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AB STRACT

Hyd ro t h e rmal  wa t e r s  i n  h o t  p o o l s  co mmo n l y
ap p ear  b lu e  i n  co lo r  a s  a  r e su l t  o f  t h e
inco mp le t e  p r ec ip i t a t i on  o f  s i l i ca  s i n t e r.  I n  t he
case  o f  t h e  Bep p u  geo t h e rmal  f i e ld ,  b l u e
the rmal  wa t e r s  o f  t he  neu t r a l–ch lo r ide  t ype
in i t i a l l y  con t a in  monomer i c  s i l i ca  whose
co n cen t r a t i o n s  a re  2  t o  3  t imes  h igh er  t h an  th e
so lub i l i t i e s  o f  amorphous  s i l i ca  a t  t he  wa t e r
t emp era tu res  o f  t h e  p o o l s .  In  t h ese  p o o l s ,
aqueous  co l lo ida l  s i l i ca  i s  fo rmed  by   s i l i ca -
po lymer i za t i on .  Co lo r  measu remen t s  u s ing  a
co l o r imet e r  sh o w t h a t  t h e  h u e  o f  t h e  b l u e
wate r s  i n  t he  poo l s  agrees  wi th  t ha t  o f  a
syn th es i zed  co l lo id a l  s i l i ca  so lu t io n .  Gra in  s i ze
an a lys i s  o f  co l l o ida l  s i l i ca  i n  na tu ra l  b lue
the rmal  wa te r  made  be fo re  and  a f t e r  t he
co lo ra t i on  demons t r a t es  t ha t  t he  co lo ra t i on  i s
cau sed  b y Rayle igh  sca t t e r in g  o f  t h e  su n l i gh t
by co l lo ida l  s i l i ca  pa r t i c l e s  somewh at  smal l e r
i n  s i ze  t han  t he  wave l eng ths  o f  v i s ib l e
rad i a t i on .

1 .  Introduct ion

Hydro the rmal  wa t e r s  wi th  a  b lue  co lo r  a r e
co mmo n l y o b se rved  i n  h o t  p o o l s ,  b a t h i n g  p o o l s ,
an d  in  t h e  p i t s  o f  geo th e rmal  e l ec t r i c  p o wer
p l an t s .  A s imp l i f i ed  i l l u s t r a t i on  o f  su ch  a  poo l
i s  shown  in  F ig .  1 .  Bo i l i ng  wa te r  f rom sp r ings
and /o r  d r i l l i ng  we l l s  f l ows  i n to  t he  poo l  an d
the re  i s  t he  pos s ib i l i t y  o f  a  bo t t om in f low o f
the rmal  wa t e r.  Th e  b lue  wa t e r  i n  t he  poo l s  o f t en
b eco me c lo u d y wi t h  p resen ce  o f   wh i t e
par t i cu l a t e  amorphous  s i l i ca .  S i l i ca  s in t e r  i s
no t  a lways  t o t a l l y  p rec ip i t a t ed  so  t ha t  t he  poo l
i s  so met imes  b o rd ered  b y a  s i l i ca  t e r race .

Th i s  su gges t s  t h e  p resen ce  o f  aq u eo u s  co l lo id a l
s i l i ca  r esu l t i ng  f rom the  po lymer i za t i on  o f
monomer i c  and  i t  i s  p roposed  t ha t  t he
co l o ra t i o n  o f  t h e  h yd ro t h e rmal  wa t e r s  co u l d  b e
cau sed  b y t h e  Rayle igh  sca t t e r in g  o f  su n l i gh t
by aqueous  co l l o ida l  s i l i ca  pa r t i c l e s  o f  s i ze
smal l e r  t han  t he  wave leng ths  i n  t he  v i s ib l e
reg io n  o f  t h e  e l ec t ro magn e t i c  sp ec t ru m (0 .4  t o
0 .7µm) .  Th e  a im o f  t h i s  s t udy i s  t o  t e s t  t h i s
h yp o t h es i s  o n  t h e  co l o ra t i o n  o f  h yd ro t h e rmal
wate r  by d i r ec t  exper imen t .

2 .  Local i ty  o f  b lue  co lored thermal  w ater

P oo l s  o f  b lue  wa t e r s  a r e  found  i n  a t  l eas t  a t
fo u r  p l aces  i n  t h e  Bep p u  geo t h e rmal  f i e ld ,
Cen t r a l  Kyu sh u ,  Jap an .  Ho t  p o o l s  i n  Kamad o -
J igo ku  (Ki t chen  Range  He l l )  and  Umi - J igo ku
(Sea  He l l )  a r e  l oca t ed  i n  a rea  A o f  F ig .  2 ,  an d
o u t d o o r  b a t h i n g  p o o l s  i n  t h e  Ho t e l  Kan n awaen
and  Res t au ran t  I ch ino ideka ikan  a re  s i t ua t ed  i n
a reas  A an d  B  in  F ig .  2 ,  r e sp ec t ive ly.  Th e
the rmal  wa t e r s  i n  t he  poo l s  o f  Kamado-J igo ku ,
Kannawaen  and  I ch ino ideka ikan  a re  t yp i ca l  o f
neu t r a l–ch lo r ide  wa te r,  wh ereas  wa te r  i n  t he
Umi - J igo ku  ho t  poo l  be longs  t o  t he  ac id
su l fa t e– ch lo r ide  t ype .  Depos i t s  i n  t he    Umi -
J igo ku  i n c lu d e  n o t  o n l y amo r p h o u s  s i l i ca  b u t
a l so  kao l i n i t e  (Ohsawa ,  unpub l i shed  da t a ) .

I n  add i t i on ,  b lue  t he rmal  wa te r s  o f  a  s imi l a r
k in d  o f  t h o se  o b se rved  h e re  can  b e  fo u n d  i n
Ten ch o n g ,  Ch i n a  an d  Wai man gu  an d  Ro t o ru a ,
New Zea l and .  Th ey a l so  p robab ly ex i s t  i n  t he
p i t s  o f  t he  Ogi r i  and  Ha t chobaru  geo the rmal
p o wer  s t a t i o n s  i n  Jap an  (Sh i mad a ,  K .  an d
Kiyo t a ,  Y. ,  p r i va t e  co mmun ica t i on ) .

3 .  Potent ia l  for  S i l i ca– polymer izat ion

On e o f  mo s t  fundamen ta l  ch a rac t e r i s t i c s  o f
aqueous  s i l i ca  i s  po lymer i za t i on .  S tud i es  o f
th i s  ch emica l  r eac t io n  a re  t o o  man y to
en u mera t e  an d  in c lu d e ,  fo r  examp le  b as i c
s tud i es  on  t he  so lub i l i t y  and  po lymer i za t i on  o f
s i l i ca ,  t he  s to rage  o f  wa te r  s amp les  fo r  s i l i ca
de t e rmina t i on ,  s i l i ca  s ca l i ng  i n  geo the rmal  p ipe
l i nes  ( e . g . ,  Sh imono  e t  a l . ,  1983 ;  Ch an ,  1989 ;
Yo ko yama e t  a l . ,  1983 ;  Ho so i ,  M.  and  Imai ,  H . ,
1 9 8 2 ) .

Acco rd ing  t o  E l l i s  and  Mahon  (1977 ) ,  i n
f r esh ly d i scharged  t he rmal  wa t e r s  f rom h igh -
t emp era tu re  ho t  sp r ings  and  geo the rmal  we l l s ,
aqueous  s i l i ca  i s  a lmo s t  a lways  p resen t  i n  a
reac t i ve  monomer i c  fo rm as  H 4 S iO 4 .  Coo led
the rmal  wa t e r s  show concen t r a t i ons  o f
monomer i c  s i l i ca  wh ich  dec rease  wi th  t ime  an d
ap p ro ach  a  va l u e  wh i ch  i s  ap p ro x i mate ly eq u a l
to  t h e  s t ead y- s t a t e  co n cen t r a t i o n  fo r
equ i l i b r i um wi th  amorphous  s i l i ca  a t  t he
ho ld ing  t emp era tu re .  Th e  s i l i ca  p r esen t  i n  t he
wate r  i n  excess  o f  t he  amorphous  s i l i ca
so lub i l i t y  po lymer i zes  t h rough  a  s e r i e s  o f
r eac t i ons  i nvo lv ing  l i nea r,  cyc l i c  and  t h r ee -
d imens iona l  po lymer i c  s i l i ca .

Th e  i n i t i a l  degrees  o f  super sa tu r a t i on  o f  t he
b lue  co lo red  t he rmal  wa te r s  i n  t he  Beppu
Geo t h ermal  f i e ld  (d esc r i b ed  i n  S ec t i o n  2 )  a r e
sh o wn  i n  Tab l e  1 .  Th e  co n cen t r a t i o n s  o f  t o t a l
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d i s so lved  s i l i ca  o f  t he  t he rmal  wa te r s  i n  t he
poo l s  ( exc lud ing  t he  Umi - J igo ku  ho t  poo l )  a r e
in i t i a l l y  i n  excess  o f  t he  amorphous  s i l i ca
sa tu ra t i on  a t  t he  wa te r  t emp era tu res  o f  t he
poo l s .  Th ese  r esu l t s  i nd i ca t e  t ha t  t he
monomer i c  s i l i ca  i n  t he  t he rmal  wa t e r s  have  t he
p o ten t i a l  fo r  b eco min g  p o lymer i c  s i l i ca ,  v i z .
co l l o ida l  s i l i ca .  I n  add i t i on ,  t hey sugges t  t ha t
s i l i ca -p o lymer i za t i o n  d o es  n o t  t ake  p l ace  a t  t h e
Umi - J igo ku  ho t  poo l  t o  an y app rec i ab l e  degree .

4 .  Color  M easurement  o f  B lue  Water

Colo r imet ry i s  genera l l y  u sed  i n  co lo r  qua l i t y
co n t ro l  o p era t i o n s  fo r  a  wid e  r an ge  o f
i ndus t r i a l  p roduc t s ,  and  a l so  fo r  geo log i ca l
s tu d i es .  Co lo r  measu remen t  u s in g  a  co lo r imete r
can  sens i t i ve ly de t ec t  co lo r  d i ffe ren ces
i mp o ss ib l e  t o  d e t ec t  b y t h e  n aked  eye  fo r
wea th e red  ro cks  an d  mar in e  sed i men t s  (Nagao
an d  Nakash i ma ,  1 9 8 9 ;  1 9 9 1 ) .

In  t h i s  s t udy,  a  mode l  CS-100  r emo te
co lo r imete r  f rom Mino l t a  Co . ,  L td .  was  u sed  t o
o b j ec t i ve ly measu re  t h e  co l o r s  o f  b o t h  t h e  b l u e
the rmal  wa te r s  and  t he  syn thes i zed  co l lo ida l
s i l i ca  so lu t i on .  Th e  s t andard i za t i on  o f  co lo r  fo r
t he  co lo r imete r  was  done  wi th  a  wh i t e  co lo r
s t an d ard  p l a t e  (Mi n o l t a  Co . ,  L td . )  an d  a  xen o n
l igh t ing  sys t em (WACOM R&D Corp . ) .  By
us ing  t h i s  i n s t rumen t  t oge the r  wi th  a  da t a
p ro cesso r  (Mi n o l t a  DP -1 0 1 ) ,  co l o r s  can  b e
d esc r ib ed  i n  t e rms  o f  t h e  va l u es  o f  s t an d ard
co lo r  sys t ems  su ch  as  t h e  Yxy co lo r  sp ace
es t ab l i shed  by t he  Co mmiss ion  In t e rn a t i ona l e
d ’Ec l a i r age  (CIE)  i n  1931 .

Co lo r imet r i c  da t a  p lo t t ed  on  a  ch romat i c i t y
d i agram (x-y)  in  Yxy co lo r  sp ace  a re  sh o wn  in
F ig .  3 .  Al l  o f  t he  da t a  po in t s ,  excep t  fo r  t he
Umi - J igo ku  ho t  poo l  ( t he  a r ro w a t  t he
ach ro mat i c  po in t  wh ich  co r responds  t o  wh i t e ,
g ray an d  b l ack)  i n d i ca t e  t h a t  t h e  n a tu ra l  b lu e
the rmal  wa te r s  have  a lmo s t  t he  s ame  shad e  o f
b lue  as  t he  syn thes i zed  co l lo ida l  s i l i ca
so lu t i ons .  Th e  da t a  po in t s  o f  t he  syn thes i zed
so lu t i ons  a re  p lo t t ed  so mewh at  nea r  t he
ach romat i c  po in t  owing  t o  s t rong  wh i t i sh
c loud iness  r esu l t i ng  f rom co agu l a t i on  o f  t he
s i l i ca  co l lo id .  Th e  agreemen t  i n  h u e  o f  b o th
so lu t i ons  s t rongly su gges t s  t ha t  t he  b lue  o f  t he
the rmal  wa t e r s  i n  t he  poo l s  i s  cau sed  by
co l lo ida l  s i l i ca .  Th e  pecu l i a r i t y  o f  t he  Umi -
J igo ku  h o t  p o o l  i s  exp ressed  o n  t h e  x -y
d i agram;  t h i s  b lue  i s  a  l i t t l e  g reen i sh  wh en
co mp ared  wi th  t he  o the r s ,  wh ich  migh t  be
co n n ec t ed  wi th  t h e  d egree  o f  su p ersa tu ra t i o n  as
men t i o n ed  ab o ve  ( see  i n  S ec t i o n  2 ) .

5 .  Grain  S i ze  Analys i s  o f  S i l i ca  co l lo id

Dis t r i b u t i o n s  o f  g ra in  s i ze  o f  t h e  co l l o i d a l
s i l i ca  i n  t he  t he rmal  wa te r s  were  examined  by
the  method  as  fo l l ows .  Wh en  t he  samp les  were
co l l ec t ed ,  t h e i r  p H va lu e  was  immed ia t e ly
ad ju s t ed  t o  2  wi th  hyd roch lo r i c  ac id  i n  t he  f i e ld
i n  o rd e r  t o  s to p  p o l ymer i za t i o n  o f  t h e  aq u eo u s

s i l i ca  (Yokoyama e t  a l . ,  1983 ) ,  Th e  samp les
were  f i l t e r ed  i n  t he  l abo ra to ry wi th  mixed
ce l lu lo se  es t e r  t ype  memb rane  f i l t e r s  whose
p o re  s i zes  were  1 . 2 ,  0 . 4 5 ,  0 . 1 ,  0 . 0 5  an d
0 .025µms  (ob t aoned  f rom Mi l l i po re  Corp ) .  Th e
co mp o s i t io n  o f  each  co l lo id a l  s i l i ca  samp le
d iv ided  by t he  f i l t r a t i on  was  de t e rmined  by
sp ec t ropho tomet ry wi th  ammon ium mo lybda t e
r eagen t  a f t e r  r e so lv ing  the  po lymer i zed  s i l i cas
in to  monomer i c  s i l i ca  u s ing  sod ium b i ca rbona t e
so lu t i on .

Th e  b lue  co lo red  t he rmal  wa te r s  u sed  fo r  t hese
p u rp o ses  were  co l l ec t ed  f ro m t h e  t wo  o u t d o o r
ba th ing  poo l s  a t  t he  Res t au ran t  I ch ino ideka ikan
(No s .  1  an d  2  i n  Tab l e  1 )  an d  f ro m t h e  h o t
p o o l s  a t  t h e  Kamad o -J igo ku  an d  t h e  Umi - J igo ku
(Nos .  4  and  5  i n  Tab l e  1 ,  r e sp ec t i ve ly) .  As
men t i o n ed  i n  S ec t i o n  3 ,  t h e  co n cen t r a t i o n s  o f
to t a l  d i s so lved  s i l i ca  i s  ve ry h igh :  324 -
537mg/ l .  Th ere fo re  t he  t he rmal  wa t e r s  were
in i t i a l l y  super sa tu ra t ed  wi th  r espec t  t o
amorphous  s i l i ca .  Exc lud ing  t he  Umi - J igo ku
ho t  poo l ,  t he  p ropo r t i ons  o f  aqueous  s i l i ca
co l l o i d s  r an g i n g  i n  s i ze  f ro m 0 . 1 -0 . 4 5 µm an d
over  0 .45µm to  t o t a l  d i s so lved  s i l i ca  a re  2 -28%
an d  3 -8 %,  r esp ec t i ve ly,  wh ereas  aq u eo u s
po lymer i zed  s i l i ca  i n  0 .025 -0 .1µm i s  ab sen t .
Th e  mo s t  r emarkab l e  r esu l t  shown  by t hese  da t a
i s  t he  ex i s t ence  o f  co l l o ida l  s i l i ca  o f  pa r t i c l e
s i ze  a  l i t t l e  smal l e r  t han  wave leng ths  i n  t he
v i s ib l e  r eg io n  b e t ween  0 . 4  an d  0 . 7 µm.  Th i s
ind i ca t es  t ha t  t he  b lue  o f  t he  t he rmal  wa te r s  i s
p robab ly due  t o  t he  co l l o ida l  s i l i ca  o f  pa r t i c l e
s i ze  0 .1 -0 .45  µm.  Mean wh i l e ,  aqueous  s i l i ca  i n
the  b lue   wa t e r  f rom the  Umi - J igo ku  ho t  poo l  i s
no t  po lymer i c  bu t  mo s t l y  monomer i c  ( abou t  95 -
100% d i s so lved  s i l i ca ) .  Consequen t l y,  t he  b lue
o f  t h e  Umi - J igo ku  h o t  p o o l  i s  n o t  f ro m aq u eo u s
co l lo ida l  s i l i ca .  I n  Beppu ,  t he  b lue  t he rmal
wate r  i n  t he  Umi - J igo ku  ho t  poo l  was
p rev ious ly t aken  t o  r ep resen t  a  t yp i ca l  ‘ b lue ’
ho t  poo l ,  however  we  now know i t  r ep resen t s  an
excep t io n a l  case .

Tran sparen t  and  co lo r l es s  t he rmal  wa te r  i n  t he
o u t d o o r  b a t h i n g  p o o l  o f  t h e  Ho t e l  Kan n awaen
tu rns  b lue  i n  2  o r  3  days  a f t e r  f i l l i ng  t he  ba th
wi th  t he  t he rmal  wa te r.  Th e  wa te r  g radua l ly
b eco mes  a  c lo u d y wh i t i sh  b l u e  an d  t h en  b l u i sh
wh i t e .  We have  made  a  g ra in  s i ze  an a lys i s  o f
aq u eo u s  s i l i ca ,  ch emi ca l  an a lyses  o f  o t h e r
aq u eo u s  co mp o n en t s  an d  measu remen t s  o f  wa t e r
t emp era tu re  an d  p H fo r  7  d ays .  F i gu re  4  sh o ws
var i a t i o n s  i n  t h e  co n cen t r a t i o n s  o f  aq u eo u s
s i l i ca  o f  va r ious  s i ze ,  wa te r  t emp era tu re  an d
pH,  and  a l so  t he  con t en t s  o f  C l  and  t o t a l
d i s so lved  s i l i ca  i n  t he  f i l l ed  t he rmal  wa te r  o f
t he  poo l ,  wi th  desc r ip t i ons  o f  t he  co lo ra t i on
an d  co lo r  ch an ges .

At  f i r s t ,  wa t e r  t emp era tu re ,  pH ,  concen t r a t i ons
o f  C l  and  t o t a l  d i s so lved  s i l i ca  a re  kep t  a t
a lmo s t  t he  s ame  va lues  excep t  fo r  t he  f i r s t  day
wh en  the  t he rmal  wa te r  was  mixed  wi th  co ld
wate r  fo r  r educ ing  t emp era tu r e  o f  t he  ba th ing
p o o l .  Al t h o u gh  n o t  d esc r ib ed  i n  t h i s  p ap er,
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t h e re  a re  n o  co n sp i cu o u s  va r i a t i o n s  o n  t h e
concen t r a t i ons  o f  o the r  cons t i t uen t s ;  e . g .  SO 4 ,
Fe .  Th ere fo re ,  i t  i s  no t  t hough t  t ha t  t hese
paramete r s  a r e  r e l evan t  t o  t he  co lo ra t i on  o f  t he
the rmal  wa te r.

A gen era l  su rvey o f  t h e  va r i a t i o n s  i n  g ra in  s i ze
o f  t he  aqueous  s i l i ca  l ead s  t o  t he  conc lu s ion
tha t  t he  concen t r a t i on  o f  t he  monomer i c  s i l i ca
was  a lways  h e ld  a t  a  va lu e  h igh er  t h an  th e
so lub i l i t y  o f  t he  amorphous  s i l i ca  a t  t he  poo l
t emp era tu re  fo r  t h e  o b se rva t io n  t e rm,  an d  th a t
th e  s i l i ca -p o lymer i za t i o n  h ad  p ro ceed ed  in  t h e
the rmal  wa t e r  i n  r esponse  t o  t he  co lo ra t i on .  On
the  f i r s t  day,  t he  d i s so lved  s i l i ca  i n  t he  t he rmal
wate r  wh ich  i s  co lo r l es s  and  c l ea r,  i s  a lmo s t
en t i r e ly  monomer i c .  Th e  t he rmal  wa t e r  beg in s
t o  t i n ge  b l u e  o n  t h e  seco n d  d ay;  acco rd in g ly
aq u eo u s  s i l i ca  o f  0 . 1 -0 . 4 5 µm p ar t i c l e  s i ze
appear s  i n  t he  wa t e r.  On  t he  t h i rd  day,  t he  0 .1 -
0 .45µm s i ze  s i l i ca  r eached  matu r i t y  and  t he
wate r  b ecame  d i s t i n c t l y  b lu e .  F ro m th e  fo u r th
day onwards ,  t he  co lo r  ch an ged  i n to  wh i t i sh
b lue  o r  b lu i sh  wh i t e  r e su l t i ng  f rom fo rmat ion
o f  pa r t i cu l a t e  s i l i ca  wh en  the  aqueous  s i l i ca
concen t r a t i on  fo r  pa r t i c l e  o f  over  0 . 45µm s i ze
su rp assed  t h a t  o f  0 . 1 -0 . 4 5 µm.  Over  a  o n e  week
d u ra t i o n ,  aq u eo u s  p o l ymer i zed  s i l i cas  o f  0 . 0 2 5 -
0 . 1 µm p ar t i c l e  s i ze  an d  b e l o w 0 . 0 2 5 µm h ard l y
ap p eared  an d  were  main t a in ed  a t  2 0 -4 0  mg/ l
excep t  t h e  f i r s t  d ay.

Th i s  obse rva t i ona l  r e su l t  demons t r a t es  t ha t
smal l  aqueous  co l l o ida l  s i l i ca  be tween  0 .1  an d
0 . 4 5 µm are  r esp o n s i b l e  fo r  t h e  b l u e  o f  t h e
the rmal  wa t e r.  In  add i t i on ,  t he  c loud iness
fo l l owing  t he  b lue  co lo r i ng  o f  t he  t he rmal
wate r  i s  cau sed  by t he  s i l i ca  co l lo id  pa r t i c l e
g rea t e r  i n  s i ze  t h an  th e  wave len g th s  o f  t h e
v i s ib l e  r ay.

6 .  Conc lus ions  and Remark

Th e  r esu l t s  ob t a ined  i n  t h i s  s t udy show tha t  t he
b lue  co lo ra t i on  o f  t he  hyd ro the rmal  wa t e r  i s
cau sed  b y Rayle igh  sca t t e r in g  o f  su n l i gh t  b y an
aqueous  s i l i ca  co l lo id  o f  pa r t i c l e s  smal l e r  t han
wave l ength s  i n  t he  v i s ib l e  r eg ion ;  mo reover,
aqueous  s i l i ca  pa r t i c l e  r ang ing  i n  s i ze  be tween
0 . 1  an d  0 . 4 5 µm t akes  p a r t  i n  t h e  co l o ra t i o n
(F ig .  5 ) .  Fu r th e rmo re ,  co l lo id a l  s i l i ca  fo rmed
fro m p ar t i c l e s  o ver  0 . 4 5  µm i n  s i ze  wo u l d  make
the  t he rmal  wa te r  wh i t e ,  and  t h i s  imp l i es  t ha t
Mie  s ca t t e r i ng  o f  t he  sun l igh t  occu r s  i n  wh i t i sh
the rmal  poo l s  su ch   a s  t he  Sh i r a ike - J igoku  i n
t h e  Bep p u  geo t h e rmal  a rea  ( see  t h e  l o wer
co l u mn  o f  Tab l e  1 ) .

Th ere  i s  eve ry pos s ib i l i t y  t ha t  aqueous  co l l o id s
wi l l  g ive  co lo r s  t o  na tu ra l  wa te r s  under  t he
same  p r in c ip l e  a s  t h e  co lo r in g  mech an i sm o f
t h e  b l u e  h yd ro t h e rmal  wa t e r.  We p ro p o se   t h a t
t he  g reen i sh -b lue  o f  ac id  t he rmal  wa te r s  ( a s  i n
ac t i ve  c ra t e r  l akes )  wi l l  be  due  t o  co l l o ida l
su l fu r,  i n  agreemen t  wi th  t he  exper imen ta l

exami n a t i o n  b y LaM er  an d  Barn es  (1 9 4 6 ) ,  an d
perhap s  t h i s  co l l o id  i s  r e l evan t  t o  t he
co lo ra t i on  i n  t he  g reen i sh -b lue  o f  t he  Umi -
J igo ku  ho t  poo l .
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Ohsawa,  Kawamura,  Takamatsu and Yusa

  Fig. 2   Localities of blue thermal waters in Beppu geothermal filed, Japan. There are 
 three  places : Hotel Kannawaen, Kamado-Jigoku, Umi-Jigoku in area A and 
 one place: Restaurant Ichinoidekaikan in area B. BGRL : Beppu Geothermal 
 Research Laboraory, Kyoto University. B-Con : B-Con Plaza.
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Fig. 1   A simplified illustration of a blue colored pool filled with thermal water.
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