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§ 3. ﬂﬂfg%())ﬁﬁ}ﬁ——Hot origin
KEOEEDOANT , AHKEESED . ELABEBO T RSB L T

WENBTE LT D,
initial 7T ~ 3000 °K
inifi;} heat ~ 6000 cal /g
ﬁ&‘ﬂj@ulatént heat ~ 10000 cal/g
radiationic X 5 heat loss @ rate

367T*

oa

~3cal /g-year - (¢ ; Stephan’s const

5X 10 ¢c.g.s)

L estimate 45 & cendenqatlon 5000 ETCEZT Lo sl bo
lignid state ALK, Effr LoT, Fe 12'b 75 coure &,
lTight elements D mantlel OFHEHEA BT D, ]iqnid state T3

convection W XA/ HINESL, convection 253 -S> TWNWE E XTDORE

B 4JB213 adiabatic temperature gradient &L e 4Tl

adiabatic temperature gradient ( 7 —1 )%

AT  gafl
dr — Cp

~ 0.3 °km

(a=2X10""deg~, T=1400 °K, CP—-O cal/deg-g & LT

estimate )
—JFmelting point ® gradient R( 7 I R4 u -2 F79ZDHEA)

dT gT 0 ' :
m;—. mo. (1_.-11. ~3 °km— for silicate
dr L P -

( Tmp =1400 °K, L=100cal/go, o, /04=0.9 2L Testimate)
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Solidifi\cation';f;i%fr(ﬂw" : ---Successive adiabatic
ETHRDLLE NS EICH D, couling‘curves.
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 L~R7/(26M) % ~ 10° years | .
DEBE L estimate AN 3, T, radioa.c‘tive element OEHHED
5%6@@@@%@4£Xm9¢&3ﬂTM50 |
#ERAS chondrite Wh Tk & EZA EJ:L/*Cvi,
a ) MR B O R TERMAR S, R E @%h&%%bwuk
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RO BEYESR
EIREHH Bochoudrite NKBRYHD sauple L L THS : Bbh 5
DEHEL T, chondrite ¢ elements @ abundance & Solar

abandunce X ChAbB, (E7—-1)

£7-1  Chondrite ® abundance &
| Sular: abundance D H g

| i()gndrite(A) Solar(B) B/A
Na |  4.94X%i0* 5.03X10* 1.01
My 9.34X10% 4.80X10° 0.51
Al | 7.91Xi0® . 4.07X10° 0.51
Si | 1.00X10° 1.00x10% 1.00
S S 1.04X107 3.7 X10° 3.56
K 5.94X10° 2.29X10° 0.39
Fe | 7.12X10° 1.45X10° 0.20
Ni 3.64X10% 1.59X10* 0.44

MO, £< Onon—volatile element I DT 1 T,

Initial heat and temperature

radioactive heating K L 2EE LH1X , #RREREHE(10° £)
Ofic long lived isotopes ( U**®, U™ T K x & Y k 5 4
A~160 ", short lived isotopes (E7—-2) WXsdHsn~3000°

T, BESTH N TNnD,
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b om OB B
#£7—2 short lived radivactive isotopesic } %
heat production

Half—life |Disintegra— | Abundance Heat produ—

isotope (1()I6 vears) |tion energy 4.5X10° yea— ction relag—
(Nkv) rs ago tive to

(relative to K*
Si—10%)

Sm**® . 50 2.6 0.2 1.4
U ¢ 23.9 4.6 0.2 2.6
Po ™ 75 . 15.2 0.4 11.¢
Cm>® . 40 .16.3 0.1 1.0
K* 11300 0.71 8.4 1.0

chohdrite 753%52: X gravitational

T %, radiation Do S nWeEZ AL,

GM(r) dr
1Y

]14
r dt 7

X DIRE LRIX 400 7, 700 °,

adiabatic compressionic g _«n,mj;%l:iﬁgkfafg‘
=y TGOO“LJ*ngﬁzr*“C&RZaO

temperature

PWLED X 973“ ‘félﬁy’):b initial

energy i 4 X1 0*

joule/ g

1000~2000 L estimate XN T 5,
450 K L 15 &

Tolr) 23 6%1,5 &

(o
Tolr) moWnWTHXDLAH/model 20, Pl% @ thermal historyw
E25. |
(1) To(r) = melting puint curve ( Simon equation)

(2) TO('r') = const = 1300 C

(3) To(r) = const = (0 C
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#h RO BEIEES
radivactive heat source
HWERERZ®O history O ATl long lived isotopes (7 -3 )

Axheat source & L TH <,

7 -3 Abundant radio isotopes
Half life |Disintegra— | Abundance |[Heat gene—
- Isotope (10° years) [ tion energy (relative |ration
({ MeV) to Th) (joule/g
- ’ veart)
s . 4.51 £7.4 99.27 2.97
?%s 0.71 15.2 0.72 18.0
Th*%* i3.9 3¢.8 100 0.82
K 1.3 0.71 -~ 0.0119 0.94

Zh b isotope @ condrite ki aaHERE
U~1.1X10"% g /g, Th/U~4,/1, K~8X10" g g
Thd,

’;ﬁl,f:jié; chondrite »E D & {'/ifC‘C % ¢ heat prod‘mction oA, BHaED
heat flow ®Off 1.2%107° cal/cm® sec 2T 5, T HuHs chon—
drite earth O)QOOME%MC,_;%H@BM%O ( p. ZH)

EEOFFRERENSAB L, crust i}z U, Th, &, ( #8Kk%x chondri—

- te DEDLAKLE)LBOL3 ~2/3 KEGLTCWEIETHS., KLD

CNTHEPERDC , LB TES. B Emantle W 5% LT 5 &4

’ R B v. Biss, 600km BEIDEVWHITRETLIEL, KREBA

EFHRICTIZELENWOT, 2THHDEFEI mant le EER L TNBEL
R IE . R0 B 0 — BB T & 7o b, |

57 5H&, upper mantle ORHEYESHFER . HAEA-RCEEZ

NTHN2HEIOKELLADTESL, ok upper mantle OigK L, 4%
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ODEEAD—>TH b,

Thermal conductivity in the earth

CAEEBEE L LTk conduction wEZ D, EETI conductlvltv P

Z radiation e XA 6% Tx T,

K = K

phonon + £ radiative (7-3)
Erad = >1A6§:2: r (7—-4)

HBL, nk ref‘raétive index (~1.7), iZ opacity f ,
= 120 @ kege " 2K (7—=5)

n

EERLINA, RepgldT ol % electric conductivity, EiZ

band gapTH b, ( 7 -5 ) ®OEFE i conduction electron ,n b @

>

m

16n% o1?
neop+120=x k(go‘g

ph = ~ 0k023 joule /cm-sec-dey

HATCONWTDE, ¢ OFRUZRTEBLZEE AL,

ABIERET -—40LEA LD,
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b SR D BE FE B
E£T7—-14. Radiative conductivity calculated
from absorption spectra.

( joules /cm sec C)

‘Mineral 1000 °K 1500 K 2000 °K 2500 °K
Olivine | 0.297 0.86 .45 2.02
Diopside | 0.067  0.238  0.444 0.725
; Pyrope } 0:@04 @4621 0:075 0.184.
" Almandine 0.004  0.017 0.042 0.212
Grossularite 0.047 0.193 10.456 0.405

§ 5. Thermal history &
o HE £ 1K
aT(r,t) 1 0 s 0T (7r,t),
°lo —57 e A T AL

thermal! conduction radivactive

cating

2 HEGET (1) #5 2 THE &, thermal historya koD 5

Effect of initial temperature distribution

" A(7r,t)=indep.of r ( radivactive elements X —BlK9EL

n«zox) L,

(1) To(r)=1300 “Cv,r - (2) Ty(r)=Simon eq. bciémeftving
o point ( (AL , i Bkt C 4100 °K
& LR8I s D)
DZoDBACONTHETSE . 4.5X10 % (HE) ORESHI
& 7-3 G)J:’WCZEZ) o (2) Tl mantle DRI FDFE R silicate
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melting point##s Tk,
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| ML 5000 | | (1%
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WWig b, initially hot earth e -
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formation A
T o(r)=1300 °CHhBHEL T, ‘7/
| 1600 |4
P(r)y oBillE a2 X T — 4 (
OrART D 0.6><1_09 o, B 1000 2000
s T #Ex (km)
4 U EX > ATERBEMN Fe - . o~ .
00km OEXOLZAHTiEED F7-3 - _Melting point

Gjme!ting pointﬁv’ci%?én %:f : Cvf Si}iCatBS,
x

Fe oL, 2K & L TX8HE
core for—

LicwvwEFr, 0.6~2.0X10° £ corte AERIN L,

mation & & i gravitational

energy MBI NTEELER TS,

C O LA > E%K%i RAEAIL ‘/‘\ Diopside melting
£, mantle % (2) T o(7) E< £ 5 \/f”'.
[ s (o)
THRTZ2EAS LELNS, B 3000 L o
e .
/ (b)
o C /’/ — - S
. . P
Differentiated hot earth o~ A { :
o/ : _ a)
2.6X10° Egc , core forma— 1000/ Fe melting
/
tion & 2 radivactive ele~ g/ ?
. ’ L A
ments {3 upper mantle ZE X 600km 1000 2000
' B2 (km)

0.6X10° years

FTCoOMpIc—KRiICERLALE LTU 7 — 4 {a)

#% @ thermal history %»HET3

(b) 1 .2X10° years

: JE ¥ ; i —
‘c‘:  BEORESARINT-50X5 (c) 4.0X10° years
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P

# R B A FE R
itbs, fHL ,
(3) 2.6X10%ER OBENF | ~
=(2) DT o(7) | 5000 |- ad
Ve
HAEDheat flowdiE s LTk & e
E - /"’ﬁ\-_/»
Q=469.8 erg/cm2 « S€C —~ //.”
.eC )/ (3)
&7, Zhitobserved value 7 /7 '
Q=50erg/cm® «sec I LT i
1000 ¢
RPeRETED, ¥ upper
manti>e 2 melting point % B - 10’60 20(‘)0
Mz Tnbdztilibd, ZE=x (km)
B 7 — 5

PlEo ks differentiated
earth ¢, #fZ& » conduction
DHELEOTRBHEONTVIACEbDR DL, BMEEDS 5 —DDHKRE

kL Tmantle © convection #E 25 UBEHRABLD TR VE (7)),

§ 6. Convection in the mantie

mantle RIC convection B> THAEHL L {,’Cﬁ&f&ﬂ’t’(b\é D
SEDHEETHD,

(1) KR x o< 20 pEihp crust OKEHFHESFED origin,

(2) KiLoHBETABRS X5k local ZAEBKRE(~1500 °K) %

ﬂﬁf{ﬁ( ¥FTCHbhd origin,.

C(3) BEERLURSBTOSWHERAKE (~8X10° cal/om® sec)

Dorigiu,

(4) j(iﬁé%%b@ origiu,
K@gﬁﬁ»ﬁ@#?ﬁébﬁ$ﬁ®~ﬁ.m%wo&m@%ma,%@v
INTELEBOES, SHTR ,, EAOEHRBMMAL S STERETTHER TN S,
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CRAKBEBRIZOT, AUBEBROEROBMNLS , £/ pole »igT.D1R,

KN HEHABHCEFH LAz d R VWIELTHE. AR DLOKEREE

@mdMNWi,%%.%ﬁﬁﬁmmbﬁight@@ti<~ﬁ?50

(5) Koo FAhr#EltcEsBELIROEBCFHTHIE LD

f;%@%Ewﬁﬁﬁﬁé&%&,:h@ﬁ&&%@%&ﬂ&@ﬁ%dmo

WwWTplot ¥25& ,M7-60ksIC, i linear RAFGE B 5,
4000 ' : —

3000 O S

2000 N Ay

to ridge (X:lometers)
‘ i:;//
///if
(A i
o /x
, ) 0
v
,/
/L‘}/
L~

)
[&]
< 1000 — < -
> . | \\\\\\\\\\\\\ I~ \\
= | ) g .
(O
125 100 75 50 -
Time before present (millions of years) _
] 7—6 Distance from mid-ocean ridge of some islandsin

Atlantic and ludian Ocean is plotted,againét age.
1f all originated over the ridge, their average rate
of motin has been 2 cm/year : max. rate 6 cm/year..

(broken time )
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# K Bl E L

KBEpimantle convection DD TH W& T5 (4), convection

O ERERBELR T (2).(3) OFEE Yrcn BE® TR, MBI &

rebsh, E%ﬁiﬁﬁ‘,fﬂ (l:j?@fo' ( 5) »H b-— 6 éi,, E’;;,:!z A% convection
&'C@o’(@@?éﬁé%:ﬁfo ZDER, 2~6 M year k7t n,(3)on

heat flow »& % A3 T 5,

. i & dhic core Ak X< 7‘;% & , mantle qunvect,ion ¢ pattern
@Q%T50~2X1mﬁﬁ?%C@iﬁ&%%ﬁ%ﬁ#&?%&i%@%
2L Y BT A(®T 7, 7—8) ,87—87Tk, core LR
Fit g AEENCE T B IR convection ) modé' R AHn BAEL
TAHAEBEFTH D,

N
. . B 7-7. Convection in the mantle with different

sizes of core.

Cenvection @ mode n OF {41, REKNCEZOT, HEREOH
Mg ntHlcexsd, M6 -8 a)%mﬁf)apeaks 2, WEBEREORAL TH
ot%ﬁ&%To
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Final radius of core = 0.56
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X7-8. Growth of the earti’s core. .
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PDiscussions
A Fe Zsolidohti dlffn;lon;@sﬂi;ﬁﬂ/"% ﬁ:l% awér’{,fg< T3
diffusionic ¥~ core ‘hrr;}ﬁ:‘iﬂ DTRIZND?

AFeQ‘)diffnsion MBENE WA DiEmetal DR THET, 4 4%
BOBEAR, diffusion TELDOEBER B L, FHALB5 E -5

Adiffusion ¢ Fe MBS E 4B L, mantle—core ¢ sharp 7t

boundary RBEHETX/HLWES S,
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