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 The distribution of magnesium in cal-
careous parts of marine organisms was 
studied by K. E. Chave; he listed the 
factors which controlled distribution of 
magnesium in the calcareous skeletal 
formation of marine organisms1). He was 
also the first to succeed in determining 
the state of magnesium by using X-ray 
diffraction technique. The magnesium 
content of the sample in his study was 
from 2 to 16% MgCO3 in weight. He 
concluded that magnesium carbonate was 

present as a solid solution of calcite and 
dolomite**,2). With his own X-ray diffrac-
tion technique, however, Chave was not 
able to determine the state of magnesium, 
when the content was more than 16% or 
less than 2% MgCO3. There are a large 
number of calcareous shells having a 
magnesium carbonate content less than 
2%. One of the authors, Kitano, was the 
first to devise a new method for determin-
ing the state of a small amount of mag-
nesium contained in calcium carbonate 
deposits from hot springs, as reported in 
earlier papers5-7). This technique was 
called the"Dissolution Method ". In the 
present paper the same method is applied 
for calcareous shells. The process greatly 
simplifies the determination of the state 
of magnesium in calcareous shells. 

 Principle of Dissolution Method 

As to the state of magnesium*** in cal-
careous shells or organisms, there are only 
three possible forms, magnesium carbon-

ate, dolomite and a solid solution of 
calcite and dolomite. When the authors 
closely examine the three forms from the 
crystallographic point of view, magnesium 
carbonate can not be expected, and con-
sequently there are only two forms, 
dolomite and a solid solution, to be 
determined. When carbon dioxide gas is 

passed into a suspension of calcite mixed 
with dolomite or a suspension of calcite 
with a solid solution of calcite and dolo-
mite, the dissolved quantity of magnesium 
can be expected to differ for each of the 
two magnesium compounds. Therefore, 
the state of magnesium present in calcare-
ous shells can be determined by knowing 
the quantity of magnesium dissolved by 
carbon dioxide aerated water. 

 Experimental 

Materials.-Calcite.-Commercial reagent of 
extra pure grade is used without further puri-
fication. 

Aragonite.-The same volume of 1 N CaCl2 
solution is added gradually to the boiling solution 
of 1 N Na2CO3; the separated precipitate of 
aragonite is washed with pure water and allowed 
to dry. 
 Magnesium carbonate.-Since it is difficult to 
prepare magnesium carbonate, basic magnesium 
carbonate (extra pure grade) is used instead of 
magnesium carbonate. When MgCO3.nH2O is 
suspended in water, it changes quickly into basic 
magnesium carbonate, which proves that MgCO3
nH2O is more unstable in water than basic 
magnesium carbonates). Consequently for the 
purpose of this experiment, the authors use basic 
magnesium carbonate (MgO 44.2%) instead of 
magnesium carbonate.

TABLE I. CONTENT OF CALCIUM AND MAGNESIUM 

IN FOUR KINDS OF SEA URCHINS

*Present address: Water Research Laboratory , Faculty 
of Science, Nagoya University, Chikusa-ku, Nagoya. 
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 Solid solution of calcite and dolomite.-For this 
experiment the shells of four kinds of sea urchins 
are used. The magnesium carbonate in the 
shells, as found by using X-ray diffraction 
technique, is contained as a solid solution. The 
magnesium content of each kind of shell is given 
in Table I. 
 Dolomite.-Because it is difficult to prepare 
this material in a laboratory, the authors use 
the dolomite found in the Kuzuo Mountain 
District of Tochigi Prefecture. 

(Anal.: CaO, 33.80; MgO, 19.37; clay, 0.22%.) 
An organic substance, a protein, is always 

present with minerals in shells, and its presence 
makes the minerals stable. Therefore, when 
inorganically prepared minerals are suspended 
in water, they are less stable than minerals 
containing an organic material. In this experi-
ment the authors would prefer to use minerals 
which contain an organic material, but since 
those can not be obtained, inorganic compounds 
have to be used. Judging from results given in 
detail later, however, the use of inorganic 
minerals, calcite and dolomite, is found to be 
suitable. 

Procedure.-The best procedure for the de-
termination of the magnesium state is as follows: 
Two and a half gram of powdered sample, 
(<325 mesh), are suspended in 200ml. of pure 
water. Carbon dioxide gas, washed by passing 
through water, is passed into the suspension for 
25 min., and is allowed to stand for 10 min. 
After filtering the suspension with No. 6 Toyo

filter paper, the magnesium content in the filtrate 
is determined. By comparing the dissolved 

quantities of magnesium in shells with those in 
mixed samples of calcite and possible magnesium 
compounds in shells, the state of magnesium in 
calcareous shells can be determined.

Fig. 1. Relationships between magnesium 
 content and quantity of magnesium 

 dissolved by CO2-aerated water, for 

 possible magnesium compounds in cal-
 careous shells.
× 1-a-e ○ 2-a-e

Δ 3-a-e ● 4-a-e

TABLE II. DISSOLVED AMOUNTS OF CALCIUM AND MAGNESIUM IN CO2-AERATED 

WATER, CALCITE-SHELL OF THE SEA URCHIN, AT ROOM TEMPERATURE

*(dissolved quantity/content in sample)×100
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Results 

 Fig. 1 shows the relationship between 
the amount of magnesium dissolved by 
carbon dioxide aerated water and the 
magnesium content in mixed samples of 
calcite**** and dolomites). In Table II 
and Fig. 1 the relationship is given for 
mixed samples9) of calcite and four kinds 
of sea urchin shells. When magnesium is 
contained as dolomite, it is difficult to find 
any dissolved quantity of magnesium, as 
is seen from Fig. 1. It may be expected 
that dolomite becomes more stable and no 
dissolved quantity of magnesium can be 
found when it is present with an organic 
material in calcareous shells. Therefore, 
it is quite suitable to use in this experi-
ment native dolomite mineral having no 
organic material. 

Determination of the State of Magnesium 
Contained in Calcareous Shells 

 The above procedure is applied to various 
kinds of calcareous shells and the results 
are given in Table III and Fig. 2. Fig. 2

Fig. 2. Relationships between magnesium 
 content and quantity of magnesium 

 dissolved by CO2-aerated water, for 
 various kinds of calcareous shells.

includes the result obtained for mixed 
samples of calcite and dolomite as well as 
for mixed samples of calcite and a solid 
solution of calcite and dolomite. From 
the results given in Fig. 2, it is inferred 
that a dissolved quantity of magnesium in 
calcareous shells comes from a solid 
solution10). Therefore, it can be concluded 
that magnesium carbonate, having a 
content less than 2% in weight, is contained 
in calcareous shells as a solid solution. 
Meanwhile K. E. Chave reported that 
magnesium carbonate, having a content 
from 2 to 16% MgCO3, was present in 
calcareous shells as a solid solution. 
Kitano reported previously that magnesium 
in limestone was always present as dolo-
mite7). It is known that limestone in 
nature comes from calcareous shells. 
Consequently, it may be expected that 
the natural state of magnesium changes 
from a solid solution into dolomite during 
the process of limestone formation from 
calcareous shells. This finding is im-
portant and useful for an understanding 
of the formation of limestone in nature. 

Summary 

 An original method (Dissolution Method) 
for determining small amounts of mag-
nesium contained in calcareous shells has 
been devised, and the state of magnesium 
has been determined by this method. As 
a result, it can be verified that small 
amounts of magnesium in calcareous shells 
are always contained as a solid solution 
of calcite and dolomite. 

 The authors express their sincere thanks 
to Mr. Sakae Ichihashi of Osaka City 
University for his advice given throughout 
this work. 
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**** Two kinds of calcium carbonate, viz. calcite and 

aragonite, are used, and no difference between the dis-
solved quantities of magnesium for these two calcium 
carbonates can be found. Almost the same amount 
of calcium carbonate in shells, coexisting with an organic 
'material , as the amount of inorganically prepared calcium 
carbonate can be dissolved by carbon dioxide aerated 
water. Hence, the use of inorganically prepared calcite 
instead of calcium carbonate coexisting with an organic 
material, is justified. 

9) Fig. 1 also shows the relationship in mixed samples 
of calcium carbonate and magnesium carbonate5). It can 
be expected that the dissolved quantity of magnesium 
in the solid solution will be higher than that in mag-
nesium carbonate. However, as seen in Fig 1, the latter 
is in reality higher than the former. That the solid 
solution used in this experiment is made stable by a 
coexisting organic material may be responsible for this 
discrepancy between the presumed and actual results. 
(The presence of magnesium carbonate can not be 
expected in calcareous shells, as mentioned earlier).

10) From Fig. 2, it is clear that the dissolved quantity 
of magnesium in some calcareous shells is less than that 
in mixed samples of calcium carbonate and shell of four 
kinds of sea urchins. This can be understood by the 
following findings: 1) By mixing calcium carbonate 
with a sea urchin's shell in which 16% MgCO3 is contained 
as a solid solution, the authors prepare semples contain-
ing a small amount of magnesium as a solid solution. 
It can be expected that the dissolved quantity in the 
mixed sample will be higher than that in natural shell 
samples, because a solid solution is less stable with an 
increase of magnesium content. 2) Since some calca-
reous shells are not fresh, it appears possible that a part 
of the solid solution changes to a stable dolomite.


