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Epyaotnplo : Ospudtnta tou ecwtePKoy TNE Mg



H pon Oeppotntac ano to ecwtePLKO NG 'Mc, pnopei va ekppaotel and tn oxeon:

oT
= —k _—
“ oz

Ikavotnta EVOG HEGOU val

omou k givall 0 ouvteAEOTNG OEPULKAG AYWYLHOTNTOG petadépel Osppdtnra

kot T/ 9z eival n katakopudn Osppofaduida

Por Ogppotnrog, q

Pon Bepuotntag, g, ano Bepun oe Puxpn mepLoxn mou anéxouv anootaon dz kat €xouv Sltadopd Beppokpaciag dT, yia UAKO HECO LE
ouvteAeoTtr) Bepkng aywyng, k.



¢ Expanding O(z 4 8z) in a Taylor series gives

I0  (d2)? %0
0z + 2 0z +

O(z+0z)= 0O(z) + oz

Z+ 0z ¢

aQ(z + o6z2)

heat entering across z — heat leaving across z + 0z

(7.7)

o
Aa dz — a 5:£
oz ‘-

If the materialdags density p and specific heat ¢p, and undergoes a temperature
increase o7 1n time Bleate at wha i is oained is

(7.9)



cpda 5:,01—? = Aa 5:—{?5:??
ST 9O
Epﬁg = A — .
In the limiting case when &z, 87 — 0, Eq. (7.10) becomes
enpdl — 422
PP T 0T oz

Using Eq. (7.4) for O (heat flow per unit area), we can write

aT 2°T
Cpp§ = A+ k 5.2

or
or Kk 02T A

_I_

ar pcp 0z2 pcp

This i1s the one-dimensional heat-conduction equation.

(7.10)

(7.11)

(7.12)

(7.13)

ar 0C p

VT +

A

=

PCp




For a steady-state situation when there 1s no change in temperature with time,
Eq. (7.15) becomes

A
k

In the special situation when there 1s no heat generation, Eq. (7.15) becomes

oT Kk
) - v 717
at pocp

This 1s the diffusion equation (Section 7.3.5).

V2T = —

(7.106)

Relative motion through a region where the temperature varies with depth

aT k 0*T A oT
— = - + — Uz — (7.18)
ar oCp 6‘:2 PCp dz
and
al K .
ot PCcp pCp

In Eq. (7.19), u is the three-dimensional velocity of the material. The term
u - V7 is the advective-transfer term.



Table 7.1 Tipical concentrations of radioactive elements and heat production of some rock types

Average Average Average
Tholeiitic Alkali continental continental oceanic Undepleted
Granite basalt basalt Peridotite upper crust crust crust mantle

Concentration by weight
U (ppm)
Th (ppm)
K (%)
Heat generation (10~ Wkg~—")
U
Th
K
Total

Density (10% kg m=3)

Heat generation
(WW m~3)




|. Hear generation is uniformly concentrated within a slab with thickness D.

In this case, using Eq. (7.16), we obtain

32T Ao .
p— _T f{:ll' I:' 'C:_:: e

e 3
dz<

Integrating once gives
al Ao
= ——=z+c (7.76)
oz k
where ¢ 1s the constant of integration. At the surface, z = 0, the upward heat flow
O (0) 1s

ol
O0) = Qo = k -
Jdz |._o

J— ﬁ-(-,

Therefore, the constant ¢ 1s given by




At depth D, the upward heat flow is

O(D) =

(_ Ao D QD)
— Ao D + QOp
O, (7.78)

Thus, 1in this case, the heat flow Q(D) into the base of the uniform slab (and the
base of the crust, since all the heat generation is assumed to be concentrated in

the slab) 1s the O, of Eq. (7.75).

Qo =

Qr + DAo

l >

\$
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Figure 7.12. Measured heat flow QO plotted against internal heat generation AO for (a) the eastern-U.S.A. heat-flow province.
The straight line Qo = Qr + DAo that can be fitted to these measurements has Qr = 33 x 10-3Wm-2 and D = 7.5 km. (After Roy
et al. (1968).) (b) Best-fitting straight lines for other heat-flow provinces: CA, central Australia; B, Baltic shield; BR, Basin and
Range; C, Atlantic Canada; EW, England and Wales; EUS , eastern USA; |, India; S, Superior Province; SN, Sierra Nevada; and Y,

Yilgarn block, Australia. (After Jessop (1990).)



Consider a two-layer model:

A4 for O <
Ao forzy =z = =z»

T = 0 on =z — 0O

with a basal heat flow QO = — 0> on z = z>. In the first layer, O < =z <= z;. the
equilibrium heat-conduction equation 1s

-

o=

9z2

— (7.29)

In the second layer, z; < z = z2. the equilibrium heat-conduction equation 1s

atT A~

— = — (7.30)
dz= s
The solution to these two differential equations, subject to the boundary condi-
tions and matching both temperature. 7, and temperature gradient, 97 /9=, on the
boundary z = z;., 1s
A 1 Q 2 £ A 1=<1

T = = tor O
2},‘ —I— 2 —+ - C =

)': ‘-—I'}_'_',' ; ; - -
2 4 (Q - for =

21‘2
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Figure 7.4. A two-layer model for the crust and equilibrium geotherm in the
Archaean. Heat generation A is in pW m—3; heat flow from the mantle Q is in
103 W m—2. Recall that, during the Archaean, heat generation was much greater
than tis now (Table 7.2). (After Nisbet and Fowler (1982).)




Aoknon 1

Atlvetal o akoAouBoc mivakog HETpAoswV TN Bepuokpaoiac, &, oe cuvaptnon pe to fabog, h,
O€ OPLOUEVO TOTIO.

h(m) | @°C
400 | 27
500 | 30
600 | 32
700 | 37
800 | 41

Ao Seiypa uAkoU mou ARdBnKe otov TOmo auto PPEOBNKE OTL TO UALKO amoTeAE(Tal KUPLWG
Qo ypavitn, Tou omolou 0 CUVTEAEOTHC BEPULKAG AYWYLLOTNTAG ElvaL:
k=3 W/(m-K)

Na yivel ypadikn napdaotaon tng Oeppokpaciog oe cuvaptnon Ue to faboc kot va
urtoAoyLoBei n Beppofabuida pe epappoyn tnNe peBodou twv elaxiotwyv teTpaywvwyv. Na
xpnotpomnotnBetl autn n TN T Beppofaduidac yia tov umtoAoylopo tng pong Oeppotntag o’
QUTOV TOV TOTIO.



Na anodewyBOei n oxéon

Aoknon 2

dT aTl

dp S_IOCP

O : OUVTEAEOTHC BePUIKAC SLALOTOANC

Cp :€W01KN BeppotnTa UTO oTABEP TtieoN

T : Beppokpaoia (o Babuoug K)

P :TTUKVOTNTO TOU UALKOU

S :evtporia

P :mieon




Aoknon 3
Mpocdloplopoc Beppokpaciog oto pavoéuva tng 'ne

Av uTtoteBel OTL To UAWKO amoteAeital amo oABivn, n eWO0IKA NAEKTPLKN aywylpotnta ekppaletal oe

ohm™m kat n mocotnta KT o€ eV, tote, oL otabBepéC Tou TUTOU 0 = ale‘El/ZKT + aze_EZ/KT (4.19)
gxouv twueg o, =55, E, = 1,84, 0, =4*107,E, = 2,7.

Otav 1o UAkO amoteAeital amo nepldotitn oL otabepeg auteg €xouv twueg o, = 3,8, E; = 1,62, o, =
107, E, = 2,3.

(A) Na umoAoyloBei n €Ok NAEKTPLKN QyWYLLOTNTA O 0 ocuvdptnon Me tn Beppokpacia T ( yla
TIHEC petaéu 1000°C kot 3000°C) yua ta SU0 auTd UALKA KOl Vol YIVOUV KOTOTILV Ol OVTLOTOLXEC
YPODLKEC TIOPOALOTAOELC.

(B) Na xpnowuomoinBolv auteg KaBwg Kol N KOUMUAN tou oxnuatoc 1  yia va umoAoyloBei n
Bepuokpaoia oe cuvaptnon pe to faboc peoa oto pavdua.

Atveton 0tLK = 1,3805*10%6 erg/K kat otL 1eV = 1,602*1012 erg.
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Aoknon 4

2rov lMivaka mrapouaoialeral n Bspuikn porg Q (MW/m2) ornv smipaveia os oxéon ue tnv mapaywyn spuornrag A(uW/m?2)

amro uerprjoeis ornv mepioxn New England (USA) (Roy et al, 1968).

a) Nayivel 1o diaypauua Q o oxéon pe A. Na eéaxOei pe epappoyn TnG HEBOSOU TwV EAAXIOTWYV TETPAYWVWYV N YPOUMIKA CUCXETION
lou ouvdési o Q pe 10 A.

a) Na mporaBsi éva amrAd mpOTUTTO TOU EPUNVEUEI TH OXEON

b) TimAnpogopia umopei va e§axOsi arrdé ro mpoOTUTTO TTOU TTPOTABNKE ?

A(uw/m?2) Q(MmMW/m?2)
0.2 35
1.7 46
2.3 50
2.4 51
3.1 61
3.3 58
4.8 70
5.4 73
7.3 88
8.6 98

8.8 110



Aoknon 5

Ye BaBoc 35 km n Beppokpacia eival 700 oC. Av n napaywyn Beppotntac eivat 1 pW/m3 petalv tou Baboug
autoU Kal TN¢ emupaveLlog tng Mg Kol o ouvteAeoTr¢ BepknC aywyLpotntag €xet tinn 3 W/(m-K), va oploBet n
e€lowon TN yewBepunG LooppoTtiag Kal va YiveL N ypadLKkn TS mapaotaon.
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Figure 7.4. A two-layer model for the crust and equilibrium geotherm in the
Archaean. Heat generation A is in pW m—3; heat flow from the mantle Q is in
1023 W m—2. Recall that, during the Archaean, heat generation was much greater
than tis now (Table 7.2). (After Nisbet and Fowler (1982).)

Noa urtoAoylotei n yewBepun T(z) onwg oto o). 7.4 (H1=20 Km, H2=15 Km)
Kol yiot SU0 TIHEC TOU ouvteAeoTtn Bepuikng aywylpotntac a) k= 1.7 W/(m-K) kou B) k= 3.4 W/(m-K).
Na anewkoviotouV ta anoteAéopata oto Lo diaypappa kat’ avaloyia pe to ZX. 7.4



MéEBobdocg EAaxiotwyv TeTpaywvwy

H xdpa&n tTng BEATLOTNG suBelacg TTou SLEPYXETAL ATTO T
TIELPOALATILKA CNMELX, LE XPHON TNG HeBAOSou TwV seAaxioTtwVv
TETPAY WVWV.

J: Oswpntikn e€lowon tne eubelac:
Yi=a+bx



EAaxlotomnoinon tou aBpolopatoc TwV TETPAYWVWY TWV
QATIOKALOEWV HETAEU BEWPNTIKWY KoL TIELPAMATIKWY TLLWV.

Zuvaptnon:

F(a,b)=) (Yi-y,)* =) (a+bx—y,)’ —>min
W, 2 OewpnTikn TN .
g, > NelpapaTIky T T

W, < bx, L

| | ] | | | I I
0 05 1 15 2 25 3 35 4 45 5
X

—— |Least Square fit




_Zr,, W= XY Xy Z _ VXY= X D Y
VoYX = (XX ) VXS (X))

2UVTEAECTNC YPOUMULKNC CUCYXETLONC:




"210 Mapov eKMALOEUTIKO UALKO £XEL Yivel xprion Stadavelwv Kat tapouvotdacswv twv Kad. K. Mamnaddyxovu ko A.
Kovtonoulou, (AMO) kabwg kot UAKO amd to BipAio «Eioaywyn otn lewduowki» twv MNamaldyxog Kat
Namnaldxog (2008) . EuxaplotoUpe TOug Zuyypadeic yia TNV EUYEVIKA mapoxwpenon the adsiag xpiong tou
UAWKOU ".
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