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Thermal Structures of the Crust and Upper Mantle
beneath Hokkaido and its Surrounding Regions
Deduced from Terrestrial Heat Flow Data

By Sachio Erara
Department of Geophysics, Faculty of Science, Hokkaido University
(Received December 1, 1973)

Recently terrestrial heat flows have been measured at more than thirty sites in
Hokkaido, and therefore the geographical distribution of the heat flows in Hokkaido
and its surrounding sea areas (i.e., the Sea of Japan and the Sea of Okhotsk) can now
be discussed. This paper gives the newly obtained data and studies the relation
between the distribution of heat flows and tectonic features. The following results
are obtained: )

1) Southwestern Hokkaido shows extremely high heat flows higher than 4 HFU
(1HFU=10"° cal/cm? - sec). In its eastern neighboring region, extremely low heat
flows (0.6~0.8 HFU) are obtained. The extremely high heat flows can be interpreted
in terms of the effect of the vast intrusive activities, and the extremely low heat flows
in terms of the effect of thermal refraction.

2) Low heat flows are found in the narrow belt from central Hokkaido to Sakha-
lin. The close correlation between the low heat flow and the high attenuation of
seismic waves in the mantle beneath this region suggests that the negative heat source
layer exists in the lower crust and/or the uppermost mantle.

3) Heat flows show uniformly high values in the region from southwestern
Hokkaido to the Sea of Japan, though the contents of radioactive elements are dif-
ferent in these crustal layers. This implies a remarkable difference in the thermal
state. It can be considered that partial melting of the upper mantle possibly begins
at depths of nearly 40 km beneath the Sea of Japan and of nearly 70 km beneath the
volcanic region in southwestern Hokkaido. The high mantle heat flow higher than
2HFU beneath the marginal sea regions suggests the existence of the upward mass
transfer, because such a high mantle heat flow is not maintained by conductive heat

transfer only.
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Hokkaido and its surrounding regions show the typical structure of island arcs as
a whole. However, in the narrow belt from central Hokkaido to Sakhalin, various
data on the heat flow, gravity, topography, geologic structure and seismicity of shallow
earthquakes show the zonal arrangement perpendicular to the strike of the island arc,
although the upper mantle beneath this region shows the typical island arc structure
characterized by the deep seismic activity and low-Q zone. This inconsistency is rea-
sonable in view of the idea that, beneath the above-mentioned belt, the upper mantle
is in the state of the progress of the new tectonic stage, whereas the upper crust
preserves the geologic structures older than Neogene.

L & U &

PR CBECHIc - T, £& L TEEE OB LHC RS\ THERBMBEOWE X EHL T
X 7- [Horar (1963), Ll (1970), LR - £l (1971), Enara (1971)]. FOEihbuil,
BRESMERALMCL, FOMBRYBENTRYERL, 727 =7 ALOBEYED Z &
[ R o

BfEEcr, JLimBEokE EICk T, TOWELIX 0k (EEHRCX ) Bl
DRI R ITHLHORE [Yasul e al. (1968)] # &%, T L TEICH~) ViTkT5HE
[LuBiMova and FELDMAN (1970)] # b& % &, JbHERZFLE T AHIBBEE O S HILE
LTI, POERCHEENRIAZL THDITENL-ED L TERL. 2 THELR
TR RIBWN—EERCE T AT 2 b =2/ ARELHBLY LT, FHRECHDLLOLEEL LR
5. LT TRETOMOBEEMENS & OBEICK - THEEL, RCThZThOHISE Ik
FIEAE S BENCRE L BT, RECHEZEINCH TOBMKEL 7 7 =2 A LD
IO TR RS,

. HRRB/EBROSH EHMERE

7, Fig LIZARIN TV SILEE BT HRBMEO S MOBHAHBHEL Ta5 &

i) deygiE BTSN 2 HFU (1 HFU=10"° cal/cm?-sec) Ll F D& SGiE ik cHh 5. O
BOBKEYEBEMCEL T & 26 HFU BECE TS, 2 Offik Yasul e al. (1968) i t %
B RIS OFIHME (246 HFU) & AER07c £ BT I00e.

i) EEAEBREMBROLS - AFE,S =+ 2 % E 43 ABO#IRK— k% H-region
LR S—1X 4HFU 2 5 S8 Bk < h 5.

i) Je¥REEE MR ORI JbE e b BRI/ ) RE~EFBERERETH S, Ik,
FRREBCSW TR TBIROER EBEAC, KEMCRE - THEiH 3k : 06 HFU/100 km) ©
EEZS > Tn s Lo LIt oA S cRBOERRENARE S, +~) v Ol
BOREMICH TW 5. F il - BNUE N Tl B & (06~08HFU) R4 —
Z % L-region & O —



WA R D A E R E 0 RAOME « Rt~ v » A OBEEE 35

?IEO 142 11|~l¢ 146°E

459N

—b4

~143
2.2‘1
» 42
| I I i !
Fig. 1. Distribution of terrestrial heat flow in Hokkaido,
northern Japan. Unit: 10-8cal/cm?+sec. Dotted
area shows Neogene volcanics.
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[MiINATO et al. (1956) i L A b D% B L THE ,
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TEAE L 0 b L A R O B L L after MINATO et al. {1956
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@ Creta.and Palacogere
@ Palaeozoic and older
Mesozoic

| I l




36 : T R 2 #
R Z b » T 5.

N SR GO BYES YRR

UTFTCRItBER O Z O BRI BT A HBRBMEO S HxBAHWiL, UFTO7 7 b=

7 AL HBRBGRE & OB O TORERCTMHA S,

1. H-region, L-region & #/KROME ,

BRI L DS 7Y — v & T HBOBE NN OIER & B b h % LIS EEE 0 Rl
4HFU %% 5 BRESBREHIE—H-region 7WEEL T35, LTI OHIKDOEF T
BYF - BMKIETT L vwbh b, BOHERBY b o atiilins b (A8 - FH (1964), ZoT
AR L TRCEGBRE (06~08 HFU) 28I S Ty i —— L-region 2fFEFEL
Tw % (Fig. 1)

%9, Heregion TH 37, COMBILIZ Y —v 2 7HBOFEE LY L BIRE < (4Q=
+20HFU) 2 oZE ML BRRGCHEBICRE Z R Tuwb. ChrETRUDK, B
HEELTHRHAEBRBEOSHADO IV F AL BLDEREL THS, SmMMons (1967) i@
TR BRHERBREDOR LMK M T OB HBICHFETHEE, AT AT
BMBENENRENOH THELYRDDFELEL > TRDBN TS, F Heregion %,
FLECOREENE 40=20HFU, ¥{% 50km DOHilk & L, +OMEH RIS
PFBL0ETEH HEOCKR, BRECIE LB EF AXEE 20km, H.OH
DHEZX 156km, EX 10km OFFEABEOERL LD 3 90X1078 cal/em3-sec 7517455 D FE#
LD EEZRITIWV. LHLIDHEIZ SO DOMR LEYERT55HDIIREFE 20 5T
Hh, FLREBELISVEOBTH2EADSHERETHH [Flzif Roy e al. (1968)], <o
H-region % BUHEME O 5HDO =2~ T AT vy gty
HETHORELLHETHS. —7F, H-region kﬁ“mmmm
PULHERICHEE LT & © 5 s b K BB B i
AERH ot b X, MBCTIROMAL S BREBRHE 7
DRI NZNnE WS ueEL B ZOHE,

B EHHOZERZ,NH Y, MI—BHIpd
Bhisv. £IZTEY, 7V —vx 7EEABK
Thick b Tnb, S 25X 107 5L
CEANRD - LTHME 3 25 LT °
P EE O S % 20km, $E20km &1, BA |
BHRAE 1200°C & g Fig. 3 CREh B L5 |
=, 2x W0 R BT ZHFU o R#LRL, 1074 fig. 3, Variation of su‘rface heat flow with
# T 06 HFU, 25X107 % T 04 HFU EZE DR time due to cylindrical intrusions.
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HE@EPLTLES., —HLHEOEX Y 10km &5 &, 5XICEKICH6HFUIKEL, 4X
108 £ 2 HFU, 1074% T 0.7 HFU, 25X107 BT 04HFU B LTLES. 0
bbb kix, BAE, BAKOEND = FAF—ORfast GEHCEHEHINT
W< DD E T Horegion OFEREOREILS b HEE T ELUNOEEICHK DT 5
Tl D (BAGOBBEITER L LA RCKELERIRG). COGBKENSHOHE
FEUMOEBCRRTS &0 L THIETEAR, —ED0 =31 ¥ -~ Ok E L RLR b,
7eds, T Heregion & BIBEICHE U0 AZE DO KBIEEIIELE TS T igu.

WIZ Leregion i\ THE %2 Th X 5. L-region iLF & iR~ 7= pVARF - E/MIE T & W
5BEGCHERBOFETIHIRICIIE-HLTWBEELLRD. 8T, COEWEREBIIEN
REOENAORA 1I0km CETHAREME2ASH 5 [BE - FH (1964)]. OB OHERS
DOBEERIFAECEL TEL, FHEOHIT 1 2BECEL CWATEERT+IH5 (o
ZAY L-region A TOBIRER K=3.32X10"%cal/cm-sec-°C %L T, L-region FEflD X1
Hii <X K 1X 6.0X107 % cal/cm+sec-°C & # % Ty~ 5 56

- Km N
[Enara (1971). COCZLEBHORIT AR LE . e———
VoN HerzeN and Uvepa (1963) i2 X qui, IEH Bk s% %Z;W
Ks |

BEEXNLT, 3o LD, ot k@d+a84
Rt Fig. 40X 57 2 kTl x b o841k

Fig. 4. A model for the computa-
K/K, tion of thermal refraction

R= 1+(K/K;—1)»m (m+1) effect.

Fig. 5. Distribution of the underground temperature
beneath southwestern Hokkaido.
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<52 b5, ¥ K=3~35%x10"3cal/cm+sec:°C, K;=6~7x10"%cal/cm-sec-°C, =10 km,
m=28km & 9% & R=~080. T7bhbRA20% BE, AT LESBRUINDIOTHS. =
RILZ ORI TS A8MES 1HFU L3852 %2+, 08HFU BEOSNE R TH
WENDBZEERL TS, —F, Fig. 5 i3 X 5122 ol FoRE S Mk ik 2R
LTBY, COZEXERLTNDI5THS.

T, kD XS5, Z ZTlL Hregion, L-region OERE 512 B OEEE XD
THEERARL. —F, BREBERE (1972a) i1 2 Ol —>D EKFR (H-region % discharge
area, L-region % recharge area L %2 %) L LTELDHRE TRV EERLLE. Fhc
I AEBOK RO S ITH 100 m~$ 1000 m TH 5 h b — B MR BT B IE RE 12 Bk R0
X V&L, BARROINELOFELTTTHBETTHD EBNT WD, W —RINT
AT, MTRKOWEINWARESEZIL, o THRARECEE® 52, WRTHININD
HIRBIR B ILHBROEMIBFHRATE L < E2 TS B, LavL, < OduimEEmEig
Wik E 2 B s, BKROEOEIX{FC 4km £Ex 5L, KFEMHLIEL 13K 160 km
T, TORBHIZ1:40 TH Y, ERHTITE 2 . X pipe flow [HR (1972-b)] %%
27 E LT, MTAKDOEREZES LD XS eRkA pipe REEOHFEXMTIWEET S &
MNARETH A O X, BEBHELIEMT% X 51T recharge area: 5000 km?, discharge area:
2000 km? &~ 5 KEBcBOKRAH D 5 B2 (BAME, 1972) WO RRMLHD. TibbBE
(1972 a) DPFULEUL DSIH B BKFREBRFT L2 b DT, Thr\WEANCHEEN E 5 2B
L DT oL,

HEDX3ic, BARBOBRIKBELT, ¥R o1 ORBENEIRTWE4, 22T,
H-region, L-region DFFUC Y T i, EAFMERLEC L, BOEEMNERC X - TH
MLl ELWIERERYE o, 4%, #TRORBCHRI BTRES DAL X ESR
BB T 5 ED B 5.

2. LB EPRBEXRES B TEBRUOLBIY MLORNEE

AL A B O (S B B M BT BV R NS A D AR A R - B
BRHOHFET HHROMIBIC—HL T3 EE2 b5, ZORLERT IO, HHEIR
BROBELOEETHD. < OtiEhREOBEIIICOOT, %Y VIR TR D,
YY) CLEBGIENBARNI N TH5 & 2555 [LuBiMova and FELDMAN (1970)] & DK
BT O CAERROEEEROMEMSE T b b MEFRES LHEL LD LFE
ZBDRELEFEZ LS. fok Fig. 6 W@ AU OBMES ik RwLi. ST, THIIE
TS & e BB e BOR B SieE2 5. STOBRED T v 7 » 4 L FICET
HBEEDRC L - THMEARARS, 4, t=0C B THTCRAIFREOH fivsFr—
CTIERIC 1200°C DEREE Y E 25— O 1200°0C EREYBENCEE L& %, 7V —
v & 7 EBBRGE~RECH I 2EELUA by 25 X 10T ELPRCE R B E R AL,
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OB S i BB 5k ER T

BEIL, t=01 B\ Tudhic B
1200°C E R O ¥ & & 2 4uE o
PEWH T EEFELD. FEEIITIT2
RIEBMRE S RK 0T /ot = r(*T/ox?
+OT/0y") wEGRECL, BED
S bTTHhS. WEDHE, i
HKETHHWTTX150km ¥ ¢—
Bl BUAECE £=0.0144 cm?/sec %
FELI. %ML =0 T RiN-
Gwoob (1969) & KEEfE IR D 5
243 (150 km Ty 1200°C) &5 2.,
RPHEN BRI A T BT T
(% 1200°C SHiRH > B EE 2 7. &t

|
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Fig. 7. Observed and calculated heat flow
patterns and temperature structure
of a section parallel to the strike
of the Kurile arc in the middle
of Hokkaido.

Distribution of terrestrial heat flow in and
around Hokkaido. Heat flow values are in
10-6 cal/cm?-sec. :

2000

1500_ “*‘“q%u‘;‘ JVEY /
%/7“/7}’77/707//////////]{/‘/{/—/”/{

1000

177
|77

—— INITIAL TEMP.
500

| |
0 50 100 150Km
DEPTH

Fig. 8. Temperature distribution in the
crust and upper mantle in the
same section as Fig. 7.
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T B) 1B\ T CAL. 28 OBS. X h/phX A iz 12000C ERBEY P L EFBAZ stk »
THZEEHE D FAST DI ENTESD. ¥z 1200°C FiRE & ~150km ¥ CORES ik
Fig. 8 iR L7z, ThI XHIE L TR Wi s\ TR TEA L ~ v b v EBH
Wil THI00°CRDIFHEEZEDFENTFEIND. &7 L OHflL, HEHEREBEOR
BRI SBAFEDOERDORECHHYRAL L CREDELOLONBEEIVE Lo
TWBIEROBEENBEHINTHE I ENHTOI LA, &2 TE2 LHIKOMT TixEh
WES AT O F/EECH DT IEHBR TRE?LD < v b v EERCH T This b OKRF
HFHREZZ 2 Tbion 2 xR LTWhA.

XT, —F, RO HPCEZBZELTEDL. WENLDR, EELBAEY 15HFU &35
EALERE P RE O EBFHE L Z CELTWBHHECOWTE 2L 05~06 HFU BE O & D
BENEETL I LRSIk HB (1.87 HFU), SMK (1.71 HFU) i\~ Tik [Horar
(1963)], EFENLPPEGEIRRE &EE 2 bR 52 b A2 EIIO NN A - TEITE
WL Tw< Evd, —BPNEEBOKRE, BROTEBGEEELTH5DTH- T, HEK
7o B ES 2 k3H dE B A b, D © DK PHRI—ERHC s C 0.5 HFU BE(K
W (Fig. 9). T bl P REIC s\ Tt 05 HFU R0 & O REEL\TEETH LD & &
2bhb. ZOREREFREYEELCHERAEDO Vv P FALELTELTAHS. Fig 10
T, EROREY b OoERERGCAEYELSL. RETRT IS0 2h0EF LKL
DWTHELABHERCHEN L —FKTH 0L LTUL, 18 100km ETRO 5
EREEHTIE 50, I AR TEA O < v A LEMC AL T 2.75X 1073 cal/em?-

I . HFU
5 FAEN 5 1
/ . —AQ
o}
r ! ® | H- Region 1
e, 0.5 2 6
" ‘,:' 3
4 h.. —4 1.0 4
L.sHFU 5

Volcanic Region

i kY
{ ® % .Japan Sea
@ °

. "-.. Typical Arc Structure

'\, Central Hokkaido

\ —1 T
S . N X
ey, L Za

———
1= Zi % tlkm)
1 1 10 50
2 1 20 30
[ Pacific % % 1 ot 3 10 30 50
Ocean 4 10 30100
1 1 1 1 1 1 ) o 5 20 40100
100 200 300 400 500 600 70oKmM 6 30 60100
Fig. 9. Heat flow profile across the Fig. 10. Negative heat source layers
Hokkaido island from Japan and surface heat flow de-

trench. creases.
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sec RIHELBHERBMBEE 25 L Iv. L AR FE~~ Y b BT ERT 585
DRHE T — AT 11X 10 P cal/em® sec HHNEFHRUTORETHSD. EWS T LRID
BRI A DBE R E LTSN E WD L Thh, MR TE~~ > b LB 20
km, 1§ 100 km BEOBOHE T b b RMBEIFETH LI B LEARBERELOOKS
57 THE—DRKRD LS BB Ih5THAH. JLHEEDPREOERMER T I
HR O MBS IS L A O BH AR T B, b~ v P AR ERCAEEL TR D, £ 0
BAIIGT, 55 OREMEA— Bl $ERERICS W TEESAS X 57 [Uvepa and
Horar (1964)], &\ 3B ERI D &3¢ Mo T B A, HETITESRE B
IhB012L. TOBRBEAOEGIBETIRHLA TR, BEOFRESMEL < Title
<, BHCTFHEIND ZLRAFOREAAXOE R THE IR HBERHHE DL Tnx
WEERRL T b BRI & OALUEN IR O BB E O FEE DT BBV C ORIIRIC R D
KERE & L~ v P A OHEBFHMICRD LR D low-Q Boo4 [Fi (1971)] L oFF>
WC—DOREOT Y 52 5. ERBCIHCh~ L 5 RBEO%EY L~ v brcE
Thi2BEEDOLZTHUL X5 L T2 7 LRBHEIHHL TR TEEEI LD

MR OBMER MBS B KD R B QLo T, BT low-Q Bit 625 O~ v b LIZKL
TRRTHY, BCBMPBFEIES THDDOTRENA LW I HEENL IR T3, ZhIEHRE

2T EF~ vt At low-Q THIITHETILE Central Hokkaido~Sakhalin Low Heat Flow Belt
Heat Flow f
BEENEIN S JtEEh RO B~ v Q 0. 0ocooo Standard High Heat Flow

M ADSRRIE L 7o DX BT LW EWT, £
IR S BN E S HRWCREL Tovinn e
Ez bRl WARERTRIETHED). &2
Ay dtiE P RFC S TE, k¥ AR [
BT low-Q BOFEERHEEIRTLW5DI
PohbbTHRCK O UKRARRES A I
RTVWHDTHsE. CHIEBEEH<Y FALUT &
bR SAL G Te BAIEIE O % & & RIERO B P
ERLTL B8, BEER TR Z 5 REKTC ﬁ’;ﬁw
Lo, HETRERREBNSh DKL § .
BRIN 5 5. Thicfio T T OREESIT
Fig. 11 DX 57t DEHEEIND. Thbd " Depth
el PRI W TR B~ v P A XA Fig. 11. Some origins of low heat flows
. N and the corresponding patterns
Ho<y b EERBEYRL, HETE~ of temperature distributions in
<~y bR EBTARREOETAR 5 X the crust and upper mantle

(arbitrary scale in the depth and

5 NP @HD L 5 BESHE L TS50 the temperature).

2 xxxxxx Low Crustal Heat Production

1. assaa | ow Mantle Heat Flow
Q-aQ
3. °***** Negative Heat Source

Pattern of Temperature Distribution
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L%, Fig 11 IEBWRE %R b 7o b THOFRROEF O THIRI R T % B REE
DHLEXIRET HHNAEZYKEBbbh 3. k¥, Fig. 11 IXEEAr — 1 TH 5 A HFE~150 km
L AFEE L T 5.

LlE, siR_TER Lo, LiEPERoERAREFIHEOEIIMELY R T L Lb1IC, H
EZOBEXRPLTCNE2L0EE2 RS, —, JLEEEER @) b KRR
BRIZNTDH23, COHIRD F#~< 2 b At high-Q [FE 1971)] £E 25 Tw5 DT,
Z OF &L high-Q 2MEBIREICHHGEL Ty 5.

3. Bll~BBChHhITORNESHLHTEES

B it i) 5 BORE O FISE & 5k b ORIE OFIH L CABEN R ER I 2 ikl
DEFEPTUC L T, DL DI H SN T DD TILIL 2 EDEZ HAEAL
L THRBTORBMBORLIHOBETOL

o~ v b ARG DY EGRRECEES L, B D o el
R LTBE ek B
T, I TRIFFHITL < ORE T Iebi T ok “
VB AL T & BRI T, SR / ' .
—BThHOBmNE W) ZLIER LT (Fig. 12) L E 5
T DOWERIBIC OV TEER T 5. B & HE LM/L% _____
TSI DOW TR AL OUIEEEIC L - T, t --m-%j }
ATHERUENZ D0 - CHEES AR D bR ;m:ﬁiiﬁ;y;QWﬁN
THWHBNRIZTRFLVESINETRDTE L aPAN Sea rOKKaO  PACIFIC OCEAN
Wb & GO TRERIHE (L), 9o S N
% (T), MRS (0), &5 3 DOWMAThIF T W R

BRALL SR E L, I OWEEFRERLDE Fig. 12. Heat flow profiles across the
northeastern Japanese arc to
HNT—%xE & T 5 (Fig. 13). 7ck GUITEM A3, the Sea of Japan.
BirxEER, UBRBEREERARL Ty
B, ZOXSBHBCED L sk s - ER

EEREZBREE, O-T-Lidkhiz» T—H

THhOFBWEHBESMAELN D0 %, 2KRILE K7 1M
calmsoc| e’ cal/g c cmzl% cm _5
— . G [7.5%10-3] 2.7 [ 0.3 [33X15-3(55x10
{CZEFER B (50003 3.0 | 03 [566031.1x1013
HFU UB[1.0x102] 35 | 0.3 [85xG3 2040
oT 0 3.0 o
oC——= K —_— om 2.2HFY
at a 2.0 T

1.0

oy
B REC BTN, 7ok, BEX1150km & Fig. 13. A model of the structure and

some parameters used in the

DEMERNRET D, ZO0km DEXXH - T computation.

+—(K6T>+H(x 2) 10
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ERT2BEEYZ 2Tt~ v P ABWHE Q, EF OB —E L T5. HG&T2HIER
CRTHEBMEILS Y ~ v 2 7l & —H L T30 C, FEOHA =01 FFHFED 7Y
— v 7 IEHBE——5 05 25 X107 iR EL, 25X ERELYREL TS HZ0=T
AN TEIERNC IR e R R BT 5 &

1)

5.0,

B 53 47 25 RinowooD (1969) @ & 5 4 (f5#E F ROTKBEER T OEHEN LB E 5
EEZ5h%. O Tk Ringwood DHETOEES MY, LTI ABEERETORES
fit, TCIXEDHEAY S 2 7)) Tk Quu=10HFU, Qur=16HFU, Qno=22HFU
ELIHATY 2HXI0EBCHAREIMECIZ ROV, BAKBRCES LT
5 %12k, Rinewoop DEESHICKIT HIREQRD 2 fREOCREARY 32X 5 7tk
Eofit@BEESfAE L TSt biw. Tihbb =0 XR\ Tk ) &nHE
DEEF % b o> TN LD, SO LRTY —v 2 7IFEHREPBEES hic s
5> Th, TRECEDLITRHTI»R IVBBAIR Tl &AL 5. HRES
MDE 2 F R ICKE PR E L BCOWT, L, O OMlEEIC oW TOHERKE
% Fig. 14 (a), (b) 127" 7. R BHF=Qn, G: DIHREARTH 5.

O D Qu PRECES (P21 4AHFU 282 5 X 575) 222, TASFEHL Tin
0, BEXHHABCHL LTINS T, L 4 AIBARCH 5.

HFU HFU

EFFECT OF INITIAL
TEMPERATURE DISTRIBUTION
LAND-1(G:B:UB=2:1:2)

BHF=0.5 HFU

EFFECT OF INITIAL TEMPERATURE DISTRIBUTION
OCEAN-1(B:UB=2:3)
BHF=0.5 HFU

1 1 P !

1 0 L . S L
5 10 15 20 25X106 YEARS 0 5 10 15 20 25X106 YEARS

(@) (b)

Fig. 14. Effect of initial temperature distribution on surface heat flow.

(a) land structure,
(b) oceanic structure. -
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Fig. 15. (a) Variation of surface heat flow with time. (b) Variation
of surface heat flow and bottom temperature (at the depth of
50 km) with time at each representative point in the three
(land, transitional and oceanic) regions.
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Fig. 16. Variation of surface heat flow and internal heat flow across
the upper surface of the solidifying “melting layer” with
time. O Surface heat flow, ® Internal heat flow. Inset shows
temperature variation with time in the crust after solidifica-
tion of the “melting layer”.
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B LB & < —3d B EHEBI% Fig. 15 (a), (b) i/R7.

T, BIRHEHRCE ST, —2ORELEEMAKRIN TS, TRILE On & L0
METHD. CCTRENLEMFETIA AN =2XAaLL T, Ef<v FACREAEL CEEN
HEMBERIC L > TERL, BER~Y A ~HWRATELT A ExEL LY. ZOELH
(¥, SHiMAzU (1961) IZ X o TEUEMIC BRI, FHEMALRIA T2, % TILELR
B EAXYR LS TrLERT S 2 CRELANBSAR T, S TIRRABIELE, £
DE X TOBRREDEAL (Internal heat flow) & #HFEIZ KT 5 BPiE (Surface heat flow) ©
BlizcEB L . ﬁi%ﬁbﬁwiﬁa%muuu%nmia FAEFERO—FI%E R A
(Fig. 16) BifR By HURPN CEMEE, ZTOBEX (ZOBAHT 16km) RUE LOMEBC T
iz Y R - T, BRREIHEINS 5. SO LS hHpigRoMBED LAYE
2T, TR S METTHEO EMEPEEC X 5 T, BENs S KEMCH > TOXERE
o K(H Vv a) OFRERcHin [DickinsoN (1970)], B RGO FENKFEMO <Y LI
HBLU T Th, Ug&23% b5 BIIIESE [ER M 1971)] 23T 57 M5 5.

IV. tBBRUZOADOMR - LYY PLOBRKHBEETI P=JX

BB E DO SAIAREBE L ERERIERIC I RBL TW B 2 NI hETCRNTEL
SEMDLEMEIND. HMERAFHCEPMREENRREL T, ThRRFL L THECHIISRS
AL, TORFEORE, RO EH - T, —EDOHHOENNHB. #£-T, HIF
BB —EOLATH D, HERAIWIBMEN LD T THEOCFEROAMRBCHIEL
TWHERE 2. o THREFEOMIVCIIE S TOBRY 5 2 5 i OMBRGE LY
HELRHNERE S 2 2MEAFIERE ORI XERA LTl b

X, MiNaTo et al. (1956) & L hud, #MEMEREPCART, AEL» L HFEZLCH
3T, JLEERRE~ ) vIEH T TOHFROMIR (Wb B4 L Lo EET S
BABR O OBLM, ++—v 7BROETOZBLE (b DEA®) Lk, R sEES
L TERIEARMBR TR D, PWHEAHOBEDL AT EBHES D AT LEIRTEH,
LATLHN L EEIRTWD. LT L CERDOR: 2 HBER O ERITHRER O EFHCIF
BHRBLDETFHIATWE, —F, BHECKWT, JEahRBTo LH~yv bz
KETRO A A—Y 78T EMEC, HBFENCE low-Q L5 2 Eibhs Tk [FE
1971)], Frr D FCIXERMBRBAEEL TR0, BACERILWEELORD. #oT,
BIC bt & 9, delEhREAZRORE (iR) LBEDORE (Ef~v t ) O
FRBLL TV BAJEEME 2GRV, Bl Z b3, LB RO TOROMEL, 4 L LBE
G PEELIE) 12, FLWEBORBCAS TWAEDOTRWwnr LHEZRS. Z0DX3
KRB E, JLIBERCEORTDOWEBFTRE DS MERMKD L 57 &R RL TS b
OLBEIND. Tichb, AEBEBEES D BARBCH T TOMBR I EILE RS +
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A=Y BT TORAR BB H =P UEO KINEB L KR L Tk b, HE
FOTHREH~ v P AR S ERS B ITFSEWVIRREBC S 0, JLEEEPRR (SRR
C BB 140 km DUE) 2B ) vIEMTTOE~EFBRERF 13X L~ v r L SBURE
TRECRBCH DR TB~K LB~ AN TORBIERIIC X » T, tETITRENL
B OB AL T, MR S RHEITEVC AR BN B S h, FCREB ORI
DIEEE B R O R DS EF RS 140 km LUR O BE R 72 < & LhHiL
M, BENCIIRELICREBCS D, BECK TERAKEABUIATH230LRbN%
DEATE Lok, BERVDTORIMBIC K T, REORBIIh T TOEILE
BIOESR & TEMCRR B LVWBRBCH 20 Tlun E#EIRD.

V. 8 b b [

Bl BT, delhlE R OVE O I 303 % HGRBIR & © 4546 O MR B 221 R OV BB 1Y
BHRICOWTHRERT - e, TORFBRIOHIBICK - TL, HMRBWMEDHMILE 4« DMK
B - WEPAREE L b, —BEYeBER &S LT, BIOERFENCH - THREEY
AL TW2H, I OMoRRIMcEE T 5RO L »BEFREN SO EMCE
Al HEEERRLTNA,. DL K, TOMBCR W THRERELRT X5 it
Lo TwWBHLDELT, B, WHE, WP, BRRMBO—TASHY, FAENURTERLP
RRTHR IR FMERL T 5. T i bIbiE R R oK~ EH BT R TE~
B EHL= v P ARCKTBAOGADOEREBVERIC Y T, TELrLEVWRKEOHBEZITTL,
FEOMBO XS pEInsd Z i, PHMLUGNOBEXHAETLRLTWEDTHA S
EHEIND.
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