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                                  Abstraet

     1[n thls paper a're c]eseribed and cliseusse(l the methods and prineiv]es o{' ra(lioacliN,e
. prospecting the author develope{l inclading.' a nevv n',etliod clevisecl }/)y hini and soine ex'amples

 of tests and prae•t}cal app]ieations in the fie.lcl as Nvell. [l'o solve a proble!n of diffkisien of

 radon, a nezv niethocl of eleetrical analogy is also pTesent'ecl, -s'liich svill l)e useful in genera] fex

 loeating a hi{lden fat"t.

                                Xiitaiodesetion

     Since ra.c12oaetivity was discovered by H.e]iri Becguere] in l896, every su].)-

 stance has heen testecl for this property by many. R. 3. Strutti) (l906) was tlie
 first to determine the radium content of various igneous ancl sedimentary Teeks.
 By }}is investigations as wel} as these follewecl by others, it was }inacle c]ear :hat

 radlRm Es wide}y dis$eminate{l, theugl} very i:ninute in quantity, over all kinds of
 rocks, being richer, as a rule, in igneou$ rocks than in sedimentary oRes, ai]d k}
 acicl rocks tl}an in hasic ones. These c!ifferences ef k"dium centent a}rnonss various
 rocks anCl mineTa]s offer the rneans of radioactive rnethod fer exploring subsurf.a.ce

 geologlc structures. Seme minerals have a radiium ceiitent amounting ie as high
 as a hundrecl theu$and times that of rocks. Besides these cliffe_rences, travelling
 of raclieaetive elements by transpertation by etl}er gases as well as their own
 {ilifliusion also affeycls a means of suhsurface exp}eraÅíion.

     rl]he origin of a radioactive method of proslpeeting can be dated back to as
 early as t'he begimain{' of this cen{;ury when von clem BomeL') (19Q5) testea it in

 a uranium mine. He came to show a very conspicuous influence of seams bearhig
 uranium ore upon drifts which they crossecl. Sinec the", simi]ax' investig.atlens
 in bore-heles, tunnels, { alleries and so on wexe eErried out by seveval autliors who
 rceasured eradioactivity of roek samples from these places.

     In 1918, Ambromi3) founcl a llotable lncrease of radioa.ctlvity ef seil
 samrt)les wl]en cress!}ig the bLn'ied fau]ts in the vicinity of B]ankenbLtrg.
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Ag,,,ain he perceivecl the same in Lraversb}g. a mine.ral,voin. Thcse results led
)zim to the iclea that the raci,ioactive mc'thocl niight be c"=pplical]le in locttting fc-.ults,

mineral velBs an({ bounclaries of different xock types. Deilelopmenss after
Ambronn are as fo}lews : In ].926, ILink ancl SchoberO ma-:tJc clear tl]e positio}]s

aiid directions of teetonic ]ines at Eyachta} in Schwexzwalcl. Iii X927, ]]. MUIIer")

obtaine:l similar results .ftt Leuclttenburtecr.grabeB in Thttringen. He also macle
tests at }}Ionnef by t}]e Sieg River on a fault ancl a mineral veln, having found
marke{i].y hi.ffh values in rad!oactivity on pt"essin.rr these.

    In hi-s geological ancl geoDthysical surN'•eys llear the wcstern inaxgin of Leine-
talgraben i}a G(}tti,ntsen, V. Patrieis,G) in 1930, got xa{.l2oactive profile$ aleng more

tha'n ten lii]es of measurement whicl} stxongiy suggested the existence and dire-
ctions of bgeolo.cric.ally plauslb}•v" faults over]ain ].}y ]oam of two to ten rneteTs in

thiekness.

     Sinee about 1930, reni erts on raclioact2ve pro$pecting hecame }ess iB number.
In fact, this met.hod oÅí prespecting was overwbe}med 1}y others such cas the
seismic, ma.,tynetic, elcctric ancl fi.ravimetric thcn progressing remarkab]y.

     In Japan .",. revival ef inteyest i" the radieactive metlnod has urecently tak.eR
place. rrhe author set al]out this ]iite ef sÅíucly in as ea.rly as 194!,2 frem the

stanclpokit that the xaclioactive methocl is a very hely)fu} mÅíL"ms for geological
exp]orat!olls.

     T.he author expresses his cleep gratitude to Emeritus ll'rofL IX{. Matuyaxr.a for
his eriginal suggestioii of the present illvest!gatien ancl foy 1-iis kind ."=clviee .a.ncl

eiteouragement throughout. He is also especially inclebied te Prof. ]i. Kuma,gai
for helpful advice and criticism, and to .Mr. Y. ]NTait6, the former Chief of Pro-
specting Divisioll of [[]eikolctt Cil Co. I tcl. for permission te pu}]lishinbff the results

of exploration made by the author k's l/he oi} fielcls beloBging to the corr}pany.
This stucly was made ])y the financial aici. of the Scientific Research Exl]encliture

of the .Ministyy of Eclucation, to which l•s due the author's gratitude.

                        'li]F,keo-stegRcftg eoiistdeg'.a"gioiss

     Radioactive prosl)ectlng is b.'-'.secl ul]on the fact that raclium content is cha-

ractexistlc to rock type and that eoncentratlon of radioactive elements occurs
 control}ed })y geological cenditions. Fer example, if the radium content of ene
 roel< is different from that oÅ}- the adjoining one, concentrat2on of raCten contai'ned

 in the air hi the soil o}erlylng the recks clif'fers accerdingly.

     Fxom the results of measu.rements ]]y F. Mile}}er5) on an ore-vein of leacl, zinc

 ancl cop})er in l-Ionnef and those by Ambrolln;") efi an ixon oxe-vein at llfield lii
 I'Iarz, we ccftnnot laelp seeing that the]'e are some relatioiis betweeia raclioactivity aricl

 miReral veins. rY.his may result enly from meel]anieal eonditions such as prÅë-
 xTailing ln fa.ults, but tke present author supposes tkat occasionally radioactive
 elpwmcnts are hitimately connectecl with ere deposits which are usually consiclerecl
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as llon-radioactixre. Iri fact, specularite fron} WTang-chien-t•sunDcr-ling, IJiao-yan{

Prefeeture, MoukdeB Province in Manch'uria was reported to be radieactive7), an{1
it is well known that raCtioactive elements are apt: te asseciate witli rare-earth
elements, Kalium, Barium, Iron, Mangan ancl sometimes even Gold, SilvJr, Copper,
Bismnth, I.eacl, Tin, ebe., besides Oxygp.n, Hydrogen and Silicon.
    From a tl]eoretieal point of view, l<loenlg.sberger8) reported a possihility o{`

using radioactive investigatioll in potasl} mines for cleteeting the appreacl] of
drifts er borings to tectonie di•sturbances.

(l) Theery of r.adioactive method for leeatintocr faults.

    Now, tlie reason why radioactivity becomes hig]i near a fault I]as not yet
been well ex})lained. Gockel") })ointecl out that in the vicinity of faults there
takes p]ace an increase of permeability of .goi} clue to disturb.gmces. Ambroim'C)
also stated the easier cireulation of solutions and gases on geo]ogic clisturbecl
surfaces, whereby raclioactive m.e.terials eould be transported aiid accumulated at
their outcro?s. With regcftrd to this, t}ie experimcnt made by G. Aeckerleinik)
(l937) clurinbq well-borin.scr at Annabearg in Erz Gebirge in Gexmaiiy is of great
interest. ille measured the radon content of water and also the radium conten't
of crusliecl rocks taAken frem the we]1 bottom, anc{ feuii(! that the m.axima of
r.r,.clon always occurrecl at depths one or two meters shaTlower than })oints wliere

the maxima of racl!um appearecl at the p]aces where the well was crossecl by
fis.sures or veins. This wou!d imply that raci.on is persistently ascending through
roeks toward-s the surface of t}ie e.arth. If it proves to be tlte case, the erushed

zone of a fault $hould become an easier ascendin{ path for radon.
    Accorcling to E. IV[cDermott's experimelltT2) (l94,0) on boring cercs of shale,
the per}neation of hyclrocarbon gas was ebviously through microscepic fissures
instea{iL of through intergranalar spcice as usualiy expecte{l in sands. [l]hreu.,ff.la

sucl) fissure3 not only hydrocarbons but carbon dioxicle, car})on monoxicle, hydz'egeri,

nitrogen, hycbrogen sulphide and water vapour' etc. esca}}e and finc} th.eir way to
the earth's surface. Also radon ga$ will assoeiate with tkem in a very dilute
state. Accerding to G. V. I{evesy,i") the diffusion eoeMcient of radon for air is
less than O.07cm2 sec-i cat room temperature alld pressure of 760mmi ffg, whic]i
is exceedingiy low as compared with diffusion ceefficients ef other ga-.q.es for air.

(cf. H,-air: 0.611, 0,•air: 0.178, CO,-air: O.l38 at e"C, 760mm }I.ny)
    As tl)e intercliffusion is inversely proportiona] to the pre$sure ef the mixecl
gas, the diffu$ion of radora is slow'er at a great depth than near the surface of
the earth, while the increasing temperature aets in a reverse sense, that is, te
inerease diffusion.

    On the ethe_r hancl, the diffusion cocffircient of radon h3 water at l8"C is
0.99cm2 day'"i (E.Rona), 0.9].8cm'] day-i (E.Ramsteclt), anci. at ki-1,`'C, 0.82cm"'

day-t (E. Ramstedt) which {igures are about ten thousandtk the order of mabeffni-
tude of the diffusion eoeMcient in air.
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    T}}e ineel}anisirn of t,he xi)assEg.e of gasc3 thxor}gli layeys of a great tl:tickness

of seclimentary recks ltas not y•et been Åëx})la!ned. [l]hn. ].ftw goveyinB' the passage
of gases t}{xougl} the pores as Åíound in a seclimentary roc}< layerTas investigatccl

by Grahami'S) (I834A>,' who fouxxcl that tlie volume of a gas (estimatecl at the
standard pressure ancl teinperature) passkig through a ]ayer of porous medium
wa$ directly prol)ertibnal to the difTerence of the pressRre of t'he gas oi} tl}e two
sides oÅí t'he }ayer, an[l inver'sely Ixoni ortignal Lo the sgtn..}'e voot of the density

ancl conseffuently the molecular weight of the ,.nyas. The atomic weight of _raclon
(moxxo-atemic gas), 222, is becrre.ater than the moleeular or atomic weight of the
othtsr hocrases u$ually fottlld in the ear'th, kence t"ne cliffuslon of xacfon ceexisting

with other b(rases will be so exceedingly s}ow that much of' it wiil be left bel]inciL.

[rhe like phenomenon xsras also ebserved by Gxahami5) (1863) in the cfftse of
effusien.

    Conseguently, we come to tke cone}usion tha.t dif\usiori of raci.on tlkrot}gli
compact rocl< is peractically negli,gib]e l]ut only possible through eracks or fissures.

The short }ife of this element wou}cl seem further to emphasize this coneluslon.
This is one ef the reasons why radon collcentrates in the neibou}'}ioo[i. of a latdt,

as along it cracks and f.ssures prevail.
    Besides gases, ac{ueous solutions can alse a.seo-ncl. throt{g'h the disttirbcdr zone
of a fattlt ancl wi}l deposit m!ne+r.fi.l su})stances a}en,,ff, the cracks and fissltres enicl

especially in tke sarface soi! oxrerlying Lhe fatilL. It is very likely tlkttt urcs.nium"

or racllum-$alts are a-ssoclated with the$e de}]osits. In collsecluellce, concenLration

of radlon l]eeomes gereater near faults than in other pl.aces. Thls reasoning w"}
be supportecl by the experimellts of Ambronni6) whic}} con{'}rmecl that rarJioactivll.y

ef soil takell IL.om about ILOcm }]elow t}ie surface of 't'lie earth incyeasec.l as a
]]urlecl f`au}t was approacliecl.

(2) Diffusion of gases in soll.

     Buckingham,iT) olle of the first to apply the kinetic theory of ga$es to soil
aevation, aniplled tlie term "cliffusion constant" to desigB,ale the'rate of fiow ef

gases through the sei} pore spaee as a resu3t of kinetle movements. H.is ex-
periments macls•- on clifferent seil types witla x;arying moisture conterit ay!cl with a

diffeTent clegree of compaetnes-s, have revea]e6, tliat the cliSlfasion constant b
increases as propo}'tienal to the sffuare of the y,orosity S, that is,

                        D = /IS2 -
where A is a coiisla)3t wi'iose weightecl meem he obtaified as .2.16 Å~ 10-` eg•s for

air and CC),-gas. TIie va]ue of A. varics proportional]y with th•`J' square of t.he

absolute temperature and inversely wlth t}]e tot?,l pressure. In tke al)ove
ec{uation, if s is "taken to }.)e l, t}}at is, the porosity be put at leO 1)er cent, we

have D = 2.16 Å~ 10'" cg$. Thi$ yalue approx!rnt.tes .a diffasion constant of 2.2.,0 Å~

 IIOH` cgs experimentall>r found by. I.oschmicltiS) and tliat oS' .f.).ll.3 Å~ IO"` cgs determinccl

by ebermayeri") lbr the free diffasion of Ce,, e.nd air. The .above extraipolation
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seems dangerous, but tke agreement woulci suggest that.,the diffusien process in
soii is sknilar in nat,uere to fyee diffusion. By tl]is reason the cliEÅí'usion of r."Lclon

in soil may be treatecl in the same manner as hi free .air as deseribecl belo"T.
    By the above relation•s we may cRsstime that the only factor centrol}ing the
rate of cliffusion in soil is the free pore spaee, since tke nature, texture, granu-
lation ancl moistuxe content Go not materlally affect diffusion, as long as the free

spo.ce remains constant. This will !mply that eon-siclerable aeyation may take
place even in heavy clay soils if the pore spaces in tliem are not too miBute as
eom})ared with t}}e meail free paths of gasses.
    Accerding te Buckingliam's experiment, a consiclerable amount of CO,-gas
leaves the soil l)y diffu$ion when its coneenti'ation in soil air is of the orcler ef

inagnynltude actually met witl]. Analogous}y, we may expect a large guantity of
radon is leaving the soi} into the atmosphere.

(3) Stationary state of raden conteiit in soi! air. '
    Suppose an elementary volume kk the tground, then tlie timcly change ef
amount of raclon in it talsces place ki the fo}lowing three ways: I) Change by
cliffrusion, ic'v2p, where fc is the coefficient of diff"usien, p ceneeRtration and

v2 em etz lexZ + aa!ay2 ff- a2!E)z2, 2) rate of incTease by product2on of radon fxom
re:dium_ in soi} or rec!g, stay ct, ancl b') decrease by disintegratien, Xp, N being the

clisintegra.tiopu constant of radon. Therefere, tl}e ncf; increase of radon per unit
time as}cl in urii't xrolume is,

               -se-IP--:= ,cvsp + ct _ xp ........,.......(1)

In the stationary state we get,

               fc tfP ., NP - CY •••••J•••••••••••••••• (2)
rlJhis i.s the funclamental formula of the statioRary cli-stril]ution ef the cencentratioi}

of radon in soil.
    The movement of araclon may take place by pre:• esses other than diffusion,
suck as by the moveme-nt of other gases that carry raclon, and also by renewa}
of surface soil air }]rought about by the cl)antotye of meteoxological faetors. But,

from w}}at BaverL'0) has peintecl out fer CO.,, the cl!ffusien is the predominating

process for the meveraeBt of radon towards the earth's surface.

(4) Linear radon souree ]ying in undergrouncl.
    Supnt ose an oatcroii) of a fault or a vninerai vein wh_ich forms a linear raclon

source extending infinitely in a horizonta} d2rectien as the bettom of a soil layeur
of xmiform thickness of which tke bed roc!< is impermeable to raclen gas (Fig. 1).
When we know the clistribution of radon concentration in soil along a ]ine at a
constant clepth ancl }}e_rpenclicul.g.r to the ]inear radon source, tl.ic thickness of the

surface ]ayex may be determinecl after the metkod of l<oenigsberger2i) by dis-
rebcr• ardlng, for sin}p]icity's sake, the clisintegration ef radion. ite itppliecl the
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methea of electric image to tl}e solation of the statio]iary dilfusion problem.
But he seems to have comi tnitted a mistake in his deduction as wil} be shown
]ater, and the present author has followed kis method of image and reachecl a
yest"t which is clifferent fro}n KoenigsbergeT's result when higher terms are taken
into consideration.

    Denoting the thickness ef tlte surfaee Iayer by h and tl}e depth from which

SbOyr} tahi er  gSxptraekses?onb,Y d, the COnceritrcation of raclon C at a peint p may be given

               c=: c, ln P2 P3 P6 '''' (1)
                         Pl P4 P6 ••''
wkere Ct is concentration of raclon at the rac{on source A, and pi, pL,, p3,s•••J•••

axe the distances of P respectively from A and its images A'(c=-c', z=-h),
Aff(c:=:-et, z = -v 3h>, AM(c== +ct, 'z ==-3h), A'ttt<c = -vc', z=-s-5h), A'ii/t<c=--c',

z=:-5h), etc.
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Similaxly, *       p;._, =f2h2' + [(2n - 1)h - d]L'= [f2 +(-9,n ww 1)L'l}i2 ' 2(2n - 1)hd t- dL'

            = h`i [f2 't-(2n - ])2)s' '[l -f22t_'<('2"/i.wwww]}p.' tmhdm- pt+(i _.1)2( ll )21,

where f is any num})er a.ncl n a positixre integer.

And hence,
       l'i-F"ig/l'ii:,:=}n[i r' ti•3_fiil2-i.:l)])2'' 'iti "l'•L;-r.s_}_])2 ( il )21

               -in[] ww-i2um'9"3ilSfiirl-}s2-' 'ki "tm'-,-i'lzS.=as,•' ('iii'-)21•,

on the rigl]t side of which the first term will be l)ut effual to

                      X-.2 lX.3 .X'4
       ]n<1 m X) :Xm' E"T+'-.,i,"ww ma"'i'-'-t-••`•••••, ancl the $econci, to

                      rti2 lt'3 \•i       1,,(1 - Y)- -Y- 'E"'-Li,Lh'-Ma,ww'- mm •••'''''•

Then we have
      iii--fiii:f (x + y) ---S-(xe - y2) -- l (xt3 -i- ys) - g, (x" _ yi) _,....,..

             -_ 4(2'",-]-) • il- -- --`il{Z/'iFlii!l')- ( :')3-F'E36s'• <2i)11i,M`E" '( il )3

             ,. St .4:(_2..ni,:LIL) " ].6mh,(2ffi 2)rm' l( : )5m 3C.2gi_i2 ( ;l )7... .., (2)

whexe F =f2+(2n-1)2.

1)uttillg n=1, 2, 3,-•••-•••, we get

      iii-;li, -f/ii-",-g'l :. I-J --- `lii [[ [-pl--i--- - --i-,i? b-i + -tiisi-- - • • • • • l - (- l: )`2 [-ii,- l-,-si -

               - '<{•"i'?:':.'sLE'JE"" +N' "'''<'''iff'5g'gE}'i/' ww • •+••?s+'fi(ril")2[ (-f,k),

               - -(i, i3i'f3',L),ma -F '(i,.; iirli31 ,sinv -• • ••l + (" ii,um )`[ [l cf2'l_'iis'

               - '(f2 li32)3nvrt- (firr;ts,):i '• ny • ]- 4' [ e2l_1-)a" nv-zf2iill'2)4

               '{- ifa'il'k2') ium rm' ' ' l]+' ''''],ll,

f}-om whieh fo]lows

      in:: :i; :gl1Il - lii Sts,-(':n )2s,-t-'fs'-( il')L's,'t'({l")`<s,-4ss,,>+• • ••••?s (3)

ee KQenitgsberger put P2n+i=f2h2+[(2na-1)h-cl]{"i ancl P2i=:f2h2a-[(2n+l)hÅÄcl]2, but the climen-
sion is obviously uneciua} on both sides of these equtviions., and his laier reductions are based
upon these eguation$.
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where

                       l 3 5               Sl = T"iE'_'F'il'-MTf2 '\''l"'"5''""ww LtJ ""l:..uuli/rlS/6i'' - • • • • • - • • • • • • • •

               S`a = "(f2ti)2"- '('i:i' i3'3-i)'2'-F'r(+fr,mu45gff)f-••••••........

                       1 33 53               S3 == "'Gi4Zuml')L3--- '(i•i'_-y3'sJS"+ (f2IirliGT)5r'H•'•••'`'•••••'

                       1 :3 r5               S•i == "?l;blU), rm-"(l-iz'k'r3SJg'+'(f'G.'+"Ls'i')g'-•••••••••':t•••

                       II 33 r)3               S.r = 'L(iL"_',.'Ml'ili"- 'lfti'llrLgE5Jf' 'i- Å}k\I}IS'sT"N>'4' ww '''''''`'''''''

ConsecEuent}y t]}e ec[aation (l) becomes,
      c =: c' -2-ii-i- [s,-(- gi-)t's, -}- -g,3" -(il )2s,+(--: -)`(s,,-o.sp+ . . . . . .. .I

Calculating tke series given by (3) for f:=0, 0.5, Z.0, 2.0 aiid 3.0, Nsre
figtu'es given in Table 1.

                                 ri'a}}le ]
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          I1,          ///  il..__ m.1.._eelf'lwwLrmOlliiilf092nvl..__..OiPpm6W._ .... .o•oog?..... -o•ogoi

Sf cl is of the order of magnitucle of 0.lh, we can see from r]]ab}e l that
series on the right side of the egaation (3) converges fair]y rco.picl]y. W}}en
valLie of C foT f=0, that is x=:0, is taken as a stan}clard, Cf!Co for f=0.5,
2.0 ancl 3.0 are represented in Table 2.

                  Table 2 Relativc' valties of BfEE Ct/Co
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    If h is very large as compared with d, the terms containinbc (d!h)2 and
higher powers may be neglected, then we get
       c== c' 3XiL( f2i}i - f2iiisi,nd'i- fa_5Fs2 -••t•••) (5)

Just above the source, that is at x==0, er f==0, C takes the maximam value,

       c,- cr2,cL(i --g-+-g--....••)- c• -21s-•-z:-i,- (6)

    Now, taking Co as a standard, the relative concentration at x==:0.5h, ll'}, .7.h,

b'h' is respectively e.756, 0.399, 0.e86 and e.018. In Fig. 2 is sbown sueh
relative concentration as relateet to the clistance x, when the tkickness of the

everburden soil is assumecl 5m, 10m, 15m and 20m.
    Comparlng these theeretical curves with those obtained by actua] observatiens,
the thickness of over}yintocr soil can be estimated approximately. Making use of

this met}iod in the measurements made at Obu, Hy6go Prefecture, tke author
has obtained an estimate of 5 to 7 meters as the thickness of the covering soil
there.2U) In order te get a rather aceurate est{mate, the following precess may
be recommended.23)
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Writing the parentliesized series in eguation (5) by R, we get from equation
(5) and (6),'

                R - -Ti•--i

                          o
    In Table 3 a.re skown the values

                                (7)

of R expressed as a function of i• and
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the
R is

relative values C/C,, ealculatecl by

 graphical}y represente[l.
the ec{uatlon (7). In Fig. 3 the funetion

Table 3
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    Now for all stations Nife have the observecl values of C/Co, from which the
values of R can be foltnd by the aid of ecluation (7), and the cerrespondinff.
valties of Åí can at once be obtained by the interpo]ation of [l]able 3. As the
values of x are lmown, we are given a set of eguatlons xi==f,h (i=1, 2, 3,••••).
And the value of h may be founcl by the methocl of least spuares. Thus tbr
the actual observation in ebu, we obtainec!

'

R=X(-on2n"1f2f(2nfl)?

'

'

'
'



aimexed error
this result are

   h ==
l)eing

sl]own
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 6.59 Å} 0.67 meters,
a probable exrer. The observation egttations
in Table 4-A.

             Table 4,

      A 'B

       241

for deriving

fih = xi (Bi/4,.4,)C'= C,

                      1.73 }f=]s.2 rmwwuz"-"namm-olLoo4,ss c, = o.4,7 tttt

                                        O.0].636 C' -me 0.66                      1.53 h ==l3.0

                      1.07 h : 7.e                                        O.06477 C' =: l.33

                                        O.09886 C' = 2.69                      0.55 h == 5.0

                      O.OO h= O.0 O.]6023 C' :3.99

                                        0.13068 C' = 0.77                      1.4,2 h= 3.5

                      1.82 h= 5.e O.09886 C'=0.41

                                        O.03273 C' == 0.65                      I.54, h ==IO.0

                                        O.OIOOO C' = 0.34j                      l.94, k =15.0

    Now, let us proceea te obtain the concentration C' at the soLiree. As the
mean depth ef samplinbcr is 0.75m, we ger
                  2d                             B.           C-- Ct hR== Ci -4 i,- (8>
As the values of C and ll in the above a.re alreaCly knewn, the unknown C'
can be found by the method of least sqttares. The observation eguatiens in
this case are shown iB Tahle 4,-B, and the adjusted value of C' is,
           C' = 17.2 Å} 2.4, Emans.
    In the fellowing is given aiiothcr method of approach for the estimatien ef
tl}e dept}i h. From eguation (5) by the definition of R and x=:fh, we obtain

            aL'C                   o2R l            ax2 =K'''i'E2ww '' h2' (9)
            2dwhere k"=C'' i{"' and

           rmag211.. ., :I- c_1)t}+i ES-2-!}i,l,)_-[22=.:2:-(i9-)n,-iilLL3--, (n--I,2,3•i••) (10)

The value of Åí that ma!<es a2R!af2 egual to zero mak•.=s aiCIOx2 vanish. Suck
valae of f has bcen found te be 0.561 by a graphical solution skown iii Fig. 4i.
If, en the observed curve of the distri}]ution of C, we coulcl fmd the value ef x,
say )C, at which the curve lia$ its infiectieii point, we get )CutO.561 li. There-

fore the clepth h can be put
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h = XIO.561 == I.

-

78 X (11)

Fig. 4

                            ExperimeiiEal part

(i) WIethocls of Measurement.
    The radioactive methods of exploration 'peractised by the a[tthor are
       (A) Radon-in-soil-air method,
       (B) Ground-ho}e-ienization-chamber methecl,
       (C) Photo-plate method, and
       (D) Geiger-counter method.
In each methocl, raclioactivit: is rneasured at polnts usually arrangecl in a line,
ancl the obse_rved values are plotted against the distances along this line to
obtain the "raclioaetive prefile". By tl}e principle described in the last chapter,
the line joining the corresponding peaks in the radioactive profiles thus obtained
of several traverses will nearly give the projeetion of the buried fault on the
surface of the earth.
       (A) Radon-in-soil-air method.
    This method deals wiÅíh the radon in soil air extracte[1 from the grouncl.
As the cencentration ef radon En soil air, especially near the surface, will be
affectecl by the meteoxologicai factorsi it is clesirab]e to take t}ie soil air from a

considerabie depth. In practice, however, difficulties i4 bering will progressively
increase with depth ancl, moreover, those in obtaining soil air ivill a]so de so
owing to the increasing moisture. 'Phis method essentlally eonsists.of 1)
co}lection of soll gas, 2) intreduction of it lnto an ionization chamber, and 3>
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measurerfieBt of ionization. '
    (i) Col]ection of soil gas: For this purpose cft collecting tube and col]cting

bottle are used. {l]heir arrangement is shown in Fig. 5 (A). The collectintrcr
tube suitable for us2 in sancly so21 is ma{le of steel tube i20em in }ength aml
22cm in outer diameter, the lbwer encl being clesecl and sharpeRed, provicled wlth

many holes in a s"ghtly thinneCl part between IO and 30em from the lower
encl. At the top the tube is fitted with a rubber plug througli which a glass
tube with stopcocdk is passed (Y'ig. 5 (E9) ). In case ef clayey soil this tube is

replaced with a simple one ol)tained from the former by cutting off the lower
part of 40 cm (I?ig. 5(C) ). This tube is inseyted in a hole previously made with
a borlng stiek to a l meter depth frern the surface. The coilecting bottle made
of brass i.nd of spinale shape is abeRt 900cc in volume. With the arrang.emcnt$
s"Ro'"m'in the figure, the soil air is sucked up i}}to the collecting bottle t!u'ougli

the upper cock by the negative pressure preduced in it as the water in the boLtle
fiows out from the loisrer nozzle. After the co}leetion is over, the bottle is
brought to the station, prefera}]ly chosen insicle a house ov a tent. If precise
measurement is not reguired, the measurement rnay be done on the spet in the
open field. Prior to the colleetion of soll air, a volume of air (ca. 200cc)
occupying tl3e interior space of tlie colleetiiig tube is drawn out an(l rejectecl by

means of an auxiliary bettle (Fig.5(D) ). '
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ionization ch.amber through a dlrying tube filled with c}rying agent CaCl,, ancl the

other encl te another coe_k of the ionization ehamber through a ru}]ber hancl-be}low

<Ii'ig. 6). Then operaling the hand-bellow for twe minutes with all cocks open,
tl]e soil air 2s circulatecl through the conllected system. By shis operation, raclon
initiai]y in the col]ecting ]]ottle will eventually be uniformly clistrihutecl among
ionizatieB chaml)er, ha.nd-bellow, collecting bottle cancl drying tube.

     (iii) Measurernent of ienii,ation: For this purpose, a fontactoscope of
Schmidt-type improved* in several respects by the cauthor was used. As soon
as raclon enters the ionization chaml]er, it begins to clislnteff.rate following the

seguence Rn >RaA---i>RaBgRaC----ipt'etc. The aLr in the ionization chamber
is ionized by raclioactive rays (mainly alpha-rays) which are emitted during
cli$integxation. [l]he ionization is measured with an electroscope attached to
the ionization chamber as a rate of fall of meta} leaf across the scale in the reacling

microseepe. Fifteen minutes after the introductien of radon into the fontacto-
scope, reaclings are taken every minute for fifteen minutes.
     (iv) Calcu}ation: As the ionization due to radon with its dislntegration
proclucts increases with time, the observed activity should be reducecl to the
initial activity, that is, the activity due to tke introduced raclon alone. T.he

activity may be expressed in terms of scale divisions per minute. From the
aetivity thus cletermined must be subtracted the natural lea}< found just befere
the cletermination. For the reduction te the initial activity, the conversian factor
gixren by S. Iimori"-'D is t}secl. If fe ])e the conversion factor, lo the initial aetivity

and Ie the observed at t=e minus the natural leak, then
                Io " fe Ie•
Usually fifleen values of I. are ea]cu]ated l'rom tl3e observed Io and tliey are
averaged. The amount of radon disintegratecl during transportation is taken
into consideration by the relation,

          '                Qt "' Q.e-At

where Q. = initia} quantity of radon collected, Qt == guantity of radon surviving
when the eirculation is commenceCl, )t : clisintegratien censtant of ra(lon, and t

== time elapsed from cellection to clrcalatien.
.um.munv.!he iLoli/iactoscope asedvamay.be ca]ibratecl with a standard racl5um selution.

* tylain points of improvement are as foHo"ts:
    ].) The electroscope is equipped with cork cover ! cm thiclg in order to avoid irre.cr.ular
metion oÅí the }eaf cattsed by rapid change in temperatuTe.
    2) Surface oÅí the insulator holding the central electrode is protecleLl froin inoisture sviiich
ini.crht st}1! exist in the ionization cliamher by a protector carryh}g. desicating a...ffent.

    3) The ionization chamber is douhled, and the in=er one is replaced l): a iiew one after
each measurement. By this replacement measurements can be z'epeatecl speedily without wasting
time waiting foer the extinction of the effect etherwise (]ne te possible contamination of claughter
e!ements of radon.
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However, such ca}ibration is noL always nece3sary when one and the same
fontactoscope is used, but interealibration is al.xvays neee-s$arywhen two or more
fontaetoscopes are usecl. {n the calibralion by the standard so]ution, the activity
is usua}ly expresse{l as the concentration of radon at the time of samp]inocr in
terms of Eman (l Eman =: 10-iO curies per ]itre), ancl in the case of the inter-
calibration it is expressecl as a falling rcftte in divisions per ininute of metal ]eaf

of the fontaetoscope.
    [['l3e iBitial conceyitration of raclon Co in soil air is caleulated by

           C.=' Kfo V'`"'Ve +RL]IXI;nv"t Vd Å}.V.i. . -!20.0- • ,_i,ff

where }< pt= constant of fontactoseope, i. e. quantity of radon in Curie at the instant

of introclaction into the ionizatien chamher which produces the falling rate of

one clivision per minute, Io =: average of aetivity during the cireulation, Vic =
volume of ionizat2on chamber in cc, Vc == vo]unie of co]lecting bottle in cc, Vb
 r volume ef l]ancl-bellow in cc, Vd= volume of pore space ln drying ttibe in

                                cc, ancl Vt=: volume oÅí tabings in cc.
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      (B) Ground-liole-ionization-chamber
          methodi.
    This methocl involves the measurement of
ienization in a i}ole borecl in the ground (Fitrcr.

7). The center electrocle of an e}ectroscope
is extended into the })ole•boree p_r•eviously in

the garoun[l, whieh is utilized as an ionizatiQn
ehambe'r. rYhe hole is IO em in diiac mete•r and

IOOcm in deptli. The e]ectroscope is rested
on a bell-]ike support. The ionization chamber
ef Ellgler-type fontcactoscope with its base plate

removecl is suitably used as this support.
    In pract!cal measurernent, a hole of the
size mentioned above is dug in the ground.
The wall of the hole shoald be as vertical as
possible. Then it is eoverecl with a wooden
Ii(i ]ine{il with mesal plate, liaving at the centre

a ho]e 3 cm in cliameter provided with a plug
which will be removed when in use to give a
passage for the extendecl eleetrode. After two
or three hours, accordin{ to the eonclitions,
when the air in the }]ole would eome to an
eguilibrium with regarcl to the concentration of
raclon, ionization in the hole is measure{it with

an electi'oscope (tlie top ef tlrte ilNE fontacto-

scope). The readings are taken every minute
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as soon as the electrocle is charged, lest the active deposits produced frem raclon
should affect the lonizatioii. b"rom the falling rate of the leaf thu•s obtained, tlae

backgrouncl or natural leak is subtractÅíd. For measuring the natural leak the
lower part ef tl]e centre electrede extending into the to(rroun[l liole is removed at

a joint insicle the bell-like support ancl to the bottom of the sapport is tlien
attachecl its base plate previously removed. t/t In this a}'ranbifement tke observed

lealg is due to the leakage through the insulator, ancl to the background ionization

}vithin tke support and the chamber ef tl]e electroseepe. The e}eetric capacity
of the measuring system in this arrangement cliffers from that •in the actuai
measurement of radioactivity in the ground. But the effect of tke difference in
capacity may l]e neglected as the amoiint of the natural leak is usually only a
mere fraction of the ]eak due to tke radioaetivity in the ground. ''
       (C) Plteto-plate methodi.

    Instead of measuring ionization in the grouncl hole as stated above, it weuld
be possib]e to c]eLermine the eoncentration of raden with nuclear emulsions.
[I"}iis is a new i{lea of the author and proveCl successful in practical a}?p]ication.2r')

For this purpose E[I]-2E photo-plate (22mm Å~ 4,0mm half of the stalldard size)
is suitable; it is special}y manufactuered for recording, tracks of alpha particles

by the•Research Laboratory of Fuii PIketo Film Co., Lsd.
    Insertion of the phote-plcate into the ground hole is made by means of a
clark slide attachecl to the ]ower end of a long handle which penetrates upward
through t}ie lid of the ground hele. The I}andle is made of hamboo with knots
broken off and t}ireugh the inner space of wkich runs a wire serving as a device
for opening and shutting the licl of the dark slicle frem the outside. The photo-
})late in the ground hole is located at a lteigltt of 20cm from the bottom, the
back of the dark slide being attached c]ese to the wall of the hele. The effective
range in air of alpha partieles from radon series is 5.21 em26), and thls procluces
the eondition that none of alpha particles Ieaving the wall can have its effect on
the photo-plate set as mentie}iedi above. The exposure of the photo-plate should
be nearly egual for each measuring point; ten te fifteen heurs exposure glvcs
aclequate c!en$ity of a]pha tracks f'or cotmting uncler a microscope with magni-
fication I50Å~. [L"he number of traclcs ebserved in unit area of photo-p]ate per
Unlt  tin l2))W8UelidgergicVoeuS?eer i'mtlsittll]ll?I.COnCentration of raden in each ground hole.*

    A Ceiger counter affords us another method of radioactive prospecting. As
early as 1938, the author put the Geiger counter in use, (then bffenerally usecl for

the detection of cosmic iays) for the determination of thorium in granite by aid of
a separate rac]ium determinationOu7), anG proved its app]iccftbi]ity fer measuring weak

radioactivity of rocks.28) Recently, the author eonstructecl portable Geiger counter
;\"X,m. eg.t (caA 5,1•,El- ,es,lgka'3.Sxl,us,e•.;'",sed,g,gZ\' .,.Zlza :? 8t;ZZtXOI.g'g,%h81g:

'N For full det'ails, the author's paper24) shoiilcl l)e referrecl to.
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aftet the design of I<.D.!l.untooll!") with a 'siight meclifieatioti resd!ting in tlie

e}imination of bul_ky, heavy ancl expensive hatteries. The counting rate-met.er
is to be used only w}ien raclioaetivity is very strong. }n usual case3 pulses are
eounted by a telephone receiver as well as by kicks of the needle of the rate-
meter witl} no resistairce in the tank circuit, or by flashes.of the neon lam}).

                                                  N

                                   Fig. 8

    In earrying out ait ey. ploration pract.ically, the counter ls insertecl in E hole
drilled in soil to a clepth of 50cm and with a clicameter of 5cm. At each station,
counting ls macle at least for twenty minutes for sol]s of moderate rac}loactivity

so as to make the statistical ei'ror small. A counter with larger size than the
present one (t}3e effcctive length 20cm, clia. 25mm) is pxeferal)Ie for reducing the

time of observatien.

(2) Diseussion ef the methods.

    Every metlied clescribed above has its own merit ancl defect. As the radon-ki-
soil-air method treats the radon in soil air, of which tke greater parts come upwards
from depth in the bnyreund, the clistTibution of rac!on iii soil air will pus'ell refleet the

underground structure. On the other 1]and, tl}e metlaod of Geiger counter treats
the g.ftmrna ray emitted from raclioactive elerr}ents existing only in the neiboiu'hood

of the hele in the grouncl, and will be inferior to the former method ill the
exploration of cleepgr part•s. In the ground-hele-ienization-chamber metko{l, the
ionizatlon by the rays emittedi from the radioactive elements in the wall nie.teTials

of the hole and by these'from the racloB in it is mea$ured. If the lonizat.ien
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clae to the former is predominaiiL, tl]at clue to the latter will become indistinct
anc! the subsuyface structure wouid hardly reflect the Tadioactive ln'ofile. FoT-
tunate}y, howevey, the ionizations of both kinds usilally chang.e parallel to eaeh
othe}'. [}]his will well be explainccl by tlte i'easonab}e coBclitieBs that a clisturbecl

zone near faults is more permeabie fer botli soil gas and water and the latter
xsrould bring yaclio?.ctive sttbstances from the clepths allcl f'lx them near the earth

suyface. As may be anticil?ated, this method is more sensitive te the variatien
of aÅímospho.•rlc pre$sure, to the wlncl and sun-shine etc. than tlie radoB-
in-soil-air metho[l, ancl outdoor measurement by this method is less accurate than
the ]atter.

    T.he })hoto-plata. methoc! has the same defect as the gyound-h61e-ienizatien-
chamder methocl in aregard to thg externa} clisturbances, but has a superiority that
tlie recorc} ef cnLlpl]ca tracks, ft. direct evidence of radioactivity, is obtained an{l

the methocl reguires ne special apparatas excenit a microscope which wi}] be
available in any geological lak}eratory.

     In the Geig.er-counter method, owing te the clefect statÅíd a}ready, sometimes
it might occur that x•sThen crossing over a liicld.en l'ault no pealc in raclieactive
profi}e woulcl appear but a c!iffeitence in raci,ioactivity on both sicles of the pyojectien

of tl)e fault on the ground surfaee. In this c.".se the fault might be misinter-
pretated as a boundary of two rocks having different raclioactivity. It appears
that this method could be usecl ill the case wheere the soil is so damp or c}ayey
that other methods aTe not app]icab}e. It is known that the m.aximum thiclmess
of soil througli which gamma rays can give their effect on the Geiger counter is
ordy one meter or less. Therefeye, the use of it is l2mitecl to oRly the cases
in which the surfa.ce covering is Iess than one meter in thiekness or of auto-
chthonous soil, or is contaminated witli raclieactive substances carxiecl })y water
from an unclerground outerop ef a fault.

(3) Examples of tlie tests of the methods.

Examp]e I. Crhe r.adon-in-soil-air inethocl) •
     T.he first test3f') was macle iii l'IaMck 194i2 at Minolani, Yamacla Vil]age in
ffyo" ge Prefecture. There a reverse fault, described as the Rokk6 Thrtist ])y
T. Ueji3') is fonlld xunning ]iear]y from cast to west se2)arating ths hornblencle-
biotite granite oR one sid.e and shale of Tertiary formation on the other. Stations
were- chesen along a ]ifie transvcrscal to the strike of the reverse fault in a rice

field a_re.a on a hi]lsi{ile. [!'he surface soils N•vas autochthonous. As it was ear]y

spring, there were no crops in the ayea, and the surface of the ground had
moclerate Clampnes-s wklch favoured the samp}!ng of soi} air by keeping off' the
atmespheric aii'. But the levc-l ef undertooround water s•vas rather kigk so that
at some places the sampiing wa•s unsuceessfu], es})ecially neetr the thrust where a

stream was Tumalnffo•
     The resRit of measurcment is shown in Table 5 ancl Fig. 9. As seeji in
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the figure, the increase of raclon is quite coiispicuous oR getting near the fault,
suggesting the. maximum concentration just above it which woulcl be .attained if
we couid set a statioB there. This was, however, imni ossible ewing to dampness
of the ground. It is wortl} noticing that, though the number of stations is rather
few, the averag.e radioactivity in the granite area ss.'ems somewhat higher than that

in the sedimentary at tl}e dlstances of some tens of meters frem thÅë fault. The
soil samples from the txvo areas were teste(l in tl)e laboratory fer their raclioacti-

vities with the Geiger gamma-ray counter special]y clesigned by tl]e auther.t'S)
The mea$urements were made over l4te minutes on each sample, giving the

                               Tab]e 5
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fo}}owinbcr vatie of numbers of counting, the background having been subtracted.
           Granite soil: Skaly soil :=: l123 : tg,,59 iji 2.4, : 1

Tliese llumerals inc]ude the radioaetivity ef thorium serles and the negligibly
feeble raciioactivity due to petassium, but as the proportion of radium and thorittm

in orclinary recks is usually eonstant, it is inferrecl that the abeve ratio approxl-

Tnates that of the radinm content in the tsvo 'kinds of soil. It wili be plausible
that the, above ratio is ef the same order of magnitude as the average radon
concentratien observed in the two areas.

Example ll. {The raclon-in-soil-air melliocl)

    The secencl test2L) was carrieel out !ii IVIareh, I9t$3 at ebu in Yamacla Village,
Hy6go Prefeeture about 600m south-west of Suzurandai Station a}ong ihe Shin-yfi.
Railway. The Rokk6 Thrust passed here also. The area surveyed was a3so a
rice fielcl which was then vacant ana dry, as the season was ear}y spring, anc]t
covered with alluvial deposits instettd of weathered rocks i•n sitM in the previous
example. The topography anc{ geology ne,arby ls $1iown in Fig. 10, in whieh
AB denotes the line along whieh measurements were carried out. The _results
are given in Table 6 cand Ng. I]..
    A censpicuous peak near the middle of the radioactive profiie would correspond

to the Rokk6 Thrust anci a miner one near the right end to the l<ikusuiyama
Faalt. T.hese agreements are fairly geocl ancl we can actually see the boLmdary

Fig. IO
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Table 6
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No.
No.
No.
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0.4,3

O.06
o.3e
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0.66
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0.77
0.4I
0.65

0.34 ,
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O.04,
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O.01
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ef shale and granit.e, probably the outcrop of the Rokk6 Thrust, on the hi}isicle
sceres ef meters east of the positien of the psak. As to the position ef the
Kikusuiyama Fault, the author's observation should be mentioned here. Seores
of meters south-east of the position of the minor peak, is located the entrance of
a tiny valley, where x•ve can see the boundary across which the grain size of the
granite c}kanges ciearly. Therefore, it i$ highly probab}e th.ftt this boundary
corres})onds to the }<il<usuiyama Fau}t. The thickness ef the alluvia} deposits
near the point ef hitersection of the traverse line and the thrust is ca. 7m as
has been theoretically estimated previous}y.

Examp]e III. (Raclon-in-soil-air method)

    'rhe thirc} test was made in December, 19446, near [l]akiyashinden in Nishi-
yama Oil-field, Niigata Prefecture. The principa} aim of this test was to find
whether tkis methed is applicable in a field entirely composeG of sedimentary
yecks. IR the previous two examples, the fields were related to granite whieh is

eN

@N ,.

Fig. 12
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said to be in general more radioaetive than seclimentary rocks. As seen on
the map and curves of radioactivity (Fig. I2 ancl Fig. 13), the re,sult is not so
c!efinite as tl}ose in tl}e previous examples o"'•ing to c!isturbance$ due to the
topob`rraphic complexity ftcnCL bad weather during the test ancl so on.

    Of thc two peals revealed in the raclioactive prefile along the line of survey
{, oiie at station 1. is unreliable, as tlie place was foxmerly eceuple<1 by a hut for

a ga$-burner and the lealstage of natural gas carrying raclen from the neibouring
weli (R,, in t.he figure) is suspected as tal:ing p]ace in this sit;e. The ]inc
joining the othex peak at statien S and that at the statiofi No. 3 in tke pyefile
aleng the line of survey II coincides with the general trencl of the Madonosaka
Fault which was determinedl }[}y a surface geological survey ancl the oi}-well clata

as xve}}. It may, therefore, be eonclucled that the said fault woule be passing
in t}ae underground along thi$ line.

Example IV. (A comparison of fourr diff'erent metl}ocls're)

    Comparative stu61y has beeTi made of the CLiff'erei)t metheds mentionecl above
at Syf,gakuin in Saky6 Ward, north-eastem part of Kyoto City, in the spring ef
1951. A traverse line fQr radioactive measurements was selectecl in a })arley-
fie]d running neaarly i]i the east - west (l!rection normal to a fault presumed l]y

* A brief description was also macle in the previous paper. I{efer to the refereiLee 25} p.92•



254 7,in-itir6 HA"ruots

    i{s from a raclieactive survey performed in the previous year. At each station
    a vertieal ho}e lm deep and 10cm in cliarr}eter was dug in the ground. These
    holes were used as an ienization cliamber in the use of the ground-hole-ionizatien-

    chamber method descTibed above. The same holes were later used for applying
    the photo-piate method ancl the Geig.er counter method too.• For carrying"S,'out
    the ]atteT, the mouth of the hole was left open, letting the radon in the hole
    freely escape into the atmospliere. And from this condition, the gamma rays
    attacking the Geiger counteer woulcl be almost only those emittecl from the wall
    of t.his hole. For the period of counting, twenty minutes was found sufficient.
        Determination of concentratiell of radon in soil air by means ef fontactoscope
    was carrled ottt about two wseks there•after. The traverse Iine was the same
    as befbre, but tlte position of each .gtation at whieh the soil air was co!ieeted, was

    set aboRt `P.. meter-s from tl}e }}oles alreacly useci so as to avoid a probable
    influence of the atmospheTic air t}irough the wall of the }ioie.

 ABCDNaoj
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     As showii ki Fig. 14,, the results obtained by the feur different methods
give a tair concord. Above all, the photo-p]ate methocl is in goocl agreement
with the gxound-hole-ionization-ehambeÅí method. Tku$ the applicability of
nuelear emu}sions to raclioactive exp]oration has been preved by this experiment,
]eaving room for improvement in details for the future.
     lr"rom the re3ults attaineCl, it will a]so }}e conjectured that raclioactivity
increases not only in soi} gas but also in soi} itself as the fault is approached.
If this were caused solely by cliffusing racloll from the depths, tlie eotmter method

would hEve failecl in showing such a peak as i$ seen in the radioactive profi}e,
beca.use a mere fraction of tlte. number of impulses counte[1 by Geiger counter is

vu



dtie to rat:lon clild

Radioactive

the rest

rvlethod for

to ether

Geologicul

radioactive

 'i'a},le 7

.Exploratio]i

e}ements and to     'cosm!c rays.

255

l f
i-

Method
No. of

sLatTon

Interval

 stahon
   m

of

  l
  s
 -t'

A l
t
l

B I c
No. of traclcs

Eman
t
1

'

I
1

No.
I'"

ef Counts

mm2.day min.

Dum'

Scale cliv.

min.

 1

2

3

4

5

 6

7

8

 c)

10

1]

12

]3

14

l5

16

27

]8

ll CL}

Dlae

21

22

i
l
i
l
I
l
i
I

i
i
l

L
l
i
t

1

i
i
}

I
I
,
G
:
l
l
I
L

l

I
f
I
I
l
E

30.`.t,

28.5

32.2

28.2

4,0.0

23.6

2or"s

]1.6

21.6

18.7

17.6

ll (/).5

ll C).5

52.0

r)o o

3••l.0

31.3

43.2

4,0.4.

35.5

tl,L7.7

I

l
i
I
T
i
l
i
1
i
l
l

i

l
l
I
l
i
l

l

I
l

i
I
I
I

i
i
l
i

 4,0.0

         l
 37.0

]79.0 I
         l
 97.0

 77.0

         l 136.B I
 s6.t], l
         l
 96.7 i
 ,r,2.r)

         I
.I II O.5 li
         l
193.9 I         l
         1l,r)Os) l
         I
 73.2 I
         I
 L?.rb.o i
         I
 {,2.o l
         l22.i l
         l
 :sg.i) l
         a
119.C5 l         '2•i•2.o l

 47.r,

II il.9

l25.2

 9.5

 5. ;3

12.5

 7.5

l.0.7

].L7

ll2.13

l6.3

I0.8

22.9

26.0

21 6

11 6.:3

11 O.0

l6.4

].3.5

17.7

l8.8

.16.g

l7.3

22.2

mar  l
  l
  l

  I
  l
  l

'
I
l
l
I
I

l
I
l
i
l

l
i
l
I
I
1
I
I
l

i

5i.4

58.or

5{/).7

57.5

57.0

58.0

55.7

6].6

57.0

61.2

6&4,

71.0

6I3.5

6 .l .g

59, .3

56.i.]

62.g

613.1

72.7

69.6

61.0

62.9.

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

Å}

:lt

Å}

Å}

Å}

Å}

Å}

Å}

Å}

-Å}

l.5

11 .6

1..6

] .6

l.6

l. .6

].6

l.7

l.6

i.7

].g

l.8

].7

].7

l.6

].6

].7

].7

ll .•g

l.El

l.7

l.7

l
l
l
e

I

I
1
:
l
i
L
l
i
i
l
l
l
I
i
l
l
I
+
1
l
i
;
i
'

I
i
:
j
I
l
l

 2i3.2

 30.6

 zl.5.S

 4.o.q.

 3Lif,

 5il,. 3

. 3:3.3

  39.iS

 28.5

 4,9.7

 5B.8

 58.7

 4,9.5

 22 .5

 l3g.o

  i9.1

 L)2.5

 6Z9
 11 32.(3

 50.0

 54.0

 64.4,

-



 256 Zin-itir<") Hts'rui.).s

       Soiution oÅí tke profolem of sgationary clifS'ifisioit oÅí radon

                in seil by means of aii eleetrie analogy

    Two-dirnensional clistributio'ri of radon ivltkin a soil of uniform thicl<ness due

te a ]iiie source ef vaclon such as a subsurface outcxop of a fault ln a be[!rock
has l]}een treateii by [f. I<oenigsberger.L'i) With different geometrical con{litions,
e. g. witlt a finite wiclth of the seurce insteacl o'f a line or ineguality 2n ]evels of

bear.ock on both sicles oÅí a fault and so on, t'he mathematicai treatment woulc!
be Ctifficult. So the author has tried to geL experimental}y a general an.pect of
distribution of rado]i in such cases.
    By tl]e analogy between diffasioii ancl electrical conduetion, i. e.,

    g == -D grad C••••t••-•••••. (1) where g is qaantity of gas passing threugh
                                 unit cross-sectional area pe•r unit time, p
                                 diffusion constant cxnd C co]icen'tration,
    i=r -Kgracl V•••+•••••••t••("9) whet'e t is current cleiisity, KJ specific ele-

                                 ctrical eencluctarice ancl. I/ }3otential,
uslialJy an electricai method is aDeed in solvintocr the problem of' diffusiell.

    Buckingham's elaborate experiments'7) en diffusion provecl that diffusion in
a porous medium in whick movement of m,iterial eceurs threugh poye space along
sinuous paths, may be trcated in the same manner as in a free rnedium except
that the free pore s?ace is ta_ken into consideration (cf. the preeecling paragraph

" Diffusion of gases in soil "). Garrels, R. i.Vg. et csl.3L) a}so shewet! experimentally

that t'ke rate of transport by cliffusion along siituous })atl]s is indeni enclent of the

permeabi]ity but deniends en what he ca]ls the "effective direetional porosity".
In rocks or soi]-s composed of non-eoncluctivs miRerals, diffusion and eleetrical
concluctien will occur only ifi the pore spaee afid along simieus paths. Sence,
in such a case, the effeetive diffusion constant Dr an(l the electrical conduetivity

Kr will be given by

               g,1:-8.2'i;,l ,,,

where Dl and 11<l are respecgively the Cliffusion coRstant and electrical coll(luctivity

in free medium,-f the poresity ancl .L the litho!ogic factor clepencling upon sinue-
sity of the paths. Tlte geometrical factor f/L is tlie e{fective directienal poro3ity

and the same for both electrical cenduction and cliffusion.
    In his recent paper, Kl!nkenberg33)re})erted his experimeiital results confirm-
ing tke abeve aeduction. Using a syBthetically consolidated core sample, the
rate of difftision of water xfapour was measured. 'l]his Iithologic facter foundL in

this way was 1.9, while that found from the electrical concluctivity determined
fer the same samp]e saturatecl with a ATaCi solution wa-s l.7, givinbcr a s]ight
discrepanc.y which may be coBsiderecl to be within the !imits of experlmental
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error. Also he calculated tlae llthologic factor for variou•s sands and clays of
whie.h porosities ana diffusien coiistants Dr oÅí C02 ha{1 formerly been determined

by Buckingkam, using a value of e.168cm2!see. for Dl (the diffusion constant of
CO, in air at 27"C at which the experiments were carriecl out). "rhen l}e four}d
that the thus obtainecl va]ues for tbe ]itho}ogic factor are of tlie same orcker of
magnitucle as tlkose fer uncoflsolidated materials obtainea by measurement$ of the

diffusion of water vapour threugh sands made by F. Zunker.3D
    ln conclusien, we can safely utilize the analogy between dffus!on a}id
electrical conductioB in porous media ancl an electrical treatment will be facr
simpler than a diffu$ion exp'erimeiat.

    As given at the beginning, when a linear source of radon such as a sub-
surface outcrep of a fau}t in berJrocks extends sufl'icient}y long, the diii'usion can

be treated as a twe-dimensional problem in the p]ane perpendicalar to it. Such
cenditions may be electrically made as follews :
    As illustrated in Tf'ig. I.5, a current is sent from a point-e}ectrode A to a
bar-electrode B through a moderately conductive inedium and the electricatl
potentials at points r7s are measured with a potentiemeter with respect to B.
The potential thus observecl wM corresponcl to a cencentration of diffuslng rcn.clon

in a stationary state. In practice, to avoid the probable pela}'ization Qf the
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                 30 40 SD 60         l?isr. I6 S'io-ving the encl-eff'eet experirnentally o])tained. Cg'he orainate

                rep/resents tlie urel.alive potential Rf wit}i i-espect to the potential
                at x =0, the a}/)sctissa a half !ength of th.e blotting pal)er•

mediam clue to direet cur_rent, Gish-P/tooney's ari}paragus clesigned fer clet.ermination

of resistiv•lty of the grouncl was usecl. [l]}}e e.•rrangcment Nvas that the ctirrent
terminai (]1 was conpectecl to t})e sotLrce eiectroclc A, and the peteiatial ancl ctirreitt

terminals P,, ancl C,, Lo tine bax-eleetrode B, ancl the potentia} termiJial P, to the

potenl;ia} electrot'le at lt•'fs tl]reugh a rotary switeh S.

    }n the pxcsent experitnents, a sheet of blottims papex moistfw'iled wiLh tap
watex containing 50-70 0/o of g}yeerille by volume and spreacl over an e})onite
plate wcfts u",e[l as the nicclinni. It wcq.s 10cm wicl.e etncl 90cin long. With this

size the end-effect is negligible because of the fact that, as seen in Yig.16, it
appeays only when the l]lott{ng paper is cut witli a half ienbnyth ef ]ess tkaii tkOem :

NVitk that of 30.5cm when the potential elec'Lrocle r:, is situatecl so neay the enc!

edge tkat the encl-effeet ls most remarlgal]le for this electrocle as shown. A bTass

bar-eleetro[lfe was pressecl against tke blotting pa-tpey along orie of !ts lenger eclge

anel a point electrode at the center of the opposite edg-e. Evaporation ef water
cluring erx'periment was prevented by the presence of ,.crlycexine cancl further by a

cover of a nylen cloth which was provlde[1 with small openings at the points
r., 'i.,i,••-••••• f'or tlxe setting of the potential electiocles.

    In tl)e exy}erime}it there arise some difficulties which are of the same nature
as those met with iri electrical prospecting in the fielcl, l. e., contaet poteiitial and

tlte so-calle[i. contact resi-stance of the electrode ancit l)olarizcation of tlie meclium.
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To overcome these d{.flictzlsios is reqaisite for making u{•se of the eleetric ana!ogy

ancl this was done as described in the followlng.
    Let e'f }]e the potentials ."tctually measure[1 at points rf wlitich are at the
clept]} of one.-tcfith of the wldth h, from bhe bar-eleetrode ancl et Iateral dlstanees

x = flb (f beln.g 0,0.,5,1, .2,3etc.) fi'ora tke point {i•, above t]ke sour'ce, then tke
tlieoretical]y ey. _pected 'poleiitia], i. e. the petential fre: from the ,aforesald dlf'}lculties,

Ef wi}} }]e w.r.itteB a$

                Ef "" e'f - (cf + clf).••.••.•........(4•)

where cf is a dlstuTbing posen'b'ial clepsnding upon current density ancl af anotker

disturbixxg poteittial inclependent of cttrrent cleiisity. Disturbiiig ni o;fentials other

than these two caR hardly })e eoncoivable. Now then, as a first approximation,
cf may be expressecl fi.t$ e'fK (I<:a eonstant if reslstance of the meclium remains

unchanged>.
     Then, the relativ,c). pot.ential Rf with xespect to tl[te nx otential at lvo ls
            Rf = ill:1-==-Zl-Zmik'IIii;` -'••Sl'S--IS••'/9•:E,/•i•S;•I/lil!••1••-xY-'/(ll'>••••-• -- ""•{••{•••••-•-",• 'l•- ••••••••(•s)

 where
            Af mu-i7f<l'{+K) ancl R'f =" e' sl e' e, ancl heRce

            A, •= "-f-.-l-iBlli- .•.•.•.....•••••••••.•••••••••••(6)

 [lr.he valuas of Rf have already been ealculated as RO.J" :0.753, Rl=0.396,

                 .S                 .e

                 .7
                 q
                 .7

l?ig.

.
46

.,4 
.42

'
mp

.
}s

io
[ R:

.eS-

.ob l
 S .1 .2
  [ R,
.oL,l

.eeL

Lrm_

-..m..-rr_4---.1.---rmrmJrm"-'-uL.-           .] .4 .5 .6 .7 .B .S iO

Fpt'be---"-"vtr'Kv
        Lth__-    0.1

17 Chaiig.e.s

  .:• .i .4 .5

of Rf iv'ith increasing

 .e q .g s
vAdtlt eC sottlce electretie
in terms of hCtltat of "tEdlum)

"TIdtli o'f lhc source

aeh

e}eetx-of]e..



260 Zin-itlr{") NATUDA

R, == O.085 and R, = O.018 (cf. Table 2. p. 238). Hence, by measuring e'o and
e' f, the value of Af will }[)e found by the e[luation (6). If a current is so ad•
justed that e'. is kept always constant, Af will be constant for the same medium
andi inclependent of tlae shape of the source e}ectrode or the path of the current

within the assumption empioyed.
    Following the above-mentionecl reasoning, the author has triecl to find tke
values of Rf hy ex_perimenls in the cases where tke widths of tl}e source eleet-
rode are 1, 2, 3, ••••••••, IOcm against h = 10cm insteacl ofapoint. IR i]ature
this case corresponds to the case where a fault is assumecl to be broad, forming
the so-called "fault zone". T.he re',ult is shown in Fig. 17, from xvhieh it can
be seen that the effect of the width of the source electrode is appreciable only
in the vicinity of the center station ty, and at the station tr,... nearest to 1.vo; the

eff]ect of the wiclth ef a value 0.5h is te increase Rf from 0.752 to 0.772 or
only by .P,.7 0%, aii unexpectecl}y sma!! eff'ect.

     [l]he second experirnent corresponds to the case in which one side of a vertical

Table 8

" "-•.. I)istance
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igher tlian the etiier. k! this expei..'iment, the blotting paper

form ABFEDC as shown in Fig. 18, 2n which t denetes the
 The measurement of poteiitials at rf is thc same as before.
plotted tl]e observed values, xvhile in Flbff. 18(b) the values

e
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eorrectecl hy fol]owing the aforesaid reaseiiing. In Table8 are shown the ob-
served values (R'f), the values of Af ancl the corrected values (Rf>.
    It is worth noLicing that as the throw of Åíhe f'.ault increases, the maximurifi

of the cttTve shifLs towavcls the thrown sicle of 'the fault ancl tl]e feyms of the

curves deviaf.e from being symmetrical on both sides of the maxirnum, the s}ope
of the curxre on the t'hrewfi sicle being less steep than that on the opnt osite, bttt
by no meetn.s so pronouircecl. rl]hi•s result gives a warnillg to the eusl;omary wcay
of assumin.cr a faudL as jtist below t}]e peak in ra{llioactive proflle.

                         Preacsieal a})piicathKoR]s

(l) Research in Nare.hetshi eil-field, Yamago.ta ?refecture.

    During the periocl of the reseayeh (10-30th August, 194,7) there were three
wells in this region cfi.nd thcre iiow are five oiie-s. The position ancl i}umbe.T of
these wells ar•v" siflown iB the map in Fig. I9. A fa-tult was assumecl geoiogically

between wells NTo.I (RD a}tcl Ne.2 (R,) oii the grouncl surfac`:). "1]he former
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 cut an oil-co}itcaining. ]ayer at a cleis)th

 l66.6m }:}elow sea ]evel, while the
 Iatter revea}eCl iio sign of oil. Well

 rSTo. 3 (R,) si tuated 160 m nor th ef
 No. 1 also proclvuced oil at a clei?)th of

 14-8.4g na ]]elew sea level. The$e clat:a

 and the other•s shewed thLat the nerth
 pa!'t of the region was }?!omissin.cr fo}'

 oi]. en the other hancl, the eil
 reservoir here was of t'he type " see.]tJd

 up by fatilti', so that the exact know-
 ie-dges about the position emd ti'eiicl

 of the fault were xroxy irnpo}'tant fox

 the future clevelopment. By suÅ}'faee

 survey as well as pit suyvey it was
 hepeless te trace Lhis fault in tlie
 S]kibikawa formation, }]ccause tke
 latter was coverecl with thick layers
 of agglomerate and volcaii2c diitritus.

 Accordingly much was expectccl ef
 success in location of t}}e fault by

 the raclieactive method.
      The methocl adopted was raclon-
 in-soil-air methocl. The soil ah' to

 be tested for its radolt eolltent was
 drawn froma a mean clepth of 90cm.
 Witli sucit a Clepth, xadon content
 would not aveid the infiltences of
 uraiRfall and atmo$})herlc pre$sure.
 So a standard station w.is set where
 the measurement was rel)eated every
  clay aneL the obsexved values at all
  the station$ were cDryectecl wltli tlxese

  data. The ?esition ef stations and
  lines of survey are showfi in "'ig. }9.

  Owing to dampness and c}aycyness
 encountered at places, which mtq.de
  it impossible te draw ul,) soi} a.ir,.the

  distributien ef stations xyas not fu}ly

  satisfactory. In Fig. 20 e.ncl Table 7

  Lare shown the results. Along Iine
ewlnd th6i:e-'aplcat' two pealscs in radio-
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active pro{ale, one at station No.6 ancl tke otheur at Ne. Il'. Between stations
?NiTo. 9 and No. 10, a s]?rintocr is found and between No. Il ancl No. 11' the grounc!

is clamp. As to the ]atter, if it were not so, a higher peak of radioactivlty would
bc expected between No. 11 and No. Il'. ]n line II a hump with considerable
width of which the center !s station No.7 and a coit.spicuous peak aÅí No.9 are

fourid. These two maxim.a presumably correspond to those appearing at a shorter
interva} iri ]ine II{, anG also to thoro•e in ]inpus IV an'd V. Joining these corre-
spending maximum peints respectively, we get two lines running nearly parallei
in the clirection of north by west in the northem part, and diverging southward in
the soutliem part of the area surveyed. These lines may be supposed to be the
projections on the surf.a.ce of the earth of sub-surface outcrops of two baried fauits.

     The irregularities appearing in the vicinitie-s of stations No. 2 on line III, B

on line IV ancl No.2 on }irie V are also remarkable and presumcably weuld be
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N.

x

                                  I,'isr. 21

clue to a certain undergreufid strueture. Investigation of these irregularities,
howevex, are omitted here.
    ef the two faults pre3umed here radieactively, the west owie (Fig. 19) would
in all probability be the proiection on the surface of the earth of the subter-
ranean outcrop of the fault geo]ogically assumed between tlie weils No. 1 (R,) and
NTo.2 (R,) as already mentioned, and the east one is the fault newly infeerred by
tl:te present ra(i[ioaetive prospecting. The trencl of the west fault havh]g beeix
thus co]ifirmed raclioactively, the twe new wells No. 4, <RO and TNTie. 5 (R,,) were

drilled in 194{8 alld fotmd to he oil-productive.

(2) Research at Amaze Oil-field in Niigata Prefecture. (IO-l7th, Sept., 194,7 and
16-.9alth, April, l94•8).

    Along the eoast of Amaze ([l]he Sea of Japan) ancl its neibourkood there
have l)ee}i found a num'nei of reefs lying more er less in orclcr at the sea hQttom.
Juclging from diseontinuity in their arrangemeiit, several faults have been assttmed.

The aim of this research was to clteck the suntpose[l faults with tlie radieactivity

determinations of their extensions on the land.
    In tke Amaze area the measurement was fiyst made aleng thvee lines, A, B
' and C, which weere transversal to the prolongation on the lancl area of the
supposed fault line I <Fig. 21). A hump xvas observed in the midclle of lixxe A
an{l on line C (Fig. 22), a con-spicuous peak was found at station C-1, but in
the correspoi3ding place oll line B appeare{i an l.Ya-shape{l variation of w}}ieh tlie

minimum occurree at station No. .2. D<fear this statioii the ground was swamapy,
but after several triais we were barely able to fincl out the ns oints <staÅíions No. f.).,

and No.7) wlaere the col]ection ef tmclerground air was possible. Censidering
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the position of the peal< on line C, NNre hacl to expect a similar pealÅí in tlaesite
betweeri stations No. 2 ank[l No. 7 on }i'lte B. The detnresslon in the IX,I-shape[1

variation coul[l be exlplaine[l by the dampness of the soi! there which suppressed
the ri.sing of raclon fyom beneath. The results of auxilitary measurements a}ong
}kies C and lr" woulcl support this viei,v. In consegttenee, a fau}t (I) passing
tkrough station C-1, an{1 the mi{lst ef B-2 aRd B-7 (situatecl iiear the miclclle
ns oii}t of M-sha})etl variation) and of A-.2 and A-3 may be inferre[l.

    Similar con(litiens were met at l<atsumi about lkm south'west of the fieltl
mentionecl ca.})ove. The supnt osed fatilt II was running east by north throuocrh
Katsumi hamlet. At first xve nkreparecl three }ines of survey. Along
E-line a definite peak ef iaclloact'ivity was observecl near station No. 2, but .g.loBg

D-line was alse founcl a peak whieh wtas not so comspicvLous. Stations No. 6 and
7 oÅí D-line censiclerably deviated from the main trencl as they were chosen so cas
to avo!cl dam}) grottncl. As for H-line, we expected a maximum value near statlon
No. 3, and indee[1 radoR content increased frem No. 1 to }ICfo. 2, bttt observation
at station No.3 cou!d not carrie[l out owing, re.crretably, to the break clown of
the boring stick, the reipair of which xgas lmiL:)ossible fer laek of tlme. ]]}uring

the obserxration there,. a typl]oon passed the Kwant6 clistrict and it mi,,`r,. Iii liave

somewhat disturbecl the results with low }ressure ancl eopious rain.
    Near Ishiji [I]own ca similar investigation was made next sprhig. [lr.he geo-
logical conditions Nvere the same as in the former cases. I.ines A,B and C lay
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mostly on the hlllsides of a T.ertiary formation beh2ncl the town ancl line D en
the s.ftndy shore a}ong a main street of the town. The radioactive profi}es
obtainecl aloiig these lines are shown in the right hand side of Fig. 22. [rhe
interl)xetation of the results, as shown in Fig. 21, was alse posslble by the landward

prelongations of fatdts III and IV supposed en the sea bottom.
    A presumed fault III running through a gap of rows ol` roek xeefs on the
sea bottem was feund landinbcr in the south-east direetion iiear station D-0, thei}

passhig threugh station A-0, ancl reaching staion B-I. Being eut by anotlier
f'ault IV rumiing east ancl west, this fault started from station A-2 and found its
extension through stations B-3 ancl C-6.
    In all, it may be $aicl that ilet on]y the existence of the assltmed fau}ts
conjecturecl from the carrtanbcrement of submarine reck reefs was verified but also
the ex;stence of their extensions on the !and area were eonfirmecl by the raclio-
actlve method.

<3) Research in Shimizu Gas-faeld (May 3- J"ne 6, l94-8).
    NatuTa} gas occurrs iy} the shearing zone ef the [}rertiary sediments in Shizuoka
district. rhLTear Shimizu City, gas reservoii' becls a.re founcl by x•vell clata at thxee

cleptifis 35m, 55m ancl 70 "v 160m, with thicknesses of IOm, 2m and l4 "v 17m
rei.]?eetively. Of these, the shal]ower hsTe becls aere in the alluvium, while tlie
]ast is located in the breaking zoBe of Tashiro-tCg'e Thrust, xvl}ich is the most
im' portant gasa)roduchi,g layer. Radioa.ctively this tl]xu.st was traeecl for its
southwester}3 e.ytension near Nagasaki in Uclo Village t'or the })urpose of fa}diiig

the proper positen of a gas we}} to be newly bore[l.
     [rhe ayea surveyecl xsras, for the most ntart, rice ftelds of whicli seme were
then a]reacly irrigatedl and the rest left unwatered, Eo st,ations s,srere most]y choseTi

o]} the clry vegeLab]e field. As it had ])e-."n fottnd by the preliminary test that
tlxe soil about 40 'v 50cm from the grottnd surface was blue clay ancl dampy in
general, the grouncl-hole-ionlzation-chamber method ivas usecl insteacl of the radon-
in-soil-air method in which extraction of soil air was supposecl to be very dif}icu}t

in these circumstances.
     Measuremexts were rnacle in the usual svay exeept feer acloptien ef g. 6ecm
cleiptl} for the grouncl ho!e insteac} of the usual ]. m, owing to the shallowness of

tlte unclergrouncl 'vvatcr }evel. The electyoscope usecl, a top of ]M fontactoscol]e,
wets damagecl after the observation of the fixst anf_l flftli ]ines of statieBs, and the

remaininbcr lines were sttrveyed xvith an electroscope of Arn]]romi-type fontactoscope

which was ]ent to us by courtesy of the tl]en Undergroltncl Resourees Surveys
of the DepL`-'trtment of Commerce alld Industry. Using this electroscope tlie
observaÅíions along the first line were repeatecl, and by the repetition the ratie
ef eoristants of the two electrosco};)es w.".s cleterminecl. [l]!]is ratio was employecl

to express tlie values obtained by tlxe l"ti electroseope in terms ef those by
the Ambromk-tyni e eleetrescope.
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    Observations were carried out along ten traveyse lines with ssation intervals
usually of abont 4,0m; sometirnes the distance was reclucecl to 10m according
to eircumstances. Along some traverses observations were repeated on different
days. Ttae results shosyee a fair cftceord in the general trend, with s!ight
differenees in values of radioactivity at inclividual stations. As the change in
barometric pressure, wind and rainf'all shou}cl have efl'ects u'pon the radioactivity

in the ground hole, observations along ene traverse were usually accompjishecl
in a single clay.

    T.he observed raaioaetive profi}es along all the traverse are sliown in Fig.
23. In Fig. 24 axe also shewn the traverses of stations a}id the position of the
$ubsurface outcrop o!' the fault (thic.lc l[}roken line of wavy form) which can be

presumed from the positions o!' the peaks of the radioactive profiles. In the
area surveJfed, the dissected Tertiary formation is overlain by alluvial dent osits.

Hence it is very Iikeiy that here the topegraphy of the surface of the bedrock
tmclerlying tlie area is a continuatien of tliat of the hill <Tertiary formation)
slitocrhtly northwest of the surveyed area. As stated above, if a thrust, presumably

the extension of Tashiro-t6ge Thrust, passes under this area with a northwe3t
inclillatioii of a relative]y ]osv ang]e, e. g. 20"'v 300 as may be assumed from the

well clata of Oshikiri producing field situate5 near this area, the projection of

 Ol 2Sls6 7nS m" 12 t3u ls te i7 1 2- S 4 5 fi 789tO" t2 t3

 io Lt .r.._....v_y..""/'SX`""s'N-- 1: Vli /.A

 0 12 .a 4e67 e9 0 e2345i: Iif,rm.x,lh,s.s, igC
, ,Vf

2,--mi,--'",IIi, ;,,A,, ,,,,X,,

io ii' y/. tc iX
o {-;,"'-ill"' ,wt l' , ,,,,/ ,, e ig2; l'i";

                        e fco 2oore                        _
                                Fig. 23



Badioactive Method for Geoleg{cai Exploration

Fig. 24•

269



  270 Zin-itir6 Hvs'ruD.s

ir}tcrsectien of the thrust plane with tlie undulatory surface of the bedrock upon

the surface of the ground will be a wavy curve. Comparing the form of the
substtrface outcrop of the thrust (I{'"ig. 24,) with the contours of the near-by lail],

we could come to a conclusien that the foxrner is the projection of intersection
of the two surfaces just mentioned. Froiyk tlae peaks at stations I-3, VI-6 and
VIIII-7, we can 'infex the exlstenee of a braneh of the main fault situate[l on
its south side. Sach a branch i.s ofte" observed in the surface geoiogica} survey
a}ong T.ashire-t6tge Thrust in Lhe northern part of this area.
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