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                                    Abstract

   A iYietliofl is clescribecl for the xatpid quantitative analysS$ of magnesiurn ancl ixon Sn biotites

requiring only IOmg of powderea samle. The proeedure is applicable to the other mineral$
which contain the above two e}ements as major eonstituents in the genera} ranges of 4,-50 per
cents Fe203 and l-17 percexxts MgO. Tke method gives sufficient accuraey ancl speecl for the
purpose of stttdying statistically the variations of the concentrations. of ma.crnesium and iron
contained in the biotites of the granites of the several regions.

   Samples in the form of fine powder are mixed at tke ratio of i part of sample to 19 parts of

cupric oxicle which serves as internai control, diluent and buff'er. To l part of this mixture, 30
parts of eaTbon clust as diluent and buff'er are a(lcied.

                                 Introductien

     As a part of the stud>r of tlie granitic pegmatibe of whicli a few papersi)

have been already made pubEe, the w]'iter is desirous of stud>riRtocr statistically

'tlie cliaraete}'istics witli regai'd to the cheinical constituents of the biotites

contained in the biotite tocrranites of the se'veral regions.

     For this purpose, fii'st of all tlie gaantitative analyses ef niajor and
ininor constiLttents of a biotite skould be done. I{[itlier#o,W. von Engelhard[t,2)

J. M. Bra>r,3) S. R. NTockolds") and R. A}}ens") ete. have applied tke spectro-

cheinica]. quantitative analysis to 'the ininor constltuents, but as to the inajor

ones on}y the wet chemical analysis wliich is a s}ow an(l 'tedious unethod
has been use(l in a guantitative anal>rsis of a biotite. It is absolute}>r

nece$sary to 'the 'writefs stud>r to anal>rsis /nan>r biotkies. I'herefore, the
following 2'equireineiits $hould be satislried for the .ftnal>rtic.ftl niethod used in



224 ' ,iNJIasahi.ga [ILNTEKAwA

t'lie Nvrite]:'$ study : rapidiLy, the coiistant accaracy fa}' t.he analytieal i'esiitts,

and the qL}antiLy of the sample regRired for tlie anaLysis shoL"d be as smaH.
as possib}e. rl"he niethod whicli ftdXls niost of these reguirements will be

the quantitative spectrochemical ai3ai>Jsis.

     Ii"Lirt'hermore, the spectroocrraph. tised iirt the writ'en"s laboratory is a

ineditnn t>rpe (Adan3 lfmulilgeer Iirr'i2) and a biotite is a tMafic nrtiiiteral. of zz"hicli

enii]]ission specti-uni has n)aky spectral lines, the.refo}'e tlie wviter used the

}ogaritkn]ie sectoi' irtiethod i}i whicli the width of the slit ef the spectrograph

n]ay be niade smaite,r 'than 't.hat in the other niethod.
   u
     Ill this ?aper, the J]aethod of the gaantitative spectrocheinical detern]ina-

tio}it of nnagnesittm airtd ii'oi} contained in biotites 'is dese.rlbed. The 'mod.e

of the variatioR of tkese two e•!ements in ]naÅítc n]itieraks conÅíain.ed in rocks

is gene'rall>r one of the most interestLnoff prob;ems oLi pe"'ology cltltd econonaic

geoiog>r.

                                    Apparatus

     ]Il,xeitation Sou]'ee : lltX. c]irect-cL""rent t}rc source is enipioyed with ope]m

circui't voltage of ilO volt, arc current 4.0 am' peres. A parallel i'e$istance is
used 'to co'n'#ro'i and li.nki't 1/lie cut'rrent.

     Spectrograph: Adam IHi!gev 'E2 t>rpe speetrog]'aph is emp}oyed. It is
controlled to separate clear].y tke anal.yticaL lines fro]n othe}' . Iines in the
spectyum. of the Sanip]e in the sp.eck'aL }e.crion 22•OO to 3550 A.

     IRecording IC,quip}iienl/ : rl"he spectra are ]'ecot'ded on. I{"uji pvocess spectro-

tocrrapliic p!ate.

     Logarith.nnic Sectoy : 'Vhe logai'ithinic spiral sector modified b>r 0'Brien")

is rotated before the sliL o{' tl]e spectrograph at the constant speed ef 500

lv. p. m.

     DeveioplR.cr ]i]Iquipnient: Einu!sions are deve.loped iR an open tra>r with

te]npe]'at.iire cotitrol.

     AEethod of Reading Length of Spectra! IL,ines : [l."he new apparatLis designed

by the }veriter, is used. The detait$ of it Nviii be announeed separatel>•.

                                    Procedure

     })reparation of sainpLe$ : Samples ai'e pulverized to a 'fine 'powder in a
saitabie agate niortar. 1 pa'rt of san]pl.e (10 n3ocr) is n]ix-ed thoroughl>r with

l9 parts of' eupric ox'ide Åíor 30 iniiiutes, and then 1 part of this niixttu'e
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is niixed atocrain througlily with 30 payts of can'bon dust. Thus the expected

coiicent}'ation of tl}e e}einent is about Q.02 pereents b>r weig}it xxritli i'espect

to the total weight of the bLiffer (carbon dust) and the internal standard
(cuprie oxide) used.

    I reparation of standards. })ure oxides o'f the following elements and
potassiuni chloride xvere used in pi-epariiitg s>rnthetie stand[ard nlixtures : iron,

magnesium, silicon and aiumiltium. rl]1iese oxides and potassium chlostde
are mixed thoi'oughly with one anotlier, accoi'dinÅécr 'to percentages shovy'-n in

                                           table 1, and nine standard
  Table 1. stanclard mixtures for FeL)On and Ms'0 mixtures are prepared• Aflei'-

Samp
le l

 i
Fe20;s       ii MgO ,I

1 j 50.00

2 l 26.oo
   l3 l4,.OO
4, 7.50   i
5 l 4,.OO   l
6 l 15.12
   i
•7 l ls.sg

8 i 21.46

9 12.20
   I

 l.OO

 2.50

 6.50

l6.00

40.00

ll.39

14,.91

16.17

 8.0

sio I AI,o" Kcl

    ,l
27.7

4•0.4,

44,.9

4+3.2

316
34,.0

44,.9

4,8.4

75.0

l

i3.4,4, 7.86
l2ggIllk5g

2I.oo I l2.3o

::lgg ?Ie:

igl:gI lgllj;

 o.lo l 4.7o

samp]e-earrying e]ectrode (anode) is a p
dian)eter and 2.6cm. Iong, with a hole 0.3cni
The hole is packed level witlx a sam'ple or

    Arc gap widtli is nnaintained at 0.7cni

    Excitation: ll]1}e saRiples and the standards

D. C. !10V. 4 amperes. After initial settincr
ai'e made b>r parallei resistance.

    E: posure Condi#ions.
                                  e            spectral region. 2280 A-3550
            sSit widt'h. about O.015 mm
            slit length. I.8 ctn
            exposure period. 20 seconds
    The spectro.crraph is illun]inated according to t,he

inethod.

    I'kotog]'aphic Processiltg

            Emuision. I?L},ji process speetrogi'aphic

    x"ravd 1 payt of each standard

     mlxture (IO ]ng) is nni:.pced

    with I9 parts of cuprie oxide,

    altd tken I part of this
    mixtu've is ]nixed 'cNri'tli 30

     parts of carbon dust.

         Eieetrode System : The
    upper electrode (cathode) is
    a pi}rified carbon i'od 0.5em

    in diamete]J and 3.3ciirt long

    with a flat end 0.45 cm
    iii diameter. rl"he lower
urified ca}-bon rod 0.42 cni in
   in dia]neter, 0.32 cm in deptli.

 a standa'rd.

      are areed in duplicate at
 to, /fu]'the]' adjtistnients of curi'ent

   A

"  K.oili]natorabbi}dting "

P}ate,
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  Developnienl'. ]ncftxlniuin contrast developer,6)

m2nutes, ].8"C.
  Fixing. Yi. F. Irlr4•.
  Washing. floN•v'inocr water, II. Iiour.

Preparatien of

working cuTve

    In Fig. 1 aBd 2, are
shown the worki.nbcr cuyves

foer iinagnesitun o: ide and.

2]ron ox. ide.

    In l} ig. I, the di'l'Ye]:eiiee

in the line ]ength of t'he
]yagiiesitun lii3e at 2795.54•

A tftiid eoppeer line at 2766.38
eA is plotted tftgainst the log

of tlie mag}ieslu'tn oxide
coneentratiolt, and in ]i"ig.

2 'the di'fferenee i/n 'the l.ine•

len. gtlx of the ii'on }ine at

        e3020.50 A and copper line
at 3010.84 A 2s plotted
against the log of the i.ron

oxiee eoncentra'tion. '1"lie

workinocr ctiyves drawn
' througlz tlie points acre caF

culated by 't'he ]netliod o'Åí

least $qtiares.

  Analytical reuilts of the

samples whose iroR exide
and magnesium oxide are
known as to theiv concen#
rations, and the reliability.

    As a 'test of tlie relia-

biilt>r and versati!lt>r of
tliese m.e't.hod.s, o.ne rock, two

]ninerals and iiine sxriithetic
                jSainples are aiia]>rsed. 'i."lii$
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results of tliese analyses are given ik 'Irab]es 2 and 3. In inost cases, the

correlation be'twee'R the 'gyue valrie oir the ckemical valtte for an oxide and

the vgliie found b>r thi$ inethad is ver>r higk.

    For saniples between l and i7 g'i M'agnesium oxide, the standayd
deviation of the spe-ctyochemical results 'is 1.11, and tlte .ftverage difference

between the chemicai and spectroclkemica} dete}'minaÅíions is 0.83 9'of. Foy

samples between 4- and 50 % i]"on oJ.cide, the staneare deviation of tke
spects'ochemical results is l.57, and 'the aveyage difrerenee between tlte clxe]nieal

and spectrocheinieal deÅíer]ninations is 0.63 gb'. S"or samples beÅíween 4 and

26•5 % iron oxide, the standard deviaLion of the spectrochemlca! resu}t's is

l•03, and the average difference between the cheniicai and spectrochemica'l
dete]'ininations is 0.39 9b.

                •Table 2. AnalytiÅëal results of a roek and minerals.

Sample

l

i
l

xstxei.crht .Olo Ii}e2(I)#
i
i NVeiglit % MgO

Spectregraphie Chemical Spectrographic Chemical

Ga}')bro

Lievrite

'l"our)nr}ine

I
I
:
I

12.30

50.20

Jt6.00

14,.82

51.40

16.99

i
i
i
i
l

7.70

0.58

3.85

8.36

0.66

1.78

Tal)Ie 3. Analytical results of artifieia} samples.

      I
Sampie
      I
      I

XXfei.ffht % l eeOu
[

l
l

Weight % MgO

True
I spectrigraphic I

Dift:
I
I
i

True Is
i

          i
pectrographic l

          ]
Difi-:

1      3.90
2      7.50
3     i2.2e
4,     14,.OO

5     15.12
6     18.84,

7     21A6
8     26.00

9     ,r>o.oo

l 4,.OO 0.10
I 7.30              0.20
I

j l2.30              O.IO

I ].5.00 1.00
I ls.4o o.2s
i 18.IO              0.74,

I 21.14, e.06i
    2650              0.50l
j 46.50              3.50
l

 I.OO

 2.50

 6.50

 s.eo

i!.36

14,.91

16.00

16.17

 0.98

 2.70

 7.00

 6.60

10.30

i3.20

17.50

26.00

O.07

0.20

0.50

1.40

1.06

l.71

l.50

O.l7
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             ARaEytical results of several biotites contained

                        in granites and a pegmatite

     In r.E"able 4•, is shown Lhe spect}'al guantitative analyses of .ten biotites

whose eompositlons were enti]'e}y unknown to us. Only oi}e of these 'biotltes
is the large crystal contained in the pegmatÅíte, othe'rs are tl}e sniali crystals

contaiiied in 1'he granite of Lhe Oku-rl"ango district of Kyoto I)refecture and
'that o'f the Kameol<a district of I<'>roto P!'efecture, 'fbi'ming a stock about IO

k]n in dia'nieter.

                         I['able 4-. Analytical Tesults ef biotites.

Sampit)

    3.:{;

    2

    3

    4,

    5

    6

    7

    8

    9

   10

i
I XXreight % 1?e,,0,

E

l9.3

20.0

18.6

I9.tl,

29.5

32.9

31.C)

21.e

23.3

25.4,

l
  XXi'ei.crht % MgO

E
'

 8.tl,

 9.6

10.5

 6.7

 8.2

 9.2

 8.1

 9.6

 85
}4,.0

  Ratio
lre20nfMgO

2.3

2.I

i.8

2.9

3.6

3.6

3.8

2.2

2.7

l.8

                                                           AE` i. the l}iotite of the granite at al)out IOO)n notliwarcls froin the Otani

   mine, Ka]'neoka city, Kyoto Prefecture.
                                  A  2. the ])iotite oÅí the gr'a}aite at the Otani mine,

  3. (le.

  4d. the biotite of the granite at l<itanosho, Chbyekawa viilage, Minami-

   l<uwaclo dist]rict, I<yoto Prefeetere.

  S. t/he biotite of the .ffvanite at Chezen village, Naka distTict, Kyoto
   }'refectzire.

  6. the bietite of the .crranite at Morimeto, iYIie village, Nalca district,

   I<yoto I'refecture.

  7. the })iotite ef thÅëh granite at al)out 100rrr soutliwar{ls from the [I]an.cro-

   Yurca station, Kasa clistrict, l<yoto Prefeeture.

  8. tlxe biotite of the srranite at 'i'akitani, C.oka village, Naka clistirlct,

   I<yoto I'refeeture..

  9. tlie hiotit.e of the pegmat'ite at ero, Coka village, Naica district,

   Kyoto I)refecture.
 IO. the biotite of the granite at Yuwaya, Yosa district, Kyoto Prefectu]re,

-

l

-
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    Samp}e nilmbei's 1 and 2 are tlie biotites which ai'e eontained in one
and the same hand specimen of the vcrranite. Tlte formez' is a eommon-sized
pseud-1iexagonai c]'ystal (0.1-0.2cin in diaineter) and the latte]r is a }arge-

sized one (about l.5cm in diameter), 'bilt analytieal i'esttlts of the two are

nearly the same. Sample numbey IO is the biotite o'f tlte bcrratiite which has

man>r sphenes as accessory ininerals.

    Froni these analytical results, it seeins that the iron would be generall>r

conÅíained mueh in the biotites of' the granite of the Oku-Tango disLrict tkan

in those of the granite of the Kameoka distrlet, but the writer is of ceurse
going to statistical}y ascertain this point analysing 'naan.v samples by thi$
spectrogrcftphic ]nethod.

                             Cenelusion

    Thi's inethod !s devised witk the object of ana]>rsing magnesiuni oxide
and k'on ox'ide contained in the sina]1 crystals of Biotites of the tcrranlte, bu'I

it can be widely applied to altalyses of any miike]ral or rocl 'wkieli contains

the above two o).cides as inajor eoRstituents.• Becazise, samples prepared for

this spectrochemical anaiyses are diluted as mucli as 620 times with cupric
oxide and earbon dust, and at such styoiig dilusion tke atomic population of
' the original samp}e in the ai'c gases is redltced to $ueh a leve} that the ex-

citation ene]'gy-eollision-ei change proeesses are no longer important in guanti-

tative measurements, tlierefo're 'the inter'ference between the various ele/n.ients

presented in 'the original sample, is rende}'ed negligible. "I"he orlginal sample

]'eguired for tl}e analysis is on}y 10 ing.

    If we want to analyse the sample which contains 2nore than 50 pep
cents of i.iron oxide, it is to be d[iluted with tlie miJ.cture sliown in [I"abie 5

                             to less than 50 per cents a'kid 10 mg of tk!s

      Table s. Diluent. ]nixture is 'to be inixed with cttpric oxide
 I<cl........................g.og6s g. aiid CarbOn dust accordi}ig to the above.men.

                             tioned procedure. This procedL"'e is also
 AI20n •••••••••+•••••+•••-•0•164'6 b"• applicables 'to the sample whick coialains

 Si02 •••••••••i=•••••••••-0•3386 g• inore tlian 17 percents of magnesiuni oxide,

                             in the saine wa>r.

                         Acknowiedgements

    rl"he writer offers his heart>r tkanks to Professor A. Harumoto, vtXssist.



230 I'fa$ahisa TATF.i<AwA
?k'ofessor I'1'. 'itroslaizawa, Assist. }]rofessor Zl,. }'uTatucla, T.ectuere]r [[". Ueda and

ILeegui'ei' N. I<cawai, o'Åí t]]e Geologtcal and ]NGineralogical Institute, University

of }<yoto, and IJk'. rl.i. Soltoda of the "reetallargical Ins'titute, University of

K>ro#o, w]].o have given hi.ni niuch helpfa} guidance and advice.
     Iile also N•vislies 'to 'tlia}ik Assis'tatt't ].)refessor Yoshizawa and ]YIr. rr. Araki,

for providing him uriLli samp}es of roeks and minerals whieli have already
been anafy+sed for tkek' inajor constituents.

                                    References

1) "1'akubo, J. and 'l"atel<awa, IXil.: The distribution of ininor elenients in pegnnatit'es and .crranites

  Åíaro]n tlie. Oku-Tango l)istrict, l<yoto ?refecture (})aTt I) on the distribu!ion of Barium and

  $tronl/iuni. "'Iinera}. Jour, Jap., i, 3el--, (195tl,).

    'i'atekawa, M. : Speetrogrophic distril)ution of nilno'r elements in quartzs ancl feldspars contrinecl

  in granitfes and pegnaatites of 'the Oku-Tango ])istrict, I<yoto PrefectuTe. Mem. Coll. Sci Univ.

  Kyoto, Sex•. B, 2]., lg3-, (].952).

    Tatekawa, IVI.: rÅíhe peg}na'tites of the OIcu-Tango clistriet of Kyoto I'refecture researe.hed
  chiel'ly from the viewpoint of traee elemenl/s. /X{fem. Coll. Sci. Univ. I<yot.o, Ser. B, 22, 199ww,

  (1955).
2) Engelhaz'd. XXf. voNT: Die C.eoehemie des Barium. Chemie der Erc]e, 10, I87', (1936)
3) Bray J. M. : Spectrosc;opic distribtttion ef minor elernents inigneous rocks fi'om .}atnestown,

  Colorado. Bull. Geol. Sec. Am., 53, 765-, (i9/l•2).
4,) ATockoids, S. R. ancl Ailen, R.: 'I"he .creochemistry oÅí some igneous rock series III. Geochim.

  et Cosmochirn. Aeta, 9, 3"•-----, (1956).

5) 0'Brien, B.: Applieation of isodensity contouring methocls to spectrum photometry. Pro-
  ceeclings of the sixth siiTttTner conference on speetroscopy anfl its app}ication. A pttblleation of

  the Tecl}nology prc)ss. (].939).

6) I<ikiic}ii S.: Shashin Ka.cra,ku. }<yoritsu Shuppan k. k., 95, (l952).


