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» QOcean basins, elements cycling and salinity, thermocline,
ocean circulation 1.15hr. 15 min. break (14:30-16:00)

 Biological oceanography: Nutrients, oxygen, productivity,
food web, vertical fluxes, bottom processes 45. min. (16:00-
16:45)

» Global and ocean carbon cycle, carbonate chemistry, pH,
alkalinity, DIC, ocean acidification 1. hr including 5min
break (16:45-17:45)

 Coral reefs, ocean acidification bleaching 45min (17:45-
18:30)
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Solar energy
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Cyclic and vectorial phenomena

« Cyclic
« Orbital cycles (day night, lunar, year, Milankovich cycles)

« Climatic cycles (interaction of the above with ocean and
land: seasons, glacial cycles)

« Geological Geochemical and Biological cycles (Ocean
circulation, plate tectonics)

« Vectorial

« Creation of the universe (elements, stars) 14 Giga Yr
e Segregation of elements on Earth 4.5 Giga Yr

« Biological evolution 3.8 Giga Yr

« Man and its influence ? 2 Mega Yr

e [Mega=10%| | Giga=10° | [Tera=10'2 | | Peta=10%>
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The Biogeochemical Cycles
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Some simple calculations

(rounded numbers)

_ resevoir size
Reservolr 10° Km?®

Process rate
10° Km®/Yr

residence
time (Yr)

(Evaporation)

Ocean 1,340,000 430

3000

Water on land 16,000

(flow to ocean)

140

glacial Ocean 1,290,000

Glaical cycle

Ice during glacial 40,000 0.35

groundwater 16,000

(flow fo ocean)

8000




The marine N-cycle
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MODIFIED MODEL OF THE GLOBAL CARBON

CYCLE
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Mauna Loa Monthly Carbon Dioxide Record:
Keeling Record 1958-1999
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Global Average Temperature 1850 - 2024
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Historical Atmospheric Carbon Concentration
for the Last 1000 Years
Extracted from the Law Dome Ice Core
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Figure 11.3 The astronomical
(orbital) effects on the solar
irradiance and their time scales
over the past 500,000 years. A
and B: Eccentricity or orbital
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Sources: Partly after Broecker and
Van Donk 1970, and Henderson-
Sellers and McGuffie 1984. B, D
and F: from Review of Geophysics
and Space Physics 8, 1970.
Reproduced by kind permission of
the American Geophysical Union.



18.000 Years Before Present  Northern Modern Day
Hemisphere

Ice Coverage
sSummer

Continental Ice |l
Sea Ice B

Land Above
Sea Level




Vectorial processes

Creation of the universe (elements, stars) 14
Giga Yr

Segregation of elements on Earth 4.5 Giga Yr
Biological evolution 3.8 Giga Yr
Man and its influence ? 2 Mega Yr



Solid iron inner core  Liquid iron outer core
(5150-6370 km) (2891-5150 km)

Mantle
(40-2891 km)

Earth Radius
6400 Km

(c) Press and Siever Fig. 1.6¢



Triassic period Permian period

Jurassic period
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Percent of present-day oxygen levels
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Percent of cumulative O, production
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Figure 2.7 Cumulative history of O, released by photosynthesis through geologic time. Of
more than 5.1 X 10% g of O, released, about 98% is contained in seawater and sedimentary
rocks, beginning with the occurrence of Banded Iron Formations at least 3.5 billion years
ago (bya). Although O, was released to the atmosphere beginning about 2.0 bya, it was
consumed in terrestrial weathering processes to form Red Beds, so that the accumulation of O,
to present levels in the atmosphere was delayed to 400 mya. Modified from Schidlowski (1980).
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Historical trends In atmospheric O,

Carboniferous peak in
abundance of oxygen

Large amount of buried organic
matter means less oxygen being
used in organic decay (oxidation)
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Historical trends In atmospheric CO,

20

Devonian decline in
abundance of CO,

Diversification of land plants
caused increase in rates of
mineral weathering processes,
which consume CO,

Decline in atmospheric CO,
may have led to global cooling
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Solid iron inner core
(5150-6370 km)

(c)

Liquid iron outer core
(2891-5150 km)

Mantle
(40-2891 km)

Press and Siever Fig. 1.6¢



(d) Subduction

Core—mantle
boundary

Inner core

Spreading

Press and Siev Fig. 20.25d
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Why the topography of ocean and land look this?




Earth hypsometry
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Plate boundaries
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Age of Seafloor Crust
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Rates of plate motion

Mostly obtained from magnetic
anomalies on seafloor
Fast spreading: 10 cm/year

Slow spreading: 3 cm/year
* The residence time of an oceanic plate
* of 4000 km 1s 40 My (fast) or 120 My (slow)

Press and Siever



Geochemical Carbon Cycle

COy loss from air through CO; uptake by
CO; loss to air through  transformation of silicates rock weathering
calcium carbonate deposition into carbonates

A Carbonate rock weathering
CO; + H,0 + CaCO;3 —>Cal* + 2HCO;~

B Silicate rock weathering
2C0O; *+ H,0 + CaSiO; —=Ca?* + 2HCO;™ + SiIO;

C Carbonate formation in oceans
2HCO;™ + Ca2* = CaCO; + COy + H;,0

D Silicate weathering plus carbonate formation
(reactions B + C)
CO; + CaSiO; —» CaCOj + SIO,

. . E Metamorphic/magmatic breakdown of carbonate
Fig. 23.9 Press and Siever CaCO; + SO, —> CaSiO; + CO,
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and Africe. Vertical exaggeration x 100.
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Biogenic deposits
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The chemistry of seawater
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Drivers of ocean circulation

Sun radiation: poles to equator gradients

Atmosphere circulation (waves, surface currents,
storms)

Earth rotation, Coriolis Force, conservation of
energy

Temperature, salinity, ice, density gradients
Tides: Earth Moon Sun (gravity)

Continuity (mass preservation)
Configuration of continents vs oceans
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Typical Temperature Profiles
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Atlantic temperature section (0 — 6000 m)
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Atmosphere circulation




Atmosphere circulation

835 kilometers
per hour

!

1446 kilometers
per hour :

1670 kilometers .
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per hour

Figure 3.3 Generalized pattern of global circulation showing (a) surface patterns, (b) vertic
patterns, and (c) origin of the Coriolis force. As air masses move across different latitude
they are deflected by the Coriolis force, which arises because of the different speeds of th
Earth's rotation at different latitudes. For instance, if you were riding on an air mass movir
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Surface ocean currents

Subtropical Gyres and Associated Ocean Currents
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The general circulation of the ocean

a-«f‘*’/f\v M Broecker

19¢



The general circulation of the oceans
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TS diagram for seawater: the thermal and salinity gradients
dictate the thermohaline circulation

Temperature-Salinity Diagram
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Atlantic ocean real data
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Meridional cross—section of the Atlantic

depth {km)

Atlantic ocean general circulation

Frontal fone

Subtropical Subtropical Antarctic
Convergence Equator Convergence Dwerlgenc:e
— -
"F‘H{_JE T _ Wnn”ﬂ/ff £
_\{\:‘ \"&t - Dzmln"':_ O max «— =— ,;;::f gft"‘-\. / T J
oy #’@H/ - ——_0p min £« /jﬂ
\ \HHF — T . = o . /7’ ?“ 4{
B
]Q \_E:‘-;——.L — NADW . f’*;y /7,- 0y ,J,
Y — T ——— - Op MaK—-—— o = ——in e
= - — e T T fﬁf ?q f v
\ﬁﬁ - T - T — AABW
NN IV
Y f ___,—-’;;:f AR he R\_ﬁ(_ A
— _-—"—;-;_Ff”'
-
| | | | | | |
60* N 40* 20* o* 20" 40* 60* g0* 5
latitude

NADW = Morth Atlantic Deep wWater

AA1W = Antarctic Intermediate wWater
AABW - Antarctic Bottom ‘water

M = Inflow of water from the Mediterranean

2 salinity > 348

I water warmer than 10°C
2 water cooler than O°C
— direction of water flow



Ocean currents surface, deep and back




Greenland

- - - . ———————

America South
America

The Gulf Stream bring equatorial warm water northwards. Evaporation
and cooling increases the density of the water that together with very
cold water from the Labrador current Greenland Iceland and the
Norwegian seas make together the North Atlantic Deep Water



North Atlantic Deep water formation
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Meridional cross—section of the Atlantic
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NADW = Morth Atlantic Deep wWater

AA1W = Antarctic Intermediate wWater
AABW - Antarctic Bottom ‘water

M = Inflow of water from the Mediterranean

2 salinity > 348

I water warmer than 10°C
2 water cooler than O°C
— direction of water flow



Estimates from hydrography

The volume transport of the overturning

circulation at 24 N has been estimated as
17 Sv (1 Sv = 10° m3/s)

Its heat transport is 1.2 PW (1 PW =
101> W),



The general circulation of the oceans
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Talley 2015



The general circulation of the ocean

Great Ocean Conveyor Belt

Mroecker 1987
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Fig. 7 Anexample cross section to show the surface of the Earth hetween South America
and Africe. Vertical exaggeration x 100.
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Fiz. 8 The distvibution of levels on the Earth’s surface. (a) A histogram
showing the actual fireq uency dstribution. (b) A cumubitive-frequency
(hypsographic) curve hased on(a). This isnot a profile of the Earth’s
surface hut a curve of percentages of the Earth’s surface that lie above,
helow orwithin any given level

average depth of sea (3.7 km)

maximum depth {17.04km)




Marine environments of life
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End of lecture 1

e 10-15 min break



