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lon Concentration % by mass of the Concentration

{ mg dm™ total dissolved sollds /mol dm™

Chloride, Cl- 19 000 55.04 0.535
Sodium, Na* 10 500 30.42 0.457
sulfate(V), SD,E' 2 655 7.69 0.028
Magnesium, Mg** 1 350 3.91 0.056

B Calcium, Ca?* 400 1.16 0.010
Potassium, K* 380 1.10 0.009 7
Carbonate, CO;*" 140 0.41 0.002 3
Bromide, Br~ 65 0.19 0.000 81 =
Borate, BD;H_ 20 0.06 0.000 34
Silicate, Siﬂaz' 8 0.02 0.000 11
Strontium, Sr¥* 8 0.02 0.000 09 -

Fluoride, F- 1 0.003 0.000 05




The Chemical Mass Balance for Seawater

Sulfur T iy, SR
CI- (chloride)
S042- (sulfate)

Mid-ocean
ridge

lons are added to ocean water by: river discharge
volcanic eruptions
hydrothermal activity at the mid-ocean ridge

lons are removed from ocean water by: adsorption and precipitation

sea spray

biologic processes

hydrothermal activity at the mid-ocean ridge




Sources: Rivers Sinks: Sediment Burial
Hydrothermal Hydrothermal

Wind/Rain Volatilization/Sea-spray
Pore water flux

d[c]sw dt = Fatm + Friv+ pr_ Fied — Frval £ Fh}-‘dm

In the early days of chemical oceanography it was thought that, because of the long
residence tunes involved. the major 10n composition of seawater had been approximately
constant over geological time and that chemical equilibrium might explain that
composition. With the growth of the field of paleoceanography. 1t has become clear that
there have probably been significant excursions in the composition of the ocean-
atmosphere system (Berner et al., 1983: Berner. 1991) and that a kinetic or dynamic flux
balance model 1s more appropriate for describing the ocean over geological time scales.




Residence Time (T) The residence time (also called turnover time) 1s defined as the ratio
of the dissolved mass in a reservorr divided by the mass flux in or out of the reservour.

For example. using a simple model with one source and one sink. T can be thought of as
the time 1t would take to fill the reservoir if the source (Q) remained constant and the sink
was zero (or vice-versa).

T = mass / input or removal flux=M/ Q=M /S

Example: Q _» [M] S Q = input rate (e.g.. moles }'1"1:1}
S = output rate (e.g.. moles yr™)
[M] = total dissolved mass in the box (moles)

>

Ao 10 Na (2.6 x 10° yr) éwe 1o Al (100 yr)
* Q1 peyaAurepol Xpdvol avrioToiXolv o1a aAkAAIa Kai TIC AAKQAIKEC YaieC,
* EvdiGuecol xpdvor (10° = 10% yr) Zn, Mn, Co, Cu.
* O1 pikpdrepol xpévor (10 — 10° yr) yia Al, Ti, Cr, Fe. Xpovor pikpérepor amé v

avapertn rwy BaAacoiwy palwv yia 2 Adyouc.
1) Zwpatidiakn kardotaon, 2) Taxeia udpdAuan kai owyaridiak Tayideuan.
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| Atmosphere =dn/dt Rivers (+dn/df) -

Glaciers (+dn/dt)
; T <t
Radiodecay Mi
=dn/dt
I =dn/dt I +dn/dt
Sediments Hydrothermal

At steady state the dissolved concentration (Mi1) does not change with time:
(dn/dt)peesn = 2dn; / dt

At steady state the sum of the sources Z(dn;/df)seurce: must equal the sum of the sinks

2 (dny/dt)sinks.

For most elements the main sources are from continents via the atmosphere and nive,
Removal to the sediments 1s a main sink for most elements. Hydrothermal processes
be both sources and smks depending on the element. The following balance 1s a goo
approximation for most elements in the ocean:

(dﬂl":dﬂmean =F atmosphere +F nvers F sediments +F hydrothermal

If we assume steady state then the change with fime 15 zero or dM1/dt = 0.
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:j V = ocean volume (1.349 ::c 1!] 3')
Deep V. ¥ V3 b Vywa = water exchange. (m’ yr ;
P R =nver mnflow (3.74 x 1{}
C = concentration (mol m’ jl
Cq P = particle flux (mol }‘I‘ h
B = bunal flux (mol yr )
E = Net evaporation (3.74x 10° m’ yr')
3700m

HI}T)

1. First we can write the water conservation balances:
E =R nver inflow equals net evaporation
Vi = Vi = Vi upwelling and downwelling exchanges are equal

2. The mass balance for and element in the surface layer 1s:
Vinie 10[Coel/dt] =R [Crvar] = Vine ([C.] - [Ca]D) - P

3. The mass balance for the deep layer 1s:
Vimix {[Caeep]/dt} = Vmix ([C:] - [Ca]) +P-B

4. At steady state we have:
d[C)/dt =0 and R[Cy;.e] =B




Characteristic Data for the Ocean

Volume Total v 1349.3x 10° km’
Surface ocean (<200m) Vs 69.6 x 10° km’
Deep Ocean Vi 1279.7 x 10° km’
Area Surface Ocean A 362.0 x 10° km’
At 200m Asgo 335.2x 10% km’
Mean Depth Total h=V/A 3.727m
Surface Ocean h, =VJ/A 192 m
Deep Ocean hg =V 3/ Aso 3.818 m

River Inflow R 37.400 km® v’

—

An input-output balance for major seawater ions and alkalinity.

Component | Concentration Ocean River Atmospheric Ion Hvdrothermal | Carbonate
In Inventory Input Cvcling Exchange Activity I}E|:lmsirinu

Seawater (mmol'kg) | (10" mol) | (10”moly) | 102 molv) | (10%moliy) | (10” moly) | (10"moliy)

Cl 545 710 10.0 -10.0 ?

Na 468 608 11.8 -93 -19 ?

Mg 53 69 8.0 -0.5 -1.2 -1.8

SOy 28 37 37 0.5 -3 8

K 10 13 32 -0.1 -04 +1.3 (-4.0)

Ca 10 133 17.1 -0.1 -2.6 +3.1 (+2.0) -24.7

Alk 24 3.1 478 -0.5 -0.4 494

2 CO, 23 3.0 437 +0.5 -49 4

Numbers in parentheses under hydrothermal activity refer to low temperature basalt weathering.




Such box models are used to determune the rates of transfer between reservoirs and
transformations within a reservoir.

Advantages are:

1.

2.
3.
4

It 15 easy to concepmalize where matenal 15 coming from and where 1t 15 going.
Provide an overview of fluxes, reservoir sizes, and turnover or residence times (1)
Thev provide the basis for more detailed quantitative models.

Thev help 1dentify gaps 1in knowledge.

Disadvantages are:

The analysis 1s superficial and over-simplified.

Little or no msight 15 gamned into what goes on mside the reservoirs or into the nature
of the fluxes between them.

Thev usually assumes homogeneous average distributions within reservoirs

Thev can easilv give a false impression of certainty, even if all the mdrvidual fluxes
have solid estimates. Remember, a model 15 an imitation of reality.

1.

~




First some basic definitions related to models in general and box models 1n particular.

* Model — A simplified or idealized description of a particular svstem or process
that 15 put forward as a basis for calculations, predictions or further investigation.
A model should contain only those elements of reality that are needed to solve the
problem. A model 15 an imitation of reality that stresses those aspects that are
assumed to be important and omats all properties considered nonessential.

» Parameter — A quantity that 1s constant in a particular case considered, but whach
varies in different cases.

o Variable — A quantity or force that, throughout a mathemarical calculation or
investigation. 1s assumed to vary or be capable of varying in value.

e Closure — Closure in a modeling sense usually means having the number of
unknowns equal the number of equations. Often. closure 1s achieved by making
simplifying assumptions.

* Reservoir or Box (M) — The amount of material contained by a defined phyvsical
regime, such as the atmosphere, the surface ocean or the lithosphere. The sizes of the
reservolrs are determuned by the scale of the analysis as well as the homogeneity of
the spatial distribution. The units are usually in mass of moles.




Flux (F) — Amount of material transferred from one reservoir to another per unit time.
Source ((Q) — A flux of material into a reservoir.

Sink (5) — A flux of material out of a reservorr

Budget — A balance equation of all sources and sinks for a given reservoir.
Residence Time or Turnover Time (1) — The ratio of the content of a reservoir

(M) divided by the sum of 1ts sources (£Q) or the sum of 1ts sinks (L5). Thus, 1=
MEQort=MZLS.

Cyele — A svstem consisting of two or more connected reservoirs where a large
fraction of the material 1s transferred through the svstem 1n a cvclic fashion.

Budgets and cycles can be considered over a wide range of spatial scales from
local to global.

Steadyv State — When the sources and sinks are 1n balance and do not change with
time.

Closed System — When all the matenial cyeles within the system
Open System — When material exchanges with components outside the svstem.




Goldschmidt (1933) proposed that a general reaction of the following type controlled the
composition of the atmosphere. ocean and sediments. He suggested that for each liter of
seawater, about 600 grams of 1igneous rock had reacted with about 1 kg of volatile
substances from inside the earth (e.g.. HO, HCL CO;) to form seawater, 600 grams of
sediments and 3 liters of atmosphere.

This one-way weathering type reaction was written as:
igneous rock (0.6kg) + volatiles (1kg) === seawater (1L) + sediments (0.6kg) + air (3L)

Lars Gunnar Sillen a Swedish morganic chemist who specialized in solution chemistry in
1959 proposed that the 1onic composition of seawater might be controlled by equuilibrium
reactions between the dissolved 1ons and various minerals occurring in marine sediments,
Sillén (1961) argued that Goldschnudt's reaction could go both directions. The reverse
reaction would be called “reverse weathering™ and 1t happens i the ocean.

Sillen's ocean model was composed of nine components: HCL, H2O and CO; which
represent acid volatiles from inside the earth. and KOH. Ca0. S10,. NaOH, MgO and
Al(OH)s. which corresponded to the bases of the rocks. The ocean was treated as one giant
acid-base titration. Sillen argued that if the ocean contained an assemblage of nine phases
in equilibrium with each other. then the chemistry of seawater and atmosphere (including

seawater pH and atmospheric Pcga) would be fixed by knowing the value for two

independent variables. He argued that these were temperature and C1. The value of
temperature would fix the equilibrium constants and CI” does not enter into any chemical
reactions and 1s thus conservative.
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1. Igneous rocks — The ultimate source of most cations and silicate dissolved in rivers and
the ocean 1s 1igneous rocks. which are made of minerals like feldspar. mica and quartz.

Potassium Feldspar KAlS1,05(OH)4
Sodium Feldspar NaAlS130g

Biotite Mica KMg3AlS13010(OH);
Quartz S10,

2. Clay minerals — Clay minerals are formed when igneous rocks weather. It’s the main

constituent of fine-grained (< 63) particles in mud. They are less rich in cations compare
to the source material.

Kaolinite AlS1,05(OH)4
Ilite (KH30)(A1M g.F é) 2(5i.A1)4010

3. Authigenic Minerals — Minerals that precipitate from solution at the Earth surface
temperature and pressure. These are the evaporite minerals that form 1n places like the
Dead Sea and the Great Salt lake: minerals that form in anoxic sediments: and minerals that
make up shells of plants and animals that live in the ocean and fresh waters.

Halite Na(Cl

Gypsum and Anhydrite CaS04(H>0),. CaS0Oy
Pyrite FeS;

Calcite and Aragonite CaCOs;

Opal S10,
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In general. the weathering reaction on continents can be written as congruent or
incongruent reactions. In congruent reactions the total mineral goes into solution. In
incongruent reactions the mitial mineral 1s leached and modified and converted into a
secondary mineral.

General weathering reactions that create the chemistry observed in rivers involve CO;
reaction in soils with sedimentary and 1gneous rocks or O3 reaction with reduced
compounds. There are primarily three categories of weathering reactions

(a) Those between CO, and CaCO; and

(b) Those between CO; and aluminosilicate rocks

(¢) Oxidation of reduced compounds like organic matter or pyrite.

Weathering of CaCQOj 1s considered a congruent reaction. CO; in soils reacts with water to
form H' that dissolves CaCOj: :
CaCOs(s) + COx(g) + HHO=Ca™ + 2HCO5




Weathering of aluminosilicate minerals to clay minerals are examples of incongruent
reactions. COs in soils reacts with aluminosilicate rocks to form clay minerals:

Silicate minerals + CO1(g) + H,O = clay minerals + HCO3 + 2HS104 + cation
For example. the weathering of the potassium feldspar mineral called orthoclase

(KAIS13035(s)) to the clay mineral called kaolinite (AlxS1:05(0OH)s(s)) 1s an important
reaction in soils from humid climates.

KAISi30s(s) + COx(g) + 11/2H20 = 1/2 ALSHOs5(OH)s(s) + K* + HCOs™ + 2H,SiO4
Similarly weathering of: Biotite mica => kaolinite

Biotite Kaolinite
2KMg3AlS1;049(0OH), + 14C0O; + 15H,0 == AlLS1,05(0OH)y + 2K + 5Mgz+ + 14HCO; + 4H,;S10,

There 1s a myriad of aluminosilicate reactions mvolving all the major cations. You can see
that in general. during weathering. a structured aluminosilicate (feldspar) 1s converted into
a cation-poor. degraded aluminosilicate (clay). cations and silicic acid go mnto solution,
COs(g) 1s consumed and HCO;5" 1s produced. The bicarbonate concentration released 1s
equivalent to the cations released according to the stoichiometry of the reaction. Notice that
both the carbonate and silicate reactions consume CO; and produce bicarbonate, HCO5",
and cations i solution.




I ..

Group Ia: (Cl-) For chloride. the main sink over geological time 1s evaporite deposits. The
deposition of evaporites 1s controlled by tectonies, which controls the geometry of marginal
seas that become evaporite basins. There are no significant evaporites forming today, and

the balance for Cl 1s probably not at steady state. However. the residence time 1s so large
(~100 My) that an imbalance between inputs and removals would have little influence over
time scales of tens of millions of years. Seawater cycling through aerosols 1s also an

important sink for CL

Group Ib: (Mg, SOy, K) For these elements, the main input 1s from rivers and the main
sink 1s by hydrothermal circulation through ocean crust,

The dominant control 1s the hydrothermal circulation rate (Viydo). which 1s driven by
tectonic activity. We can do the calculation backwards by assuming that the composition of
seawater and river water 1s known. Potassium 1s added to seawater by hydrothermal
circulation as well as river inflow. The dominant sink 1s less clear but appears to be low
temperature scavenging by basalts on the flanks of mid-ocean ridges during low-

temperature alteration.

" e 3 -
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Group II (Ca, Na) (e.g. the remaiming cations with long residence times)
Consider the charge balance for seawater
2[Ca™] + [Na'] +2[Mg™] + [K'] = [HCO3] + [CT] + 2[SO4”]
or 1'&:11‘1‘311;&1:1
2[Ca” ]+ [Na']-[HCO35] = [CI] + 2[S047] - 2[Mg ] - [K]
This side 15 controlled by tectonics (see above)
Therefore this sum is also controlled by tectonics

The controls on the relative proportions of elements on the left hand side are complicated
but include:

a) Ca/Na i1on exchange 1n estuaries

b) Ca’HCO;5 regulation by calcium carbonate equilibria

Group III (nutrients (5i, P, C, N) and trace metals)
The main balance 1s mput by rivers and remowval as biological debris to sediments. The
sediment removal 15 1n the form of a fraction of the biologically produced particulate

material that escapes remineralization.
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Tracers of Past Change in Ocean Chemistry, Circulation, and Biological Processes.

How has the Chemistry of the Ocean Changed 1in the past?

Are our assumptions about a “steady state™ ocean correct?

What was the role of the ocean n past climate change?

How does ocean circulation and biology control/react to global changes?

To answer these questions. paleoceanographers. turn to ocean sediments to study the record of
past ocean chemistry. The oldest marine seduments in the ocean are about 200 million years old.
so reconstruction of past climates and environments using Ocean Drilling Cores can reveal
information with respect to the past 200 million years. Older marine deposits (records of billions
of years old) are exposed on land and may also be used.




Apxl TtTou Marcet: O AOYOG TnG OUYKEVTIPWONG TWV KUPIOTEPWV

CUOCTOTIKWY TOU BOAAOCOIOU VEPOU TTOPAMEVEI XPOVIKA KOl TOTTIKA OXeOOV
oT00EpOG MOAOVOTI €ival OuvaTtdév va TrolKiAAEl gupuTATA TO OAIKA
TTEPIEXOUEVO TTOOO AAATWV OTO BaAdooio vepo atrd TOTTOU O€ TOTrO. OI
TTEPITITWOEIS OTTOU N ApXK) OUTH MTTOPEI va NV IOXUEI Eival TTEPIOXES TTOU

KOAUTTTOUV TTOAU MIKPO TTOOOOTO OTO OUVOAO TWV WKEAVWYV aAAG TTOU O€

TOTTIKO £TTITTE®0 Kl 0€ OIKOAOYIKN d1doTOON £ival TTOAU ONMAVTIKEG.




MepimTwoeig mapaBiGoewg TNG apxnc Tou Marcet

| 7% 43Clinity » 27% U% Oxycen »

AVOEIKEG AEKAVEG Kal YEVIKA TUAUATA SUOKOAA aepIlOUEVWV
BubBwv onwg ta NopPnylkad ¢Lopdg, n Maupn ©dlaocoa k.At. Ekei
oL anattoelg oe o&uydévo yia tn dldomnaon Kat o&eidwon e op-
YQVIKNG UANG &emepvouv TIG duvaToOTNTEG TOU TIEPIEXONEVOU dla-
AULEVOU O&UYOVOU PE ATOTEAECUA VA EAATTMOVETAL ONUAVTIKA TO
QUVAULIKO o&eldoavaywyng.

T€toleq ouvlnkeg eival 1davikég yia v avanTtuén twv avae-
POBIWYV BakTNPdiwv Tou UTIAPXOUV OTIG ATIOBECEIC KAl TA ornoia
METATPEMOUV Ta Bellkd 0 BeloUxa EAATTOVOVTAG £TOL ONUAVTIKA
TOo A6yo SO7 :Cl™ katw amnod 0,1400 mou eivat To QUOLOAOYIKO.
Tunua Twv BelOUXWV ATIONAKPUVETAL OTIG TIEPLMTOOELIS AUTEG ME
™ OnuLoupyia SUCAIAAUTWY BElOUXWY EVHOEWV.

= —_———— ——

Mresh Naler

The Bogporus Strait is
a Baricr ‘or Wator Circulation

Meditenanean Sec Woter

0% Sulfide »




f a. KAeloTéEG BaAaocoeq Kal rmeploxeg ekPBOANG morauwyv (Huxol
KOATIWV, «dEATA» TIOTAMWV, K.ATL). EKel eppavieTal dlatapaypévn
N aAatdémTa and TV TMPOooONKn YAUKOU vepoU Kal Tautdxpova
dlatapaypeva Ta MooooTd, KUPIWG TWV aviovTwy, Ta oroia mpo-
otiBevtal and tov notapd. InNUEIWTEOV OTL MOAOVOTL OTAVIA TO
OUVOAO TNG LOVIKNG OUYKEVTPWOeEWS Eemepvd ta 200 mg/¢, via
TOUG TEPLOCOTEPOUG TIOTAUOUG N CUCTAOY TWV WETAPEPOUEVV
AAATWV CaQ®G TIOKIAEL TIOAU amMod TMEPIMTOOEWS OE TIEPIMTWON.
AuTO ekppaletal ouvnOwG PE ATEIKOVIOELG TNG METABOANG - dla-
TAPAXNG TOU AOYOU TWV CUYKEVTPWOEWV dlAPOPWV LOVTWV OMWG:
SO :iCl°, HCO3z:Cl~, K*iNa*, Mg?**:Na* 1 Ca?':Mg>* kA

N —

. . . -1
The composition of average seawater and river water in mmol kg .

3 :?é%h %o 20%e 15%  10%o
Element Seawater (mmol kg™ River water (mmol ke™) shoreline
Na 468.0 0.26
Mg 53.1 0.17
Ca 10.3 0.38
K 10.2 0.07
Sr 0.09 ———
Cl 546.0 0.22
SOy 28.2 0.11 s
HCO; 2.39 0.96 tide
shoreline

Br 0.84 ——-- tide

Mainly Mainly

Na“ and CI Ca’" and HCOy

NaK Mg/Ca Na/Ca (Ca+tMg)HCO3

Oceans 45.6 522 45.9 26.64
Rivers 6.0 0.42 0.8 0.59




[leptoxeq urnoBaAdooiag avaBAUcews aAuupouU vepod.
Onwg B8a avapepbel kat oV evéTa TEP( NG AAATOTNTAG, OF
HEPLKEG TIEPLOXEG OTWG N EpuBpd ©dAacoa, nmapatnpeital os Ba-
Bn 2.000 m mnepinou pia avaBAuon aApupou vepoU UE CAPWC dla-
Tapaydeva mooooTtd oTolxeiwv. AVAUIEN —€0TwW Kal PIKPA— TOU
VEPOU auTOU PE TO UTIEPKEIMEVO dlATAPACOEL TIG OTOLXEIOMETPIKEG
avaAoyieg tTou deUTepoOU.
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[leptoxeg unmobaAdooiwv npaioteiwv. To eKXEOUEVO OTO
VEPO PAYMO TIPOKAAEL AUENON TwWV TEPLEXOUEVWV TIUPLTIKMOV Kal |
EVOEXOUEVWG TOU PpOopiou.




ABabBeic n artokKAEIOUEVEG TEPIOXEG, OTIOU UTopel va Tpo-
KUYeL avwpaAia oto riepiexdpevo tou CO, ye aueon emidpaon v
KataBubion 1 avadldAuon avepakik®Vv armobEcewyv Ye emakoAoudn
datapa&én ™G oxéoewg Ca: Cl kal evdexopuévwe kat Mg:Cl 7

St Gl

ABabeiq, arokontoueveg neploxég. Ekel 6mou pia yewAoyt-
KN 1dloppubuia oto BuBO propel e mMaAippoleg, KUPATA 1) avé-
MOUG Vva ATtoKOTTEL TEPLOBIKA £va TURUa BAAaccag, €Aav oL Kalpt-
KEG OUVBNKeg guvoouv mapouctaletal kabilnon aAaTwyv Kal oupru-
Kvwon AOyw eEaTpioewq pE TeAKA TpoldvTa, £BATIOPITES, KAP-
vaAAitn (KCl.Mg-_Cl,.6H,0) katd npotepatdmTa, Kat AAAa XAw-
plouxa dAata. Ta Bellkd daAata dev dlatnpouvTal ylati n Tautod-
Xpovn KatavaAwon Ttou o&uyodvou (yla o&eidwon NG OPYAVIKAG
UANG) dnuloupyel avo&lkEéG OuvBnkeg, Kal mapaywyn udpoBeiou
TO OTI0{0 Kat peuyel and 1o oUOTNUA OTNV atuoéoPalpa. Endvodog
TOU vepoU NG 6AAaooag Kal PEPLKN avadldAuon CUCTATIK@OV dla-
TapAOoOoEL TIG OTOLXEIOUETPIKEG avaAloyieg.
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Erugpaveia ¢ 8dilacoag. ZInv erupdvela mg BaAacoag
dnuloupyeital €va AenTOTATO, TOAUTIAOKNG OUVBECEWSG, OTPWUA
MouU aroTeAgital and PETAAAQ CUMTIAEYUEVA UE OPYAVIKOUG Kal
avopyavoug UTIOKATAOTATEG Kal TIOAUTIAOKOUG OXNUATIONOUG dla-
PopwV AAATWV. To HOVOUOPLAKO AUTO ETILPAVEIOKO OTPWUA UTIAP-

noU CIoXWpcLl 70 @ws (0-140 p.)

lNeploxeg xaunAwv Bepuokpaoiwv Kal nmayetovwv. Kata
™ Onuloupyia mayou OXETIKA PUEYAAUTEPO TOCOOTO XAWPLOVTWV
aroBAaAAetal mapd Bellk®V avidvVIwy, TIOU €UKOAOTEPA €VOWUA-
TWvVOVTAlL OTO TMAEYHA TOU TIAYOU AOYW OTEPEOXNMIKAG OUYYEVEL-
ag. Etol mapatnpeitat pia datdpagn kat eAdttwon Tou Adyou
SO; :Cl™ oT1g MepLlOXEQ AUTEG.




+R.C.Sharma, M.Vatal : Oceanography f

"~ «H.V.Thurman, A.P.Trujillo: Essentials__otoéeanogré_bhy

* M.Grant Gross: Oceanogaphy, A view of the earth

—

« P.Weyl : Oceanography




Tehoc



Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTIALOEVUTLIKOU €pyou Tou dtddokovTta.

* To £pyo «Avoiktd Akadnpaika Madnipata oto Maveniotipo ABnvwv»

EXeL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKTTOLOEUTIKOU
UALKOU.

* To €pyo uhomoleital oto mAaiolo tou Emixelpnotakou MpoypAppatog
«Ekmaidsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital ano tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kol amo €Bvikoug
TTOPOUC.

ENIXEIPHEIAKO MPOrPAMMA
iy EKMAIAEYZH KAI AIA BIOY MAGHZH EZ"A

* *
* *
* *

J
2 ' . d
ERLEVOVON TTNY UOVWVId TNE YVWON,
it EE
YNOYPTEIO MAIAEIAXL KAl OPHEKEYMATAQON IATKO KOINQNIKO TAMEIO

EvpwnaikiiEvwon E!AIKH YMHPEZIIA AIAXEIPIZIHE
Evpwmaiké Koivwviké Tapeio . A
Me tn cuyxpnpatodotnon g EAAGSag kat tng Evpwmaikig Evwong
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2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.

‘Exouv tponynOel oL kKatwOL ekbOOELC:

‘Exboon SaBeoun edbw http://eclass.uoa.gr/courses/CHEM162/

Xnukn cvotaon g 8adAaccog
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>NUElwpo Avadopag

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, MuxanA
2KOUAAOC, EppavounA Aaocevakng 2015. MuxanA 2koUAAoG, EppovounA
Aooevaknc. «Xnuikn Qkeavoypadia. Evotnta 1: Xnuiki cvotoaon tng
Balaocoac». Ekdoon: 1.0. ABrivat 2015. AtaBgopo amod tn diktuakn
StevBuvon: http://opencourses.uoa.gr/courses/NOC83/

¢ Xnuwkn obotaon tneg Bdlacoag
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>NUelwpa Adelodotnonc

To apov LALKO SlatiBetal e toug 0poug tneg adestac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopowa Atavopn 4.0 [1] A petayevéotepn, AleBvic
‘Ekboon. E&atpolvtal ta autoTeAn £€pya Tpitwy m.X. pwtoypadiec, dStaypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Pe Toug
OPOUC XPrONG TOUC OTO «Xnuelwpa Xpnonc Epywv Tpitwv».

[@ocel

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopikn opiletal n xpnon:

* 1ou bev meplAapPavel AUECO 1} EUUECO OLKOVOULKO 0dEAOC ard TNV XpRon Tou €pyou, yLa
To SlovopEa Tou €pyou kot adelodoxo

* 1ou 6ev meplAapPaveLl olkovoLKr) cuvaAlayn we polnoBeon yla tn xpnon n npooBacn
OTO £pyO

* Tou bev nmpoomopilel oto SLavopEa Tou £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stadpnpuioelg) amo tnv npoBoAn tou Epyou o€ SLadIKTUAKO TOTO

O dwkatouxoc¢ pmopel va mapexel otov adelodoxo Eexwplotn adela va XpnoLUOTIOLEL TO £€pYyO yLa
TIopLKA xpron, epocov autod tou {ntnbeL.

P
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Alatpnon ZNUELWHATWVY

Ornoladnmnote avamapoywyn N SLooKeun Tou UALKOU Ba TtpeETmeL
va cupmeplAapBavet:

" 10 2nueilwpoa Avadopadc

" 10 2Znueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2Znueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

noll e touc ouvodEVOUEVOUC UTIEPOUVOEGOUC.

¢ Xnuwkn obotaon tneg Bdlacoag
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2nuelwpa Xpnonc Epywv Tpitwv (1/4)

To Epyo aUTO KAVEL Xprjon Twv akOAouBwv £pywv:
Ewkoveg/Zxnuata/Awaypappato/Dwtoypodieg
Ewkova 1: Copyrighted.

Ewkova 2: Copyrighted.

Ewkova 3: Copyrighted.

Ewkova 4: The chemical mass balance for seawater. Copyrighted.
http://image.slidesharecdn.com/seanseawater-130328063645-phpapp02/95/sea-
and-seawater-39-638.jpg?cb=1364452705

Elkova 5: Seawater concetration/residence time diagram. Copyrighted.
Ewkova 6: Mnxaviopoi otaBepomnoinong. Copyrighted.

Ewkova 7: Development of plants and animals. Copyrighted.

¢ Xnuwkn obotaon tneg Bdlacoag 40
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>nueiwpo Xpnonc Epywv Tpltwv (2/4)

Ewkovec 8-9: Copyrighted.

Ewkova 10: Black sea diagram. Copyrighted.
http://38ccda.medialib.glogster.com/media/1d02c02a026b330c63bc04al1dc83216
1938ddc472dd576fdfa3a55dba68656dc/black-sea-diagram-sml.jpg

Ewkova 11: Salt wedge estuaries. Copyrighted.
http://3.bp.blogspot.com/ zvEdYgsFQQM/S5ynIUG7xTI/AAAAAAAAALA/juXfbmef
zao/s400/ESTUARY+5.jpg

Ewkova 12: A hydrothermal vent along the Juan de Fuca Ridge. Copyrighted.
https://microbewiki.kenyon.edu/images/d/d4/Hydrothermal-vent.jpg

®  Xnuikn obotaon tne Oalacaoag a1



http://38ccda.medialib.glogster.com/media/1d02c02a026b330c63bc04a1dc832161938ddc472dd576fdfa3a55dba68656dc/black-sea-diagram-sml.jpg
http://3.bp.blogspot.com/__zvEdYgFQQM/S5ynIUG7xTI/AAAAAAAAAtA/juXfbmefzao/s400/ESTUARY+5.jpg
https://microbewiki.kenyon.edu/images/d/d4/Hydrothermal-vent.jpg

>nueiwpa Xpnonc Epywv Tpitwv (3/4)

Ewkova 13: YnoBalaoowa ndaioteta. Copyrighted. http://yami-
ashdod.ort.org.il/wp-
content/uploads/2014/10/%D7%94%D7%AA%D7%94%D7%95%D7%95%D7%AA-

%D7%94%D7%90%D7%95%D7%A7%D7%99%D7%99%D7%A0%D7%95%D7%A1%D

7%99%D7%9D.pdf

Ewkovec 14-15: Copyrighted.
Ewkova 16: Copyrighted.

Ewtkova 17: Sea ice in the process of forming. Copyrighted.
http://photosl.blogger.com/blogger2/4777/2669/1600/15.jpg

¢ Xnuwkn obotaon tneg Bdlacoag
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http://photos1.blogger.com/blogger2/4777/2669/1600/15.jpg

>nueiwpo Xpnonc Epywv Tplitwv (4/4)

To Epyo aUTO KAVEL Xprjon Twv aKOAouBwv £pywv:
Nivakeg

Mivakag 1: Copyrighted.

Mivakag 2: Characteristic data for the ocean. Copyrighted.

Mivakacg 3: An input-output balance of major seawater ions and alkalinity.
Copyrighted. http://ocean.stanford.edu/courses/bomc/chem/lecture 12.pdf

Mivakac 4: The composition of average seawater and river water in mmol kg.
Copyrighted. http://ocean.stanford.edu/courses/bomc/chem/lecture 12.pdf

¢ Xnuwkn obotaon tneg Bdlacoag
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