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CURIE POINT DEPTHS OF JAPAN 

Yasukuni  Oltubo FIiroj i 'Tsu ax3 K a t s u r o  Ogawa 

Geological Survey of Japm, 1-1 -3 IIigashi, Yatabe, Ibaraki,  305 Japan 

I Nation-wide Survey f o r  Geothermal R e s o u r c e s 1  

Curie point survey was perfomecl to  evaluate 
the deep heat source d i s t r ibu t ions ,  and the 
nationwide Curie point depth rnap was made as the  
fim.1 product. C a t p r i s o n  between tlie Curie p i n t  
depth m p  and the exis t ing  geological and 
geophysical da ta  supports the va l id i ty  of t nc  
estimted Curie p i n t  depths. 

The Curie point depths were u t i l i z e d  f o r  the 
.mpping of the geothermal high poten t ia l  arcas 
together wit'? t he  depths to  the gravi ty  basement, 
t he  lineament dens i ty  map derived fro171 SAR imaTes 
and o t k r  data such as g e o l q y ,  ho t  s p i n g s .  

1 .  Introduction 

7?ie Curie ?oint Survey of t he  Japanese Islands 
s t a r t ed  i n  1981 and was completed i n  1931 as a 
part of the pro jec t  naied "P:ationwide <;eothermal 
Resources Survey" con6ucted by the  New Enerrjy 
Development Organization(PED3) m d e r  the  
coopra t ion  with the Geolgical Survey of 
Japan(GSJ). Fig.1 shows the concept of t he  
project.  3y three  types of da ta ,  i.e., Clric point 
depth, g rav i ty  and Synthetic A p e r t u r e  ?adar(SAR), 
t h - 2  Jqxnese Islands \rere cover&. to explore and 
evzluate the nation ' s geothermal resources. 

This Wper dea l s  w i t h  the acquis i t ion  and 
compilation of aeronagnetic clata, and analysis,  
in te rpre ta t ion  2nd u t i l i z a t i o n  o€ Curie p i n t  
dept!!s . 

A. total of 153,120 1ir.e k!(:n-sinly onshore 
areas ) were f l o ~ m  by ~c~n~ to r . i e t e r - in s t a~ - l~7  
a i r c r a f t s  a t  4,500 f e e t  consthnt Imrornetric 
a l t i t u d e ,  r:lith a l i n e  s p c i n g  of 3-4km. .%I 
ndditiond. coverage of 350,000 square h(main1y 
offshore a reas )  flown by G S J  were also incluc?ed 
f o r  the compilation, a m l y s i s  and in te rpre ta t ion .  
After the da ta  compilation, g r i d d d  aermgnetic 
data were obtained i n  s i x  subareas. I n  each 
subarea, the  datum is constant a b v e  sea leve l ,  
which enables the Curie p i n t  depth analysis.  

3. Curie point depths 

The high. f i l t e r  with the  cut-off wavelength of 
40-5Okm was applied to the gridcled aeromagnetic 
data to remove the  long wavelength components 
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Xesources Survey. 

which would i n t e r f e r e  with t!!e Curie point (depth) 
analysis.  The high-pass f i l t e r &  a e r m q n e t i c  da ta  
were used as input to the  centroid depth 
estimation procedure of the  Curie p i n t  
analysis(Okubo, et  a1.,1985). A Curie T i n t  depth 
was calculated using a 81x81 or 48x48 square km 
suhblock(a square area of gridded a e r m g n e t i c  
da t a ) .  Fiy.2 shows the contour map of the  
calculated Curie point depths of the  Japanese 
Islands. This map may represent t he  temprature 
d i s t r ibu t ion  i n  the e a r t h  crust because the  Curie 
p i n t  depth is the  depth a t  which the  m r t h  
temperature reachs the Curie tunperature(580W f o r  
pure magnetite). 

?'he shallow Curie p i n t  depths(1ess than 8 km 
below sea level:  painted i n  black color i n  Fig. 2 )  , 
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Fig.2, Clrie p i n t  depth contour map of 
,Tapn( courtesy, P W ) .  ( k p t h  i n  kilometers belad 
sea l e v e l )  

114 a reas  where Curie depths are shallmr 
t h m  Ckm. 

which correspond to high temperature qradient(more 
thari 7 ~ 0 C / ~ ) ,  lie within the -ternary volcanic 
provinces and geothermal areas fran IIol&aido to 
Kyushu, On the other  hand, the deep Curie p i n t  
depths( mre than 1 5km) lie over t he  pre-t\Teogene 
s t r u c t t x a l  belts a d  the  fo ra rc  &sins  i n  the 
Pacif ic  Ocean side.  The intermediate Curie p i n t  
depths are located i n  the  backarc &sins  which had 
high V o i v d c  a c t i v i t y  called "Green Tuff 
ac t iv i ty"  during the Miocene. The average Curie 
F i n t  depth of the  onshore areas is a p r o x h t e l y  
1 O h  belaw sea level.  

4. Validity of the  Curie p i n t  depth map 

The heat flow contour map of t h e  Japanese 
Xslancls and surroundincj area (Fig. 3 1 s h m s  typic31 
of an ac t ive  island arc system, that is low(1ess 
than 1 I F U )  on the fo ra rc  s i d e  and high(greater  
than 2 Em) on the  volcanic h e f t s  and backarc 
s ide,  Fig.$ shaws heat flow across Tbhokufnorthern 
Honsyu). F u j i i  & Kurita(1378) show a schematic 
geothmrnl structure under the arc of 
Japn(Fig.5) .  The estimated Curie p i n t  depths 
fran t h e  Curie p i n t  depth imp along latitude 40W 
shcrhln i n  Fig.G indicate  the same features.  Curie 
p i n t  analysis  by a rnoctel simulation ,?lcttiocl usinq 
high-cut f i l t e r e d  m g n e t i c  p r o f i l e  of Tohoku *was 
CIox mC1 reported by Tsu PC 3gaim(l932), which 
resul ted i n  as Fig. 6 (sc3 Fig. 7) .  
I n  brief, high temperature zones exist i n  sfiallotr 
layers k1cx.1 the volcanic belts and kcor3 deeper 
toward th--. sdrJuction z m e ,  and these f ea tu res  a-"3 
s k o  sham i n  t!ic Curie p i n t  depth mp. 

& a i l a b l e  121f?asured tetnyer&mr? cgradicnts were 
compared with thc grscficnts ca lcu la t& fro3 the 

roughly chis SR~E 

Fig.3 Heat flow map around Japiul(after 
Uyeda,l972). (Contour interval ;0 .5fW) 

. / -  .-' volcanic f ron t s  
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Fig.4 Heat flow distibution across 
district(after Uyeda & blizutani,1978). 
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Fig.5 Characteristic profile of heat flow and 
geothermal structure across the north Japan(after 
F'ujii 13 Kurita,l978) 
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Fig.G Curie pint depths along latitude 40ON. 

estiinatd CWie pint depths at the same 
locations. "he calculated gradients assunle, 
thermal conductivities of the rocks are 
hmogeneous; heat is transferal only by 
conduction; surface temperature is OX; elevations 
are given as the average of 65km x 65kn subblocks; 
and no heat sources exist between the surface and 
the Curie point depths. 

Fig.7 Interpreted Curie isothem surface for the 
smoothed mgnetic data across the northeastern 
Jawnese arc(near the Tsugaru strait) (after Tsu & 
Ogawz, 1982). 

The commrison of the measured vs. calculated 
temperature gradients are shown in Fig.8. 
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F1g.G mparison of measured. vs. calculated 
temperature gradients. 
,-E-- Calculated gradients assuming Curie 
tetwrature to b 580OC 
---+--- Calculated gradients assuming Curie 
temperature to be 400OC 
.-C- Measured gradients (Horai , ' 63, rlyeda , et 
al.,'58, Uyeda €i Horai,'63a,b and Honda, et 
al., '79) 
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Signif icant  r e s u l t  i n  th3  c m p r i s o n  is the  
constant difference k t rmn  the :neasured and thr- 
calculated gracIimt5 assu-ling t h e  Curie 
t e i i r a t u r e  to be 53SC::. ',"here are SCTE redqons 
f o r  t h i s  difference.  ,nonq those is r e l a t d  to 
the  assumption of the Curie t m L E r a t u r e  of the 
rocks i n  the crust. 

rocks bas ica l ly  tlemiid on 
the content of most general  ferroruqnet ic  mineral, 
or mrjnetite i n  rocks. The Curie temperature of 
pure magnetite is 500 O C ( s e e  Fig.9).  Ibwever, t he  
Curie temperature tends to be loer with incrccxe 
of titanium. Iragata reported, on the basis of 
f a i r y  extensive obscrmtions,  t h a t  t h e  t i tanium 
content of the fcrromaqnetic minerals increased 
with increasing tenlperature and pressure. The 
r e l a t i o n  lxtween a depth vs. t he  Curie tmnera ture  
is shmm by ?Tqatn(Fig.lO). Therefore, t h e  ac tua l  
5x ie  toslper?tLre w i l l  preslmihly Ge h e l r ~ d  580OC. 
Fig.10 i n d i m t z s  t h a t  th-. Curie t e m ~ ~ r a t l i ' C ?  can be 
cstimate-1 to ke ~ ' 7 ~ x m i m a t e l y  400 OC. "lie 
calculated qradieatc: assuming th? Qr ic  
t s m e r a t u r e  to be ' l O f l 0 :  are shown hy the bro1:en 
l i n e  i n  Fi3.7. 'lli: difference h e t l ; ~ ~ n  the 
calculate2 and t he  . l x s u r e d  gradients  . . r i l l  'be 
re&cccl 0.1 t h i s  ailjust-lent. 

Curie tmperatwxs of 

S. :hyping of q e o t h e m l  high p t e n t i a l  i r e a s  
using C h r i e  F i n t  d ~ p t l i s  

The Curie p i n t  depths were u t i l i z e d  f o r  t h e  
rinn?inq of the gmtheml high m t e n t i a l  a r e s  
together with the depths to  the gravi ty  hasnmnt , 
tile l i n e r m n t  densi ty  m p  Gcrived fran SAR inages 
m r !  ot'ier da ta  such as geology, hot s:xings. 
Fig.11 s'ic~ils the c r i t e r i o n  emloyed f o r  the 
mp?ing. *ee f ac to r s ,  i.e. , ' r e se rvo i r ' ,  ' hea t '  
and ' f r ac tu re  I , were &fined to c l a s s i f y  th? 
Jayinnse Is lands i n t o  the  areas  Qf 'hyckothermal 
cowect ion '  , ' l o w  to internediate  tm-rature deep 
water I , 'unclassificc! high tnnFratureI and 
'non-qeothr3ml'.  The Curie y i n t  depths were used 
%r t h e  evaluation of 'heat ' .  '-%e ma? showing t!e 
g n o t k m l  hi7h po ten t i a l  areas was made h s d .  on 
t5is c r i t e r ion .  

" h i s  mp gives  u s  t h e  ktter m-mrstanding gf 
t i e  g m t h e m d  
:g'ost of the  high a3eoE1cml po ten t i a l  arms i n  t h e  
m . ~  are 1mcx:m geothermal f i e lds .  However, several  
u.?l-ao~m areas were p i n t c c l  mt by the map. 'T!e 
second 2hise of t h e  Nationwide Ceothermsl 
-'cso'xces Survey s t a r t e d  i n  1934 to  confirm t h e  
cjeothcml p t e n t i a l  of those unl-mmrn areas. The 
deta i led  gcolcqical, seop\yr=i c n l  ;In$ gmchernicil 
surveys including h m t  holes are now imdemay ir, 
the four experimzntp.1 Ireas select4 f r m  thic 
u . n h a n i  areqs mntioned above. 

po ten t i a l  of the  Japmesc Islands,  

TiFeO, x.. Ti Fe,O, \ The H e t h o d  E m p l o y e d  f o r  D e t e r m i n g  ' G e o t h e r m a l  H igh  P o t e n t i e l  
A r e a s '  b y  U s i n g  G r a v i t y , C U r l e  Iso ther rn ,SAR & Other  D a t a  

Fracture Rezervoir  j Hcst 
' Rejources 

f L ' , I l ,  F W  

Fic; .9 R d a t i o n  ktviecn Curie teryxratur?  and 
chemical c m p s i t i o n  of t i t a n i f e r o u s  mngnetites i n  
volcanic rocks ( a f t e r  Yaqata, 1 961 ) . 

Fi9.10 Variation of CWic tmpe-rature of 
f c r r o m q c t i c  minerals v i t h  depth. 
(ii) for the i lwnitc-hemati te  s o l i d  solut ion 
series 
( ! i) for til" ulvos:iinel-mgnet i te solid solut ion 
s n r i q s ( a f t e r  I ' h y ~ t ~ , l 9 4 1  1 .  

lnforrnsl ion 
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Fig. 11 Cr i te r ion  f o r  determining the  g e o t h e m l  
high p t e n t i a l  arexi by using the da ta  obtained. by 
the Vationwick C m t h e n n l  Fiesources Survey. 

I'he g e o l g i c a l  am! (rjcophysics.1 data msi t i v e l y  
sup-prt t h e  v a l i d i t y  of the z s t i m t d  Curie p i n t  
dqthr,. Rrther kmowldcje of the Curie 
teriperatures i n  tlie m r t h  c rus t  w i l l  iv?rovc the 
rcsult:; o h t n i n d  'XJ t he  Cliric p i n t  depth 
amlysis, and t h u s  m i k e  it an e f f e c t i v e  tool f o r  
m t t m t i n u  heat somccs. 
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We wish to -L\ank the Xew Faercfyr Ikvelopnent 
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