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 Spectrographic Distribution of N_ Iinor Elements in the Quartzs

      and Felclspars Contai4ed in Granites and Pegma'tites

            of the Oku-Tango District, I<yoto Prefecture

                                     By

                           iYE.asahisa [eATEKAWA

               Geological ancl Mineralogical Institute, University ()f• l<yoto

                             (Reeeived Sept, 7, ]954+)

                                   Abstract

    'lihe distcil)ution of nxiner elenients in g'uarLzs t:nd felclspars of granite an(l pegmatite in

the Oku-Tango clistrict, I<yoto Prefectare is stticliea by specLrographlc methocl.

    'l'i, Al, iVrg, Na and Sn are cletected in all ciaartz$, while Ca and A.cr in a small number
of ciuartzs. Ba, Sr, Pb, IYIn, INIIg, Ti, Sn, V and Ag are detectecl in feldspars.

    The follewing interestin.cr facts al)out the distributiQn of minor elements in cjuartzs and
felclspars are :found :

     (1) Botl`n cluartz and feldspar of pegmati'te are, in general,. chemically purer thtm those of

        iEs parent rock (graui'te)•
     (2) }.,eacl only is most abundant in the potash feldspars o'f pegLnatite.

     The results are discussed from the petncological, inineralosTical and geocheniical standpoints.

                                Nntrodisic"sion

     The distributio]i of minor elements in minerals and r.ocks has ])een stuclied,
particu]ar]y in Europe, almost exclusively from the view-lpoint of geochemical
distribution, but the writer has stucliecl, main}y from the niurely petrological
stanclpoint, the distribution o{' riiinor elements in tlke c[uartzs and feldspars
cont.ah'iecl in pegmatites aBd 'Lheir parent roek (granite) of Lhc Oku-Taixgo cllstrict,

Kyoto Prefecture in order to makc elear how minor elemeiils in magma behaved
hi the process ef evolution fyom granite to pegm."ttite. tt
     In this province granitcs are rnain]y coarse er ]nedium-grained biotite granites,
but, in the south of Yuwaya and Nisliitani, they are partly hornblencl-bearing biotite

granites, ai}d all pegmatites are distributecl in l)ioiite ' granites as shown in Fig. I.

                                 SampSil]gs

     B}ack spots on Fig. I locate the samples. Pegmatite samples 'were col-
]ected at Oro, Nagaoka, K6be, Taniuchi, IMi6 and iMorimoto.
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Fig. I Loeations for samples

   The samples of feldspar and cluartz, after being pcissed through a 70 mesh
$ieve, were caught on a l20 mesh sieve, and only the pure particles, thus got,
were pieked out with a pointea, moi$t neeclle under the micrescope.

Speetrogmapkie exa. mination

   Using a Hi]ger E2 type spectrograph with a focal setting 2380-4,500A a]icl

a Hil.crer D type spectrograph with a foeal setting 4-030-6680A, the material
was arcecl between carbon electrodes for 4,5 seconds at 10 Amp., 220V.
   Table l and 2 list the results of the analyses. As the spectregr.aphic
sensitivities ef the elements have many vaTieties, the intensities ecan be used for

comparison in each separate element oniy. A notation nd mean$ that the
elements were present in a guantity be}ew the detection limit wlien this particular

method was used.
   The detectecl minor elements are: Ba, Sr, Pb, Mn, Mg, rli, Sri and V
in feldspars; Ti, Ai, Mg, Na, Sn, Ca and Ag in guartzs. Ancl the following
elements are net cleteeted in both samples: Ni, Co, Cr, Zn, Cd, Sb, Mo, Cb, Ta,
Li, Rb, Ge, Ga, Ti, Sc, Cs and the rare earths.
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     TABLE 1 SpectrogTahpic analysis of guartzs
   (relative intensities using an arbitrary scale 1-10)
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qnaytz of the g. ranite at Yuwaya village
quart'z of the granite at K61)e,villag.e
ci'uartz of t}ne srranite at IchinQno, I<awakami. villa.ge
guartz of the granite at A(orimoto, Mi6' vj!lage
ciuartz of the granite at Oro, Gol<a vMage
quartz oÅí the granite at I<5be villa.cr.e

c.iuartz of the granite at INt[asutome, Coka vi]lage
qaartz of the .crranite at Oro, Gol<a vH{age
(iuartz of the granite at 6ro, Goka village

(luartz of the .ffranite at ATakafujigamori, Shibo vlllage
{inartz of the granite at Taniuc'hi, Mi6 villatre
guartz ef the granit.e at rVtmiuchi, IMi6 villa.ore
[iuartz of the granite at NaTiai ]F"aclifi village

quartz of tlie granlte at Sliinzan village .
c' iaart'z of the pegmatite at Taniachi, "tii6 village
ciuartz of the pegmatite at Shinzan villag.e
ciLiartz of t'he peginatite at Mi6, Atli6 viila.cre

rsuartz of the peg:matite at Morimoto, Mi6 village
guarlz of the pegmatite at 6ro, Golga village

coloriess and the transparent cjaartz of tlie pegmatite at Nagaoka, Chazen
whlte ciua'vtz of tlie pegmatite at IXTagaolca, Ch6zen village
smol{y cjnartz of the pegrnatite at Nagaol<tt, Ch6zeii village
white ciLiartz of 'the pegmatite-at K6be vl]lage
gray eauartz of the pegm:itite at KObe viilage
millcy quartz of the pe.ffmatite at K5be viliage
smoky quar{z of the pe.ffmatile at I<6be villas,e

vi}lage

riiABnttc 2 Spee.trog/raphpic

 (relative intensities using
analysis of feldspars

an arbitrary 1-10)
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 Nishitani, Fuchfi villase
 ATariai, Fuchfi village
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 Morimoto, Mi6 village
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 Kong6ji, '1'azuruno village
 Oro, Goka vil]age
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P. I tt it Oro, Coka villagep..•s •it v Shinzan'vil]ageP.9 '' iI I<6be villageP. IO '' " K5be vMageC. P. 1 the' plagioclase of the granite at Yuwaya vi}lage

G. 'P.2 `' . 'S Nariai, Fuclaa vi}lage
G. 1'.3 'i il Ika.cra vil}tage
G. P.4 " 'I Morimoto, Mi6 village'
C. P.5 i' U K6be village
o. P.6 'i iI Taniuchi, Mi6 village

                               Diseussiora

1. 0n the distribution of minor elements in quartzs.
    T.able 3 summarizes general re]ations of tke contents of miner e]ements in
guartzs found by the spectrographic analysis. '
    Titanium, alminium, magnesium and sodium are detected in al} samples
and these -elements are richer in guartzs ef granite thaR those of pegmatite.
Tin is detectea also in al} the samples and the eontent of it is almost the same in
each samp]e. Calcium and silver are not detected in mest of the samples, and
therefore the tendency of the distributien of these two elemeRts is not clear.

    V. M. GoLDscHMmT') pointeci out that the ionic radius of silielum sur-
roUndea by four exygens in the erystal structure ef the quartz is 0.39A and that

of aluminium in tetrahedral coordinatien is about 0.45A; therefore these two
elements ean probably replace each ether in crystal lattices of the quartz. . The
same can be said of the result of the present investigation on the guartz of
granite and pegmatite.
    As to the following four cembinations : Al-Mg, Al-Na, IV{g-Na and Ti-Al, the
eorrelation between the orders in the contents of these two elements in each
combination was statistically examined. The result was that there are the cor-
relations in all but the last combinatior}. Tltese correlatiens seem to indicate
tltat the electro$tatic unbalanee of the crystals in the substitution of trivalent
aluminium for tetrava}ent si]icium is compensated by the entraBce of sodium or
magnesium inte vacancy er interstitial position in the crystal iattices.
    According to V. M. GoLDscHMiDT2) the presence of quadrivaient titanium
seems to indicate that a small amount of it can enter 4,-coordination position in
quartz crystal for siliciurn.. In this work also, it was proved to be true.
    The presence of calcium and silver is probably caused by the presence of
such minor minerals as apatite and argentite inc}uded in the guartz.
    All elements except tin, calcium and siiver are richer in ffuartzs of granite
than in those of pegmatite; In other words, guaxtzs of pegmatite aTe chernically
purer than tliose of its'parent• rock. BuERGER3) has pointed out that cry$tals are

in more dynamic disorder at higher temperature than at lower temperature, and
crystals are more tolerant to substitutional solid selution than at lower temperature
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when the structures have become more orderly. Since the guartzs of granite
may have formed at higher temperature than tlaose of pegmatite; therefore in
the fermer the crystal structures may have been more disorderly and more
tolerant of both aluminium and titanium as substitutes for silicium, and of both
sodium and magnesium which entered into vacancy er into interstitial position in

the erystal lattices. -

                                   [iiABLE 3

EIement

  Ti

Al

Mg

N.a

quartz oÅí granite

quartz Qf pegmatite

quartz of granite

quartz of pegmatite

quartz of granite

quartz of pegmatite

quartz of granite

quartz of pegmatite

reiative
lntensities

relative
intensities

relative
intensities

relative
intensities

7 6 L"• 4 3 I

I4•.3,, l4.3 14,.3

 - 16.7-Xbe25.0

50.0

16.7

 7.l

33a3

pt

 8.3

9 8 7 6

64.3 21.4 14.3

 8.3 16.7 50.0 25.0

10• 9 7 6 5 4, 3 2

7.2 7.2 21.4

'

21.4i

 "

14.3

 pt

21.4•

 pt

pt

16.7

 7.2

83.3

8 5 3

14,.5 4,2.75 42.75

 - -leo.o
     es The percentage of the granite quartz whose relative intensity is 7.

    'reee The percentage of tke pegmatite quartz svhose relative lntensity is 6.

2. 0n the distribution of minor elements in feldspars.
    Table 4, summarizes general relations of the contents of the rninor elements
in the feldspars found by the spectrographic analysis.

    Lead is most abundant in the potash feldspars of pegmatite. Barium is
on}y detected in the potash feldspars of granite. Strontium is also detectee only

in the plagioclases of granite. iV{agnesium is most. abundant in the plagioclases
of granite and is scanty in the potash feldspars of pegmatite except sample P. IO.
Manganese is detected in the feldspars of granite and not detected in the fqldspars

of pegmatite except $ample P. I.
    The substituting ion should have chemical, physica!, and geochemical pro-
perties similar to those ef the displaced ien in host minerals, and according to
V. ]VI. GomscMMiDT4) ienic size is, above all, the most important facter ameng
them, theugh ionic type is important, toe.
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     The divalent ien of lead (l.32A), barium'(l.4•3A) aiid strontium (1.27A)

has a radius similar to that of potassium; therefore potash feldspars may be the
most important hosts in graBitg ancl pegmatite for these ions. DivaleRt ions of
strontium (1.27A) and manganese (0.91A) have a radius simil.ar to that of cale5um

(1.06A); therefore pl,agioclases may be the important hosts iR gr,anite and peg-

mat!te for these'ions. Barium and potassium could replace each other in
potash feldspars at the temperature that granite in this regien formed, but hardly

at lower temperature that pegmatite formecl. Strontium aBd potassium could
hardly replace eacli other in potash feldspars, but strontium and caicium could, to
?aOnXepeegXineanttfter?oPrlkCeed.eaCh Otlier iii PIagioc}ases at the temperature that granite

' Divalent ienic radius of ]ead is nearly equcal to univalent ionic radius of
potassium ; tlierefere lead ancl potassium coulcl always free}y replace each other in

all feldspars of beth stages, and moreover, leacl was concentrated into resiidual

magma (pe.crmatitic magma) on account of larger ionic size as pointea out by V.
]VI. GoLDscHMiDT5). Hence lead is most abundant in the potash felclspars of
pegmatite. It seems that cliva]ent.manganese and calcium eould also replace
each other at the temperature that fe}dspars of granite formed.
    It is not clear for what e]ement divalent rnagnesium substitutes in feldspar
in spite of its al]undance in plagioclase ef granite.

                                 SuLmpzzavy

  The above may be summar!zed as follows:
(1) Each mineral contains characteristic minor e}ements, which in most cases
  substitute for the major elements of host minerals (gtt.artz ancl felds})ar). And
  the substituting ions bave chemical, physlcal and geochemical properties similar
  to those of the disp]aced ions; particu]arly similarity in the ionic radii is
  the most important factor.
(2) Generally the gu?.rtzs o.nd the feldspaTs of pegmatite are purer than tliose
  of its parent reck (granite). In other words eacli mineral of pegmatite, on
  the average, containts almost eye'ry minor element less than that of granite.
       The writer presumes this as follows : [lrhe potash fe}dspars and quartzs of
  pegmatite were formed at lower tem?eratures tl}an the same minerals of granite;
  therefore in the former the crystal structures were more orderly and less tolerant

  of substitution for ions.

(3) Lead alone is most abunclant in the potash f'eldspars of pegmatite. The
  reason seems to be that the ionic radius of lead (!.32A) is nearly equal to

  that of potassium (1.33A>; therefore at the lower tert-ipexatuxe Åíhat pegmatie
  formed, t}}e toleranee for the lead ion is nearly egual to that at the higher
  temperature that gvanite fermed. Moreover, on acceunt of its larger ionic
  size lead i•s concentratecl in resldua} magma (pegmatitic magrna).
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