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CONDITIONS CONTROLLING THE CRYSTAL
FORM OF CALCIUM CARBONATE
MINERALS (1)

(On the Influences of the Temperature and the
Presence of Magnesium Ion)

By

Kenji TOGARI® and Susumu TOGARI*®

(With 1 Table and 4 Figures)
Contribution from the Department of Geology and Mineralogy,
Taculty of Science, Hokkaido University. No. 536.

Introduction

The conditions controlling the crystal form of caleium earbonate
minerals, abundant in hot springs regions, molluscs shells, ore deposits
ete. are not only an important subject in crystal chemistry, but also
afford important data to geology and mineralogy in thinking of the
factors forming strata, ete.

Caleium carbonate is one of the remarkable examples of polymor-
phism; its crystal forms are vaterite, aragonite, calcite and a-calcite.

Among those four forms a-calcite is stable ounly above 1000°CP,
whilst vaterite being formed at low temperature, is. extremely
unstable®,

Calcite is the stable form of caleium carbonate at the tempera-
tures and pressures encountered near the surface of the earth, while
aragonite formed under these same conditions is a metastable form,
According to Jayreson’s recent work™ the transition of aragonite into
calcite is thermodynamically possible at ordinary temperatures. This
transition has been early reported by Rose” for aragonite precipitate
in the laboratory and left in contact with the solution. But another
experiment confirmed that no transition occurs even in the case of
their contact existence without solution, which suggests that the transi-
tion may be very slow in dry state. '
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Experiments have been carried out by several investigators to
discover the factors which govern the deposition of caleite and
aragonite. But the conditions of these experiments® differ from those
accompanying cave or hot spring deposition to such an extent that it
seems unsafe to assume that the same factors control cases, with the
exception of Murrav’s work® only.

The object of this investigation is to discover what are the effective
factors controlling the form of caleium carbonate minerals in hot
spring deposition.

Apparatus

The apparatus shown in Fig. 1 is made of hard glass. It is de-
signed to make the ammonium carbonate solution and the calcium
chloride solution flow very slowly into the
reaction vessel at a constant velocity.

A is a capillary tube conditioning
respectively the air in B and B’ siphons,
C and € 100cc Elenmeyer’s flasks, and
D a glass tube balancing wup for E.

The reaction vessel is a 500ce hard
glass beaker covered with a watch glass
to keep the vapourization loss at the least.

The large glass beaker was filled with
400 ce of distilled water, and a little mag-
nesium chloride was added if necessary,
then was set in a thermostat. When a
constant temperature had been attained
100 ce of 0.5 N ammonium carbonate solu-

Apparatus of reaction vessel  tion iy G and 100 ce of 0.5 N ealeium
chloride solution in C’ were allowed to flow slowly at the speed of
about 20cc/hr. into the beaker to diffuse with each other and gradually
to form crystals of calecium carbonate. All chemicals used were the
guaranteed reagents of Katayama Chemical Co..

Fig. 1

X-ray examinations and MEYGEN’s reactions

Every sample of calcium carbonate which was precipitated in the
reaction beaker at different temperatures was tested by Mevaex’s
reaction and by Depve-Scurrrer’s method. The results are shown in
Table 1.
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No eritieal data for Meveex’s reaction could be found in previous
records, therefore the writers found it necessary to seek for a suitable
condition through some experiments. It is as follows:—

Two ec of 0.1 N Co (NO,), solution are added to 0.2 g of each sample,
then are heated to boil and are filtered at once. The color of the
residue was examined after being washed with water. It was white
in the calcite case but lavender in aragonite case, though in the former
case it would become sky-grey when kept boiling over a minute.

The results for the Meveex’s reaction of samples are shown dia-
gramatically in fig. 2, where the abscissa is the crystallizing tempera-
ture in °C and the ordinate is the quantity of magnesium chloride in
g. added to the reaction vessel

(/400 cc}

»

Lavender

MgCl.

Light Lavender

nite \

T i L
30 A w X7} 35 -+

Temperature "C

Fig. 2 Diagram of MEYGEN's reaction

The Norelco spectrometer (Cu Ka 1.54 A) is also applied, de-
termining the former case. The resuls of the data are shown in
Tig. 8 and Fig. 4. The last column in figures is each result for

natural calcite and aragonite
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Fig. 3 X-ray diffraction patterns of calcite erystallizing in
various temperatures and that of natural calcite.
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Fig. 4 X-ray diffraction patterns of aragonite erystallizing in
various temperatures and that of natural aragonite.
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Summary

It is evident from the results shown in Table 1 and Figs. 2-4, that
the erystallizing temperature and the co-existing quantity of magne-
sium ion is concerned with the determination of the crystal forms,
When no magnesium ion exists, calcium carbonate is found almost
entirely in calcite form under 30°C, and comes to be found more and
more in aragonite form as the temperature increases until it is found
almost altogether in aragonite form at 70°C.

At the same temperatures calcium ecarbonate is found and in-
creasingly in aragonite form with increase of the co-existing quantity
of magnesium chloride.

The effect of the co-existence of magnesium ion is clearly obser-
vable even as the rate of about 0.3 g/l as magnesium chloride at 30°C.
Quantitative experiment on the conditions still remains to be performed.
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Tapre

Sample Number ) 21 23 26
Flow Velocity of . ' sy on

Reagents (ec/hr) 20 20 ] - 20 -
Temperature ('C) . 30.0 ! 30.0 30.0
Conecentration of (NH.CO4 0.5 ‘ 0.5 0.5
Concentration of CaCls 0.5 0.5 0.5
MgCls added in ’

Reaction Vessel - ] 0.05 ; 0.15
Results of Meygen's Reaction W 1L

Calcite Aragonite
0 d 7 0 |4 |1 !

10.37, 4.29 2 1026 4.33 1087 4.29. : 10.26E 4.83

11.52) 8.87 2 1151 387 1143 388 11.51: 3.87
13.10, 8.40| 10 13.14] 3.39 ’ 13.14 3.39

1324 836 3
1871 825 5
1472 304, 10 1477 3.08 1477 8080 . | 1477 303
1570, 2.85
16.46) 272 ,
1800, 249 3 1779 252 1787 251 1796 2,50
18.06) 2.49
18.63 242
18.94 2.38
19.22 2.34 1943 2.32 ,
1973 229 3 L1951 280 1959 280
‘ 1991 226 '
2015 2.24
20.63 2.19
2140 211

~3 Do

0T W

[V VI I ]

2147 211 - 2147 211 2147 211
21.61] 2.09 3
22.85) 1.99 7
28.62 1.93 2 26.69] 1.93 - 2359 1.93 2359 193
23.83 191 3
! 24,11 1.89 4
24.33 1.87 3 24.24 188 24.24 1.88 2424 188
25.00] 1.82
26.16. 175 b
26.47 173

28.34 163 2 9830 1.63

9871 161 2 2872 1.61 28.60  1.61 28.60 1.61
29.62 156/ 2

3040 152 2 3019 153 8019 153 30.15 154

32.360 144 2 32.08 145 3208 145 3216 145

3282 142 2; 8278 143 32.73; 1.43
I |

W - White 1L -+ light Lavender L - Lavender
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1
24 ¥ 25 20 1 16
20 20 20 20 20
30.0 30.0 40.0 40.0 40.0
0.5 0.5 0.5 0.5 05
0.5 0.5 0.5 0.5 0.5
0.2 0.3 — 0.05 0.1
1L 1L IL 1L 1L
0 a | I | o d 0 d 0 d 0 d
{
10.26) 4.33 1028 431
1152 387 2| 1151 387 ‘ 11.34 392 1143 3.88
| 18.06 341
1824/ 336 1| 1314 3.39 13.30 8.35
1472 304| 10| 1477 803 1477 3.08 1477 303 14.61  3.06
1670, 285 1 | 1559 287
1800] 249, 4| 17.96 250 - 1287 251 17.96 250 17.87) 251
1973 229 6 1959 2.30 19.67) 2.30
2147 211 214t 211 2147 211 21.88 211
2161 209 3 *
T 2359 198 92359 1.93 2359 198 2359 1.93
2383 191 5
24.33 187, 3| 2424 188 2424 188 2424 188 2424 188
2834 163 1
2871 1.61] 2| 28.60 161 2860 161
30.80 153 30.80, 153
32.73 143 ‘
| |
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Tasre 1
Sample Number 18% 19 15
Flow Veloc}%%fe;éen‘cs (ee/hr) 20 20 20
Temperature “C 40.0 40.0 50.0
Concentration of {NH):CO; 0.5 0.5 0.5
Concentration of CaCl, 0.5 0.5 0.5
MeCk addedegaction Vessel 0.2 0.3 0.05
Results of Meygen’s Reaction L L L
_ Calcite Aragonite
P ; a 7 P P \‘ I | 0 d I [/ d [/ d
10.37, 4.29 2 10.28] 4.31
1152 387 2 1152 887| 3| 1151 3.87 1159 3.85
‘ 1310, 840| 10 13.10| 340| 7| 1306 8.4l 13.06 3.41
13.24) 3.36 3
13.71 3.25 5| 1371 326 b
14.72) 3.04 10 - 1472 38.04 10! 14.77 3.08 477 3.08
15.70, 2.85 27 1570 285 4 15.67 2.86
: 16.46] 2.72 7: 1646 272 5 16.99 271
18.000 249 3 - 1800 249 5, 17.96] 250
18.06] 2.49 61 18.06/ 2.49 5 18.04 249
18.63] 242 3 18.63] 242 3
18,94 2.38 51 1894 238 4
19.22; 2.34 4 1922 2.84 4
19.73  2.29 3 - 1973 2.28 51 19.67, 2.30 19.76 2.28
19.91] 2.26 2|
20.15, 224, 2|
20.63 2.19 31 2063 2.19 3
21.40{ 2.11 31 21.40] 2.11 51 2147 211
2161 2.09 3 21.61L 2.09 5 2163 2.09
22,85 1.99 7 22.85) 1.99 6 23.02 197
23.621 1.93 2 23.69] 193
2383 191 3 2383 191 4 23.80 191
24117 1.89 4] 24.11 1.89 6
24.338) 1.87 3 24.33] 1.87 6| 24.24] 1.88
25.00] 1.82 3| 25.00] 1.82 3
26.16) 1.76 5/ 26.16 176 3
; 2647 173 3l 2647 1.73 3
2834 163 2 28.34 1.63| 3
2871 161 2 2871 161] 4
20.62 156 2| 2962 156) 2
3040 152 2
3236 144 2
32.82 1.42; 2
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(continued)
13 12 % 14 30 31
20 20 20 20 20
50.0 50.0 50.0 60.0 60.0
0.5 0.5 0.5 0.5 0.5
0.5 0.5 0.5 0.5 0.5
0.1 0.2 0.3 R 0.05
L L L 1L L
0 d 0 a4 | I o 4 0 | 4 0 a4 I
| \'
1159 3.85 11‘52‘: 3.87 2 1159 3.85 1151  3.87 1151 3.87
13.14| 3.39 13.10; 3.40 4. 1814 3.39 12.98 343 1298 343
1871 825 3 ,
1477 8.08 1472 804 10 1477 3.03 14.69. 3.04 1477 3.08
1570, 2.85 1 ; {
16.99] 271 1646 272 2 1699 271 16.57 271 1657 271
1800 249 3 17.96  2.50 ;
18.04) 2.49 1806 249 3| 1804 249 18.04 249
18.63 242 2
18.94 238 2
19.220 284 3
19731 2.29 4 1976 228 1976 2.28 19.76  2.28
20.631  2.19 2
2140 211 2 2147 211 f
21.63] 2.09 2161 209 3 2163 209 2155 2.10
23.02 197 22.85] 1.99 4 ! 22.86  1.99 2286 1.99
: 23.62 193 2 23.59 1.93 23.59 1.93
23.91] 1.90 23.83 1.91 5 2383 191
24.11 1.89 5
24.33 1.87 5 24.24 1.88 24.24 188
25000 182 2 ‘
26.16. 175 2
26.47, 1.73 2
28.34] 1.63 2
28.71] 1.61 2
29.62 1.56 1
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Tapre 1
Sample Number 21 28 32
Flow Velomgez?éents {ec/hr) 20 20 25
Temperature ("C) 60.0 60.0 70.0
Concentration of (NH;)CO3 0.5 0.5 0.5
Concentration of CaCl: 0.5 0.5 0.5
MeCL adde(lliei;?ction Vessel 0.1 0.2 -
Results of Meygen’s Reaction L L L
Calcite _Avragonite N )
p 2 q I ; d ! T [/ d [/ d I 0 d I
i 1
10.371 4.29 2 l
11620 3.87 2 11.517 38.87
! 13.10; 3.40 10] 13.14 8.39 13.10] 3.40 8 1298 343
13.24] 3.36 3 1347 3.31
1871 325 5 13710 325 2
14720 38.04 10 1407 3.03 14.720 3.04 10| 14.58 38.07
1570, 2.85 2
! 16.46) 2.72 7 16.46] 2.72 20 1641 273
18.00] 249 3 ! 17.96 2.50: 18.00; 249 21 1796 250
18.06 2.49 6 18.06) 2.49 2
18.63‘ 242 3 18.63] 2.42 1
18.94] 2.38 5 1894 238| 25 1897 237
. 19.220 2.34 4 19.22) 234 25
1973 2.29 3| 19.67 2.80 19.73) 2.29 1
1 19.91 2.26 2
| 20.16, 224 2
2063 219 3 20.63] 2.19 1] 20.49] 220
| 2140, 211 3| 2147 2.11 21.40; 2.11 1) 21.38 211
21.61 2,09 3
2285 1.99 7 2285 1.99 20 2277 199
23.62] 1.93 2 2359 1.93
2383 191 3 23.83 191 1
2411 1.89 4 24.11) 189 1| 24.000 190
24.33 1.87 3 24.24" 1.88 24.33) 1.87 1
25,00, 1.82 3 25.00] 1.82 1
26.16) 1.75 5 26.16) 1.76 1
2647 178 3 2647 173 1
28.34] 1.63 2
2871 161 2 2871 161 1
| 2962 16| 2 2062 156 1
30400 152 2
32.36 144 2
3282 142 2
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(continued)
33 37 34 *® 38 35
25 25 25 25 25
70.0 70.0 70.0 70.0 70.0
0.5 0.5 0.5 0.5 0.5
0.5 0.5 0.5 0.5 0.5
0.1 0.15 0.2 0.25 0.3
L L L L L
[/ d I 0 d 0 d I 0 d 0 d I
12,98 3.43 12.98 3.43 13.10] 3.40 10) 1298 343 12.98 3438
1347 38.31 ‘
13.55| 3.29 13.71] 3.25 6| 13.55 3.29 13.55) 3.29
1468 3.07 14.69) 3.04 14.72) 3.04 51 14.69 3.04 14.69 3.04:
15,61 15701 2.85 2
1641, 2.73 1645 272 16.46) 2.72 5/ 16.45 2‘72; 1645 272
1287 2.51 18.04 2.49 18.00] 249 5| 18.01 2.49? 17.96) 2.50
18.06| 249 5 | ‘
18.63] 242 3
1897 237 18.941 2.38 4 i
19.18 2.34 19.220 2.34 6] 19.18 2.34 19.18 2.34
1991 226 2
2016 2.24 2 !
20.49 220 2049 220 20.63 219 3] 2049 220 20.55 2.20
21.38 2.11 21300 2.12 21400 211 5| 2130 212 2147 2.11
k 22.800 1.99 2286 1.99 22.85 1.99 10| 22.86 1.99 2286/ 199
24.00, 1.90 24200 1.88 24,11 1.89; 6
2424 1.88 24,24 1.88 :
25.00 1.82 3
26.16! 1.75 3
26.47| 173 3
29.62 1.56 2




