
Reading: Libes, Chapter 6 – pp. 147-158

Dissolved Gases other than Dissolved Gases other than 
Carbon Dioxide in SeawaterCarbon Dioxide in Seawater

OCN 623 – Chemical Oceanography



1. Basic concepts
• Gas laws
• Gas solubility and air-sea equilibrium

2. Dissolved oxygen variability in the ocean

3. “Unusual” gases in the ocean
• Hydrogen sulfide
• Methane hydrates
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In the atmosphere (at 1atm TOTAL pressure and 100% relative 
humidity):

1)  CG = [G] = gas concentration (mole/L) of gas “G” in solution

2)       = partial pressure (atm or kPa) of gas “G” in a gas mixture or a 
liquid

3) (in gas phase)    (Dalton’s Law)

⋅ (mole fraction of “G” in a gas mixture)
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4)  IDEAL GAS LAW: PTotalV = nRT

(T = ºK,  n = # of moles,  V = volume,  R = ideal gas constant)

AT STP (0ºC, 1atm) in the gaseous state:

1 mole = 22.4 L

5)  HENRY’S LAW: (under equilibrium conditions)

KG = “Henry’s Law Constant”  (a function of S and T)

1/KG = βG = “Bunsen Coefficient” = Amount of gas which can be 
dissolved in a unit of volume of 
water at a given T and S, when       
PG is given (assume 1atm if not 
stipulated)
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6)  Setchenow Relationship (“Salting-out Effect”):

ln β = b1 + (b2 ⋅ S)

where b1 and b2 are constants for each 
gas for a given temp.

7)  Effect Of Salinity And Temperature:

ln CG = A1 + A2(100/T) + A3 ln(T/100) + A4 (T/100) 

+ S [ B1 + B2 (T/100) + B3 (T/100)2 ]

T = ºK      S = salinity                   (Weiss, 1970)

Constants are quoted for a given       (e.g., Table 8.3)

Lower temp --
higher solubility

Lower salinity --
higher solubility
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Gas Solubility Gas Solubility -- Empirical DataEmpirical Data
( ) ( ) ( ) ( )( )2

3214321 100/100/)100/(100/ln/100ln TBTBBSTATATAACG ++++++=

where:  T = Absolute temperature (°K)

S = Salinity



Seawater Gas Concentrations in Seawater Gas Concentrations in 
Equilibrium With the AtmosphereEquilibrium With the Atmosphere

NAEC = normal atmospheric equilibrium concentration



8)  % Saturation

Examples:

100% Saturation:  Gas and liquid phases in equilibrium

<100% Saturation:  Gas transfer into solution   (undersaturated)

>100% Saturation:  Gas transfer out of solution (supersaturated)
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Example:  Calculation of % Saturation of Example:  Calculation of % Saturation of 
Mediterranean Outflow WaterMediterranean Outflow Water

West East

Straits of 
Gibraltar

H2OO2

Hot & 
salty

Measure T, S, [O2]

From Table 6.2 or 
8.3, T and S data

Loss of O2 in Mediterranean bottom waters = 

NAECOriginal watermass - [O2]Measured in outflow



Conversion factors for pressure:

0.1 bar = 1 decibar

In seawater:

1 dbar ≈ 1 m depth



Vertical DistributionVertical Distribution
of Oof O22

Dominant trends:

• Sub-thermocline O2
minimum

• O2 depletion at depth:  
Atlantic < Indian < 
Pacific

• High O2 solubility in 
cold high-latitude water

• Low O2 concs in 
upwelled waters



West-coast upwelling systems:   Eastern Tropical North Pacific (ETNP) Peru Namibia

Horizontal Distribution of OHorizontal Distribution of O22



Eastern Eastern 
Tropical Tropical 

North PacificNorth Pacific
(ETNP)(ETNP)



Hydrogen Sulfide Hydrogen Sulfide ––
a gas under certain a gas under certain 

conditionsconditions

Under acidic conditions: 
neutral species that 
obeys gas laws 

S2- + H+ ↔ HS-

HS- + H+ ↔ H2S

Dissolved 
gas

Ion



Gas Hydrates Gas Hydrates 
(Clathrates)(Clathrates)

Hydrate: Crystalline structure of water 
in which hydrocarbon or CO2 “gas”
molecules are physically trapped (not 
bonded).

At appropriate T and P (above the 
freezing point of water) many gas 
hydrates are possible (up to iso-butane, 
C5).

Of special interest: Methane hydrate



Methane Hydrate Methane Hydrate 
StabilityStability--Field Field 

DiagramDiagram

Open-ocean 
temperature profile 

(HOT 100)

Dissolved



Seismic and Geochemical Evidence for Seismic and Geochemical Evidence for 
HydratesHydrates

Sediment cores:

- Will degas and “self-extrude” when 
brought to the ocean surface

- “Burning ice”

- Negative chloride anomalies

Seismic profiles – Bottom-simulating 
reflector (BSR) seen cutting 
across bedding planes (at the 
base of the hydrate stability 
field).

BSR



HydrateHydrate--Associated Chloride AnomaliesAssociated Chloride Anomalies

• During hydrate formation:  water + methane are removed from 
pore water – leaves chloride-enriched pore water

• Over time, locally elevated chloride concentrations diffuse 
away

• During core recovery:  hydrate decomposes, releasing 
methane and water – leaves chloride-depleted pore water



http://walrus.wr.usgs.gov/globalhydrate/

A Global Inventory ofA Global Inventory of
Methane Hydrate OccurrenceMethane Hydrate Occurrence



Largest reservoirs:

• East coast of North America

• Arctic Ocean

• East coast of Australia



Importance of Methane HydratesImportance of Methane Hydrates

• Energy source:  Blake Plateau (off SE U.S.) alone contains 
enough methane to meet US natural gas needs for 100 
years

• Methane is a potent greenhouse gas

• Climatic change or tectonic events may lead to catastrophic 
methane release via positive feedback:

Increased global temp causes hydrate decomposition

Release of methane to atm increases global warming



Homework due:  Feb 14, 2012Homework due:  Feb 14, 2012
Show your calculations, and cite any sources of data used:

1)  Seawater in an area of upwelling off the coast of Peru was found to contain 
2.91 mL O2 / liter at a depth of 10 m.  The temperature was 15°C, and S = 35. 
What was the percent saturation of oxygen compared to a water vapor-saturated 
atmosphere at 1 atm pressure?

2)  After following the water mass as it moved offshore for four days, a sample 
taken at 10 m contained 6.05 ml O2/liter.  The temperature was 16°C, and S = 
35.  What was the percent saturation now?  Why did the oxygen concentration 
change?


