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Kplown Zwvn (Critical Zone) - oplopOC
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al, 2006).

* Miypa agplac & vypng
daonc, EuBlou kK6oUOUL,
OPYOVIKOU UALKOU Kot
TLETPWLOTOC.

* Apeon aAAnAentidpaon
OPYOVLOUWV KOl AVOPYOLVWV
YAWWYV UALKWV.
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Ol MTOLPALETPOL TOU CUCTNLOTOC

Interpreting the Record
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MeBoboAoyia epguvac otnv Kpiowun {wvn
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To CO, wg mapayovtag £da

COZ + H20 -1 H2C03
(Carbonic Acid)

Carbonic acid in turn drives most chemical

weathering by providing the acidity that attacks
minerals. For example:

Weathering of olivine:
4H,CO; + MgFeSiO,4 >

Mg2+ + Fe2+ + 4HCO;™ + H4Sio4{aq}

Weathering of albite:
2H,CO5 + 2NaAlSi;Og + 9H,0 -->

2Na* + 2HCO5™ + Al,Si,05(0H) 416 + 4H;Si04aq)

Weathering of calcite:
H,CO; + CaCO4 --> Ca2* + 2HCOy"
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doyeveonc

Photosynthesis:
C02 3 H20 e CHzo o 02

Plant respiration:

02 + CHzo -2 C02 + Hzo
Plant

carbohydrate

Organic decay:

02 G CH20 ==2> COZ & Hzo
Organic
matter

Sources of concentration data:

Brook, G.A., Folkoff, M.E., and Box, E.O., A world model of
soil carbon dioxide: Earth Surface Processes and
Landforms, v. 8, p. 79-88.

Reardon, E.J., Allison, G.B, and Fritz, P., 1979, Seasonal
chemical and isotopic variations of soil CO2 at Trout
Creek, Ontario: Journal of Hydrology, v. 43, p. 355-371.

Data from Russell, E.W., 1961, Soil Conditions and Plant
Growth, as presented in Holland, H.D., 1978, The

Atmosphere = 0.03%
 (Pcoz= 10-39)
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Chemistry of the Atmosphere and Oceans, p. 24.
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Alepyaoiec ofelboavaywync-
0 BLOAOYLKOC TTOLPAYOVTOLC

4 Fe'" uy + Ongy + 6 H:Oy,
-
4 Fe(IINOOH,,, + 8 H

(e.g., Gallionella, Leptothrix)
Iron Reduction Zone

4 F«(IINOOH,,, + CH,0, +8H
«
(e.g.. Aeromonas, Bacillus, Geobacter, Clostridium)

Elements (2007), vol.3, 307-314 6
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Railsback's Some Fundamentals of Mineralogy and Geochemistry

The complementary nature of near-surface waters and minerals

This page attempts to summarize trends in the chemistry of near- The column at right is meant to suggest the progression
Earth-surface waters and the regolithic materials (soils to bedrock) of materials from Earth-surface to depth. Its inadvertent
in which they are found. This is a very schematic diagram that tries similarity to the Surrealist art of Joan Mir6 may be appropriate
to summarize all possible variability, and no one Earth-surface to the document's attempt to summarize so many disparate
example will be characterized by all of these trends. phenomena.
Waters tend to be Water Solids
atthis gn_d GG % Mineral systems tend to
Low-reactivity substrate | | ow TDS (<20 ppm) Less soluble minerals be at this end with . ..
Low pH Low Qs 7 g 3 Low-reactivity substrate
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Oxidizing in Ti4+, AiB+ Fe3+ Zré+ etc. pedogenic minerals
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a / Y : Finer : Amorphous ! £V
o . ' crystallites Y Fe(OH); |
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Waterstendtobe | Higher ————2— ratio| from that of unaltered parent| " e rainfa
at this end with . . . Total Anions arent material More Soluble or bedrock or till
Highly-reactive substrate | Reducing(?) High Qs p :
Little rainfall 9(* g Less Stable Minerals

In comparing between columns above, relative positions of words (e.g., gibbsite and
hematite) is dictated as much or more by graphic convenience as by natural occurrence.
LBA Water-Mineral-Soil Sum 06 5/1938; rev. 4/1959; 12/2000; 1/2003, 11/2009; 10/2012
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[Moootwkomoilnon Babuou anocabpwaong pe tpodiA
BaBouc KAVOVLKOTIOLNUEVNC CUYKEVTPWONC WC TIPOC

duokivnta otowyeia (rt.x. Ti) 1/2
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j= Eukivnto otouweio T 50
w= ArtocaBpwpEVOC pavouag
p= MnTpLKO ETPWHAL -300 -
-1.0 —EII.E 0l0 G!E 1.0
TTi, j

FewynNUIKES Slepyaoieg oTNV eMAVEL TNG VNG

8

Elements (2007), vol.3, 307-314

10



[Moootikomnoinon Padpou anocaBpwonc pe tpodiA
BaBouc KAVOVLKOTIOLNUEVNC CUYKEVTPWONC WC TIPOC
duokivnta otowxeia (r.x. Ti) 2/2
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Pueuoi anocdBpwonc 1/2

ESTIM&TED SOIL EROSION RATES

Type 5oil erosion rate
m\

Global World Troeh and Thompson (1993)
average
Agricultural 60 Wilkinson and McElroy (2007)
Europe Continent 80% Yang et al. (2003)
Morth :
America Continent 568 Yang et al. (2003)
South :
§
America Continent 51 Yang et al. (2003)
Africa Continent 298 Yang et al. (2003)
Australia Continent 198 Yang et al. (2003)
Asia Continent K Yang et al. (2003)

Elements (2007), vol.3, 307-314 13

FewynNUIKES Slepyaoieg oTNV eMAVEL TNG VNG




Pueuoi arnocdBpwonc 2/2

E}{AMPLES OF ESTIMATED REGOLITH FORMATION RATES

Rat
e

White et al.
Mass balance (1998)

Quartz diorite  Puerto Rico

Mass balance Sak et al. (2004)

Basalt Costa Rica
Greywacke/ San Gabriel 10ga 264
sandstone/ Mountains, 15.10.7 d g ' Heimsath et al.
chert/ California, S ﬂ"b LI (1997)
greenstone LUSA observations
Granulite/ . - 10 von Blanckenburg
amphibolite Sri Lanka b b = et al. (2004)
: Coweeta, North
Schist Carolina. USA 3.8 Mass balance  Velbel (1986)
Troeh and
w
World average Global 7 i e———T e

Elements (2007), vol.3, 307-314 14
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KALlpaka mapatnpnong

'e;, "oy l\ s N
\ ‘:'ﬁ “!' ir:ﬂ ‘;llv:b Ay 15

N\ 7

m Solid-fluid interface character varies over all scales. For a
given lithology, climate, and landscape position, interface
composition depends on biogeochemical conditions at the pore scale.
Within a typical soil aggregate (center, right), reactive surfaces include
(A) natural organic matter, (B) nanoporous silicate minerals, (C) min-
eral-microbe complexes, (D) secondary aluminosilicate clays and their
surface organic coatings, and (E) oxide and/or carbonate coatings.
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Ertuidpaveleg aAAnAenibpaong peuoTh G-

m Incongruent dissolution and accretion on interfaces. (A) 16
Backscatter electron image of surface coatings of poly-
crystalline Fe and Al oxyhydroxide on quartz from Cape Cod aquifer
sand (Coston et al. 1995); (B) weathering of primary biotite grains and
formation of secondary halloysite in a granitic gneiss saprolite and (C)
close-up of (B) showing tubular halloysite on edge surfaces of the weath-

ering biotite (Kretzschmar et al. 1997).
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YUOXETLON GUOLKNC- XNHLKAC
arnocaBpwonc

:

& derived from river sediment and solute loads
1 & derived from analysis of CZ materials

“
1
-
:

Chemical weathering rate (tlkmzlyr)
=
aald

3y ) I SRR, ) S RIS TR PRI
1 10 100 1000 10000

Physical denudation rate (tlkmzlyr) 17

Elements (2007), vol.3, 315-319
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Bpoyomtwon kat edadoyeveon
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Elements (2007), vol.3, 327-332
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[ewxNuULKN xoptoypadnon edbadpwv

FewyNUIKOC ATAaVTOC

™G Eupwning
(FOREGS)

Yxeon ocvoTaoNC
ebadwv Ko
AlBoloyiag

ALaKkpLON YEWXNHULKOU
nAalcilov — yewy.
avwpaAiog
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Edappoyn yewxnueloc edadwv oTov EVIOTILOUO
Koltaopatwyv-(1) Mnxaviopotl Stoomtopac o€
TPOTILKO TtEPLBAAAOV

— GROUND WATER MOVEMENT

h:}::“\
ORE BODY o

BEDH
i ﬂz':K

RELATIVE PUSITION OF SOIL PROFILES
{See Fig. 5]

Bradshaw et al. ,197 4 20
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STREAM SEDIMENT
ANOMALY

" ANOMALOUS METAL, DERIVED BY A

In situ epPAvVION YEWXNULIKAG avwHOALOG e
ouVOUAOHO NXAVLKAC Kot USPOUOPDLKAC
’—one BODY LENGTH HETOPOPAC

| | RESIDUAL ANOMALY

: i

\ | ——SEEPAGE ANOMALY
i | [

| . |

| |

| s ?

YXETLKA LoYupol
deopol peTaAAwv Kot
OUOTOTLKWY TOU
ebadoug

AcBeveic beopol
HETAAAWV Kall
CUOTOTIKWV LW{AUOTOG

COMBINATION OF MATURAL WEATHERING

AND MECHANICAL MOVEMENT

3 e% = ANOMALOUS METAL, LARSELY DERIVED

FROM SALINE SOLUTION (HYDRUMORPHIC



MeBoboL e€aywync petaA\wv 1/2

*  OAWO mepLexopevo petalwyv — e€aywyn pe HF/ HCIO,/ HNO,
N ouvtnén He HeTafoplko AiBLo
— Xpnon povo HCIO, eivau €€ loou amoteAeopatikr) oTtnv MPocBoAn

aotpiou, popuapuyia kot couAdLdiwv aAAad dev tpooBaieL
nupo&evouc-audifolouc.

— Amnopakpuveon 80%- 100% petaAAwv ano edadn, lnpata

FewynNUIKES Slepyaoieg oTNV eMAVEL TNG VNG
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MeBoboL e€aywync petaA\wv 2/2

* AcBevnc o&vn mpoofoAn HCI ) EDTA

— 2uvnOwc Bepud HCI 0.5 N 2 amopakpUVeL oBsvwe OXETLKA
ouvoebepEva pETAANL

— EDTA (aoBevecg opyaviko ofU) Altopdkpuvon LETAAAWV
NMPOOPOPNUEVWYV O€ ETMLPAVELEC OPUKTWV Kal SLaAUEL SeuTtepoyevn
aAato LETAAAWV

— MNoapopola avTidpaotrpLa VL TO KITPLKO OLHWVLO 1) KITPLKO
VATPLO

S TewXnULKEG Slepyaoieg otnVv eMLAVELA TNG VNG

21



>UyYKpLon nebodwv e€aywync otov
evtoTilopo mopdupkov Cu ota Fiji

HCiQg Cu -\ 1"“«. B . EDTA Cu *\\. e

H ; AW %‘i“}- -
Stalutoroinon =« S | = e "
ue HCIO4 7 NS A A / Y
deiyvel -1

’ "
avwuaAia kot \x‘ N
o€ OTElpEG % R AP\ \ N qg g

' P K 1 . - = R . o~
TIEPLOXEC AOYW ! i ";‘ AN g-’ 1}%,1;.& h-ﬁn‘i;(;
MBohoylag b S LSURIA YT INY.

Bradshaw et al. 1974 i

HCICWCu  EOTAGu
ppm ppm

X  BACKGROUND 0-70  0-0
» ” THRESHOLD 70 10

g O ¥ DRDER ANOMALOUS 7I-40  §-20

° 5 © 2 ORDER ANOMALOUS  M40-280  2-40

2 @ ¥ CRDER ANOMALOUS > 280 = 40
SO ANOMALY WITH KNOWN MNERALIZATION

5 o % ZCHALEOPYRITE AND PYRITE (PORPHYRY TYPE)

] =4 0
pemHCIC, Cu PPmEDTA Cy

Fig.4. Copper in stream sediments, Fiji. 21
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NepBallovtikn epappoyn edbadoyewyxnueloc-

2 UYKEVTPWOELC LETAAAWYV 0TO €6 OC TOU

2tpatwviov XaAkwdiknc (Argyraki et al 2007)

Element | Stratoni Global soil Wider UK (DOE-ICRCL) France Canada USA
mean mean area
(Levinson, mean Small Open Action Industrial Action
1980) (K?fpsgtosg ¢ | garden area limit area limit
Pb 1090 17 895 450 1500 1000 1000 400
Zn 878 50 654 280 280- 3000 1500
560
Cu 184 20 150 140 140- 1000 500 600
280
Cd 6.2 1 3.3 5 12-15 20 20 39
Fe 45700 35000 61160
Mn 4465 530 3037 10000
As 635 5 364 20 40 50 20

] % Tewynuikég Stepyaocieg otnv emdpAVELD TNG YNG
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SEM edadikol KOKKoL edadouc
ZTp OTWVioU (Argyraki et al 2007)

Fe Ox-Hydr
(Pb-As)

! (Pb-Fe-si)

24



Kotavoun HETOAAWY o€ E00PLKEC
bAOELC ZTPATWVIOU

[MupPLTIKA OPUKTA
Kol okwpla

Opyaviko UALKO Kot
Belov)a opUKTA

Fe/ Mn ofeidla

AvOpoKLKA Ko BEOELC
elOLKAC tpoopodpnong

Of e A1e
LovtoaviaAAayng

BV

O1v

O] ITT

O IT

OT

100%

80% A

60% -

40% -

20%

0%
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Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTIALOEVTLIKOU €pyou Tou dtdbdokovTta.

* To £pyo «Avoikta Akadnpaika Madnipata oto Naveniotipio ABnvwv»

EXEL XpNUaTodOTACEL LOVOo TNV avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

To £pyo vAomoleital oto rAaiolo tou Emxelpnotakol Mpoypappatog
«Ekmaidevon kot Ata Blou Mabnon» kat cuyxpnpatodoteital oo tnv

Evpwnaikn Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo eBVIKoug
TTOPOUC.

EMIXEIPHZIAKO MPOrPAMMA
EKI'IAIAEYZH KAI AIA BIOY MAGHZH & Ez rIA

YNOYPIFEIO MAIAEIAX KAl BPHIKEYMATAQON

E iiko6 K 6 Tapei
SRRSO SGRImNAaT Me tn ouyxpnpatrodoétnon tn¢ EAAGadag kat tn¢ Evpwnaikig Evwong
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2 NUELWLOTOL



>NUelwpa lotoplkov Ekbooewv Epyou

To tapov €pyo amotelel tnv €kdoon 1.0.

ggk , , ,
;;. FewynNUIKES Slepyaoieg oTNV eMAVEL TNG VNG 28



>NUELlwpa Avodopac

Copyright EBvikov kat Kamtodilotplakov Mavernotiuov ABnvwy, ApLtadvn
Apyupakn 2015. Aptadvn Apyupakn. «Fewynuela. FewyxnUkEC Slepyaoieg
otnv enupavela tnc yne». Ekdoon: 1.0. Abriva 2014. AtaB€otpo amo
Siktuakn dtevBuvon: http://opencourses.uoa.gr/courses/GEOL2/.
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>NUelwpa Adetodotnong

To tapov LVALKO SlatiBetal pe toug opoug tng adeslac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] R petayevéotepn, AleBvng
‘Exkboon. E&atlpolvtal ta autoteAn €pya Tplitwy m.x. dwroypadiec, Staypappota
K.A.T., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Le Toug
OpPOUC XPNONC Toug 0To «XZnueiwpa Xpriong Epywv Tpitwvy.

[@oce

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

Q¢ Mn Epmopkn opiletal n xpnon:

* 1ou 6ev mePAOPPAVEL AUECO I EULECO OLKOVOLLLKO OPEAOC aTto TNV XPrion Tou £€pyou, yLa
TO SlovopEa Tou Epyou Kot adelodoxo

* 1ou 6ev mepAaPAVEL OLKOVOLLLKN) ouvaAAay we poUnoBeon yila tn xprnon n npoocfaon
OTO £pyO

* 1ou 6ev nmpoomopilel oto SLavouEa ToU £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stapnuioelg) amod tnv PoPoAr Tou €pyou o€ SLASIKTUAKO TOTO

O dwkatouxo¢ pmopel va mapexel otov adelodoxo Eexwplotn adela va XpnoLLOTIOLEL TO £€pyO yLa
EUTTOPLKNA Xpron, Eepooov auTo tou {ntnbeL.
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/
[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatnpnon ZNUELWHATWY

Ornoladnmnote avamapoywyn N SLookeun Tou UALKOU Ba TtpeETmeL
va CUUTTEPLALUBAvVEL:

" 10 2nueiwpa Avadopdg

" 10 2nueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

" 10 2nueiwpa Xpriong Epywv Tpitwv (epooov umtapyel)

noll pe touc cuvodEUVOUEVOUC UTIEPOUVOECHOUC.

¢ TewyxnUIkEG Slepyaoieg otnV emdAVELD TNG VNG
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>nueiwpo Xpnonc Epywv Tpitwv (1/3)

To Epyo auTO KAVEL Xprjon Twv aKOAoUBwv Epywv:
Ewkoveg/Zxnuata/Awaypappato/Dwrtoypodieg

Ewkova 1: Critical Zone. Copyrighted. Mnyn: Elements (2007), vol.3, 307-314.
Ewkova 2: Copyrighted. Mnyn: Elements (2007), vol.3, 307-314.

Ewkova 3: Copyrighted.

Ewkova 4: Critical Zone Exploration Network. Copyrighted. Mnyn: Elements (2007),
vol.3, 307-314.

Ewkova 5: Copyrighted. Mnyn: LBR 1121 WeatheringC0O207 3/2002 rev. 1/2009.
Ewkova 6: Copyrighted. MNnyn: Elements (2007), vol.3, 307-314.
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>nueiwpo Xpnonc Epywv Tpitwv (2/3)

Ewtkova 7: The complementary nature of near-surface waters and minerals.
Copyright L. Bruce Railsback, Department of Geology, University of Georgia, Athens,
Georgia 30602-2501 U.S.A. MnyA:
http://www.gly.uga.edu/railsback/Fundamentalsindex.html

Ewkova 8: Copyrighted. MNnyn: Elements (2007), vol.3, 307-314.
Ewkova 9: Copyrighted. Mnyn: Elements (2007), vol.3, 307-314.
Ewkova 10: Copyrighted. MNnyn: Elements (2007), vol.3, 307-314.
Ewkova 11: Copyrighted. Mnyn: Elements (2007), vol.3, 307-314.
Ewkova 12: Copyrighted. Mnyn: Elements (2007), vol.3, 307-314.

Ewkova 13: Estimated soil erosion rates. Copyrighted. MNnyn: Elements (2007), vol.3,
307-314
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>nueiwpa Xpnonc Epywv Tpitwv (3/3)

Ewkova 14: Examples of estimated regolith formation rates. Copyrighted. Mnyn:
Elements (2007), vol.3, 307-314

Ewkova 15:
Ewkova 16:
Ewkova 17:
Ewkova 18:
Ewova 19:
Ewova 20:

Ewkova 21:

Copyrighted.

Copyrighted
Copyrighted
Copyrighted

. Mnyn: Kretzschmar et al. 1997.
. Mnyn: Elements (2007), vol.3, 315-319
. Mnyn: Elements (2007), vol.3, 327-332

Copyrighted.

Copyrighted
Copyrighted

. Mnyn: Bradshaw et al. ,1974
. Mnyn: Bradshaw et al. ,1974
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