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ON MifNOR ELEMENf:WS XN ORE MXNERAMS 0F
   rifffE YAKVMO MKNE, nvKKAKDO, YAPAN

                              By

                         Tadao SArTO
                     (With 3 Tables and 2 Figures)

          Contribution from the Department e£ Geo}ogy and Mineralogy,
            Faeuity of Seienee, ffokl<aido University, Sapporo. No. 486

                         lntroduetion

   The Yakumo mine is woyking lead-zinc-manganese deposits whieh
are deveioped in the Neogene [I]ertiary formation. Their mineraiization

in the deposits is reeognized to represent three stages from the mineral

associatioll of the ores.

   Quartz, rhodoehresite, gelena, zineblende, pyrite and chalcopyrite

etc. oecur in eaeh stage.
   The author studied minor e}ements contained in eaeh of the ore

minerals o£ the different stages, and inquired into a few relations among
these elenlents,
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   The author wishes to express sincere than}<s to･Prof. Z, HAxADA
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               Mineralization in the Yakumo mine

   This yegion is geologically eomposed of green tuff, shale and in-

trusived porphyrite. The Yakumo mine has lead-zine-manganese de-
posits (1iydrotherma} deposits) whieh are developed in the Neogene

Tertiary £ormation. The deposits are formed of two mineral veins.
(the one stril<es N70-gOOW, dip SW70--850; and the other ls almost EW,

dip unfixed.). The mineralization o£ the deposits is recognized to
represent three stages £rom the mineyal assoeiation of the ores, Quartz,
rhodoehrosite, galena, zinblende, pyrlte and ehaleopyrite ete, oeeur in
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obtained as shown in Fig. 1.

                      Method of Aftalysis

    IY[any minerals from each stage of the mineralization were ehosen,

The material for analysis was seleeted under a binoeular microscope
and was powdered to 200 mesh fineness. A crater ii} the Iower (positive)

electrode of hlghest purity graphite was fiIled with sample. Are speetra

of the minerals were recorded on Fuji process by the quartz speetrograph

E 2 (made by Adam Hilger, LTD). They are photographed under con-
ditioA of voltage 110 V., ampere 5 Am. and exposure 30 sec, Comparision

with known spectya detemnined the qualitative presence of minor ele-

ments, These results are listed in [l]able I. Ilt [I]ab}e I, the Rumbers

l, II and III represent eaeh mineralization stage, (II is a Iater stage

than I, and III is later than II,) and in the numbers I', I" etc. I"
indieates the Iater stage than I'.

                     Discussion of the Data

    Reference to Table I shows that 24 elements (Si, Fe, IN(in, Pb, Mg,

Zn, Al, Cu, Ba, Sb, As, Ca, Ti, Au, Ag, Ru, Rh, Cd, Be, Ce, V, Ge, Sr

and Se) are detected in the minerals from the deposits. Among those
elements, Si, Fe, Mn, Al, Mg, Cu, Pb and Zn are commonly diseovered

in speeimens, while Ru, Rh, Cd, Be, Ce, V, Ge, Sr and Ce etc. were

less often dete¢ted, But no Ni, Co, M, Mo, W and Sn were found,
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                                          '
The above cited eiements distribute differently iR different stages o£ the
mineralization, and the eontent$ are varied in eaeh ore minera} of the

different stages,

     TABTJE I, Minoy elements in minerals from the Ya}<umo mine,
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I, II and III indicate the stages of mineralization.

O:niain eomponent. 3:stvong. 2:medium. 1: weak t: trace, --- : not deteeted.
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   The author inquired into the relation among these minor eompo-
     in each. stage as deseribed below.nents

a) In ease of minor eomponents in the same minerals whieh crystal}ized

   in different stages.

   As the same minexals erystallize in the different stages of the three,

                                   .                                 mmor components contained in

3

2

1

 t2}

(4)

t3}

tl)

3

2

/

   Stsse

    Figure Z. Type of variatiolt of the

         minor element content in the
         same minerals in the different

         stage of mineralization.
         (idealized figure.)

in middle stage, (4) deerease in niiddle

the same mineyals are app}ied to this

are obtained.

    For example, in rhodochrosite,

stages, are Cd, Ba, Be, Se, Ce,

in later stages, are Pb, Sb,

stage are Si, Fe, Al, Cu, Ti, As

middle stage are Au and Ag.
chaleopyrite and quartz, they are
similar manner.

   .Referenee to Table il will show
minor e}ements. For example, Pb,
later stage in rhodochrosite, galena

in Iater stage in

stage in ziRcblende. As '
are investigated in such way, there

as shown in Table III. The contents

the same minerals in the different

the same minerals (rhodoehro$ite,

galena, zineblende, pyrite and
chaleopyrite ete.) which erystal-

iized in earlier stage, middle

stage and later stage were in-
vestigated.

    Now, when the type of eon-

tent of minor elements in the
same minerals of the different
stage is considered, four types
will be found, (reference to Fig.

2.). They are as follows, (1)
increase m later stage, (2) de-
crease in later stage, (3) inerease

  stage. As minor elements in
type variation, following results

               elements whieh are incyeased in Iater
          Sr and Rh ; elements which aye decreased

         Mg and Zn ; elements inereased in middle

               and Ca; and elements decreased in
            Moreover, in galena, zineblende, pyrite,

                obtained as shown in Table II in

                  the variation o£ $ome groups of
                Sb, Mg and Zn tend to decrease in

                and pyrite; they tend to ineyease
quartz and ehaleopyrite ; and they increase in middle

       mmor eomponents contained in same minerals

                are £our groups of minor elements
                  of these minor elements vary in

                stages, with few exeeptions. But
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     TABr,E II,

in Ove Minerals of the Yakumo Mine, Hekkaido, Japan.

X,nareiaactgOnmOi:e;ha?s.Minor eiement eontent
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Mineral
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Contained mikor elements

Cd, Ba, Be, Se, Ce, Sr,
Pb, Sb, Mg, Zn.
Si, Fe, Ai, Cu, Ti, As,
Au, Ag.

Rli,

Ca,

A¥, Cu, Au, Ag.
Zn, Sb, Mg, Mn, Si..

Cd,.Se, Sr, Ru, Rh,

Ti, Fe.

v,. A9-

Si, Fe, Mn, Al, Cu, Ag, Se, V, Ge, Ru, Rh, As.

Pb, Sb, Mg.

                  '

Pb, Sb, Mg, Zn, Si,
Se, Sr, Ru, Rh.
Al, Cu.

Mn, Ti.

Pb, Mg, Zn.
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si, Mn, Ti.

Pb, sb, Mg.

Fe, Mn, Ti.
Al, Cu, Au, Ag.

[[rABI,E ill, Minor elements falling into 4 groups.

Gvoup
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Pb, Sb, Mg,

Al, Cu, Au,

Si, Fe, Mn,

Cd, Be, Se,

Zn.

Ag.

[l]i,

v,

Ca.

Sr, Ce, Ge, Ru, Rh, As.

while'
some group tends to increase in the later stage, nevertheless

in another mineral it may not $how inerease. Aceording to circum-

staRees it varies in the middle stage. - '

b) In ease o£ minor elements in different rfiinerals in the same stage,

    Typical minor components in different minerals in the same stage
were investigated. Bvtt, they were a few exceptions, the geneyal ten-

                                                tt                                        '                '
                                                           '                  ..
                     '
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 deney only was found.

     i) In ease of minor elements in eaeh mineral crystallized in earlier

         stage of miiteyalization,
    . Minerals crystaHized in earlier stage are quartz, galena, zincblende,

        and yhodoehrosite ete, Minor components eontained in these pyylte
 minexals are Si, Al, Fe, Mg, ]V[n, Cu and Pb; Sb, Ti, Au, Ag, As, Zn,
 Se, Rh and Ge etc. whieh oecur or not aceoxding to the kind of mineral.

     2) In ease of minor elements in each mineral erystallized in middle

        stage of mineralization,
     Ii} the middle stage of mineralization, rhodochroslte, zineblende,

 galena,        pyrite              and cbalcopyxite ete. are crystallized. Mn, Pb, Cu, Zn,
 Sb, Fe and Si are eontained almost eertainly, and AI, Ti, Au, Ag, Mg,

 Ca, Se, Sr, Be, Rh, Cd, Ru and Rh' are eontained oir not according to

 the kind of mineral, with a few exceptiens. As rhodoehrosite, galena

 and zineblende are crystallized predominantly in this stage, the eertain

 existence of Mn, Pb and Zn in all specimens must be related to those

 mineral oeeurrenee,

    3) In case of minor elements in each mineral erystallized in later

        stage, of mine'ralization.
                                                               ',i,.,"l.i YlueZi,Z.W.lieh,,9'.e.pr,,',i9nX,;'",ghLg,8ex&sig,2agg.uege,,c¥･,stzi,i ,

    .speeimens, while Cu, Mg, Ti, Pb, Zn, Au, Ba, Se, Sr, Be, Ca, Rh, Ru
and Ge are colttained or not aecording to the kind' of minera!, with

a few      exceptions.
    As above, speal<ing generally, minerals erystallized in the earlier

stage of mineralization are apt to contain Si, Fe, Mg, Ti, Al, Cu, Pb

and Zn, while tlte latex crystallized minerals have Mn, Sb, Au, Ag and

As. But there are also exeeptions in the ease of a few elements. Those

tendencies may be considered to be related to the eondition of the
ore-formation under which those minerals crystallized.

c) Comparison with past studies and eonsideration,

                                                         '                                                           '    [I]here are £ew studies of the relatioR among minoy elements con-
tained in minera]s and their mineralization, But there are some data

indieating that minor components contained in minerals may be related

to the condition of the ore-£oxmation under which those minerals c'rystal-
lized, For example, in manganese minerals from south-westerlt Hok-
l<aido, Japan,?' Al, Si, Fe, Mg, Ti, Ca, V, Ce, Na, K and Cu etc, were

detected iii all specimens of manganese mineral$, irrespectively of the
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types of deposit or the2r oecurrenees. Among those elements, Sn, In,
Co and Crr etc. aye eontained in manganese mineyals, which oceurred

in metasomatic replacement deposits in Paiaeozoic. Ag, As and Ba

were detected' in the Neogene Tertiary. But Ni, Co and Cr etc. wexe
determtined a }ittle or none in manganese minerals in Tertiary deposits,

while Ag, As and Ba were never eontained in minerals formed in the
Palaeozoics. It is reported that the ore from the epithermai deposits

contains large quantities of Iow temperatuxe minoy eiements sueh as

Pb, As, Hg, Ag, Cu, Zn, Au, Sb and Fe, but usuaily no high tempexa-
tuye eleme'nts.'`> Moreover, on minoer elements ip tin mi･nerals frorn

Japan, it has been stated that Ni, Co and Cr are found in tin minerals

of high temperature, while Ag, Cu, Pb and Zn are eontained in tln

minerals o£ iow temperature;i' Also, R. E. SToiBER5' who stud2ed the
minor eiements in sphalerite says "The vayiation in minor eiement

eontent is correlated with the type o£ mineral deposit in which the
sphalerite oecurs, Sb, Hg, Ta and As are !argely yestricted to ,sphalerite

from mineral deposits commonly considered to have formed at low
temperatures. Other elements are widely distributed in sphalerite
from many types of deposits", and furthermorce, "The minor element
eontent of sphalerite ean be related not only to the temperature at
 which the sphalerite is formed, but aisb, and perhaps in laege part,
to the chemical character of the ore-bearing solutions of eaeh metal-

iogenetic provinee". Also, other studies of minor eomponents in minerais

have been inade by V. iJ', RosT,G) E'. E, AuGER7) and G, P, BAHsANoitS); .

 they have said that minor elements in minerals related to the eondition

 ef crystallizatlon. ･
    In the Yakumo depos!ts, these minor elements differ by the stage

 of mineraiization, That is, in case of minor eomponents in the same
 minerals which crystallized in different s'tages ef mineralization, variation

 into 4 groups of minor elements are observed, and in the case of minor

 elements in different minerals in the same stage, minerals erystallized

 in earliey stage are apt to contain Si, Fe, Mg, Ti, Al, Cu, Pb and Zn,

 while the latey crystallized minerais have Mn, Sb, Au, Ag and As,
 These' minor eomponents are eonsidered to epithermai in origin ; no Ni,

 Co, Pt, Mo,Wand Sn are found. , ' ･     The present authoy's resuits are similar to the above reported
 re$uits, and explain the eharacter of contained minor elements. They

,W,i
e.i,g3 e,Zn:Ld.e2e,d.,1:,g=Xdg;agg,gh,gfi,,m.1?,o.r.components in minerais are
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    IVIo.reover, on the effects of the adsorbed foreign substanees upon

 exystal growth, malty stuciies have been yeported already; payticularly

 concerning NaCl, KCIO,i, NaCIO,s, K,.SO.i and KMnO" ete. in detail. It has

 been pointed out that contai'ned substanees (minor elements) are not

 adsorbed aeeidentally nor seeondarily, but they will be included ya-

Yiona}}y at the time of erystal growth, Moreovez', they-may play some

 impoxtant roles in affecting the formation' of crystal, in association With'

pressure or temperature,")
    It is reeognized that mixed erystals are formed comprising main

eomponents .and minor elements. So, ion-radius of above 4 group ele-

ments are simllar or are multiples of an integral iiumber". Foy ex-
ample, in the group of Pb, Sb, Mg aiid Zn, ion-radius by Pauling, are
1.21, O.62, O,65 and O,74 respeetively, so they axe at the ratio of about

2:1:1:1. In other groups, the ion-radius yepresent the multiples of

an. integral number with a few exeeptions. These results suggest that

mmor components are not contained in minerals irregularlly.
    As above, it follows that the contained miner elements are related

to the eondition.o£ the crystallization, and it is recognized that they
may play some 2mportant roles in affecting the formation of erystal,

Moreoveer, they may be eonsidered to be related to the condition of
the ore-formation in which those minerals erystallized. These eonerete

relations will be explained in future studies, .

                           Summary

    The Yal<umo mine is worrl<ing lead-zinc-manganese deposits which
are developed in the Neogene Tertiery formation ; their niinerallzation

in the deposits is recognized to occur in three stages fxom the mineral

association of the ore. Quartz, yhodoehrosite, galena, zincblende, pyrite

and ehalcopyrite etc. oceur in eaeh stage. ･ '
  . [l]he author studied minor elements contained iR eaeh o£ the ore
iinmerals in the differeRt stages, and the following results are obtained :

    1) 24 elements (Si, Fe, Mn, Pb, Zn, AI, Cu, Ag, Ba, Sb, As, Ca,
Ti, Au, Mg, Ru, Cd, Be, Ce, V, Rh, Ge, Sr and Se) are detectect in the

minerals        from the deposits,
    Amoiig those elements, Si, Fe, Mn, AI, Mg, Cu, Pb and Zn are dis-

eovered in specimens eommonly, whilst Ru, Rh, Cd, Be, Ce, V, Ge, Sr

*) These yelations will be stated in other papers in detaii.
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and Ce ete. are }ess often deteeted. But no Ni, Co,- Pt, Mo,- W and

Sn aE? fXUbi3e6 cited 6iem6nts aistribute diffeyentiy iit the diffexent

stages of the mineraiization.

. a) In case of minor components in the same minerals whieh erystal-

lized in differerk stages, variation (increase or deerease) o£ the £ollowiHg
4 groups of minor elements is observed. Tlte groups are 1) Pb, Sb,

Mg and Zn. 2) Al, Cu, Au and Ag. 3) Si, Fe, Mn, Ti and Ca. 4)

Cd, Be, Se, V, Sr, Ce, Ge, Ru, Rh and As. Contents o£ $everal minor
elements vary izi the minerals in the different stages, with a few ex-

eeptions. But as soine group tends to inerease in the laterr stage, never-

theless in other minerals it may not incerease. Accord2ng to circum-

staiiees it varies in the middle stage. .
   b) IR case of minour e}ements in different minerals in the same
stage, minerals eryseallized in earlieur stage are apt to contain Si, Fe,

Mg, Cu, ZR and Pb, whi}e the later crystallized minerals have As, Ag,

Sb, Au, Mn and Ca, Bnt there are also exceptions in a few elemeiits.

   Those minoy elements have been £ound in minerals of epithermal
eyigin. They may be considered to have some relation not oniy to the

ehemical eharacter of the ore solution, but aiso to the condition of the

ore-£ormation undey whieh those minerals erystailized,
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