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coNDx'xxoNs coNrcRowwNG [grHE cRys'rcAL

     FORM Oge CAMCXWM CARBONATE
                MXNffRAss <X)

   (Oik the Irxfitiences of the Temperature and the

           I]resefice of M[agxxesium XoR)

                       By

       Kenji TOGARI* and Susumti E"oGAm'i:*

              (With 1 [l)able and 4 Figuves)

    Centyibution from the Department of Geology and Mineralogy,

        Faculty of Seienee, Hokkaido University. No. 536. '

                        lntroductioxx

   The eonditions eontrol}ing the crystal £orm of ca}eium carbonate
mineyais, abundant in hot springs regions, molluscs shells, ore deposits

ete. a}re not oniy an important subjeet in crystal cheinistry, but also

affo]rct important data to geology and mineTa}ogy iR thinl<ing o£ the
faetors forming strata, ete.

   Caieium carbonate is one of the remarkable examp}es of polymour-

phism; its crystal £orms are vaterite, aragonite, ealcite and ct-caleite.

   Among those £our £orms a-caleite is stable only above 1000"Ci),
whilst vaterite being foymed at iow temperature, is･ extremely
unstableL'),

 . Caleite is the stable form o£ cal/eigm carbonate at the tempera-
               Ktures and pressuyes encountered near the surface of the earth, while

aragonite £oymed under these same eonditions is a metastable form. '
Aceording to gA)siEsoN's recent work:i) the transition o£ aragonite into
calcite is thermodynamieally possible at ordinayy temperatures. This

transition has been early reported by Rosi{g) for aragonite preeipitate

in the laboratory and le£t in contaet with the solution. But another
experiment confirmed that no transltion oeeurs even in the ease of
their eontact existenee without so!ution, whielt suggests tltat the transi-

tion may be very slow.l.it dry state.
 t':- D6partm6il't' '6f'e'e''515'gy 5lld Mineralogy, Faculty of seience, IIokkaido Univevsityi

 ":'':' Attached Il[igh School, Faeulty of Pedagogy, University of Nagoyq.

Journ. Fac. Sei., El[okkaido Unlv., Sapporo, Ser. IVL, Voli IX., No. I, l955.
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    Experiments have been caryied out by several investigatojrs to

 diseover the faetors wltich govern the deposit･ion o£ ealeite and
 aragonite. But the eonditions o£ these experiments5) differ £rom those
 accompanying cave or hot spring deposition to such an extent that it

 seems unsafe to assume that the same factoys eontrol cases, with the

 exeep£ion of. MmmA'y's work6) only.
    The object of this investigatioR is to diseover what are the effeetive

 factors controlling £he form of eale2um earbonate mineyals in hot
spring deposition.

               ' Appara£us                                            '
    The apparatus shown in Fig,1 is made of hard glass, It is de-
signed to mal<e the ammonium earbonate solution and the ealeium

                         ehloride so}ution fiow vei'y slowly into the

                         reaetion vessel at a eonstaiit velocity.

                             A is a eapiliary tube conditioning
                         yespeetive}y the air in B and B' siphon.s,
                         C and C', 100ce Elenmeyer's fiasks, and
                         D a glass tube balaneing up for E.
                             The reaction vessel is a 500ee hard
                         glass beaker eovered with a wateh glass
                         to l<eep the vapourization loss at the least.

                             The large glass beake±' was filled with
                         400 ce of distilled water, and a ]ittle mag-

                         nesium ehlo]ride was added i£ ]aeeessa]ry,
                         tlten was set in a themnostat. When a

         F{g. i COn$taiit temperature had been attained
                         100ee of O.5N ammonium earbon.ate solu-
  Apparatuso.f reaetionvessel tion in c and loo cc o£ e,5 N caleium

chloride solution in C' we)re allowed to flow slowly at the speed of

abo.ut 20eelhr. into the beake]r to diffuse with eaeh other and gradually

to foym crystals of ealcium earbonate. All ehemieals used were the
guavanteed reagents of Katayama Chemiea} Co..

    ' '
            X"ray examinations and MEYGEN's reactions

   Every sample of ealcium earbonate whieh was preeipitated in the
rreaetion beakey at different temperaeures was tested by MEy{iEN's
reaction an,d by Di{Bx'i･]-Sc:m`]i{REi{'s method. The results are shown in

Table 1.
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   No critieal data £o℃ MEycn£N's yeaetion eould be £ound in previous

records, thexefore the wyiters found it necessayy to seel< £or a suitable

eondition throzigh some experimeiits. It is as £ollows:-
   [I]wo ce of O.1 N Co (NO,;),, solution are added to O.2g of each sainple,

then are heated to boil and are filteved at once. Tlte eolor of the

residue vLras examined after being washed with water. It was white
in the ealcite ease but Iavender in aragonite case, though in ehe former

case it would become sky-grey when 1<ept boilillg over a minute.

   The results £or the My]y(-}EN's reaetion of samples aye shown dia-
gramatieally in fig. 2, where the abseissa is the erystallizing tempera-

ture in 'i'C and the oydinate is the quantity o£ magnesium ehloride in
g. added to the reaetion vessel.
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                 Fig. Z Dias.vam of MEY(SISN's reaction

  ･ The Noreleo spectrometer (Cu Kat 1.54 A) ls also applied,

terminlng the £o]rmer ease. Tke resuls of tlke data aye shown
Fig. 3 and Fig. 4. T}ie last eo}umn in figures is each result

natural ealcite and ayagonite ' ･ .
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                          St!mmary

   k is evident from the results shown in Tab]e 1 and Figs. 2-4, that

the erystallizing temperature and the eo-existing quantity of magne-

skmi ion is eonceyned with the determina£ioii of the crystal £emns.
When no magnesiuirt ion exists, ealcium carbonate is found almost
entirely in ealeite form zmder 300C, and eomes to be found moye and

more in ayagonite £orm as the temperatuye increases until it is £ound

almose altogether in aragonite £orm at 70)C.
   At the same temperatures cale2um earboiiate is found and in-
ereasingiy ilt aragonite form with inerease of the co-existing quantity

of magnesiuin ehloride.
   The effect o'f the eo-existenee of magnesium ion is clearly obser-

vable even as ehe yate of about O.3g/1 as magnesium chloride at 300C.
Quantitative experiment on the eonditions still remains to be performed.
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