 1m 

As the winds forcing decreases, the 
evaporation increases – and …



And And eveneven worseworse

DuringDuring muchmuch of of itsits history the Earth has history the Earth has 
hadhad land at one pole and land at one pole and waterwater at the at the 
otherother
The The waterwater pole has a high in pole has a high in summersummer and and 
lowlow in in winterwinter
The land pole has a high in The land pole has a high in winterwinter and and 
lowlow in in summersummer
BothBoth polespoles have high have high pressurespressures and and lowlow
pressurespressures atat the same the same time !time !

A CONDITION UNIQUEA CONDITION UNIQUE IN OUR SOLAR SYSTEMIN OUR SOLAR SYSTEM



Summer

SummerWinter

Winter

3 Cells3 Cells 2 Cells2 Cells



The resultThe result
No subtropical/polar frontal systems to bar heat No subtropical/polar frontal systems to bar heat 
transport to the polestransport to the poles

No wellNo well--defined tropical/subtropical defined tropical/subtropical anticyclonicanticyclonic gyresgyres

No wellNo well--defined defined thermoclinethermocline to separate surface and to separate surface and 
deep oceandeep ocean

No wellNo well--defined sources for deep waterdefined sources for deep water

And an unstable chaotic climate producingAnd an unstable chaotic climate producing

AN OCEAN FILLED WITH TRANSIENT EDDIESAN OCEAN FILLED WITH TRANSIENT EDDIES



Whereas the modern gyres are Whereas the modern gyres are 
forced by the winds and only forced by the winds and only 

respond to bathymetry in respond to bathymetry in 
shallow water shallow water 

Eddies are generated by Eddies are generated by 
transient weather events and transient weather events and 

are steered by the bottom are steered by the bottom 
topographytopography



Early Early Cretaceous circulation Cretaceous circulation mightmight
have have lookedlooked likelike thisthis
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Comparing icehouse and greenhouse Comparing icehouse and greenhouse 
ocean density structureocean density structure



What about the sites of upwelling?What about the sites of upwelling?

The Equatorial upwelling systems , forced The Equatorial upwelling systems , forced 
by easterly winds, persists (e.g. by easterly winds, persists (e.g. 
Cretaceous of Venezuela)Cretaceous of Venezuela)
The general convective upwelling, limited The general convective upwelling, limited 
today to the polar regions (e.g. diatom today to the polar regions (e.g. diatom 
ooze bands), becomes more widespread ooze bands), becomes more widespread 
regionally but much less intenseregionally but much less intense
The midThe mid--latitude coastal upwelling along latitude coastal upwelling along 
the eastern margins of ocean basins (e.g. the eastern margins of ocean basins (e.g. 
Monterey Fm. analogs) disappearsMonterey Fm. analogs) disappears



The critical feature of the Black The critical feature of the Black 
Sea is the river inputSea is the river input



River plumes can be quite largeRiver plumes can be quite large



River plumes would be especially River plumes would be especially 
effective in an eddy ocean effective in an eddy ocean 



Coastal upwelling doesnCoastal upwelling doesn’’t work t work 
well because well because ……



The The eddyeddy--oceanocean concept can concept can 
explainexplain whywhy

• Eocene diatomaceous deposits can be 
widespread in the middle of the central 
North Atlantic

• Early Cretaceous oceanic black shales can 
have both local and widespread –
possibly global – distributions

• Older ophiolites have pillow lavas overlain
by dark shales



The The eddyeddy--oceanocean concept concept 
also suggests thatalso suggests that

• On an Earth without bipolar ice 
petroleum source beds may have 
formed in ways and at places 
different from what we would expect 
by analogy with modern Corg 
deposits 
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