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要 旨
本研究は石濁及び協力者によ b遂行中の西洋化学に於げる基啜的研究に阪するものである。元素の原子番号と
Clark数との間に飼昭かの注見性の存すぺき l.liを予想して、虹等の聞の札関々係を求めようとする試みは、w.n.
Harkins 氏 C米）によ h提唱されて以束多くの人々により行われた所であるが、著者等は海水溶存元素に関す
る系統的研究を逐行の途上、その溶存元索:fitと各原子番号との間に驚くべき規則性の存在するを見出すことがで
ぎた。この規則性は本文中の各囮に示された釘裸形によつて一目紐然である。此等の各図に於て、元素の塁を表
わすためにとつた著者等の特徴は、従来 Clark 等の行った霜屈％表示法ではなく、その代b に原子数に比例す
を塁即ちミリモル (m.m.）を以ー（し、更に其の常用対数を取つて、之を縦軸とし、横軸には原子番号をとった
ことにある。何故なれば、斯くする方がすべての説明に有効適切なるのみならず、前磁％法を用いるよりも一陪
満足すべき結果を1りたからである。
即ち箸者等は、他の研究名により定股された分析数値と若者塔の数室に於て測定し得た分析放値に基ずぎ、置
要にして興味ある規則性を認めることがでぎたのであるが、それにより吾々は注目すぺぎ次の事実を察知するこ
とができるであろう。
1. 叙上の規則性は只に洵水に於てのみならず地球上の全水四に於ても成立するであろう。何となれば全水國

の中、沌水は約98％を占有し、他は合計しても約 2％に過ぎないからである。堕に岩石四を加え、この地珪全体
に於Itる此等の元素の存在臣の規則性をも示唆するのではあるまいか。
2. Csの最の予測の際に述べたように、内抑叉は外抑法によ h悔水中の溶存元素扱を、他の近接元素の温より

予知し囚るであろう。それによれば週期表に於て未だ空位に残されている唯二つの元素 Eca Cs及びEcaI の量は
ぁまりにも超微豆であつて分析が不可てあろうと思われる。況んゃ夫等が放射剥環をするに於ておやである。
3. 放射性元素の崩環現象を稲々の地球化学的年代の決定に利用することは、近年に至り隅々試みられる所で
あり、此等の方法により比較的に5観［らしい年齢が多数ヰ定されている。この種の方法 CU→Ra→Pb) を、庇
に石憤及び協力者は海洋年齢の新ヰ定に逹用し印刷公表ずみである (1938) 。面して更に著者等の提唱する海洋
年齢の箕定1I-は等しく陪射性に関辿する理1位による ものであるが、其の沼想、内容ともに従来の夫とは全く趣を
異にする新方法である。
本文中の(3武に於て財jかなように、氾洋の年齢 TがR a0')｝ij環恨放入に比して充分大なる時は C事実然りである
）、海水中のRaの現存il:N'I'と、 1年間を通じて湘水へのRa搬入fil:Noとの間には、 T に熊関係に

N'I'＝2. 27 x108No 
なる式が成立する。又第 3図のM g - B aを結ぷ直貌と R aの原子番号88の横軸との交点をR とL、 Rの縦軸の指際
をN とすれば

N = N o x T  

本論文は，日本塩学会誌 第 6巻，第 1号， 1ページから 11ページ (1952年）を許可を得て転載したものである。
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なる関係が成立する。故に之を前式と組合すれば
N  N  2.21x1osN T  = ― - ＝ - =  -N O  N 7 ' N 7 '  

2....'7 x  108 
となる。而して上式に於てN,N7'の数伯は既知てあるので、 T即ち洞洋の年齢を求めることができる。

即ち N=lxI0-6、 Nr=7XI0-13 を代入すれば

T =  ?.. 27X 108 X  I0-6 7  X  10-13 .,,. 3  x  10n years 

斯して海洋の年齢は大約3咽坪と云うことになる。この数字は、柄洋の年齢は10へ 50位年の間にあるぺしと云ぅ
石襦の前報告の提唱を支持するものである。
4. なお海水中に溶存する元素代の肛則性については、其の後石囲の主宰する海洋化学研究所に於て更に著 L

い研究成果を挙げつつある。科料を新たにして報街したいと思う。

I. Introduction 
Under presumption that there should lie some regularities between atomic numbers and Clark's 
numbers of the elements, several attem. t; for finding some relation between these numbers h11ve 
be en made since Mr. W .  D. Harkir.s ~> first pro;osed it. H .e  stated its general tendenc; in his 
well known rule named after _him thus :  11The element of even atomic number has, as a  rule, 
larger Clark's number than the neiehbouring element of old atomic number. fl 
O n  the way to systemaitc reFearch3l on the elements dissolved in the sea-water, the writers no-
ticed some regular relation between the quantities of di函 lved elements and their atomic numbers, 
even in taking up only the h. drosphere. Persuing further, the writers found surprising regularities 
in the case of the sea-water. A s  shown in Table 1, by 
the elements of the same family, the quantity of the 
elements dissolved in the sea-water decreases as the 
position of the elements in the rer:odic ・table becomes 
lower. This rate of decrease, as shown in Figure 1  - 3, 
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Figure. 3  
(Alkali Earth Group Elements) 

gives almost a  straight line in the case of the already quantified aklali elements, alkali eart!-i、
elements and halogen group elements. But by the elements of high.!st position in the same group, 
such 四 Li, F(Be is not yet found), they show (_uite exceptional c_uantities, just as they do in 
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their chemical and physical property. 
A s  seen in the above figures, the writers'method of indicating the quantity of the elements 
differs from weight %  method which has been empJ01ed by Mr. Clark. Instead, the writers used 
the quantity pro;:ortional to the atom number, that is, millimol (m. m . ) .  A n d  moreover, they .． ..． 
took its comrno~ logarithm as its vertical axis, and atorqic number as its horizontal axis. ・ In 
doing 9 0  further exposition was faciliated, and more satisfactory result was ottained than by the 
use of weight %  method. 
Owing to ~e enormo四 effort of chemical and phxsical researches  of the past century, w e k 匹Wヽthat the atomic number represents all the essential qualities of atom itself, both chemical and 
physical. Co四 idering that the quantity of elements dissolved in the sea-water  is depe~dent on the 
degree of facilitJ of their delivery from land by the water 4>,  it is assumed from large point of 
view that the periodioal character of chemical and physical property of atom it~elf is found, as 
one of its manifestations between the quantity of the elements in the sea-water and their atomic 
nun1bers. Especially in dealing _with such great source as the ocean, statist_ical law of great 
numbers (Gesetz der grossen Zahlen) wo•.1!d be applied rather satisfactorily.  Moreover, in the 
lineage of strong 皿 iformity such as the sea-water, totality of each individual analysis value is 
far superior to that of the cases on land. 1nis fact, too, is the m ain  cause of regurality recogn-
ized by the writers. 'fhus,cOn!jidering, in geochemical arguments, its fundamental quantity ot the 
elements should rather be dealt from the stand point of the c;uantity rational to their atom num-
btrs (m. m . )  than from weight %. A n d  the:writers intend to maintain this view point henceforth 
in this kind of researches. 

Table 1  
----

eIements |  atomic numbers | g / L  m.m./L j  log m . m .  
F  ， 0.000822 0.043  - I. 367 Carnot 

0,0014 0.74 -0. 131 Wattenberg 
Cl 17 18.42 519• 6  2.  71567 
Br 35 Q.063 0, 79 - 0.  102 
I  53 O.OOOOG 0. 00038 - 3.  420 
Ecal 86 

Li 3  0.0002 0.02!) ー 1. 538 
N a  11 10.10 432.0  2.635 
K  19 0.37 9.4 o. 973 
R b  37 0.0000035 0.0004 - 3. 398  
Co 55 n x  10-11 n X  10-8 - 7 ~ - 8  
EcaCs 87 

B e  4  
M g  12 1.24 fil. 0  1.708 
C a  20 0.40 10.0 1. 000 
Sr 38 0.013 O. 15 -0. 824  
B a  5f1 0.0002 0.0015 -2. 824 
R a  88 n  X  lQ-13 n x ]0ー13 ー12ヘー13  

n. Consideration ・on the Experimental Value 
Since former ages there have been enormous number of researches made on the quantities of the 
elements dissolved in the sea-water. A n d  there have by  no means been a  few cases where fairly 
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varied anal) sis values were obtained. However, the values referred in this thesis are taken from the 
generalizing thesis of Mr. T. G. Thompson"> and Mr. H. Wattenberg 11> which are considered 
most reliable today, except by the elements Li, R~, Cu, A u  which have been determined at the 
w~ters'laboratory. But only in case of Ra, as Mr. C. S. Piggot and Mr. W .  D. Urry7> recog— 
nized, the writers considered the most rectnt analysis1value of Mrs. R. D. Evans, A. F. Kip and 
E. G. Moberg to be correct, and it was em,Jloyed. Thus Table I, Table 2  and Figure!~ 4  were 
made according to the above said values. 
Assuming that the salts in the £ea-water have been carried in mainly by rain water and rivers 
and accumulated during a  long period, it i3 easily presumtd that especia1ly in lithophile elements 
such as alkali metal, alkali earth metal and halogen group which are widely distributed near 
the earth surface mainly, relation tetween their r_uantity and atomic numbers・ is regular; and 
that in cases of the elements not so well distributed on the earth surface s.・ch as chalcop!.ile and 
siderophile elements from the third A  group to the fourth B  group••·..,,.. the sixth A  group in the 
periodic table, it is somewhat irregular. 
A s  there lies great difficult; in this kind of research，analysis value of the elements existing in 
the sea-water is at present very insufficient and im;.erfect. Therefore it is impossible to ascertain 
the above stated presumption yet. Neverthless, as an e •: ample, the following Table 2  and Figure 
4  will show the relation between dissolving concentration and atomic numbers of the elements 
such as copper group elements Cu, Ag, A u  of which analysis -is considered almost completed. 

Table 2  I。 Atomic numbef' 
I  ・ 10 10 JO 切 5 0 “7 0 80 

elements I  ato芯icI|  g/L m .m ./ L  1・ log m . m .  nu:nrs 

C u  29 3 X  IO-5 0.0047 -2.328 
A g  47 12x10-1  0.00028 - 3. 553 Wattenberg 

・ 3xI0-7 0.00020 -3. 699Thompson 
A a  79 4 x  10-9 2X10-8 -7.699 

1. O n  the Elements of Halogen_Group. 
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A s  shown in Table I, Figure I, and in the above exposition, 
it is clear that the writers attempt has ・ 1::een fulfilled. The 

Figure. 4  
(Coppsr Group Elements) 

analysis value of F  varies by different people more or less, and its position on the figure, accor-
dingly, is not decis:ve. However, it matters little in the present ar邸 ment.

2. O n  the Elements of Alkali Group. 
It ・explains from itself by Table I, Figure 2, and the above stated consideration. Only cone-
eming Cs, its existence, of'course -.was anticipated, but its qualification and c.uantification have.not 
been c;uite sufficient. But it has become pos3ible to presume tr.e r  uantity of Cs dissolved in the 
sea-water by extending the binding line of alkali elements and aC':_uir.ing the crossing point with 
the vertical axis of tl e  atomic number 55 of Cs, which is shown in Figure 2. 
This value is thus acquired from Figure 2. If the required concentration of Cs is C  millimol :  

・log C  =  -7.G 
．．． C 与 3 x  10-s millimol 

与4 x 10-0g/L 
The writers invented a  micro-anal:,tical method enabling the identifying of Cs (4 x  10-0g/L) to 
the above said degree, and by appl} ing it on the natural brine prepared fro'l1sea-water, the 
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quantity of Cs in the sea water was ind:rectly measured. Thus the above stated preswnption w a亀
如roved correct. That _is to say the quantity of Cs in the ~ea-water, according to the writers'exp-
eriment, is nxl0-8millimol (nxIO-Dg/L), and.within the limit of experimental error, it coincides 
well with the presumed value. 

3. O n  the Elements of Alkali Earth Group. 
O n  T;ble 1  and Figure 3, detailed consideration on the regularity of the second A  Group, that 
is alkali earth group will be made. First it is noticeable that R a  which is dishibuted to high 
degree all over the earth surface, exists in the sea-water.  only as an exceptional case, remarkably 
deviated from the extended line of M g - C a - S r - B a .  A n d  while the c_uantity of R a  obtained from 
outside by Figure 3  ahould be l  x  10~6 rnil1irnol, that is 2  x  1炉 g/L, the('.uantity of the sat'l¥.e  in the 
sea-water obtained by actual measuring is far smaller, n x  10ー13miJJimo!, that is n  x  10-13 g/L.7)8) 
The Writers thought out of the foll ollowing two reasons as its main causes, and attempted quantjtative 
explanation with them which brough_t  satisfactory result. The lack of actual quantity of Ra, as 
stated above, comな1 from: 
,  I. Deer匹 _of the(、uantity by natural disintegration caused by radioactivity of Ra. 

~- Decrease of the quantity by precipitation and deposition of R a  to the sea bottom. 
A n d  the writers calculated the first case to be far greater than the second (about 100 times as 
much). It will be stated further on this. 
At first, the explanation will be made on the decre~se by disintegration. O n  Figure 3, the me:-
aning of the cross域 point R  of the straight line binding M g - B a  ;  and the horizontal a;is of th~ 
ato:nic number, 88, of R a  is considered. This indicates the concentration of R a  with assumption 
that Ra, delivered fro:nvarious sources0> into ihe sea-'water ever since pirmeval ages, has, like 
other stable elements, been accumulated without being disintegrated. A s  the theory of disintegration 
of R a  is wellknown, by its application, ・ R  is acquired theoretically from the act~al quantity of 
R a  in the sea-water. Thus :  
If c;,uantity of R a_  deliv~red into 1  L  of sea-water i;er ,  year be N o  millimol, the age of the 
ocean be T  year, the actual quantity of R a  in sea-water of 1  L  be N r  millimol, ・ and the disinte-
gration coefficient of R a  be •. 入 (year unit), then 

N r  =  Noe-/..T +  
The above formula is geometrical progression of e-入T as its first term and ・its common ratio. 

N r  e-入-2L} = N o  {~}··· ··· ·.. ... ..... . ... ... (2) 

A n d  T  is the age of  the ocean, to which various different values have been given, and is consi~ered 
to be between I  to 100 hundred million years. Formerly it has  been taken as around 1  hundred mi-
Ilion years, but recently its value tends to increase, and especially the value acquired by radioactiv-
ity is considered to be from over 10 hundred million.  yean to several 10 hundred million _years. 
Therefore in the formula (2) be ignored against e-/.., T h us  
N r =  N。〈―e-入 ¥ =  N。j e-入 ＼

e-入- 1 /  ＼ 1  `  

W h e n  e=2. 71828, 入＝ 4. 38 x  10-4 is substiiuted in the above formula 

N r = N o {  e-4•38 X  0．99956 
X  ]0-4 f .  V .  o. 00044 = N。x =  

O n  Nr, that is the actual quantity of R a  in the sea-water, there have been great number of de-
termination made following the research of Mr. Joly, Mr. Eve. A n d  also it has been known that 
its quantity varies somewhat according to the depth of the sea-water.  However, the writers take 1. 5  
x  10-1sg/L, .  that is 7  x  10-13  millimol,  as the qt・antity of R a  representing the whole ocean. The rea-
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son of which will be stated later. 
Thus if Nr=7x10-111 
according to the formula (3), 7  x  10-13 d2. 27 x  10sN。

N。= 3 x 10-10 millimol 
Therefore N。,the quantity of R a  delivered into I  L  of sea-water in a  year, is 3 X  10-10 millimol. 
A n d  if the concentration of R,i on the imaginary point R  is N  millimol :  

N = N。x T = 3 x 1 0 - 1 0 T
T圧年e if T = 1 0 9  (that is 10 hundred million years) 

N=3xJO-I6xl09=3xl0-7 millimol 
A n d  the characteristic is log 3  x  10-1 =  - G. 523 
Also if T = 5 x 1 0 9  (that is 50 hundred million years) 

N = 3 X  10-10 X  5  X  109= I. 5 x  10-6 milhmol 
A n d  the characteristic is log I. 5  x  I  o-0 =  5. 824 
A s  the characteristic acquired by Figuてe 3  i~ - G, the above stated value becomes slightly greater 
if T  is taken as 10 hundred million years,  and slightly smaller if it is taken as 50 hundred million 
years. Even today it still is hard to know the exact age, T, of the ocean, and it is very hard to 
make accurate calculation. However, as stated above, if thd age of the ocean is assumed to be 辰
tween 20 to 30 hundred million years, concentration of R a  at the paint R  would be ・ well explained. 
Although correction is necessary for the decrease of R a  by its precipitation and dep0sition to the sea 
botton, it seems so small avalue that it could be ignored, comparing with the decrease・ by disinteg-
ration on which will be stated later. 
Next, the writers will make consideration on the above said second cause, the decrease of R a  by 
precipitation. The experiment value of Mr. Evans and others (1030) seems to show most clearly 
the manner of ・precipitation and deposition of R a  in the sea-water. Referring it from his thesis, 
it is shown in Table 3  as follows :  

Table 3  
R a  content in the sea-water at various depths. 

depth (m) 

゜゚
600 
600 
I, 300 
1,300 

quantity of R a  (g/L） 
(0.3土 O.l)XlO心 g
(0.5士0.2)X 1 1  

(1. 5士O.l)X I I  

(1. 3士0.3)X 11 

(3. 2土 0. 2) X  1 1  

(2．&±0. 3) X  11 

sea bottom deposit (I, 300m) (3.00士0. 05) X  I0-12g/g 
／／ (3. 17士0.05) X  I I  

It is found there that Ra content in the sea-water increases rational to the depth fairly straight 
lineally, and that in the sea-bottom soil deposit on the same place, enormous amount of R a  is de-
posited and condensed (comparatively spe;iking, of course). Here, the quantity of R a  is a x  10-12g 
Ra/g, in other word 3  x  io-0g R ::i/kg. It wi'l not be mentioned here of various statements 11> on 
the subject of the mechanism of this condensation. It is found here by the experiment that R a  alone, 
un1ike othere ふements, is precipitated and concentrated to unusually great quantity. O f  course all the 
elements dissolved in the sea-water arc also precipitated more or Jess by various causes, but compa-
ring with that of R a  they are too far smaller de~ree. 1  he writers have taken this up quantitatively 
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as follows. Tnble 4  shows the quantity of the elements of each alk.ili earth group in the sea-water 
and in the red clay 12)  of the deep sea bottom, a'nd the ratio of the quantity of these. A s  for the 
quantity, the l"ltio of the atom number, 如 t is m. m. is taken. 

Table 4. 
The qu.-int!ty of the clements of nlkali earth group in the sea-water and in the deep sea bottom. 

--
s四 - water red clay 

・m  I  I  rntio, the quantity m1 m o  of M g 四 1 weight %  I  % /atomic weight I  
M g  51.0 1  1．叩 8. 2 X l0→ 1  

＇ Ca 10.0 200 X  10-1 1. 42 3.5x10-2 4.3 X l0-l 
Sr o. 15 2.9xI0-3 0.045 5.1 X  10-4 6.2xl0-3 
Ba 0.002 3.Sx 10-5 0.18 1.3x 10-3  1.6x10-2 
R  7 x  10-18 1. 4  x  10-1↓ ]  X  10-o 4.4 x 10-12 5.4x10-11 

A s  seen in Table 4, /il. 0  millimol of M g  existing in the sea-water ;  is 1. ()() %  in the red clay. 
Therefore, if the rate of its precipitation  and conclcnsation in the red cL-iy from the sea-water is taken 
四 1, C a  should be deposited as m u c h  as 

1  X  4.3x10-1 
2  X  I0-1 今 2 multiple of M g  

A n d  ・as to Sr, similarly 

1  X  6. 2 X  10-3 
2. 9 X  10-3 与 2 multiple of M g  

Similarly this relation whth Ba m d  R a  are indicated as follows. 

Tnble 5.  
The ratio of ・the quantity of the elements of 
al畑Ii earth group in the sea-water precipitnted 
皿 d condensed to the sea bottom. 

M g  
C a  
Sr 
Ba 
R a  

the ratio of the quantity precipitated 
1to the s四 bottom

1  
2  
2  
400 

4,000 

According to this, B a  must be 
precipit~ted_ to the s四 bottom about 
400 times as m u c h 匹 M g , and as 
to Ra, about 4,000 times as much• 
Therefore the decrease of R a  by this 
phenomena could also be considered 
as one of the causes of the afore 
sa.id deviation from the straight line. 
The writers calcuiated the quantity 
of  R a  deposited by this cause as 
follows.  The result show, as .  men-
tioncd before, the influence of this 

cause to be comparatively smaij. The value employed in this calculation is by no m e皿 s without dou-
ht, and the reliability of the acquired value is not always decisive. Howe¥・er, tmsting  this mothod to 
be logical, it suffices to J m o w  a  approヰm 1tc v  J[uc. 
A s  shown in Table 3, according to the afore said ex,:-crimcnt of  Mr. Evans, 恥 content in the sur-

face soil deposit of the sea botto m  of I, 300m  depth is 3  x  10-1~g Ra/g. A ssuming a  water pillar to 
be 四 de on 10cm squ.-ire of this soil, its water volume wili be 1, 300 x  I O =  13, OOOL. Therefore, con-
sidering that Ra contained in thi;i, 10cm sq匹 e of the sea bottom soil is prccipitdted and condtnsed 
from 13,000L of the sea-water above, the loss of R a  from I  L  of the sea-water per yeas by preci-
pitntion is acquired follows. 
B y  1nother rr:ethod, 19> tl:e sr:ccd of preci1 it,tic,n <>f tl:e c1positic,n in tte cct:p sea lottc.m is ca!c-
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ulntcd as approximnkly 0. 07cm rer 1,(J00 y四 rs. 1 4 )  Therefore, by obtaining the number of years for 
the production of lg of,  the deposition on 10cm square of the sea bottom, and by dividing ~X 10-1~g 
R a  wit耐it, t:1e q皿 ntity of R a  precipit.'lted from the sea-water in n  year is acquired. If lg of the 
deposition is SJ如 <lc,・cn!y on 10cm sq皿 re, its thic知 ess h  would be as follows. The specific gravity 
of the deposition is considered here as 1.r,, temporarily. 

1.5h x  101 =  1  
:. h  =  ・o. 007cm 

A s  it takes I, 000 years for 0. 07cm of deposition, for()．007cm of it, is should take 
l, 000 X  0.007 =  10()years 0.07 

A n d  from 13, OOOL of the sea-water pillar, 3  x  10-12 g  of R a  is precipitated in 100 years. Therefore 
the q四 ntity of the deposotion from IL of it in a  year will be 

3x10-12 
IOOX13,000 Ra/L 

A n d  its s u m  total from the beginning of the ocean (assumed as 10 hundred million years) is :  
2 x  10-18g x  10° =  ? x  10—0 g  Ra/L 

=  I x  10-s millimol R a  
Comparing this with the afore said decrease 10-0 millimol by disintegration, it is very small (1bout 
1/100). .  Therefore the loss of R a  from the sea-water by precipitation and deposition, comparing 
with that by disintegration, may well be ignored when the writers take up the problem of deviation 
of R a  from the straight line. 
T h e  following fact should de noted. A t  seen in Table 5, deposition of B a  is greater than that of M g ,  
C a  and Sr and accordingly its value should be somewhat below the straight line. But in reality it is 
匹 above. It is not 知 o w n yet whether this comes from insufficiency of analysis value or from some 
other r匹 on.

4. O n  the Elements of Copper Group. 
the relation between concentrction of Cu, Ag, A u  contei1t in the sea-In Table 2  and Figure 4, ti 

water and, their atomic numbers is snown, which approves the writers'proposition well.As the wri-
四 'view on cha!cophi!e elements and siderophile elements is already outlined in chapter II, conside-
ration on experimental value, it will be omitted here. Further research on this subject is expected in 
the future. 

lII. Another N e w  Improved Method for the Determination 
of the Age of the Ocec~ 

B y  the above exposition it ir 知 o w n t畑t the elements clistributccl all over land, when they are in 
the same family, keep straight lineal'relation between their quantity dissolved in the sea-water and 
their atomic numbers, unlelll there is some special cause to hinder it. B y  the application of this 
relationship, the writers propose a  n e w  methocl oi determination of the age of the ocean. 
The application of the phenomena of disintegrati0r1 of radio-elements to the determination of geo-

chemical age has been attempted often lately. A n d  vnrious ages have been determined which are com-
paratively accurate. In the writers'luborawry this sort of method was already applied to the ocean, 
and a  n e w  method h.-is been proposed•I~>N,>w, although it is oosed 0r1 the theory of radio.-ictivity, 
it differs entirely from the already 知 o w n methoふ in its conception ancl content. 
A s  already stat叫 in Chapter I, formu!a(3), when the age of th,~ ocean T  is large enough compa-
ring with 入 the fixed number of disinte如 tion of R a  (and in fact it is so), between NT, the actual 
q四 ntity of R a  in the sea-water, and N。the quantity of R a  delivered in a  year, the relation 
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N r  =  2.27 x  103N。
is established, with no connection with T. A s  shown in Figure 3, w h e n 出e crossing point of the 
st面 ght line binding M g - B a  and the horizontal axis of the atomic number 88 o! R a  is indicated as 
R, and the characteristic o[ the vertical 釦 s of R  as N, the relation 

N  =  N。T
is established. Consequently combining this with the former formula it becomes 

N  N  _  2.27x103N 
T  =  =  =  

2. 27 x  108 
A n d  as N, 応 arc 知 o w n in the above formula, T, the age of the ocean is obtainable. That is, by 
substituting N = l  x  10-0, N T  =  7  X  10-13 

T =  2. 27 X  103 X  10-o 今 3 X  109 ye;i.rs 7  X  10-13 
Thus the age of the ocean becomes approximately :JO hundred million years. In this calculation, 
the decrease of R a  by precipitation and deposition to the sea bottom is ignored for the afore said re-
ason. However, the value employed there is not entirely reliable in the present situation, and if the 
amount of decrease is found actually great, it then would no _・ more be ignored. In such case, the 
value of N  of the above formula might become smaller, and accordingly the age of i  the ~ocean,, T, 
m"ight also become smalle,;. However, the above 函 d value could be considered expressing 血e appro-
ヰ natc age of the ocean, and the age acquired by this mothod coincides with that of the other meth-
odi based o n  the phenomena of radioactivity. A n d.  also it supports the former proposition of Ishiba-
shi, that the 3ge of the ocean should be between 10 to 50 hundred million years.1G> 

IV. Conclusion and Suggestion for the Future 

Basccl o n  the analysis value already quantified by other writers and on 如 t determined by the wri— 
tcrs'rese.~rch, regularity of the relation between the qumtity ot 山e elements dissolved in 山e sea-
water an<l their atomic numbers lias been stated hereto. Recognizing such regularity, the following 
notable facts arc found. 
I. T h e  above 函 cl regulllrity should exist not only in 出e sea-water but also in 出e hydrosphere of 

tl1e earth, because the sea-water occupies 9 8 %  of 出e・ hyclrosphere, while 山e rest occupies merely 
雰 of it. M oreover,'it seems to suggest the regularity of the existing elements on 出e whole 
e四出．
2. A s  stated in the para如 ph of the estimation 0£ the qu..-mtity of Cs, the quantity of 血e elements 

dissolved in the  either from within or without can be  estimated by 出at of the neighbour-
ing elements. Consequently, the q u m tity of E k a  C s  and E l o  I, the  only two elements which at 
present in n.lture are left blank in the periodic table c.m be presumed appro心皿tely. -
O n  Figure 1  and 2, concentration of No. 85, Ek.a I'.lnd No. 87, E k<i C s 皿e, from wi血out, 10-~ 

m .  m / L  and 10-u m .  m / L  resi.ectively. How.ever, as these e!ements seem to possess radioactivity, 
similar to R a  in Figme /l, even if 出eyl existed in the sea-water, their quantity must be m u c h  less 
t証n the value stated above• If s9, it seems almost impossib!e to obtain these two clements from the 
sea-water, as it is too small a  q1wntity fo1 the present a叫 ytic.,l method. 
3. C  onsicleration lws hereto been made on the e1ements dissolved in the sea-water. In en!紅 ging

this view point nnd applying it to the elements of t卜e whole e:1rth, tl1e following facts are found. 
W h e n  the graph is drawn by wking c o m m o n  logarithm of the  n u m ber  which is Clurk's number divi-
<led by its atomic weight as vertical axis, and by taking atomic numb ~r as ho1izontal axis, regulariー
ty is not very well found in all t卜e families of ordin'.Iry e!emrnte.  B u t  in rare gas elerr.ents, as 
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shown in Table 6  and Figure 5, excepting A r  and Rn, fairly regular relation is found bct¥Veen the two. 

Table 6. 

c!cments |  atomicl C!ark's numbcr Clark’s number 
n u m恥r 面ふiiC・--WCigh-t- -itomie weig訂

H e  2  2. 00 X  I Q - 7  - 6. 699 
N e  10 2. 47 X  IO~S - 7. 607 
A r  18 8. 77 X  10-n - 5. 057 
K r  36 ?.41x10-10 - 9. 618 
X e  54 '!. 32 X  10-11 -10.635 
R n  86 4.54X10ー18  -17. 3.13 

Afo'"‘C nua,ber 

”,'”””‘'””” 

>:Xe
.,』

R. 
→● 

Figure 5. Rare Gass Elements 
In 伽 s case, the r四 son for・ the deviation of A1 is not known. But marked deviation of the quan-
tity of R n  could be, just as in the case of R!l, explained as the decrease by disintegration• 
4. A s  shown hereto, by the homogeneous system such as hydrosphere and atmosphere, relation 

of stl'!light line is esublis'lied between the quantity of the e!ements and their atomic numbers; and by 
the heterogeneous 釣stem such as the elements of the earth crust, no regularity is found 1°>. While 
each 血 nlysis value of the homogeneous system is sufficiently reli'.lble for the argumeut of the whole, 
the ave:rage Clarks'numbers have insufficient analysis value for their 畑 sis, and also the object of an::1-
lysis is limited to a  portion of the earth in this case, that is, only 15 k m  underground. Hence 
~om~ such declination to tr.c argument of very general prospective as above. 
F r o m  this point・ of view, the writers intend in the future to make correction of Clark's number 

itself m d  ap．っly the hereto stated consideration on it. 
In conclusion, the writers express their h呼rty thanks to the Departtnent of Education for bestow-
ing the fund for the scientific rese'.lrch for a  part of this resear.!11. 
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（昭和 26年 10 月受理）
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