
 

Instructions for use

Title Conditions Controlling the Crystal From of Calcium Carbonate Minerals (2) (Mineralogical Study of Mollusca)

Author(s) Togari, Kenji; Togari, Susumu

Citation Journal of the Faculty of Science, Hokkaido University. Series 4, Geology and mineralogy, 10(2), 447-456

Issue Date 1959-07

Doc URL http://hdl.handle.net/2115/35911

Type bulletin (article)

File Information 10(2)_447-456.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP

https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp


CONDMONS CONTROLLXNG THE CRYSTAL
     OF CALCXUM CARBONATE MXNERALS
              (Min.eralogical Study of Mollusca)

FORM
(2)

By

      Kenji TOGARI* an.d Susumu TOGAm'F"i`

Contributions from the Depart･iiient of Geology and Mineralogy,

     Faculty of Science, Holcl{aido Unviersity, No, 765.

CONTENTS
Introduction.,.,,....,,....,.......,......,.........･-･････}･･････････-i

Samples and their environments ,.,...,...............,...,...........,.

Mieroseopic observation ........,.,..........,......................,...

Differential thermal analysises ,..............s･････････････L-･-･･･a･ii･-

X-ray examinations ................................,.,......,,..,..,...

Oeeanographieal consideration ....,.,...,.iJi･･････+･･････････si･-････i･

Conelasions ...................,..,....................,....,.,...,.,...

Acknowledgements ..,..........･･･････-･･-･i･LL･･-･･････}･････････････

RefereRces ........,............,.................,...............,....

447

448

449

450

451

452

454

456

456

                          Introduction

    As it has been touched upon in the writers' preeecling reporti), there

are fottr crystal forms in calcium carbonate miRerals. Among them caleite

and aragonite are the forms that are able to be formed at the temperatures

and pressures eneouRtered near the surface o£ th earth. Among the
factors contro}liRg the £orm of calcium earbonate miiaerals under the
eondition, that the infiueBces of the temperature and the presence of

magnesium ion etc. have been discussed in the same report and the
otheys2).

    In the present report the writers discuss the results of experiments

upon more than ten kinds o.f mollusca, whieh are representative samples

of creatures prodaciRg ealcium earbonate minerals undey the conditions

o£ temperattire and pressure mentioned above.

 :i` Department of Geology ancl Mineralogy, Faeulty of Scienee, Hokkaido

:]`'i: Attached ffigh Sehool, Faeulty of Pedagogy, University of Nagoya.

University.
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    Speeies

Ostrea g'igas

of molluse

THUNBERG

Patinopecten yessoensis (JAy)

Neptzenea ao'thritica

            (BERNARDi)

Tect2Lra pallida (GouLD)

Corb･icula da,po7tica (PRIME)

ATca navQlc2tlar'ts

            gROGUIEIIE

Mya o'aponica JAy

Tellina sp.

Gomf)hi;na wtelanaegis

            ROMER

Protothaca e2tglypta

            (SovvrERB¥)

Glzfczl'}neris yessoe･nsis

           (SOWERBY)

ll4act･ra sutca,taria REEvE

Panope o'aponica ADAMs

          ERviTonment of habitation

  To a depth of 20m below sea level, on rocl<s
 where fresh water are pouring in, never ilt highly

saltish water.

  Between 20m and 200m below sea level, in sandy

mud in saltish eold sea water.

  Between 20m and 200m below seR level, though
sometimes peeps over the level at low tide, on

roeks in the sea water of a eold current.

  0n a reeks.

  Only in a low sakish (S=O.8-1.8%o') water,
where fresh water is pouring in.

  In the sands of a rather nortnern shallow sea,

where no fresh water is pouring in.

  Co-exists with genus Ost7'ea, but even in fresh

water at a beach and never in deep sea.

  To a depth of 20m below sea-level. From Hoku-
riku district to Sakhalin.

  To a depth of 20m below sea-level, in sandy
mud, in rather northern sea.

  In sandy mud of a very shallow sea. Only
northern distriet from lwate prefecture.

  To a depth of 200m below sea-]evel, in the sea

waeer of a cold eurrent.

  Between 20m and 30m below sea-level, in sandy

mud in the sea-water of a eold current, never in

low saltish water.

 Between 20m and 200m below sea Ievel, in silt,

never in. H. onshu.

                     Samples and their environments

     The samples ased in t･his experiment are ail recent species which can

be collected along the coast ef llokaido, namely in the Japan Sea at Oshoro,

Shioya Village and Zenibako, Otaru City (on Ishlkari Bay) ; in the Okhotsk

Sea at Esashi, Kkami Provinee; in the Paeinc Oeean at Atkkeshi Town,

     Various and complete data about the sea waters near every one of
these plaees are weli knowR through the observations by marine laborat'o-
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ries or by observatlon ships. [I)he detai}s about the samples are

as follows :

(2) 449

£abulated

                      Microscopic observations

    The generai miei'oscopic aspeet of a. thin eross seetion of mollusca is

shown in Fig. 1. It is well }<nown that the shell of a rnolkisc consists

o£ thyee la.yers. But the finer styuctures through crossed nicols are
fouRd to be more iRteresting as follows:

    Ilt every layer maiiy fine crystals of ealeium carbonate minerals,

ealeite or aragonite, lie side by side in a definite direetion, In lamel}ar

laly'er (hmer }ayer) they Iie almost parallel to the inside wall of a shell,

in prismatic layer (middle one) obliquely to the wall aBd in periostracum

(outer one) almost at right angles to the wa}1, though in the last two
layers t-hey ehange their cliyeetions nearly to parallel to the wall as they

draw nearer to each outer side.

perlostraeum

prismatic layer

                                           lamellar layer

                                      pt veqwr
                                  guanm.ma,$
              Flg. I. [I]he strtieture of eross section (Pctt'tnopecten

                           yessoeozsis (JAy).

    At the growing front part of a shell only the inner layer develops
itself and in some eases, where the development of the outer two layers
is observed, the cleve}opment of the inner layer is far better than that of

the other. In some speeies the middle layeT is missing. In all these cases

the fiiie structure hi every layer is almost analogous to that mentioned

above.

    In etching the section wit･h dilute hydroehloric acid and taking its

eleetron-microscopic photograph, a pattern of many blending lhies is
observed. This pattei'n of the part imprevious to etehing seems to consist

mainly of oi'ganic substances, vgihich spreaCl into a thi'ee Climensional net-

work eontaining the crystals oi'. calcite or aragonite in eaeh mesh. To
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asceTtaiR this assumption Laue photographs of genus Glyey7ne7'is of vari-

otis geoiogical ages were taken aloRg the layers, In geRus Gl'ycyineo'is, as

reported by TsuBol4>, ca}clurn earbonate exists only hi aragonite state and

lts crystals iie side by side almost along the C-axis, though the disordeT

in the direction o£ the erystal arrangement is more remarkable as the
age of the specimen is older. This may perhaps be eaused by disappearance

of organie substaRces by deeompositioR, which sustain the arraRgemeRt
of the erystals. By the way these genus GZyc?lone74is speeimens eontain

from 10 to 309Z･ of organic substances according to the xesults of a
chemieal analysis.

                  Differential thermal analysises

    Differential therrr}al analysis is applied to Co7'biczela 2'aponica (PRIME) ,

which consists mainly of aragonite and partially of caleite. The results

are shown in Fig. 2,

ico mo ym aso mo sw iee ma leeo

           Fig. 2. [I]he differential thermal analysis curve of Corbic2tla

                         o'a･po?zica (PRIME).

    There is a.n exotheymic peak as about 400ec, and another one beyond

5000c. Then some trifihkg changes are observed until 9000c and beyond
it a remarkable endothrmic peak is observecl.

    Examining these yesults, the first peak as abotit 4000c is assumed to
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depend tipon the therma} decomposition of organie substanees in the
sample, the seeend peak beyend 5000e upon the transition from aragonite

into calcite and the last great eRdotherrnie peak upon 'the decomposit-ioll

of ealcite into calcium oxide aiid carbondioxide,

    In the analysises o£ some other samples, a second peak beyond
5000c is obviously ebse"rved in every case exeeptiBg the samples that
eonta･in no aragoBite, suck as ?)atino?)ecten yessoensis (JAy). 'l]he Iast

eAdothermie pea,k is so Iayge in eveyy ease that the eurve goes out of

scale. When one deteymines not to let the eurve go out o£ seale, the othey
peaks beeome too small in his graph to be observed, obviously, As fer

the first peal<, various types are obseyved in their si£uations aiid degrees.
This seems to eorrespond to the fact that the quantity of the orgaRic
substanees in the molluses ranges from IO to 3e9t, and the kind also differs

respeetively.

                      XpRay examinat{ons

    The Noreleo-Geiger-X-ray speetrometer was
ples. Espeeially as foy Patinopeeten yessoensis

layers are disthietly observable and separable

also applied

(JAy), in
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        aragonite in mollusca.
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[l]ABLE l. X-ray difrraction pattei'ns of mollusea,

     Sample

Index

 Calcite Aragonite

3.86
              3.40
              3.25
3.e3
              2.85
             2.72
2.49
             2.48
             2.41
             2.37
             2.34
2.28
             2.26
             2.24
             2.19
             2.11
2.09
             l.99
1.91

             1.89
1.87

             1.82
             1.75
             l.73
l.62
1.61
             1.56

l

Patinopuecten

 yessoenszs
  (JAy)

 d

3.87

I

13

  ll
lamellax
 layer

3.04
2.85

2.50

83
9

13

 cl

3.87

3.04
2.85

2.50

.l'

14

86
9

14

   11
prismatie
 layer

2.29

2.09

i.90

1.87

17

15

29

23

2.29

2.09

1.90

1.87

18

I6

30

24

d

3.87

3.04
2.85

2.5e

2.29

2.09

1.9e

1.87

-

J

17

99
12

16

20

18

34

27

strueture, it is applied to every layer. As for Ne?)tT{nea ct7`th7iitica

(BERNARDi) in which two iayers, namely an outer brown layer aRd an inner

white one, are distinct and separable, the spectrometer was applied not

only to those layers but also to every layer. The resttlts are given in

Table 1,

    It ls evideBt from the resu}ts showR in the table, that Ost7'ea gigas

THuNBERG and Patino?)ecten yessoensis (JAY) consist only of calcite.
Especially in the }atter, each of three layers consists of the same state

ealcite. Ne?)tzenea arth7'itica (BERNARDI), Tectieo'a 2)aZlida (GouLD), Co7i-

biezt7:ce iaponiea (PRIME) and Poiotothaca eztgZy?)ta (SowERBy) consist of
aragonite and calcite, amongst which Neptz"zea a7ith7'itiea (BERNARDI)

the Iamellar layer eonsists of calcite and its periostracum of calcite and
aragonite. Ali the other specimens consist of avagonite only.

                   Ocean.ographical eonsideration

    Figure 3 shows the results pub}ished in the writer's fu'st report
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     ii Ostrea Ne?)tunecc ii tt periostraeum [i]Hgu'kJB"ESRG (aB'ktA'lli:'(t/re8" iai".iyei,i,ftr periostraeum

                            dfd Jar  df cl l"g'['g'7""""""""'g'1'g'li""'''''"'i'2"'-""'b.s7 ""''"9''"""'' g'1'tt'7""' ' i7 g'I'g'7""""'g

                                                            28                                  18 3.40                           3.40
                           3.28 9 3.28 14 3.e4 76 3.04 98 3.04 52 3.04 100 3.04 46
 2.85 2.86 10                           2.70 11 2.7e 17
 2.50 2.49 14 2.5e 12 2.5e 23 2.50 11                           2.48 7
                           2.41 6
                           2.38 8 2.38 12                           2.35 8 2.35 12 2.29 2.28 l8 2.29 12 2.29 23 2.29 11

 2.09 2.09 16 2.10 12 2.10 23 2.10 11                           1.98 11 1.98 21 1.98 i7
 1.9e 1.92 30 1.91 11 1.91 21 1.91 10                           1.88 12 1.88 23 1.88 18
 1.87 1.87 24 1.87 23 l.87 25 1.87 12                           1.82 5 1.82 10 1.82 16
                           1.75 5 l.75 10 1.75 16
              1.63 8
              1.61 le 1.61 6 1.61 22 1.61 5

with annexed data on the magnesium chloride eonsisteney and the
temperature of sea-water well known in the field of oeeanography.

    It is an established faet, that in ally places on the earth the kinds
aved quantities of ions in seR-water are almost eoi3stant, especially their

relative quantities are practically definite so long as there is no di}utioR

by pouring-in of wateT from large rivers or a lake. Also it is aeknowledged

that the salinity of sea-water (S% ) is proportional to its ehlorine ion

(el-%) consistency. M. Kundsen has given an equation as follows:

                      S% ==1.8050 C}-% +O.03

'In as much as the perceRtage of magnesium chloride in the salinlty is

10.878, and the salinity along the eoast of Hokkaido ranges from 32
to 343), it follows that magResium ehloride eonsisteney is about 3% there,

In geReral the sa}inity beeomes gradual}y smaller, the measurements are

more, but it does not becomes smaller than 33, so far as this report is
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Tectit･ra
?)alli(Ze

(GOuLD)

d f

Corb･tcu･la

oapontca
(PRIME)

cl I

Po"otothaca
 eiegly?)ta
(SOVLrEllBY)

cZ ]i' a
l

Tell･ilna

 sp,

I

  A7'ca
?tavic2t･laris

BRUGUIERE

d I

3.85
3.38
3.28
3.04

2.71
2.49

2.42
2.38
2.37
2.28

2.11
2.e9
1.98
1.91
1.88
1.87
1.31
1.75
1.73

1,61

10
23
13
41

16
13

9
13
10
10

9
ll
16
13
12
l3
8
le
7

7

3.40
3.28
3.el

2.70

2.48
2.41
2.38
2.34

2.19
2.11

1.98

1.88

1.82
l.75
1.73

31
2e
ll

23

17
10
17
14

10
10

23

!6

12
13
11

3.40
3.28
3.04

2.71

2.48
2.41
2.37
2.34

2.19
2.ll

1.98

1.88

1.82
1.75
1.73

32
l9
9

2e

l7
9
17
13

9
10

21

12

ll
ll
8

3.40
3.28

2.87
2.70
2.49
2.48
2.41
2.38
2.34

2.2e
2.11

1.98

1.88

1.82
1.75
1.73

42
26

8
33
21
20
11
23
l9

9

7

28

17

14
18
13

3.40
3.28

2.88
2.70

2.48
2.41
2.38
2.35

2.24
2.20
2.11

1.98

1.88

1.81
l.75
1.73

34
20

9
26

17
12
19
15

7
8
le

23

l5

ll
15
le

    [l]he temperature of sea-water is general}y under 200ei>, though it

sometimes par£ially goes up to about 300c in summer, and down to about
OOc5',)6) in winter. The greater the depth, the smaller the teiir}perature

ehange by seasons becomes.T>S)

    Judging frorn the considerations mentioned above, the environmeRt
in which moliusea iive, eomes oTdinarely in the oblique-lined domain in

Fig. 3, and in speeial cases in the broken-liRed one.

    By the way, iii the eiwiroiiment where the sea-water is extrerne}y

diluted by the pouring-in of yiveir water, certain mollusca form only
calcite in their shells. [l]hese are Ost7'ea gigas [IiHuNBERG, Patino?)ecten

yessoensis (JA¥), Ne7)t2enea a7'th7'itiea (BERNARDI), Tect?.tn'a 7)al,liclce

(GouLD) and Co7'bicz{lce juponica (PRIME).

Putting together the

    Coltcltisions

results ef the vayious experiments briefiy men-
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  Mya
oa?)onzca
  JAy

Go?n?)hina
metanaegis
 RO}{ER

Glycy7neris

yessoens2s
(SOWERBY)

 Mact?'a,
sulcataria
 REEvE

Panope
oa?)onzca
 ADAMs

3.40
3.28

2.88
2.71

2.48
2.41
2.38
2.35

2.19
2.11

1.98

1.88

1.81
1.75
l,73

37
22

9
24

18
11
21
27

9
12

24

17

14
14
11

3

3
.4e
.28

2.71

2.48
2.41
2.38
2.34

2.24
2.19
2.11

1.98

i.88

1.82
1.75
1.73

30
19

23

l5
22
18
14

6
9
10

23

15

12
12
9

3

3

2
2

2
2

2
2

4e
28

88
70

48
41
38
34

2.20
2.11

1.99

1.88

1.82
1.75
1.73

36
19

8
21

14
9

16
13

9

11

23

14

ll
13
10

3.40
3.28

2.70

2.48

2.38
2.34

2.26

2.20
2.11

i.99

1.88

1.82
1.75
1.73

28
19

17

14

15
14

6

7

9

21

12

IO
12
9

3.38
3.28

2.88
2.70

2.48
2,41
2.38
2.37

2.19
2.11

1.98

1.88

1.82
1.75
1.73

35
22

10
35

21
10
22
17

9
10

22

18

14
17
12

tioned above, the established oeeanographical data, and the resuks of

their preeeding report, the writers attain to the conclusions as follows :

    (1) In the mollusca, which always inhabit sea-water not diluted

with river water, the crys£als of ealeium earbonate are apt to take the
aragonite form.

     (2) In the mollusea, whieh either sometirnes live above the surfaee

of sea or inhabit sea-water diluted with river water, ealeite or a mixture

of calcite and aragonite is apt to be formed. Among them in those
mollusca which inhabit either low temperature sea-water oy extremely

diluted sea-water, only caleite is formed.

    By the way, as for a mollusc, which inhabits near the border line
in the conditions mentioned above, no definite inclination ean be easily

ciseovered.

     (3) [I]he afore-mentioned conelusions aTe praetically satisfactory in

the ease where the outer eauses are far in the lead, btit, on some occasions
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the inRer faetors, which perhaps depend upoii the organic substanees ln

the mollusea, predominate over the outer. For instanee in Anodanta sp.,

that is one of the fresh-vLrater mollusca, the crystal form of calciLim
earbonate is only ayagoiiite,

    (4) A study on the infiuences of pH valties of sea-water, of a
eo-existing smail quantity of a substance, and of the organie substaRces

in mo}}usea still remaii3s to be performed.
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