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                           Introduction

     The earliest measurement of the temperature of the under-ground
covering a xxTlde are.a macle for the purpose of studies oÅí hot sprlng's

was made by NX,T. Yodai, at YubuiR, jn rg22. IIis measurement, how-
ever, is limited to the surface temperature wit}}in i inetre under the
.g.Tround, not exteRdirg to the clepths. But coverin..o.' i26s points, k is

almost perfect as an inxrestigation of the clistribut2on of the surface
temperaturre. The late LSuzul<i ordered his co-workers to measure the
temperature in the depths oÅí the old city of B. eppu by mal<ing use ott
r),s boringsL' from ig24 to ig26. Being' a geolog'ist, however, his at-

tention was chiefiy directed to the nature oÅí the grotmd, and the
temperature was measured at sever.al points oniy wl}en the boiing. was

neair completion, and there weTe only a 'few whose temperature was
ine.asured on the niictway. Thus, kis restilt is useful to l<now the
distributioi> ,of the temperature at the bottoms o'f hot springs, but
inaclequate for the st}bterranean temperature. 'I.'herefore, in ig3i we

newly intendecl •to measiire the sRbterranean temperature throughout
the city. First we trlecl to usei many dis-usecl pipes through which
hot sprin.o.g had ce.ased to come out to tlie surt'ace. XKThen we began

observatioR actually, we knew unexpectedly that most of them were
clogged sevE,iral metr,es uncler the .crround so that the thermometef coulcl

not be inserted clown in rhe pipes. Inevitabl>r, using fiew borings, we
triecl to resea,rch three-•dimensi.onal distribution of the s"bterranean

temperature through the old city. Since a boring costs a lar.cre sum
oÅí money, it is lmpossible for the laboratory to mal<e excavation for

itself. rÅíherefore, whenever a new or re-excavation was made in the
city, we endeavoured to measure the teiikperature at various depths of
the hole. Accordingly many years were needed to collect abttnciant
data. Now- we have one thous-, nd anet sev•eral hunclrec! obs'e.rved values
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obtainect from the measuremetits at some or scores of depth in over
a hundred borings. .This paper ls the report of the results obtained.
iDuring our observation S. Yosimurai investigateCl thliy-surf-c ce teirnpera-

tuye at sg points of I<amisuwg hot sprin.crs, and also tlie inspect2on of

the distributlon of the subterranean temperature there made by K.
A'Iisawa"' wigh 2-) borings has been macl6 public. Roferring to these

studies with our result, the reacler will be able to ui?derstand a general

clistribution of the subterranean temperature at a l'iot spirintt zone.

       1. Preliminary investigation-the distribution of the
               welling temperature of the hot water

     Before having obtainecl 'the suMcient clata just mentioned we tried
to find ont preliminicrlly the distribution oÅí subterranean tempera-

'tur'e from the surface wellkig temperature o'f hot springs. XVe want-
    f'ecl to l<now the distribtition oÅí the subterranean tempet'ature of the
stxatum from which we collected hot xvater by re- g'arding the te-mpera-

ture at the bottom of the welling pipes inÅíerred from the welling
temperat"re as the subterranean one in the ne.ighbourhood of the pipes.
On accoun,t of their tmeasiness Åíor the meicsurement the owners of
welling pipes in use dicl not allow us to measure the bottom tempera-
ture by putting the thermometer into the pipes. The welling tempera-
                                       .ture on the surfcice is commonly different from that et the bottom.
The difference between the two is not the same in each mQuth : ittet-v
2oO in some mouths, and 'iess than iO in anotlier. And so we cannot

mention with conviction the distributlon of the bottom temperature
Åíironi the wellin.o' teiTnperatulre itself. IEspecially ln a place wkere there

acre several layers containing hot water, such as IBeppu, the welllng
temperature remarl<ably varies according- to the depth of eyi cavation
even if the borings are side by side. T. hereÅíore, iÅí' the distr.ibt}eion is

thou...crhtlessly shown in a fi.q. ure, it would neveur be reliable on accotmt

of complexi#y with high or low temperatures. X?Ve adoptecl. the fol-
lowing methocl of cleducing the bottoin, ten)perature of the mouths
from the. discharge 0 and tlae welling temperature 7. ] ta!<ing the depth

of excavation into accouht.

    .First, foy trial, we plotted in Fig". i the Q-7' graph of all
the welling' niouths in the city, tising the data in the register
bool<3 of Bepp,u hot spTing's. Thou...crh the ciistr.ibntion is not simple,

   i, 2. Geo.crraphycal Journa], 'lbk}ro, 7 (ig3r) 4o6.

   3. Tikya-Butstiri, 1 (ig37), 28.
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            Distribution qf the Subterranean Temperature etc.

              Fig', T. P.-T diagram of all the springs in Beppu city.
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  on the average Tis low when <? is small, and Trises
  the increase in 9, to a certain maximum. e and T
  mouth should, of course, make a continuous curve;
  just seen that even e's and T's of nearly a thousand
  in the present case generally lie in an asymptotic
  we di.vide the city into aclequate small areas,

  tion, spring Veins, etc. into account, -and draw the

  each group of some wellin.g mouths which seem to be '
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  smooth continuous curve, it vvrill be not imprbper that
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to draw isotherms, we obtalned distribution graph oÅí #he bottom
ten3peratuere as .Fig'. 3. were already reported at the
anRual meeting' of the Physico-iec'Iathematical vSociety of JapaR helct

in igr)6. In .I{'ig. r) three high temperatttre are seen, ancl
it is 'found that in the neighbourhood oÅí the Nagarel<awa street (ki

NXVXV from tke habour> temperature is highest.
    As the seconcl preliminary we examinecl statistically the
ire•lation between the cleptli spmng bottom ancl their welling
temperature from the register bool< of Beppu hot springs. :Il"he results

obtained are Tablei ancl these we fincl out the 'facts
that (i) from r)6 to .so metres welling temperature rises with 'the

increase of depth, (ii) from metres there are some rang'es
where the temperature ratlier from 7r) t'o iog metres it rises
agb'ain with increasing..' depth, near iog metres it reaches. a
maximum acnd over that becomes lower.
    The al)ove mentioned prelim{nary inspections made by the
statistics of the depth of. and the welling temperature
measuirecl on the grotmd are nothing but suppositions. They may shovLr
a general tendency, but never indicate a precise state oÅí the local sub-

eerranean temperature ; nay, you will be often preventecl froin reallzing

the truth zmless you are careful. IFor example, if you presume from
iFi.cr. 4 that the subterranean temperatm'e of Beppu is ck maximum
at the depth of iog metres and rather lower below that point, yon are
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                                                              '
quite xvrong". It corresponds to tlie ft'ict that hot water of hig'h tempera-

ture does not weil out in a region far t'rom a hot spritig vein, where
hot spring hardly wells, even if tlie depth is remark'ably increaseC!.

                                                        '   Table i. Comparison of the tem-
     peyature and the boring depth
       of the Beppu springs.
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    Now, regarding the prellminary investlgations mentioned above as
mere reÅíerence, we researched the real distribution of the subterranean

temperature only from tlie temperatures practically measured ic t several

depths of borlngs. In a few regions where the borings were Iacking
in number, however, the results of the preliminaz-y irivestis,ations were
use' d for reference.

                                        '
            2. Methods of measuring the subterranean
                                               '                     temperature, and others

    XVhenever a new excavation or dredglng was carried on, the
temperature was always measured at each bottom, at the luBch time
oÅí the worl<ers. The therinometer put in a closeC{ metal cylinder
with some heat-capacity was let down to the bottom of the hole
with a piece of string and pulled up after about 3o minutes. T.he
.ireaClin.cr thus made was reg'ai'decl as the subterranean temperature at
that depth. V' arious inatters causin..o' obse.rvatioii error, such as badness



   io2 T. Aromitu ana K. Yarnasita
      '  of the thermonieter or its rough treatinent, were, of course, !<ept off
                                                         .             i.  and, besicies, it had been ascertained by the preparatory tests in the
  laboratory that the influence caused by the laci< of time during which
  the thermometer sliould be left alone, or by the strata of, high tempera-

  ture lying on the midx/Tay to the bottom were never produced oi/ the
  occEislon of ouy m,easurements because the container of the thermometer ,

. had adequate heat-inertia. In the case'of " I<azusa " boring, coid water

  iruns somewhat into the hole as clay water is pourecl lnto tlte hole
  fyom the mouth. So long as the quantity of the water fiowing in was'
  very smali, the temperature read can be regarded as th6 temperature•

  there. Bttt rarely a large amount of cold water kappens to flovr in.
  In such a case, the temperature sud.denly falls as corn})ared wjth those

  obtainecl before and after it. This abnormally low temperature cannot be
  considered as the teinperature'there, but it has a special physical mean-

  ins., which will be explalned latey. Since the thermolneter w• ats used,

  the subterranean temperature lower than the atmospheric one could
  not be m,easzired. ConcerRing such temperaPRre at a shallow stratwxt
  the observation is to be made in future by some other suitable methodi.

      The depth of the measurement was decided every time from the
  length of the string with which the meter was hung down, the leng'th
                                                   '  being kept rig'ht by comparing it with the ler3gth of ` ILIego ' (dlastic
                       '  bamboo-ribbon) used at tlie Kazusa'boring. ' '
      The situation of the boring mottths measttred was marl<ed on a
  i-3,oooths map of the old city of Beppu by eye-measuring. 'Jt"ig. s

  is its copy. .
      The area mea$ured was limited within the old city so far as the
  present paper is conL'erned. I;'rom September in ig34 to the beg'inning

  of ig38 the measurement was made concerning abopt ioo borings. It is
  re.gr'etful to say that their distributlon is not satisfactorily uniform, but

  it is rather natural since .we have lool<ed 'for only new excavations or
  dredgings. On the 'other hand, such unsatisfactory distribution is never

  caused by a mere chance, but indicates a certain Åíeature of the fiow

  of undergi oinnd ho"vater. 1-''or example, the frequency of re-excavation
  iit"iecans that of clogging of wdiing mouths. The weliiiag motiths are

  generally clogged by deposits, or collapsed by grasping power based
  on the difference of the pressure between•outside and inside of the
  wall which has become thin on account of erosion. Thus, 2n con-
  nection with this nature, the number of re-excavations presents a useful

  material to be coi,isldered.
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ture classified according to the nattn'e and region. The following six

types are the most characteristic.
     (,x) The Tanoyu type (Fig. 6-i), (b) The Kaimonzi type (]Fig. 6-3),
(c) The north dispersive type (IFig. 6-s), (d) [L"he coastal teiinperature-

falling- type (IFig. 6-6), (e) The A!<iba middle homotltermql type (Flg.

6-7), (f) Tlle Hamawal<i type (Fig. 6-io and u).
    ,'III"hese will be nientionecl in order from' the figures witl} their
intermediate eypes (cf. Fig. 6).

  (i) Tlie Ta7ioyu lyPe;-This type is seen alonsr thei Tanoyu laot
spring.." vein incliidin.,o.' Tanoyu (l>' "ro. i2o7), kot springs oÅí the I-Ilrosima

      4I•Iotel and I<usunol<iyu, etc. which are nictural springs. ]l'o. 727 and

]FTso. i8`v among the hot springs shown in the figure reveal the same
characteristics in spite oÅí being situated considerably far from each other.

They give concrete evjdence to the conception oÅí the 1iot spring vein.

rl"he characterlstics 'of those springs which are ggnerally called tlte
Tanoyu type are as follows:
       i) The temperatt}re rise$ remarkably at a very sliailow stratuin

and then becomes comparatively homothermal. The final temperature
of the hot water collectecl is a little over 6oO.

      ii) The nearer to the biuff it is, the more distifictly the sudden

r!se of the teniperatuire is. seen. The hot water is obtained at a shallow

};)art, [Every welling mouth has a shallower ti!epth ihan all the othei'

mouths which are situated far from this hot spring vein.

              i;ig. 6. Verticcft1 clistributlon of earth temperature.

                  (ax'umerals near curves are the sprinscrs no.)

                                    (2) Behind the railway station
        (I> Tanoytt type w
 leai 73s 72, iss 27s 6e' S76 486 ssg
                               5ti
 sd
                               de•
 40' le4

                 L oo•
       2e             40                   GO                         so m.                - o 2e 4o 6o se Ioom
  (2) 0n lke blitf b('lii'nd llic •raiZ"cvay slati'o?i ;-The springs belong

to the medium type between tlie Tanoyu and I<a{monzi types. Their•
c, har acteristics ic re as below :

       D The temperature shows an almost a linear rising without a
sudden rise. llrhe nearer to the bluff and to the Tanoyu vein it is, the,

sharpeT the #emperature siope is. '

N
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      ii) 'il'1iLe deptlit oÅí collectiiTig hot watei' becoiriie$ shalloxver. xvich

the tendency siinilar to (i).

    ILIereafter, conceirning the vertical (l:tstribtition of tenipeyature the

springs which have no cliscontinuous layer and where the teniperature
slope is gentle wiU be ccalled `dispersive '. ttnd. when the. slope
is gentler, called `iiiore dispersive'. Oii the sectional figures these.
xvords will be usLTMd to expre$s the exp, ansion of the hite-rvals of isotherms.

  (s) 77i(J 1,Ll.?u'mon-cr•'4i,LP(':•-This type is found alon.,o,' the line which

begins Åíroni soinexvhat north ot' Tit"Iiyazidal<e Shrine (ixN:,o. g7o), runs

through N•oE,).'uti, a little north of the exit of. Beppu Station, I<aiinonzi

Parl<, the bacl< of the Beppu Post-office, and g'oes ii}to the sea near
the Nizy6 .I:btel (No. 427). The characteri$tics are:

       D CI]here is a remarl<able cleep discontinuoiis layL-r ('from about

6o metres on tke upper part). The upper hoinothermal stratum ot'
low teniperatta'e (up to 6o inetres) is well devel,oped.

      iD The final. teniLperatuye. of the hot xvtttc)i' collected is high, often

{:}xceeding' '7o'C. (i)

is of the nature not
seen near the sea, but
(ii) is characteristic

throug"hout the whole.

    Chemical ingredi-
ents, rate of discharge,

etc. aloRg this iinLr: are

distinct]y di.fÅíerent

from tliose ot' other
lii:Les. IIt is an e.vi-t

dence oÅí this line form-

in.o' ft. hot spring vein.

  (4) 77ier iiai'(ldle
a•rea bet7.evee7i lli(' ,7TN"tr,i-

iii o7i .c l (x •n tl 7'a• 'n o ivt

                 "
7,t,i-t rns :- ' l'he teinper--

ature oÅí the hot wateir

there becoraes low ancl

disperslve accoiiding
as leavin.o' froin the.
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  (s) 7"li(' nortlitv'n
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tgily2bersittye zf:i,ISc':-iNortliLwards across tlite line of the ]<ainrionzi tiypL,s,

the disper$ive .state is suddenly seen. fNnd, we see that ••
       l) the clispersion is w{der than at any other part oi' the olct

c'ity; Thoug'h the figure is•sliort'ened in breadth, yet the slope clrax•vn'is

{.rentler than others. ' ' '
 • iD Thehot water was very deepiy coliected there. 'The deepest

spi'ing at the present t{iine Iies {n this vein. Besides,

 • ' iii)•according as approachin.o.' tlie Kaimonzi vein and leaving
the sea, the temperatin'e. becoikes high. and its slope sharp. •
  (6) • tt7!.eJ t'otxslal t('mP('rat!t,rc] fallirn...o' lyPt':--This type has such a

tendency as the te.inperature falls rather ii} the deep stratuni. Tlitough

the fall is very t'aint, the distribution, the niaxiinuni temperature, the

                       ',' fg'g:.:?.::l,,.ge.i}ie,eB'gt"rf; ::,1)j.i;.i,8t/'.iLegi[,,aii:,ig}.YtlSIJ,Sjtgi/iS.3,/rllS

rd1

•1,,,,.,,f([=`':fK`'s'-fp.il.iXv-s; .s'W l,a/'.iill'.i2e.rp85,ll.g'.m?f,ngee;.agugg

toli L                                  deepen according as the• situati,on

.y,s3 6• moves northwards. .
 o ,o Eo no i6e .zoo. ' ii) The type is seen only in
                                  the district from tiie north end of
the middle ]rec,laimed ground (the Tal<asago 1-Iotel) to the neighbour-
hood{ of the miCicllf)ts pairt of the nortliL reclaimecl ground (Seihfis6 '{-Iotel)

or near tlae sea.

      iii) The teinperati}re is homothernial in quite a x/ ide range

of the upper and lower stratuin of the inaximuni teinperLitura.
  (7) 77ze /ll,'lba• in.i'cl(ll(' lioinoXlwr7iial stral?tm:--The tSrpe is seen

between fY. kiba sti;eet and ]nyT•a..rr. arega"ra street, t'hat is, westward .th'oin

tl[te olcl highx/Tay (1>lal<caii3ati- (7) tlLkiba middle homothermttl t'ype

street). . :d ,, .,      i) The temperaturci. oo /-v.-"f:f,A. "'" ec'
                                  -e: YSJJ
                                                 st3                                  .s6i
                                               7
                                  sle                                                       -

is honiotherinal in the depth •
fi`om 4o to go metres, ancl it

is recognize.d that it r?ses ln

deeper places.

      iD "L'he tciinpei'citLire of

highcts.r accorcliRg on approaÅë.hin..o.'

      iii) The hot water is
strtttkun. 'Irhis shoxvs tha't the

      ]o IO ee se .loe nots
  the homothei`mal stratum becomes
  the sea and thc, Tanoyu vein.

not coilected from the homothermai
 ainount of hot xvater is sinall there.



{airly high gener-
ally is dispersive as well

Ets (8). Dredg'ing is most
bution ot' the temperature '
is near the Tanovu vein
wateir systems such as
  (io) .77ie ba••n.A's qf X•lie

waki type w• ltlt tl/ e followlng

      i) The layer of the
      ii) The final

.- Xcross the scope ot' (g) to

boiring decreases gnyradually

that the district be!ongs to a

"ras really observed in early

vein. It would be causecl
the Rivei' A.sa.ini that the
shoxvn in the fig'ure fall

ehat of tlie uppormost
• (ri) 7' 72(,' lfavnrxrc,a•lel l.vPe

terist?cs, ton. It inclzides the

                              s
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$guthwards across Nag-arel<awa street, the final depth })c}coines sud-
denly over ioo inetres. (Except it} the nei.o'hbourhoocl of this place,
the change of th(-}. final Llepth is smooth near the sea.)

    (8) .XreiU.o'ltboztrkootl of tl2e 'cu(rllZnsr li7nzZ at lkcr soitllt-7cresti :-1'n

the ere...o'ion from N•ag'esi hot spring to the west (Atid of }gfatub{Lra Park

the dispe.rsion is pro-
                                  (8} Soath-Nyest iin]iting district
mineRt. The final tein-
perature ot'  the XVall13 fiot ' ii s7e
xvater collectecl is not
                               .Sct tl
laigli. co. 2: ies.s Jo•aL'
    (g) .Ve lgr li bou r-
                                  5in,liootl of Afa.cresX c;oasl :- "' 8+
                                               'This place is near .- Q 2o rs' se E2o ieeta
the distyict oÅí (8) by .'                                    (9>                                        Ncagesl coastal regioiithe sea shore. The
                                                           I"1nearer to the coast it 6o ,66 , tie                                                         2ebl?6,th,e.ÅílhO.,ir:,dg.e?,st,t!k(•1• y• ,, ,t.,,5" J'

                         ,to                                s,elIts temperatii-rde aiSO iS ' 3Q ...e!t! :tis,., J '. 9' .--.

             2o 40 60 se tOO V20 ,n.
       frequently perÅíorined there. The distii{--

      is complicated. It is because this regiQn
     and would bo much combined xvith other
  Ilaniawaki.
      ,1?.i.'?,er .flsa,in!.'.t-11"his 2s called the Hania-
        (i i). It has tlite folloxvrin.,(,,)" cl?aracteristics.

      warm water collectecl -is g.enerally shallow.
teinperatiire of the warin wateir colle•ctecl is loxNr.

        the south, I-llainawal<i, the final depth of

      and the dlschar.g.'e increases. It is evident
       ctlstinctly dlfferent system. NTatural wellitig'

        times. It is clear that'it formsa sprin.o'

      by the influence of undergro. uncl flows froni

       temperat"res of N/o. i24s and N•o. io78
   sharply x• .itliin so metres under thc). gi'ound ancl

  strcktuni is inarkeclly lox-ve.r than others.

       :-This has the above incntloned charetc-
        at'ea xvhich is near(i.r to tlt(.t. sprlng' iLTeki
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(To> 'Near the =X.sEuni river.
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{ri) laiunt"vaki type

      J139    l."-'P 12:7

     21

-L.ai •     20

IL

+fl#"

l2L)Ji

4e 6U t.n IVOn,

clistri}juition ot` th(}L su})tcrraneaR tc}niLli>eratuire..

"ral<i lzLot spring' xiein is oifi a siitiall scale.

 than (;o). 'Frorri tl}e sec-

 tional• fig'ures and othe]'s, the

 I,tllainawal<i hot spring vehi
 .,O,,'ellel'alIY $L'C)111S tO lrLIII fl'Onl

 the eastern corner oÅí the City

 I-Iot Sprlng towards a little

 north oÅí the Sand I-]Iot Bath.

 The clistribution ot'. the sub-

•te.l-rellleall telllPellltUl'e. at

 'I-llaniawal<i has the other
 characteri.stic that the state

 is remarl<ably variecl accord-

 ing to the situation (on the
 g'round surface), having va-

 ri.ous types as sampies ot' the

     'IFh{s prove$ that 1"Iama--

      4. Correspondence of strata; existence of several hot
                       water-bearing strata

    "I'litough mostly onriitted iirr tlte fi...o'vires to xvoid confusion, tli(t> yead-

ings ot' the therinonieter soinetii'nes showecl abnornially lox•v subterranean

temperature. Thi.g is not because the tmclisturbed teix{pei'ature at that

point is actually low, but be•cause cltty--water appliecl to the bore-hole

by the ` I<a• zusa ' boring- flows .into the hole heavily. F,)ts s' uch flow.ing-in

of clay-water xva.s generaily very $naall ki qtiantity astd xvttter ii.i a pipe

was undc.r the. c!uasi-stratified state without any convection, x•ve i'egarcied

the tempei-ature of water on the bottoin as the ttnci';strubeci tenipeira-

ture thei'e. I]i the above nientioned case, hoNvever, flowing-in of the
appliecl clay-waeer was cletarly recognizecl.

    'Suck phenomenon is not caused unless the bottom lies in a pervi.-
otts. st/ratuni and accoirciins,ly it is oftei.}. founcl at thci. $anie dept].i ot'

$ollle llei.o'llbollrillLg lnouths ill collll13on (folr exaLlllple•, about 2.3o llletl'es

for N,o. ir)i6 and N•o. 4r)" given in I""ig. 6-s). N,ot only abnorinicl

Å}'alling of the readings of the subterranean temperature but also various

niatters are caused co]rrespondin.o' to alinost the sani(,i. depth ot' sonie
borit3s.s. These correspondin.o' mcatters are as follows:([e) abnormal
falling of tlie reading'$ of the subterranean temperature, (20) existence

of sti`uctures oÅí pervlous nature (saRd, gravel, etc.), (3") collapse cat the

.
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bottom of bore-hole, (ee) confunnation of "Toori" (flowing out), so
called by boerin.,o,'-worl<eirs, (sC) existence of siinilar depths of collecting

hot water in the neighbourhoccl, etc. These matters can be resrarcled
as connected each other and serve us to knowr the. horizon. tal connection

of the pevvlous stratuna. Comparing' the "Table of the subterranean
temperature obtaiRed from the borin.crs in the city of Beppu" xvith
the " Tabie of the soil-nature by the borlng " iti ouri Jouvnal " ".IXkyu-

buttn'i", you woiild fincl that there are Rumerous corresponclences
to be inentioned. Some of them are tabulated in Tckble 2.

              Table 2. Xrarious correspondences of hot water strata.

Sp.as'io. }Corres.
clepth.

}C:ovresvotid-
i'n."ttlct,s

Xs,. No. i -orres.

depth.
(rorre.gpond-
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depth. .
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A Str: Inland side of
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Takinghot
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 fall of

 temp.
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872
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liot water in
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fall of temp.

    tt
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water out
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of
to it.

I28I'

 T9
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466
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 I66
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 787
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  53

  5S

  S7

  54
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early tlme.
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    Tl

    lt
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        .  temp.
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I283
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 I84
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 tt8
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 s6o
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7
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gZi
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47
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Sprinsr out
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 xvater out

    tl

    tl

    tt

    fl
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fall of temp.
Talcing hot

 water otlt
 Abnormal
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    f7 ["op of
tor}aP.-1-ISIIIg

   Stl
'I'aking hot
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boring. wall.
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Tal<ing hot
 water oat
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F.. Stratum

)R( Str; Soatli-side of and
to <D,). & (Db Strata.
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Sp. No.

  IZ.
 862
. 8I5

 786

Corres.
depth.

   ni
 I20

 r24
 Tx6

 I24

Corre: peii{l-
 lntst lacts

Takin.cr hot

wtlter out

    !1 t

    tlt
    ll

<E2) Str:
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land.
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    In slnort, first the strata (Ai and A2) x/rhich are 3o iiigtres and 4-L

metres below the .o'round exist along the Tanoyu vein. Alongr the east

part of thein (i.e., the coaszal part), both southward and nor"Lhweu'ds

there are hot water•-bearin.o' strata -rhich lie about s,s metres (B), 7•3

metres (C), gs metres (D), i2o metres (the southern part, .E), and ilo
iinetres (SE3) below tlie ground respectivelr . • .6X.mong these strata the

stratum which lies about 73 metres under the g.round is not used as
the sprin.o'-souirce in the nei.crhbourhc ocl of the N<iba micldle homothermal

area. rn the northern picrt, vari'ous pervious strata deeper than
7• r) metres are usecl in seq-Ltence for the 'dispersive' area ancl the depth

of borin.g suddenly incyeases noyth of, the Kainionzi vein, while in the

southern part the utilized stratuni becoines shaliow at'ter the mic xhnum

depth of iso nietres and rtuis to the stratum at the clepth o.f ,so inetres

at I-l'anicax/Tal<i. .Ks to tlie geolofglcal chEraÅë,teristics of these strata, see

another paper.i

        5. Distribution of the subterranean temperature on

                       the vertlcal section

    I.et us naake many gections to coi}sicler the di'stributio. n of lsothennal

lines. Some of thein only are gtven hei'e as space is limked (IFig-. 7)`

    L T/it' set'Xz'on bffl7c,ee7i ".X•To.cr/ili' trwtl. BeLPP?/ l•Za•rboitr. Spring

sources are presuinecl to be neacr No. ,s6i and theleft-hand o'E,tto. tv3•
Tsothermal lines. of below 4se begin to t'all near N•'o. `t63, but lines of

inore thaR ,soe not. Sttch a phenomenon as the for,nier is supposecl

to be causecl by the aÅëtio.n of groi}nd water of low temperature, from
various facts: the presence of a shallow under.crround flow of cold
water (there are artesian wells of cold xvater) along the Noguti old hig,la•-

way near N'o. s6i, the existence of a prominent flow oÅí lo.w temp-
erat"re water (heacl js about i.so metres uncler the grouncl, that of
hot water being 3.2s metres under the ground), collapse of the boring'-

bottom near the railway crossing, several shallow boring's g'iving water
oÅí 'low temperatur6 in the neighbourhood, etc. The influence of the

high temperature near No. s6i seems no longe•r to be produced Åíar.
from No. 473. Therefore, No. s6i is regarC{ecl as belonging to an in-

dependent spring vdin. It is for this reasori that we consicler the}

` IKai,monzl veln ' along tlae K. aimonzi type. already stated.

                                         '
   T. Tikyt"i-butur'i (Creeopbysics), 1 (Tg37>, 282.
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,soO still doxNriiLxvards. The g'roriiicl ]Lvater of abovit :1.sO is suipposc'td to

           [li..cr•• 7• <2) lie iiri the upper stratLiiiit of :r.Sifo.
       '  S•l t/ /4' 'liS l• tt, 862. fN large pressure (abouth'r:
e"                     Grvt`ezd

50'

todi

1se

2(;b

J.,bO

.o

,bb

m

y
N7t11

ot-stn

ll

     !
     i    i C-5tt,

vx

  "-xx

e's

    xxÅ~

Å~
'1

"
"1

'

inetres) of clay-•"'ate]' was lised

for. the boring of LX?o. -pr>Ll.. It
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upper flow of low temperatui'e.
    Ill. .Zfie secli'on be.insr •n('a7'4';,

Parallel 7e,llli. I/ie coasl l!;nc •nga•7'

l12c 7iorth Pa•rt qf Xlt(' •ra•i'lzeva:i,.

This section cuts the I<aimonzi

vein near No. 4oo and the ll"a.noyu

vein near ]tto. c)7s. Cl]heisothemnal

lines are {i!ispersi,ve from No. 4oo

towarcls NTo. [3is. but not so
reinarl<ably as IIII.
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souXli•-east, bein.g' farthest from the coast of the area observed in tlie

present investigation. This section cuts only the 'I"anoyu vein near
No. 7•38. The. isothermal lines of goe to ,soO expand xxrith wicle intervals

betxveen No. 787•-8ig an,d ag'ain gathe.r towarcls 'No. 872, tendintt' up-

wards o. n the whole. Accordin.cr.. ly, along.,' this sectioR tlker.e is no flow

to inove frcm NTo. 8ig
to NTo. 872. I,')ut it js

 evident from icnother
section that there is no
spring vein near No. 872.

    rr. .Tliesecti'onalonbo'

lhe liol .shrz"n.o' 7,ez-:n

7cifu.'cli- see•7ns lo be l/ie

/tlxltlll.o7•1.erl' z,(,'l'71, erXcePX

ATo. st42. The cliLaracter-

isti,cs o'f tliis case ai'o

as t'ollows :

   (a) The isothernRal
lines ar.e allparallel xvith

the .g'round surfic ce and so

it i:s naturally siippos ed

that tliere is a floxv alon.o'

them. ILIEowever, if the
'xvhole of 1}ot spring w• cater

c.oines froin thci uppe.r

$treain it nd l<eeps lts ten3-

perature till it reacl}es the

lower stream, the flow
must be fairly rapid in
velocity. It will be.,
therefore, rather proper

to coRsider that there is
a systeln otl wcater fioxving

horizontally, alopg which

heated water or vapomr '
   '(b) [t inust be
so-ioo metres in clepth,

The fact that such a

"s silpposc) a water floNv
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the stratum ancl constantly'tal<es away hecat. If there were nothing' but

the conductlon by sand, the lsothermal llnes would finally ' clisperse
and fill the space between the Lo.-round surfic ce and the surÅíace of hot

water, at equal ln.tervals. . •
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llie rai'lwa.1,. ]1-Iere the Tanoyu vein (near No. 7r)8) and tlae I<aiinonzi

vein (near No. 4oo) are most distinctly revealed.
    T.'7.7. Z.;7ie secafz'on dra7e,n ffom tlie soitl/ie7'•n Pa•rl qf Be'PPit

.SVali'on lo7e,artls ltT?tszinol?iir2i, a Parl of 7e,lu'cth '?'2i77s a•lon.g aflie n.a•no.J'?t

"t,ei;n. The isotherms are almost horizontal between No. 27s-i83 and
parallel xvith the g'ro.und surface having tke same s.ignification as XJ.
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is low betxveen No. e> and No. io33, namely in the n3iddle. Such a
plaenomenon is lil<esvise seen alon...o' a parallelin..o' .section near Nagesi

street, a little north. It vvotilcl signify the e.xistence of a flow of

low temperatuye r.tmning northwards through the centre on tlie upper
stratum, or that both encls belong to the hot water from the 'i-anoyu
vein. Probably these two may exist in truth becaus.e the sy. mptoins
are sometimes found in chemical ingre-clients or distribution of density.
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It there are tx•/ ro hot spring
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434. Thus there is pethaps a transition
    .Y. ,7-he cross sedi'o•n oflke Zm7ama7e,ake

/?d'"ugf /lsami; The iines are typically clispersive from

ve.in near Nc. iiL;g towards NTo. ioS8-i3o4
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that there is hardly any flow of hot water.
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      lirom otlier sections o]r matters,

  'the I-Iamawal<i vein seems to run
  from a corner (the. east corner) of the

  ivlunfc.ipal .I-IaniaN•val<i I-Iot Spring'

  towards a little north of the
  Hamawal<i Sand-bath. From its
  scope, temperature, head, etc., the
                                  di

spring ve-in or belon.g to either the

         6. Distributlon of the
                    on the horizontal

    iXtlany korizontal sections at
"rere draxvR and clistributions oE the

'lrhe three cases gf -po, ss, and
'Fi.,o.,.'. 8.

     (f). 2o viiclres ar7ul.('r 21ie sea sit•i:/(r•crc (Fig'. c8-i)

 sr)O run along' the Tanoyu vcii>, towards both whose sides the teinperature

falls shairply. The I<aimonzi vein also appears somewhat on tke coast.

    NtVith increasing depth each pair of isothermal lines parts right
ancl left having the Tanoyu vein as the centre. The I<almonzi vein
begins. to piresent ltself, and not only c"ts into the inland with the
increase of depth, but also the area as a belt surrounclecl by tlie isother-

mal lines extends its width. The same phenomenon is seen in the
•case oÅí the. Hamawcxki vein.
    (II). ss mel•7'es -?tn.de7' llie sea• s?i(/at`e (Fig. 8-2) :-I-Ier'e we see that

       i) The isothermal lines, clispersing' to the left-hand froin the

Tanoy" vein, sug't.crest the fiow-off ieroin the vein. '

 , . 2) Cl'here is an area of low tenaperature oblicluely uncler the front

of the station, which presents such a phenomenon as water oÅí low

 vein is fairly x•veal< as comparecl xvith

 the other two sprin.o.' veins.

     Though theire are wellin...o'
 mouths of. comparatively high
 temperature north of the l<iver
 Asic mi ancl up to somewhat east of
 ]g[atubara Park, it kcas not yet been

 made out becazise of no data con-
 cer`11ill..o' the stlbtez-1'tlneclll telllpera--

 ture that these fonn an isolateci
  llrllanriaxvald or tlte 'IL"airioytt vcin.

subterranean temperature

      sectlons

various clepths under the secx sturface

 ten3perature on theni were stucliecl.

 go metres in depth are given in

               :-'Irhe ftnes of soO-
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            Fif.r. 8. (x•) Distvibution •of•tepipei"ature in a horizonta]

,"tz'/

f2'/4i'i'/LiYINptif77

                                 '
teinperature 'fi'oN•vs in #herje,. I.t is recog'nized t'roni otheir nitLtteys too,

ancl so it is pre•suined that there is' truly a ne.w water systein tht',]re.
, I<aim8tr)izi rlv'lg:.ni,S.OtheiiM Ot' 55" rUniili]s" on its Rorth side points gut the

      ") The area inore northe]rn is o, ccupied by water o. 'tl low teihpera-

ture. It seenis to be causecl by infltt(i';nce from the direction of the
IIkiveÅí Sal<ai.

            Fisr. 8. (II'> I-lorizontitl section ss m beiow the sea Ievel.
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      s) li'he i[-1'alnawaki vein is seen on tlie south endof, the city.

    (III>. .ln. a cleeP6"r Plcvce the lsothermal lines disperse much more,

having the vein a$ a centre and the area of low temperature mentioned
in (2) isnarrowed. Thelines of more than 3d" ]`un on the north side

of the I<aimonzi ve,in and tend to the norih with increasing depth.
rl"he i.sothermal 1ines from Tanoyu go south as t'ar as Matubara Park.
Near the coast, however,' it })ecomes suddenly cold on the south of
Nagesi street (7om depth). XVhen it becomes deeper the isothermal
lines separate, and at go metre depth (Iig'. 8-r)) the area oÅí low
tem/ erature iB k-ont of the station disappears (Åírom thei coast towards

the inland). Il)he area of high temperatur.e expands between the
T.znoyu aiict .I<Eliiiionzi vejiis.

           Fig. 8. (III) }1'orizontal section gom below the $ea ]evel.
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         "7. Spring veins and their construction, General

                  distribution of the temperature

    'L'hus xve obtain the. schLinaatic repre$entation of the distribution of

temp, e.rature on both sides of a spring vein as I ig'. g. .eqnd we con$lder :

   .(i) .-'-X spring vein is a zone area having a firacture jn the bed
rocl<, t'roin which heatecl xvater or vapour rises and nuis off to both

sides of each upper pervious stvatum and the remaindeir of hot water
ic scends to come out to the earth strrface as a nataral x/relling. There-

fore, soine veins may have no iiatural "Telkng, such as the ]<ainionzi vein.

    (2) In the place xvhere grouncl wat.er of low teniperature fiows,
the hot sprJ/ng' xvater ls heapecl up just lil<e a slit source. Crenerally
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spe-cl<ing, accordinsr as

leav{ng" frbm a spring
vein and from the con-
tact point with a ground

water stratuin of low
temperature, the tem-
perature distribution
becon)es as if it were

cpmmandod only by
heat condiiction. Il]hls

pdlature. IXs het-xt at a

mal stratum suggests a

and Kaimonzi velns-is
low tempeirature from
('l'here. are several

bluff. They are c

as wi11 be mentioned in

vei}i dominates the
the neighbourhood ot' iy
is under the influence
mttkes water of high
ends of the area between
by the two veins, '
north sicle oÅí

tlie depths,

muRicate lcs far as

tiwe. •The northern '
vein lies on

banl< of the IRiver I-I
vein).

    The directions of
each other,
Horita to Hamawal<i,. '

veins are szrpplied
should
ti op.

of the Subterranean Temperature etc.

 Iig. 6. Schernatie distribution og' teinperature

     in botli sicles of a hol •spring vein,

                           Greundi '   Sp. Vein

lx9

ti//• rsothe:mal

                      indicates that a dlscontinuous di,stribution oc-
cur$ near either' a spyins)' vein or ca contact point of water of low tem-

                      certain point is jnferred to be caused by equilib-
rium between horizontal fl6w and vertical conduction, a middle homother-

                     'fairly rapid flow. Concerning Beppa the floxv of

hi.g.h temperature from the three spring veins---the Hamawaki, Tanoyu,

                       combined there with the undergroimd fiows of
                      the bluff and the Rivers A.saiRi and Sakd'i.
                  systems in the flow of low temperattTre from the
               lear from chornical ingredie•nts or distribution oÅí density,

                       another paper.) The rnost poweirful Tanoyu

                   area from a little south of the Kaimonzi vein to
                     iN,ratubara street, the sovttbern part of whi(?h
                      of the Hamaxvaki vein. The I<aimoltzi vein
                    temperature flow•, but is weal< in poweif. Both
                       the Tanoyu and I<aimoBzi velns are supported
                 forming the most ttbundant x/ elling area. On the
             tl[!e Kaiiitionzi vein 1[tot water conceals itself suClclenly into

           temperatttre being- not 6o high. B. tit it seems to com-
                  no.rtlit of the I.x'iver Sakai though at low tempcra-

                   limit xvhich is regarded today as belonging to this •
            Motigahama Åëoast, which is not so f.ar from the so.uth
                    arul<i (the so"thern limit of Kairnegawasy6haen

                     the three spring veins are nearly paraliel with
           corres.pondin.o' to the clirecti,ons of the tectonic line from

                     Finally there. remains a great problein how these

                   witlt hot water from underiieath. However, it
      be discussed firo. m the r(•sults oÅí a more comprehensive investiga" -

    throughout the who, Ie Beppu hot sprlng zone. 'lrhe. iiAvestlgatlon ot'

                                              ,
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the subterrcalnean temperatut'e of the new city has made fome progress,
giving vcrerious 2n.terestin.og probleins. Now we proniise you w• e shall

deal with the c{istribution of the subterranean temperattire in the
ftittzre.in this jourBal xvith ainpler data.

                            Conclusion

    x'X.$ above clescribed, the distribution ot' the subterranean tempera-

tLire. in Be.ppu witli the hot spring veins ancl the colci water zoiies has

been made clear from the clata obtained t'rom the meitsuyements at
var.ious clepths of nriore tiiian one hunclred boirii/igs .iti tlae olcl city of

Beppu during the past five years. The iinportant points icre simn-
niarized :

     i) There are three hot spring veins in the old city. Thoiigh the

Tanoyu and l{[aBiawaki veins have been 1<nown as tlie open spring'
veins that have natural wellin.g.', it has beeii first t/scertained froin otur

present investigtttioR that the I<aiinonzi vein, as we. named i.t, is a hiclden

spring vein tkat has no n-ctural we!ling.

    2) The hot spring's ]n the city etre alinost all what de Launay calls

the arÅíesian ncipPe. Itlany pervious and impervious strata are layered
imcTer #he city. That hot sprinsr water is included in several strata of

the former is recognized not only froin the depth of the hot water
collected'' or the netture of the soll gathereci bttt also froni varj.ou.g.

phenomena under the borings, such as coll.apse of tlie bottom of bore-
holes, existence of `Toori' (x/ ater-flow• in the bpring), abnorinal fall

of the reacling of. t]ke temperattire, etc.

    3) CI."here ai'e six types of the ri$e of the subte.rranean temperature

uncier the borings ; they are the Tanoyu, ].<aimonzi, North dispersive,
fYkiba n,iiddle hoinothermal, coast teinperature falling, and I-Ianiaxval<i

types. In the Tanoyu and 'EIamawttld types of the open spring vein..
the tenaperature rises at a jump in the shallow strata; t}key hardly
have an upper 1]omothermal stratuin oÅí low temperetture above them,
and the final depth of boring is slaalloxv. rl'he final teinperature is hi.o"h

in the powerful Tanoyu type, but low in the weai< I -Iarnawal<i type.• In

the Il. aimonzi type of the hidden spying vein, both the final clepth ancl

the discontinuous strata are far d.eeper than those oÅí the former two,
above xvhich an hoinothernial stratum of definite low teniperature is well

developed. Generally speal<ing, the fact that the strata of almost unifo.rm

temperatttre lie above ancl beiow a discontinuous transition suggestcrG
t'hat there are grouncl flows h) both strata. Even at the north dis-
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persive type there is an homothermal stratum of definite iow teinperature

tifl 6o inetres in depth, and it indicates lil<ewise a groÅémd flow of low

teinperature. Below 6o nietres the temperature rises gently. In tlie
Akiba middle komothermal type, the definite stratum of medium tempera-

ture lies at medit}m depth. It proves that there are fiows of mediutn
teinperature thoug'h weak althou,cr.h wetrin water, was not utilized from

the strata at the medium depth. .In certain areas on the coast,
the hot water is coilected from a stratum considerably deeper than . the

stratum of tiie highest temperatur'e and its temperature is a 11ttle lower.

It will be 1)ecause there is a more powerful gr'ouvad fiow of somewhat

lower teiinperature below the stratum of the highest terr}perature.

    4) The distribution graphs of the subterranean temperature on
varlous vertical sections show realistically the characterlstics of the

sprin.g vein$. The sectional graph 1Il is a model of vertical section•
crossing spring veins, .gerierally tendlng to the north and south. The

isothermal lines on it are swollen as txvo c.rests., indicating the Tanoyu

and Kaimonzi veins. The s,raph V ]s a model of sections along veins.

The isothermal llnes are nearly paraliel to the earth surface, making
no crest and trougli. The graph X shows the I/Iamawal<i spring vein.
    s) The distribution graphs of the subterranean temperature on
horizontai sections mal<e clear not only the position and the infiuenc-

ing scope of the three hot spring veins in Beppu, but also the position

and nature of cold water systeins. For example, lt is evident that
there are the Noguti water zone k"oni the bluff between the Tanoyu anct

Kaimonzi veins, the Al<iba niiddle fiow of low temperature on the
south-west of the Tanoyu vein, and the cold "ndergroand flow in the
basins oÅí tl}e IRivers Sal<ai and Asahi.

    6) l.et "s presLiine the under,o.'rot}nci construction o[Beppu l}ot

springs Åírom the above stated lacts. 'P. avallel to the tectonic line in

.Beppu re..o'ion, the three rents of .I<aimonzi, '1"anoyu, and ll}Iarr}awaki

lie on the sev.era1 iayers of pervious strata where there is abundant
ground water supplied by undergroui3d flo!.vs from the bluff, the River
Asami or Sal<ai. IIot water or vapour ascends from the lower part of

thgse rents, fiowing right and left oR each pervious stratum. Its surplus

welis to the earth surface tts natural spriltg, as at the Tatioyu vein,

forming an open sprlng vein, wh{le at the Kaimonzi vein the hot water
or vapour floxving into the pervious stratum is not so powerftil and
foriirts a hidden sprlng vein hav!ng` no natural welling. 'lrhe 'I'Iamawal<i
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