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FILTERATION OF MANTLE FLUIDS AS A POSSIBLE
MECHANISM OF HEATING OF THE EARTH’S CRUST,
WITH SPECIAL REFERENCE TO THE THERMAL
STRUCTURE IN CENTRAL KYUSHU

By Keiichi NISHIMURA

Synopsis

The physical basis of the thermal model comprising the mechanism cf filteration of mantle
fluids has been investigated and then it has been suggested that this model can be utilized only
in such cases that the earth’s crust is characterized by sufficiently high permeability of the rocks.
The filteration mechanism was offered as a possible explanation of the extremely high values
of surface heat flow observed in central Kyushu, especially in the volcanic and geothermal area,
where deep-seated faults like the Oita-Kumamoto tectonic line and differential block-movement
along them have played a leading role in the late Cainozoic geological history, implying high
permeability of the crustal rocks. On the other hand, it was noticed that this mechanism could
not be responsible for thermal processes accompanied by extensive folding of the crust, such
as regional metamerphism at the inversion stage of geosynclinal development, since in this case
the filteration of mantle fluids is restricted by low permeability of the rocks, which rather brings
about some advective motion of the crustal layers as manifested by folding.

L. & b &

HWARPHEBY I, SETERBR, LDOFABIERPERIEROERRIEOZRIC E > TEEREE
% b RiC, HBKiERZ diapitic I LRTE <7 <2Blict - Th, ChPEBICEBICEZET 3120
WCIHIERE & 13 BN HIH S U L BRICIS » T B 58S 55 (Marsh, 1982)0, £ k5 1385k
IREMH MR, & CARBROBOHBOFRTHOMCLTERINZDHERIN TS (Bateman, 19842;
Marsh, 19842); UL, ZOBICEE 59— MICHIRROBIPRIBIC OV TN IZ, ZhEXE T 5 8%
OBHEBZRETHBOTEELSORZOBETHY, 121 DOBBERN LTOHIEEEIE DN
BIRTH 5,

COMITHR, v Y P b ERT 3 volatile LHIAEDHIRDMIMRB~OMBICEE L, C0BE»D
AFNEHE U TMTESSB RS N RBICEO TR (LE, 198¢a, b, <)V DEEICSNT
BETE. COBOMBEARN TS OIIE AV DN B M€ L filteration model, §75bH 5, vola-
tile BHAESEEBOFEBYERITOL LXOMBOHVEOHDPD LV EERILLEET AV TH S
LCTHLOEFNESOTHIRNBESROMBERHEZITS. LhL, Z0RIKCOEF L OEAE
HERH L TBBEDBH S, LVIDR, ZRETOZDEFNVEHNHIEORICIISLT L RN &L
BAROEROB B ONELDTH S,



14 ARSI 55285 B-1 (I 60.4)

2, fluid filteration model MO#RF

=Y b B ERT 3 volatile 1EHHAIC & B HIROINEE RS fodici AV DA TL R RFEMEF v
2, COMBEIHIELIEREOHEY > D ZMDEG 5L EORDOPD LY ZEALLK filteration
model THB, ZHNIRROKXTHEINS (Reverdatto and Kalinin, 1980)7,

0Ty 0Ty 0Ty 0Ty — [ TSP 1
o5 CfW+me;?z— ¢Kj( 5‘x2+ 0z2)+a (Ts-T,) =0 (la)
—_ 01 r . — 621, 021 —_ Tr—T,) —Q=0¢crreevercesaiiiiarinraiee 1b
A—¢)o.C, 51 a ¢)Kr( T + 32;) a(Tr—T,) — Q=0 (Ib)

CCTRED f & 1 RENFRGEERICHIET 50 ¢ 134G O porocity, ms (JENERE - BN H
o ofitko LRR, ZLT, o C K, T ZzhZhfikE S A0ME, Hi, #EYES JUEE
BEDT. 1, o BHALAREOROREREY, 0 REGENOBEEED T SEOEMINES &
HICRRT 7 7 VORGSR D255, ZZTREKT S,

OROBER DM & L IIBRARY: - OHRHEE S Temperature
A5 LHBPNBENERE 5. COBEIHORY -
, BEXOREN LD IR ERORE LRSS
KELBBLLETHD. BREIZFOHER, Rict
BROPET THRABENEALTVWE L ST, Hig
LROBEREZIBE VAL BB, BEOBHR 2
Wit Fig. 1 ICERMITRINT VS, Thid Rever-
datto and Kalinin (1980’ DR MMKICL72dDTH
%o BOWEE®D 2 DOMBO RO bAVIKER LT
LHEBRERORREHEOMEERS e T LT, #
EMTHERIBRELINS G, HEM < ~DEAE
B EEZ 2T VOB BEBEOEREHOIHD
FBEXD X RP TEB LR LTVE. T
FIEEICEET  HST DS HUE AR 13 08T (Beaoycon
1978)» &% & 5 E ERNICE-THWAZ EMBEER
1%, Bexoycos it ki, RIBZERIERIZTERATER
e & & iAo WIEBLE (inversion stage) DL
LRMNSRRTH LM, ORI ER<Y v
DOMNEHRIED A vV r — 2 ThHrEEM~ /<3
EFET, LROBRICRE S N S RO BMNEHDR
BiEb 157 v S0 volatile IeHiIC L - T
MBS N2 7o LB EEA BNTNBDT Fig. 1 Schematic representation of the differe-

. nce in distribution of temperature in the
BHdo COLITHEOBYBOHTERT 5 % R earth’s crust for the model of basic mag-

Depth

EhY 5T ERBBTERVD, T TIIEERETEIK matic intrusion (1) and for the model of
Aok EF VOBBEERRDL L E-TEDE filteration of mantle fluids (2), simplified
REXCBz &Lz after Reverdatto and Kalinin®

ZCTHRET 5013, HirfloBEmERE OBR D B
AT 3 DIC filteration model Z@AT 5 L3R UBLEIDLEVSHETH 2.

3T, COETVOHEBICHD, BILUETEORZ volatle IHENBEY KI T L0 HIHEE,
bW PTVETERT 3 LRDOEL IS,

._2._._



B ¢ =Y b v OGO BN & SUNPR IR OB #EE I >V T 15

¢ %{p, (% Phest@) }=—¢div{pr(%v2+W/+.!Z)~V-a’—Kf grad T/} = Q 700 (22)
(1._¢),g_t(pr5')=_(1 —4) div (_1(' grad T/)+Q/r+(l =PI Qe e @b)
%’.,_div (V) 50 comreminemnmene ettt 2¢)

ZTTRF f & r REWTNMBEBRICHET 0 6, W, 2 RENFAABI A LE -, V2L~
BIUOBENEF vy o VBEDT X2 b V BBEORE, 245 - v Z20OKEX, V-0 38k
KBTI NF-DHBERD LTV E: O Bk SEANOROEREZEDLL, B—FELELTI a %
HEREBE LTRD L HICIE B,

L e BT O N 24d)
BHh0ILFRIURNEALTHE. KOELLOLI B LI, Qa) BFEEFICODNTO X 2 F —FER, @-
b) BEABIOVTO A ¥ —HEA, (2¢) BIEDBERENEF DT, fiteration model DFFH |3
@b) DT ANF-FEPT AV F ~HABEORICEBICEET AESZ TN EiLd 5, chit
BAHEOBIEDSFRINTOADELLURDLETHB. LhL, LLERTHBE, HOHLUDIDL
HEHRBEINTORL THRARBBERATE 2B A5 LBbhbe UTF, 207 D%FH% Ionapos
(1979) iZht > THNTH B0

W, AABIMEERGEE LTOUEES - TEBY, Z0H volatile WHAENREE LT3 2DICHE
OHIEDEL, JIEENCREEIIE > TVBE EEAL S COREEMIEABORBICE CRETIHES
DPEFRBIDIC, BRFHOHE L OFHETKIIZNLY — V) —EHAT B, Tomvapos OEZICRKE-T &
DR AERD S LRO LS5,

T g e Bttt ee et ettt er e
A (€))

R=4p-gh-

TCT, 4o REEET, ¢ REOMIE, + BEABOEL, 75 & 7, BENTNREKEEEORMELR
B, or BWAEOEMRE, ¢ & D EEZNZNAREO porocity & permeability Tk 5. BEAMDBE LA
RIC, RSBIBFRMELDKREDNDPE VDI L » TERBIEBIE L2 0E S poHEI NS, 12770,
0GB OMENL advection THE. R HWNS & FBETBIIMEL T volatile RFEIBEO RT3, D
%0, filtertion ML 5 EEL O, M R BRFFNITEABHEBRIT advection HE L, &3 filtera-
tion SRRILZRESETND LEEZL DD, EROHBOREICEILTELS L, ROASIELELT S
77 2 4 — DR TEEREWRE DO, BROHD 4o, 7, ¢, DDRNT 4 -2 THY, chLREE
CHEECBRL TV S, F15bB, porocity ¢ RSN 4o OMPEEE 7, bAXLBILT B & s
Zbohbo CCTHEKMET 50X R & permeability D EOBERTH B, i3, volatile ks ats
CERE-THAEOBEPHENETLTS, RAESELBEARICHE D HiT 2BE1CIE advection Hs
HLF, BICARBOHICHA LAY 513 & %I, advection PHEZ VDTN EXTBHT 2, Lichi-
T, BOKHELEDBS - THRD permeability 233Kk &0 & EZ 503 BEICE filteration 2HEE T
B ENTE, 2RO filteration model %28 5 C &M AETHEH, €25 TRVLHSIRIHTLDL
filteration ZAECERBNEEL DN S,

UboZBRCHEAT, WAMONIEBRICHERNSREROMIIZNZ <5 DI fiteration model % FHLN
3 LRITUBERL EBALBEB/IIV. WD, COBRBICIIABES BMEENEHBT 5 C Loy
ShTBY, HBOEREIC advective ILEBMNELTNBE EEZZONBENLTHS, UL, =V bdh
50 volatile IHANEABERD HFIC WIRRBICHYS U, BEMNCAHTD, FEISEA T S 8DH%
FEROMBICEINDIEKPBKE {12573, anatectic ISIEBMOTREMSE U BT LIt b0 LIcdi-T, 1
H~ < OEATIREL, volatile SHAEDEMIERICL - T, B IRO</ vHAEF VT K 5K

— 8 —



16 FORBIKBIZEH R 3285 B-1 (FH 60.4)

RENRITEVRBOBELZ L6 HDBZ EEZ OND 1Z UDICR BN & BEFERIFHIC
3 KM & DBV, filteration model DRAEHANR S HAICFE NS »fcOTREVNEE L LN
60

3. AdidhiREOMBBBIBEICONT

JUN AR O s IC DV TR, B, L (1984 a, b, )98 X - CRHMRFASTDLN,
EEHTASERSFERIN TS, 2hICED L, COHR, &DDIRE, LELLOKUETHETIE
HEBHRBOMEMSREICHE N D, REBCE T 32KEROMEBEZERLTH, BRAOEEITIIIUN
DHEOHRICHNTELLEL B - T5, ZOFME, OB TR EREAE,SES S0km iThd T
CREE~ /= BSEIEBLTE D, KUFTHERTRZ0MES 0km HI0EZhEDENECZA &
TEALTWA EHEEINTV S, 21% Fig. 2 KA L. CORERTR I C &, HEINEE
DTEHAEEME ) 7 F OEBICEEINTVEHDOEAER O LENE LB ZHERBEZRLTNEETH
3 BRI SA AV TERVAL T VFY 7 MEDVTD 3opuu-fth, 1981, 1984DIEE N0, zD L
&2, IR HRIC ) 7 F S ROBBEHEEE T 00RO 1 DL shb LAk, LkL, £
OEE, TOHFETRY 7 P ARERESCREOLREBKIEIMELAL LN, BRIVEEOES
MEEEL S>TOBDORUEEDLEVI GNP LB, Fig. 2 OREXHEIBIT S5, KRBEE~I <
DB B VRHREREORBIFAILERELAT LTI, UL, BEDHZOLD, LEB-TR
HFICEHOERROFERIC >V THIROMROMEH BEIh TV R X KEbhbd. LWVWHDI, Fig.2 ©

HFU
6 HFU
Ly
St [ s LAND -5
o g K © MARINE -
! )
3 / \ -3
2" . ) ,/ . . o -2
Hnd km " ° w1
o 200 100 ‘.’ 100 200
JAPAN SEA -; ] KYUSYU MAINLAND PACIFIC
kmy  TSUSHIMA IS, 11 km
0 J— 0

20—
—_—
30—
40
«——s—Partial melting z0ne oaé
50 AN s0*™
————— volcanic and geothermal area

Fig. 2 Heat flow profile (upper) and temperature distribution in the crust and the
uppermost part of the mantle (lower) in the NW-SE vertical section of Kyu-
shu Island (after Ehara, 1984a%). The temperature distribution was calculated
based on the equation of one-dimensional steady-state conduction of heat.
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Fig. 3 A model of one-dimensional steady-state filteration of mantle fluids with the
boundary conditions and the distribution of internal heat sources, uullzed
for calculation of temperature distribution in the earth’s crust
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Fig. 4 Comparison of temperature distribution in the earth’s crust calculated for
the model of filteration of mantle fluids (solid lines) and for the mode! of heat
conduction (broken lines, after Ehara®-®), hatched zones indicating possible
partial melting of wet granitic and basaltic rocks, respectively. It is suggested
that the filteration mechanism could be offered as an alternative explanation
of the extremely high heat flow values observed in cental Kyushu, especially
in the volcanic and geothermal area.
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