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In limnology, chemical composition of water system is analyzed by various 

methods. For example, a key diagram as shown in Fig. 1 is often used to classify 

the chemical types of water systems. In the diagram, each chemical component is 

plotted as millival % (milliequivalent percentage). Water systems are divided into 

five types, such as ground water (I), thermal water (II), sea water (III), surface water 

(IV) and intermediate water (V). The key diagram is suitable to identify the water 

type, but it shows only the relative chemical component pattern. 

A triangular diagram as shown in Fig. 2 is also used to show characteristics of 

chemical composition of a water system. To analyze Antarctic land water system, 

a Ca-Mg-(Na+ K) diagram was used to elucidate the evolution of the water system 

under the frigid environment (ToRII et al., 1981). 

In the diagram, each chemical component is given in millival % . In order to 

know the chemical features, a key diagram is usually used together with an anion 

triangular diagram Cl-S04-HC03 and a cation triangular diagram. In that case, the 
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Fig. 1. Key diagram. 
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Fig. 2. Triangular diagram. 
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Fig. 3. Hexa diagram. 

diagram can show the relative chemical component pattern only. A hexa diagram 
which is shown in Fig. 3, is also used to analyze water quality in nature. This type 
of diagram is used only to recognize the relative pattern of the water systems. 

Recently, the concentration correlation matrix method was developed to analyze 
correlation among the samples for environmental research (ANDERS, 1972). The 
present author tried to analyze Antarctic land water systems by using the concentration 
correlation matrix, and discovered high relation among the Antarctic water systems, 
such as sea water and water of Lake Nurume and so on (WATANUKI, 1977). In the 
concentration correlation matrix, the ratio of the concentration of chemical com­
ponent is used to analyze the water system, so that the concentration factor is 
cancelled and only the normalized relative value can be expressed in numerals. 

In this paper, the author tries to analyze water system by introducing a new 
coordinate. First, the author defined oX as in the following eq. (1). 

oX=-0/Cl)s-(X/Cl)r X 100 
(X/Cl)r 

' ( 1 ) 

where s means sample and r is reference sea water, X denotes concentration of com­
ponent X, and Cl is the concentration of chloride ion in the water. For chloride ion, 
oCl is defined as the following eq. (2). 
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Fig. 4. oX-oC/ diagram. 
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Table I. Relation of plotted position 

and oX, oCl. 
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oX and oCl calculated on each sample are plotted on the diagram oX-oCl as shown 
in Fig. 4. 

When chloride ion concentration is less than that of sea water, oCl can be 
plotted between - I and O in the diagram. The position of abscissa denotes the 
chloride ion concentration in the sample water. And the position of ordinate denotes 
relative concentration of other elements normalized with chloride concentration. 

The relation between plotted position and oCl, oX is shown in Table I. 
In this diagram, we can easily recognize the real chloride concentration in the 

water. And the relative concentration of the other chemical species can be compared 
with that of sea water. 

Some calculated results are shown in Tables 2 and 3. From the data, it is easily 
seen that chloride concentration in the water of Lake Hunazoko is 6.14 times l arger 
than that of sea water. And relatively low concentrations of Na +, Ca2 + and SO;­
show the removal of these ions by deposition of mirabilite and gypsum. 

As seen in Table 3, the salt content of Lake Vanda and ground water beneath 
the lake bottom is considerably different, but differences from sea water in chemical 
components resemble each other. This may mean that these two Antarctic water 
systems have the same origin and evolution. 

Table 2. Chemical composition and oX of Lake Hunazoko. 

K+ Na+ Ca2+ Mg2+ Cl- so:-

2.4 58.2 2.2 7.8 116 2.47 g/kg 
oX 3.0 -10.3 -9.5 0.3 5. 14 -84 % 

Table 3. Chemical composition and oX of some water systems 

in the Antarctic. 

K+ Na+ Ca2+ Mg2+ c1- so:-

(1) 6.5 0. 74 22. 7 7. 17 72.2 0.64 g/kg 
oX -0.84 -0.49 13.9 0.48 2.8 -0.94 % 

(2) 8. 75 1.08 33.2 10.5 108. 7 0.248 g/kg 
ox -0.85 -0.50 14. 5 0.44 4. 75 -0.98 % 

(1) Water of Lake Vanda 63 m (YAMAGATA et al., 1967). 
(2) Ground water of Lake Vanda 75. 7 m (ToRn et at., 1974). 
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