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Oceans & Coastal Processes 

Edward Butler, AIMS-NT 

Env101 Earth Systems Lecture 

Why Study Marine Science? 

• Oceans cover >70% of planet 

• Life began in the oceans 

• Still an unexplored frontier 

• It’s interesting and gets you places others don’t…! 
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Oceans influence on climate 

Halifax  -vs-  Bergen 

‘The Gulf Stream’ 
UK Open University – The Oceans 
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Oxic / oxygenated oceans 
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Oceanic DO sections 
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The Great Conveyer 

Robert Simmon /  Robert A. Rohde NASA.  
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Motion in the ocean: currents 

• Currents are generated by winds, density differences (S & T), etc., and 
influenced by tides, Coriolis effect, bathymetry and possibly biodynamics, … 

WINDS ‘Ekman Drift’ 

Ekman Spiral 

UK Open University – The Oceans 
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Global Surface Currents 

UK Open University – The Oceans 
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Salts in seawater 
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CTD 

How is salinity measured? 

1. Gravimetry (weighing after drying) 

2. Analyse all the ions and sum 

3. Titration, relative to halogens (Cl- + Br- + I-)  

 using Knudsen equation from 1911 (n = 9 
samples); 
S ‰ = 0.030 + 1.8059 Cl ‰ *  (or gms per kg) 

4. Conductivity (UNESCO, 1981); 
Defined Practical Salinity Scale (PSS) 
Determined to 0.001 units 

* now S ‰ = 1.8065 Cl ‰  

Env101 Earth Systems Lecture 

Global sea-surface salinity 

UK Open University – The Oceans 
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E–P: manipulating salinity 

UK Open University – The Oceans 

Precipitation (P)—including rain and river flow)—reduces the salinity of the sea 
surface while evaporation (E) increases surface salinity by the removal of water. 
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Global sea-surface temperature 

UK Open University – The Oceans 
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Vertical properties 

UK Open University – The Oceans 

Env101 Earth Systems Lecture 

Influence of S & T on density 

UK Open University – The Oceans 

σ (s,t,p) = ρ (s,t,p) - 1000 kg/m3 

where ρ = density 

 

ρθ  -  potential density 
(allowing for compressibility at depth, 
using potential temperature) 

 

[Recent refinement to neutral density 
γn, and isopycnals have become neutral 
surfaces] 
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Deep (thermohaline) currents 

Formation of deep waters:  a) North Atlantic Deep Water 
(NADW), and b) Antarctic Bottom Water (AABW) 

a) b) 
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Formation of AABW 

Matthew England, CCRC / UNSW 
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The Ocean Floor – features 



1/10/2015 

4 

Env101 Earth Systems Lecture 

Deep Pacific circulation 

…topographically 
   steered 
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Global surface water masses 
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Chemical Oceanography 
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Elemental Classification 

Elements 

Conservative 

B K Rb 
Br Li S 
Cl Mg Tl 
Cs Mo U 
F Na 

Recycled 

Ag Fe Ra 
As Ge Sc 
Ba  I Se 
Be N Si 
Ca Ni Sr 
Cd P V 
Cr Pd Zn 
Cu Pt REEs 

Scavenged 

Al Mn 
Bi Pb 
Ce Sn 
Co Te 
Hg Th 

[Deep Pac Oc] 

[Deep Atl Oc] 

1 

>1 

<1 
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Nutrients – what are they? 
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Trace elements that are required for life forms to be viable 
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Nutrient cycling – ratios 

 Nutrient ratios (‘ecological stoichiometry’) are pivotal in 
determining what nutrients are limiting to primary production 

 Redfield ratio: 
C106H263O110N16P1S0.7SiyMez 

 Marine macronutrients: 
N, P and Si 
(c.f. terrestrial: N, P, K) 

 Estuaries are often 
N-limited, i.e. N:P  <  16 

 
Alfred C Redfield 1890-1983 
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The Redfield Equation (a model) 

The mean elemental ratio of marine organic particles is given as: 

    C : N : P  = 106 : 16 : 1 

Average oceanic photosynthesis is written as, 

 

106 CO2  +  16  HNO3  +  H3PO4  +  122 H2O +  trace elements (e.g. Fe) 

   

 ( C106H263O110N16P )     +    138 O2 

      or 

    (CH2O)106(NH3)16(H3PO4)   Algal Protoplasm  

Notes 
1. The reverse reaction of photosynthesis is aerobic respiration (or ‘remineralisation) 
2. The actual chemical species assimilated during this reaction are: 

    HCO3
- NO3

-, NO2
- , NH4

+   PO4
3-        
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Surface NO3
– concentrations 
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Surface PO4
3– concentrations 
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Trace elements in seawater 

Definition: All elements less than 1 mg kg-1 (<1 ppm) — not contributing to salinity 

Why are they important? 
 
1.  many are micronutrients (e.g. Fe, Cu, Se) – speciation is important 
2.  others are toxic (e.g. Cu, Hg) 
3.  some are tracers for redox conditions (Mn, Fe, Cr, I, Re, Mo, V, U) 
4.  some are enriched in economic deposits, e.g. manganese nodules (e.g. Cu, Co, Ni) 
5.  some have man made sources and are tracers of pollution (e.g. Pb, Pu, Ag) 
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redox element 

possible redox 

element 

Redox elements 
in the marine environment 
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Essential elements in the sea 

Rickaby 2015 
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Micronutrients 
in key C, N & P pathways 
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Fe – limiting micronutrient 

Processes at cell level 
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Case study 1:  Sulfur 
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Gaia, DMS … and the ‘CLAW’ 
hypothesis 
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Case study 2: Arsenic  
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Forms of As in the sea 
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Biological uptake of As 
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Marine organic As 

A) methyl arsenicals (MMA, DMA, etc.) 

 phospate vs. arsenate 

O 

O– 

OH 

As 

O– 

O 

O– 

OH 

P 

O– 

For marine biota (phytoplankton, etc.), methylation of arsenic is a 
detoxification mechanism to protect phosphorus biochemical 
pathways (and also sulfur-containing enzymes). 

B) other org-As compounds (arsenobetaine, arseno-sugars, etc.) 

– critical compound in biosynthetic pathway is said to be 
arsenocholine: 

-
OH            

OHCHCHAsCH 223 ...)( 3



-
OH            

OHCHCHNCH 223 ...)( 3


c.f. 

choline 

In this instance, arsenic is “mimicking” nitrogen in its intracellular 
pathways. 

Env101 Earth Systems Lecture 

Land-Sea Interactions 
(Coastal Processes) 
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Tides 

Tides are generated by gravitational pull of the moon and sun, and modified by 
water depth, bottom topography, coastal landforms, etc. as a series of harmonics 

semi-diurnal ~monthly 

Wikipedia 
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Global tidal amplitude (M2) 

Amplitude of the M2 tidal constituent (in centimetres) derived from the FES99 model. Cotidal lines 
indicating the phase every 30 degrees originate at amphidromic points where the tidal range is zero.  
(Credits Legos/CNRS) 
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Estuaries 

Notes 
WDD – wave dominated deltas; TDD – tide-dominated deltas 

Ozcoasts 
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Estuaries – evolution 
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Types of estuary – mixing 

Ozcoasts 

Env101 Earth Systems Lecture 

Australia’s estuaries 

Ozcoasts 
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Huon Estuary, Tasmania 
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Darwin Harbour 
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What I have not covered in 
marine science …. ! 

• Climate science 

• Air-sea interactions 

• Coral reefs 

• Seagrass and dugongs 

• Charismatic megafauna: sharks, whales, turtles, … 

• Marine microbiology: bacteria and viruses 

• Coastal geomorphology 

• Sedimentology 

• Environmental modelling 

• Pollution 

• Polar regions 

• … 
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