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major components are the most concentrated dissolved chemicals in seawater

this includes any chemical species that has a mass-based concentration greater 
than 1 part per million (0.001 part per thousand)

based on this definition, major components have a measurable impact on 
seawater density to the precision at which we can determine it

notice that we use mass based concentrations for the major components

why?  is seawater compressible?

Yes – this is why we use the term “Potential Density”

Seawater is compressible, although not as compressible as a gas. As a water parcel 
compresses, the molecules are crushed together and density increases. 

Most variation in seawater is caused by pressure variation. This has little to do with 
the source of water, and if we wish to trace a water parcel from one place to 
another, one depth to another, we prefer to remove the pressure dependence.

We define potential density as the density a water parcel has when moved 
adiabatically (without exchange of heat with surrounding water) to the surface. 

THE MAJOR COMPONENTS OF SEAWATER
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what are important factors that determine what we find dissolved in 
seawater at the highest concentrations?

CHEMICAL NATURE OF SOURCE MATERIAL

NOTE: if we find some chemical in high concentrations in seawater, the 
material probably exists in high concentrations in earth’s crust and mantle

some chemical species are released as gases during volcanic activity

some chemical species are released as dissolved components via process           
of chemical weathering of rocks on land and in the ocean
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NATURE OF WATER AS A SOLVENT

all solutes dissolved in water are 
surrounded by water molecules 
(hydrated)

for a substance to be highly soluble 
in water, the strength of the 
interaction between water molecules 
and the solute must be comparable 
to the strength of the interaction 
among water molecules

water is highly polar molecule

for what types of substances is  
water a good solvent?

ionic compounds 
(e.g., NaCl)

why?

Strong ion / dipole interactions

polar molecules                                          
(e.g., glucose, ethanol)

why?

Strong dipole / dipole interactions  

for what types of substances is water                 
a poor solvent?

non-polar molecules                                
(e.g., hydrocarbons)

why?

Weak dipole / induced dipole interactions

REACTIVITY IN THE OCEANS

Chemically / biologically reactive 
chemicals are removed from seawater 
quickly and do not get a chance to reach 
high concentrations
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alkali metal (1A)

valid for pH=8

alkali metal (1A)

alkaline earth (2A)

alkaline earth (2A)

alkaline earth (2A)

halide (7A)

halide (7A)

halide (7A)

polyatomic

polyatomic

polyatomic

polyatomic

neutral molecule
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bicarbonate and carbonate can interconvert via an acid / base reaction, 
also connected to other inorganic carbon species

𝐶𝑂2 + 𝐻2𝑂 ⇌ 𝐻2𝐶𝑂3 ⇋ 𝐻𝐶𝑂3
− + 𝐻+ ⇌ 𝐶𝑂3

2− + 2𝐻+

𝐻2𝐶𝑂3 = Carbonic Acid 𝐻𝐶𝑂3
− = Bicarbonate 𝐶𝑂3

2− = Carbonate

𝐷𝐼𝐶 = 𝐶𝑂2 + 𝐻2𝐶𝑂3 + 𝐻𝐶𝑂3
− + 𝐶𝑂3

2−

𝐷𝐼𝐶 = 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑖𝑛𝑜𝑟𝑔𝑎𝑛𝑖𝑐 𝑐𝑎𝑟𝑏𝑜𝑛

boric acid (𝐻3𝐵𝑂3) is the only neutral major component

this weak acid is connected to borate via another acid / base reaction

𝐻3𝐵𝑂3 + 𝐻2𝑂 ⇌ 𝐵 𝑂𝐻 4
− + 𝐻+

𝑇𝐵 = 𝐻3𝐵𝑂3 + 𝐵 𝑂𝐻 4
−

𝑇𝐵 = 𝑡𝑜𝑡𝑎𝑙 𝑏𝑜𝑟𝑎𝑡𝑒



Cl- Na+ SO42- Mg2+ Ca2+ K+ HCO3- Everything
Else

SLIDE 6

major seawater chemistry component 
dominated by Na+ and Cl-, 

although other cations and anions 
are important

Cl- Na+ SO42- Mg2+ Ca2+ K+ HCO3- Everything
Else

Cl- + Na+ = 85.6%

Cl- + Na+ + Mg2+ + SO4
2- = 97%

Cl- + Na+ + Mg2+ + SO4
2- + Ca2+ + K+ + HCO3

-= 99.7%



salinity is the term commonly used to describe the amount of total dissolved chemicals 
in seawater

the original definition of salinity was based on mass

as approximate definition, salinity was taken to be the concentration of dissolved 
compounds expressed in parts per thousand

𝑆 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑𝑠 (𝑘𝑔)

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑒𝑎𝑤𝑎𝑡𝑒𝑟 (𝑘𝑔)
𝑥1,000

units are parts per thousand (‰, per mille)

Because mass in grams is 1000 times the mass  in kilograms (1 kg = 1000 g)
salinity is approximately equivalent to g salt / kg seawater (thus, then ‰ units)

𝑆 =
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑𝑠 (𝑔)

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑠𝑒𝑎𝑤𝑎𝑡𝑒𝑟 (𝑘𝑔)

how would you determine the total mass of 
dissolved compounds in one kilogram of water?

SLIDE 7

SALINITY (OLD MASS BASED DEFINITION)
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the absolute mass values are different for 
different salinity values, but the relative               
mass percent values are identical
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the observation that the ratios of major components of 
salinity and to each other are constant was first made more 
than 100 years ago and called Law of Relative Proportions 
(Law of Constant Composition)

what was the chemical relevance of this observation?

one only needs to measure one major component and the 
concentrations of all other components, as well as total 
salinity, can be calculated using these empirical ratios

LAW OF RELATIVE PROPORTIONS
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if you are going to measure one major component of seawater and calculate 
the rest, chloride is a pretty good selection for the one to measure

why?

it has a high concentration in seawater

it is relatively easy to analyze

Cl- was analyzed to determine salinity for almost 100 years

results of analysis were expressed as chlorinity (Cl ‰) 

in older literature you will see term chlorinity instead of salinity used to 
express salt content of seawater, so you need to be familiar with it

approximate definition of chlorinity was grams of Cl- per kilogram of seawater

because of constant Cl- / Salinity ratio

Salinity (‰)=1.80655 Clorinity (‰)

CHLORINITY
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starting about 1970, measurement of electrical conductivity was adopted by 
oceanographers as the standard analytical method to measure the salinity 
of seawater

Because pure water does not conduct electricity very well, the major 
component ions in seawater are the charge carriers that allow seawater          
to carry a current

a complex empirical relationship was defined between salinity and electrical 
conductivity

salinity was determined using a conductivity ratio between a sample with 
unknown salinity, and a standard with known salinity

𝑆 = 𝑓
𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑠𝑎𝑚𝑝𝑙𝑒)

𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑)

the same standard seawater was used for the conductivity analysis                                
and for the chlorinity analysis

SALINITY (CONDUCTIVITY BASED)



adopted in 1978

practical salinity standard was defined using a KCl solution instead of a 
standard seawater solution

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑠𝑎𝑙𝑖𝑛𝑖𝑡𝑦 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑑

32.43569 𝑔 𝐾𝐶𝑙

1.000000 𝑘𝑔 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

𝑆 = 35.000 𝑓𝑜𝑟 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

the new definition of salinity based on conductivity ratios using the KCl 
standard is called the Practical Salinity Scale, and salinities measured 
in this way should be expressed as unitless numbers

some oceanographers prefer to include psu (practical salinity units) as 
units, but technically they are incorrect

note that Practically Salinity Scale values (35.000 psu) do not exactly 
represent total mass of dissolved components (35.169 g/kg)

SLIDE 13 PRACTICAL SALINITY
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there is a movement among oceanographers to go back to an absolute mass 
based salinity scale

absolute salinity is calculated from measured practical salinity

absolute salinity represents the actual mass in grams of all dissolved 
components in one kilogram of seawater

North Atlantic surface water is the new standard

𝑆𝐴𝐵𝑆 Τ𝑔 𝑘𝑔 =
35.16504 𝑔/𝑘𝑔

35
𝑆𝑃𝑆𝑆 + 𝛿𝑆𝐴𝐵𝑆 𝜑, 𝜆, 𝑝

𝛿𝑆𝐴𝐵𝑆 𝜑, 𝜆, 𝑝 = 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑠𝑎𝑙𝑖𝑛𝑖𝑡𝑦 𝑎𝑛𝑜𝑚𝑎𝑙𝑦

𝜑 = 𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒

𝜆 = 𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒

𝑝 = 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑑𝑏 ~𝑑𝑒𝑝𝑡ℎ(𝑚)

ABSOLUTE SALINITY SCALE
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open ocean salinity values are remarkably uniform

75% of seawater: 34 psu < S < 35 psu

99% of seawater: 33 psu < S < 37 psu

world ocean average:  S = 34.72 psu

extreme ranges in salinity

0 psu close to mouths of large rivers

~300 psu in hot, dense, extremely salty pools of water associated with 
hydrothermal activity along active spreading centers (ion ratios not the 
same as in open ocean salinity)

OPEN OCEAN SALINITY VALUES



[Na+]/S

MAJOR COMPONENT VARIABILITYSLIDE 16

most major components show 
negligible variability in ratio of 
component concentration to salinity

determine if ratio is constant by 
plotting vertical profile of ratio

vertical line means constant ratio

constant profile is what is observed 
for most of the major components

two major components do show 
some variability

D
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[DIC]/S
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MAJOR COMPONENT VARIABILITYSLIDE 17

DIC shows the largest 
variability in ratio to salinity

ATLANTIC 10%

PACIFIC 20%



[Ca2+]/S
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MAJOR COMPONENT VARIABILITYSLIDE 18

Ca2+ shows smaller variability 
in ratio to salinity

ATLANTIC 1%

PACIFIC 2%
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𝐶𝑂2 taken up in surface waters to produce organic carbon

𝐷𝐼𝐶 decreases because all 𝐷𝐼𝐶 species are connected by chemical equilibrium

some organic matter falls to deep ocean where it gets oxidized via respiratory activity                          
of animals and bacteria, releasing 𝐶𝑂2, which increases DIC  (Remember fecal pellets)

This mechanism 
is called the 
biological pump, 
and is also
responsible for 
transporting 
inorganic 
phytoplankton 
nutrients like 
nitrogen and 
phosphorus from 
surface ocean to 
the deep ocean

biological pump 
explains ~1/2 of 
the observed 
Increase in 𝐷𝐼𝐶
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𝐶𝑎2+ and 𝐶𝑂3
2−

are removed                      
from supersaturated                
surface ocean by 
biological precipitation

this removes 𝐶𝑎2+

and 𝐷𝐼𝐶

𝐶𝑎𝐶𝑂3 falls to 
undersaturated                     
deep ocean                           
(below lysocline)                   
and dissolves,       
releasing                              
𝐶𝑎2+ and 𝐶𝑂3

2−

𝐶𝑎2+ and 𝐷𝐼𝐶
increase in deep               
water as a result

calcite dissolution 
accounts for all of                
the increase in 𝐶𝑎2+, 
and ~1/2 of increase       
in 𝐷𝐼𝐶
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why so much larger relative impact on DIC than Ca2+?

there is much more 𝐶𝑎2+ in seawater than DIC

10.0 𝑚𝑚𝑜𝑙 𝐶𝑎2+ + 0.2 𝑚𝑚𝑜𝑙 𝐶𝑎2+ = 10.2 𝑚𝑚𝑜𝑙 𝐶𝑎2+(2%)

2.0 𝑚𝑚𝑜𝑙 𝐷𝐼𝐶 + 0.2 𝑚𝑚𝑜𝑙𝐷𝐼𝐶 = 2.2 𝑚𝑚𝑜𝑙 𝐷𝐼𝐶 (10%)

10.0 𝑚𝑚𝑜𝑙 𝐶𝑎2+

2.0 𝑚𝑚𝑜𝑙 𝐷𝐼𝐶

typical amounts for 1 kg 
surface seawater

0.2 𝑚𝑚𝑜𝑙 𝐶𝑎𝐶𝑂3
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HYDRATION OF IONS IN SOLUTION

what holds ionic compounds (e.g., NaCl)                    
together in solid phase?

ionic bonds

what exactly is an ionic bond?

electrostatic forces (Coulombic forces) exist 
between every Na+ & Cl- and every other Na+ & Cl-

Na+-Na+ forces are repulsive, Cl-- Cl- forces are 
repulsive, Na+-Cl- forces are attractive

sum of all forces is attractive, or substance would 
not exist as solid

ionic compounds have high melting points, 
indicative of very strong attractive forces

electrostatic forces are strong enough to hold NaCl
together as a solid in spite of random kinetic 
energy (vibration only)
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what occurs when NaCl
dissolves in water?

ions are hydrated as they 
go from solid to aqueous 
phase (i.e., they are 
surrounded by water 
molecules)

what attracts the water 
molecules to ions?

ion-dipole force
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primary hydration sphere has a few (2-10), strongly bound H2O molecules

exact numbers different for different ions, and not well known

secondary hydration sphere contains more water molecules, but more loosely bound

𝐻2𝑂 molecules in hydration sphere move with ions

hydrated ions are much larger so anions and cations cannot get as close as in solid

electrostatic forces are weaker because ions are kept further apart in solution than in solid

also water shields charges because of high dielectric constant (K=80)

hydrated ions cannot get close enough together to allow electrostatic force to become large 
enough to overcome random thermal energy and form solids



there are three types of ion pairs in aqueous solutions

they are differentiated from one another by the number of water molecules between the 
cation and anion

contact ion pairs are the strongest, while solvent separated ion pairs are the weakest

ion pairs constantly break apart and reform

SLIDE 25
ION PAIRS
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COMPONENT

CATIONS % FREE % ION PAIRED

Na+ 95 5

Mg2+ 85 15

Ca2+ 90 10

K+ 95 5

Sr2+ 90 10

ANIONS

Cl- 100 0

SO4
2- 50 50

HCO3
- 75 25

Br- 100 0

F- 100 0

CO3
2- 15 85

ION PAIRING OF SEAWATER MAJOR COMPONENTS
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CHEMICAL EVOLUTION OF MAJOR ION CHEMISTRY

oceans were definitely present on earth at least 3.8 Gyr,                              
probably as long as 4.2 yr

where did most of water in hydrosphere come from?

seawater anions have history similar to water

most came from outgassing of upper mantle during planetary differentiation

smaller amounts added through volcanic activity over geologic time

early oceans were chemically reducing (no dissolved 𝑂2)

contained few cations

early oceans were acidic from dissolved volcanic gases
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ocean chemistry changed slowly over time scales of billions of years

the addition of 𝑂2 in seawater ~2000 Myr caused reduced sulfur species 
in seawater to become oxidized

𝐻𝑆𝑂3
− + 𝑂2 → 𝑆𝑂4

2−

𝐻𝑆− + 𝑂2 → 𝑆𝑂4
2−

two other significant changes occurred

major cations were slowly added

seawater changed from strongly acidic to mildly basic

These changes over time suggest the oceans were slowly titrated by a 
basic solution, which is in fact exactly what happened
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what was the titration process?

chemical weathering of igneous rocks

𝑖𝑔𝑛𝑒𝑜𝑢𝑠 𝑟𝑜𝑐𝑘𝑠 𝑠 + 𝐻2𝑂 𝑙 + 𝐶𝑂2(𝑔)
→ 𝑐𝑙𝑎𝑦 𝑚𝑖𝑛𝑒𝑟𝑎𝑙𝑠 𝑠 + 𝑐𝑎𝑡𝑖𝑜𝑛𝑠 𝑎𝑞 + 𝐻4𝑆𝑖𝑂4 𝑎𝑞 + 𝐻𝐶𝑂3

−(𝑎𝑞)

𝐻𝐶𝑂3
− is a base (proton acceptor)

𝐻𝐶𝑂3
− + 𝐻+ → 𝐻2𝐶𝑂3 → 𝐻2𝑂 𝑙 + 𝐶𝑂2(𝑔)
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IGNEOUS
ROCKS

H2O

CO2

CATIONS
+

HCO3
-

ANIONS
+

H+

H2CO3

CO2

H2O

OCEAN

ATMOSPHERE

VOLCANIC
GASES



SLIDE 33 CHANGES IN SALINITY

annual river input of major components to the ocean is 2.5𝑥1012 𝑘𝑔 𝑠𝑎𝑙𝑡/𝑦𝑟

how is this estimated?

at that rate, how long would it take to add all of the salt present in the 
oceans today (response time), if all  of the salt stayed in the ocean?

5𝑥1019 𝑘𝑔 𝑠𝑎𝑙𝑡

2.5𝑥1012 𝑘𝑔 𝑠𝑎𝑙𝑡/𝑦𝑟
= 2𝑥107 𝑦𝑟

20 𝑀𝑦𝑟 for all salts to be added to oceans
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geological evidence indicates that salinity in world ocean has 
been approximately steady state for ~1 𝐺𝑦𝑟

how can salinity be steady state if rivers bring more salt to the 
oceans every year?

steady state means balance between sources (inputs) and 
sinks (outputs)

negative feedback loops must exist for all major components, 
and they can be different for each component



99.7 % of salts

SLIDE 35



SLIDE 36 RIVER WATER INPUT

river water is most important source of major components to ocean



SLIDE 37
RIVER WATER INPUT

use river volume flow rates and average major component 
concentrations to calculate yearly input rates
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VOLCANIC SEAWATER INTERACTIONS

HIGH TEMPERATURE AND LOW TEMPERATURE

high temperature source for K+

low temperature sink for K+

high temperature sink for Na+, Mg2+



SLIDE 39 CATION EXCHANGE REACTIONS ON CLAY MINERALS

𝑆𝑖4+ 𝐴𝑙3+ 𝑆𝑖4+ 𝑆𝑖4+

𝑆𝑖4+ 𝑆𝑖4+ 𝑆𝑖4+ 𝑆𝑖4+

𝐴𝑙3+ 𝑀𝑔2+ 𝐴𝑙3+ 𝐹𝑒2+

clay minerals are layered structures (two or three) of silicon oxides and aluminum oxides

naturally occurring clay minerals have lattice ion substitutions that produce a net negative 
lattice charge

cations adsorb on clay surface to balance lattice charge

in fresh water 𝐶𝑎2+ is most concentrated dissolved cation so it dominates the clay surfaces

𝐶𝑎2+ 𝐶𝑎2+ 𝐶𝑎2 +𝐶𝑎2+

𝐶𝑎2+ 𝐶𝑎2+ 𝐶𝑎2+ 𝐶𝑎2+

in fresh water



SLIDE 40 CATION EXCHANGE REACTIONS ON CLAY MINERALS

𝑆𝑖4+ 𝐴𝑙3+ 𝑆𝑖4+ 𝑆𝑖4+

𝑆𝑖4+ 𝑆𝑖4+ 𝑆𝑖4+ 𝑆𝑖4+

𝐴𝑙3+ 𝑀𝑔2+ 𝐴𝑙3+ 𝐹𝑒2+

𝑁𝑎+ 𝑁𝑎+ 𝑁𝑎+ 𝑁𝑎+

𝑁𝑎+ 𝑁𝑎+ 𝑁𝑎+ 𝑁𝑎+

in salt water 𝑁𝑎+

replaces 𝐶𝑎2+

𝐶𝐿𝐴𝑌 − 𝐶𝑎2+ 𝑠 + 2 𝑁𝑎+(𝑎𝑞) → 𝐶𝐿𝐴𝑌 − 2𝑁𝑎+ 𝑠 + 𝐶𝑎2+(𝑎𝑞)

in salt water 𝑁𝑎+ is most concentrated cation so it replaces the 𝐶𝑎2+

𝐶𝑎2+ goes into solution (source) and 𝑁𝑎+ on clays end up on sea floor as sediments 
(sink)



SLIDE 41 EVAPORITE DEPOSITION

large mid-latitude basins with 
small openings to the open 
ocean can become evaporative 
basins if tectonic forces close 
opening

at mid-latitudes (Horse 
Latitudes) E>P+R

no large evaporitic basins at 
present time, but have been 
important during the geological 
past

Mediterranean Sea as most 
recent example

Mediterranean is net 
evaporative basin, with inflow 
of Atlantic water through 
Gibraltar making up for 
evaporative loss

if Gibraltar closed, Mediterranean 
would dry up in ~1000 yr

~70 m salt deposited if 
completely desiccated

sink for 𝑁𝑎+, 𝐶𝑙−, 𝐶𝑎2+, 𝑆𝑂4
2−

~5.5 Myr, extensive evaporite 
deposits formed in Mediterranean 
region (2-3 km thick in places)

to account for all of the salt the 
Mediterranean apparently filled 
up and dried out about 40 times

6% of salt in world ocean 
removed, so average world ocean 
salinities dropped by 2 psu



SLIDE 42

SALT DEPOSITS IN MEDITERRANEAN REGION

deep basins became hypersaline (5.5 Myr) and evaporite precipitation occurred



SLIDE 43

NET AIR-SEA TRANSFER

breaking waves produce many small air bubbles

air bubbles bursting at ocean surface produce small droplets called aerosols

aerosols transported from ocean to land by wind

sink for all major components

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=OWlPoqI6ZX6wjM&tbnid=szNTY6ajLq9pXM:&ved=0CAUQjRw&url=http://www.xplora.org/downloads/Knoppix/ESPERE/ESPEREdez05/ESPEREde/www.atmosphere.mpg.de/enid/0,55a304092d09/3__Gases_from_phytoplankton/-_Air-sea_gas_exchange_oz.html&ei=1bPRU9GzMKOkigLWv4DIBg&bvm=bv.71778758,d.cGU&psig=AFQjCNEgYQI137clpZSHLdjjo8Dq6sBH6Q&ust=1406338308095190
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=HLSeZ6N6vN2cdM&tbnid=CLQYk2CoAqdzKM:&ved=0CAUQjRw&url=http://www.acoustics.org/press/153rd/deane.html&ei=r7TRU4SHCtD8oASy1oHgAQ&bvm=bv.71778758,d.cGU&psig=AFQjCNEgYQI137clpZSHLdjjo8Dq6sBH6Q&ust=1406338308095190


SLIDE 44
PORE WATER BURIAL

seawater, with major components, occupies sediment pore spaces

sink for all major components

compaction over time decreases pore volume, but always some 
seawater present in pore spaces

time of burial after compaction

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=GohlsWkQKEA_aM&tbnid=MLDof_KNCywgbM:&ved=0CAUQjRw&url=http://regentsearth.com/ILLUSTRATED%20GLOSSARY/Compaction.htm&ei=Ib_RU52OC9D6oASq4IKoAQ&bvm=bv.71778758,d.cGU&psig=AFQjCNG74aNEWYxMDe8etKCp0aXF1uzk1g&ust=1406340786856567


SLIDE 45 BIOGENIC PYRITE FORMATION

SEDIMENTS

OCEAN
z=0

+

-

DIFFUSIVE 

FLUX 𝑆𝑂4
2−

𝑆𝑂4
2−

𝑆𝑂4
2−(𝑎𝑞) → 𝑆2−(𝑎𝑞)

𝑆2− 𝑎𝑞 + 𝐹𝑒2+(𝑎𝑞) → 𝐹𝑒𝑆(𝑠) → 𝐹𝑒𝑆2(𝑠)
PYRITE

REMOVES 𝑆𝑂4
2−



SLIDE 46
CLAY FIXATION REACTIONS (REVERSE WEATHERING)

𝑆𝐼𝑀𝑃𝐿𝐸 𝐶𝐿𝐴𝑌 𝑀𝐼𝑁𝐸𝑅𝐴𝐿𝑆 𝑠 + 𝐾+ 𝑎𝑞 + 𝐻4𝑆𝑖𝑂4 𝑎𝑞 + 𝐻𝐶𝑂3
− 𝑎𝑞

⟶ 𝐶𝑂𝑀𝑃𝐿𝐸𝑋 𝐶𝐿𝐴𝑌 𝑀𝐼𝑁𝐸𝑅𝐴𝐿𝑆 𝑠 + 𝐻2𝑂 𝑎𝑞 + 𝐶𝑂2 (𝑔)



SLIDE 47
BIOGENIC CALCITE DEPOSITION

𝐶𝑎2+ 𝑎𝑞 + 2𝐻𝐶𝑂3
− 𝑎𝑞 → 𝐶𝑎𝐶𝑂3 𝑠 + 𝐻2𝐶𝑂3(𝑎𝑞)



schematic representation of changes in total salt content of the oceans over 
geological time

sudden drops are due to rapid removal in large evaporitic basins

gradual increases are due to slow uplift and weathering of evaporite deposits  

average salt content is in steady state

SLIDE 48


