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Introduction:  Ocean mixing timescales have a va-

riety of biological and geochemical consequences on 

present-day Earth, but the role of ocean dynamics in 

shaping the evolution of our planet remains unexplored. 

The strength of ocean mixing depends on many factors 

such as wind stress, tidal influences, salinity and conti-

nental configuration—all of which are known to have 

changed in Earth’s history. Thus ocean circulation pat-

terns likely differed on early Earth. These differences 

potentially impacted Earth’s oxygenation trajectory by 

modulating the transport and availability of essential 

nutrients for photosynthetic oxygen production [1]. 

Moreover, Early Earth ocean mixing timescales that 

differ from today may also undermine the reliability of 

some of the isotopic paleoredox proxies, such as urani-

um [2], that we use to reconstruct Earth’s oxygenation 

history. We explore these possibilities here by con-

straining Neoarchean mixing timescales. Our results 

will also have implications on habitable exoplanets 

with ocean whose dynamics is influenced by a wide 

variety of planetary conditions. 

Method:  Our experiments leverage the PLASIM-

cGENIE intermediate complexity Atmosphere-Ocean 

General Circulation Model [3], which couples the 3-D 

atmosphere of PLASIM [4] to the 3-D ocean, sea-ice 

and land-surface components of cGENIE [5]. 

PLASIM-cGENIE reproduces the main features of 

Earth’s climate system with simpler parameterizations 

and lower spatial resolution than full-complexity mod-

els, allowing efficient exploration of a large parameter 

space for a variety of paleoclimate questions [6].  

     We begin by testing the model for a sterile modern 

ocean with three water mass age tracers that should 

reflect a residence time of deep ocean water close to 

modern value (~1-2 ka) when the system reaches 

steady state. The first tracer gives a mixing time of 

~1158 years, which is calculated by dividing the mod-

ern ocean volume by the minimal global overturning 

flux rate outputted in a time-series file. The second 

tracer (Fig. 1) calculates a ventilation age of ~0.8-1.9 

ka over a depth of 2-4 km from the concentration ratio 

of two color (dye) tracers injected to and restored at 

the surface ocean. The third tracer gives a 14C-age of 

deep ocean water equal to ~1.2 ka, which is computed 

with δ14C values of dissolved inorganic matter output-

ted in a time-series file.  

     From this modern scenario, we will perform several 

sensitivity experiments based on the parameter space  

(Table 1) selected for a Neoarchean setting. We as-

sume a day length of 14 hours and solar forcing of 

1108 W/m2. We will initially vary parameters in isola-

tion and will then strategically co-vary parameters to 

bracket the range of possibilities for Neoarchean Earth.  

 
Figure 1. Deep ocean water age via passive tracer. 

 

Table 1. Sensitivity experiments 

Parameter Space 

Surface pressure 0.1, 0.5, 1, 2 *modern 

Salinity 20, 35, 50, 70 PSU 

Diapycnal diffusivity 0.1, 1, 10 *modern 

Continental configuration None, super, modern 

 

Hypothesis:  Deep ocean mixing may be less effi-

cient on planets that rotate faster, have lower surface 

pressure, less salty oceans and less complex land con-

figurations [1], and we thus hypothesize that Neoar-

chean Earth may have had a longer mixing timescale. 

We expect the difference in timescale between our 

Neoarchean analog and modern Earth to be smaller 

than one order of magnitude but these differences may 

be biogeochemically significant, particularly if nutrient 

inventories were smaller or if proxies for Earth’s oxy-

genation had shorter residence times in Archean sea-

water. 
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