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ABSTRACT

A new mineral from the Hol Kol mine, North Korea of the composition 

Mg2B2O5, named suanite,'has been described. The mineral is found usually as 

fibrous aggregates associated with kotoite and other borate minerals in marble 

which borders the gold. and copper-bearing diopside-clinohumite skarn mass. The 

crystal usually elongated parallel to [010] is monoclinic with the following dimen

sions: a=12.10A., b=3.12A., c=9.36A., (3=104•‹20•Œ (Weissenberg photographs, 

CuKƒ¿ )=1.54A.). The space group C52h-P21/a. The unit cell contains 4[Mg2B205]. 

Colourless. Hardness 51/2. Sp. gr. 2.91. Opt: properties: ƒ¿=1.596,ƒÀ=1.639, ƒÁ=1.670 

ƒÁ ƒ¿ =0.074, 2V=70•‹ (negative); r•„v, weak; X//b. The chemical analysis by N. 

Saito and N. Kokubu follows; Si02 0.60, A1203+Fe2O3 0.95, MgO 46.63, CaO 5.06, 

B203 40.08, CO2 5.01, H20(+) 0.90, H20(-) 0.23, total 99.46%. After deduction 

of CaCO3 and other impurities, MgO 53.7, B203 46.3% against the theoretical 

composition MgO 53.66, B203 46.34%. The mineral is not easily affected by cold 

HCI. The X-ray powder diagram of the mineral is very similar to but definitely 

different from, that of the artificial Mg2B2O5, to which it is converted when 

heated up to 1,000•Ž..

Introduction

In 1939 during the course of a study of the gold- and copper. 

bearing skarn minerals from the Hol Kol mine the writer found 

among other borate minerals a mineral, possibly a borate too, which 

could not be identified with any known one. However, the material 

available for investigation was so scarce that only its optical 

properties could be determined with certainty under the microscope. 

By 1943 after a revisit by the writer of the district material enough 

for further study had been accumulated and a chemical analysis
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was executed. It turned out to be a magnesium pyroborate roughly 

of the composition 2MgO.B203 . A brief account was then given, 

tentatively giving it a new mineral name, suanite.13)

An X-ray study by Takeuchi7) which was made and published 

prior to the completion of our study has revealed that the crystal 

structure of the mineral is composed of the pyroborate molecular 

groups, B205.

The writer gives below a detailed mineralogical description of 

the mineral.

Occurrence and Paragenesis

The Hol Kol* gold copper mine is located in the Suan gold mining 

district12), Suan County, Hwanghae-do,** about 75 kilometers east

south-east of the city of Pyongyang,*** the capital of North Korea. 

We found in the marble that predominates in the district such 

boron-bearing minerals as ludwigite and warwickite as well as 

kotoite, a new mineral also first described by the writer4) 10) 11). 

Acicular or prismatic crystals of suanite in radiated masses and in 

subparallel intergrowths are embedded in the kotoite-marble and 

are usually associated with beside borate minerals clinohumite, spinel 

and calcite. The intimate association of suanite with other 

magnesium-bearing borates having similar crystal structures2) 5) 6) 8) is 

remarkable. The occurrence of warwickite will be described in a 

separate paper. A secondary borate mineral, probably szaibelyite, 

is also found along cracks of suanite.

Physical and optical properties

Suanite is white in colour and translucent and perfectly colourless 

in thin section. Its luster is silky to pearly. Its hardness is 5.5 and 

its specific gravity measured is 2.91 (suspension method). Difficult 

to fuse.

Suanite is optically biaxial and negative. Its fibers are parallel

*  笏洞  **  黄海道遂安郡  ***  平壤
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to b and X. Indices of refraction were determined by immersion 

method;

ƒ¿ =1,596, ƒÀ=1.639, ƒÁ=1.670, ƒÁ-ƒ¿=0.074 and 2Va=70•‹. Dispersion is 

r>v, weak. (Table 1)

Crystallographic characters of suanite cannot easily be determined 

as its fibers are usually too slender. Under the microscope the 

slender crystals nearly cut parallel to (010), that is to say, being 

nearly perpendicular to b-axis show monoclinic crystal outlines as 

shown in Fig. 1 (Plate I). Facial angles were measured under the 

microscope after rendering by means of a universal stage the 

parallel [010] edges, along which the crystals are usually elongated, 

vertical. The outlines of the crystal and their relation to the optical 

orientations are shown in Fig. 3.

Fig. 3. The outlines of a crystal of suanite cut perpendicular to 

      b-axis and their relation to the optical orientations.

The slender crystals of suanite separated from the fibrous agg

regates were studied with rotation and Weissenberg photographs by 

Y. Takeuchi and its crystal structure has already been determined
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by him7) in 1952. The result of his structural studies is as follows : 

the unit cell has the dimensions a0=12.10•}0.05A., b0=3.12•}0.02A., 

c0=9.36•}0.05A., a0:b0 :c0=3.880:1:3.000, ƒÀ=104•‹20•Œ•}30•Œ, and con. 

tains four molecules of Mg2B2O5. Its space group is 52h -P21/a. 

Calculated specific gravity is 2.89 against 2.91 measured.

Table 1. Comparison of some properties of kotoite, suanite,

 artificial pyroborate, and szaibelyite.
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Chemical composition

It was very difficult to isolate pure materials for analysis due to 

the close association of suanite with clinohumite, szaibelyite and 

calcite. When the finely powdered suanite is treated by hydrochloric 

acid it is gelatinized, although the mineral is somewhat difficultly 

soluble in the cold and dilute acid.

Carefully separated fibrous mass of the mineral was first analyzed 

by K. Isono in the laboratory of the Geological Survey of Japan, 

by the courtesy of Dr. S. Yamane, then Director of the Survey. 

Treatment of the sample with HCl showed effervescence of C02. The 

result of the analysis is given in Table 2, No. 1.

Table 2. Chemical analyses of suanite

1. Suanite containing a small amount of calcite. Analyst K. Isono, Geol. Surv .
 of Japan (1942). 

2. Suanite containing a small amount of calcite. Analysts N. Saito and 
   N. Kokubu (1948).
2a. Molecular ratios. 
2b. Less Mg2SiO4, Mg (Al, Fe)204 and CaC03. 
3. Suanite containing szaibelyite. Analysts N. Saito and Kokubu (1949) .
4. Calculated composition of suanite, 2MgO• B203
5. Calculated composition of szaibelyite, 2MgO• B203 • H2O.
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In order to know the nature of water found in the analysis No . 
1, the materials separated from other samples were analyzed by 

N. Saito and N. Kokubu at the Kyushu University in 1949 . A small 
amount of calcite was still contained in the analyzed materials . 
The analytical results were also given in Table 2 . Nos. 2 and 3.

After reducing CaCO3, Mg2SiO4 and Mg(Al , Fe)2O4 as impurities, 

the analysis in column 2 gives molecular ratio [MgO]:[B203]=1 .96:

1.00, which agrees well with the formula 2MgO•EB2O3 or Mg2B2O5.

Higher values for H2O in column 1 and 3 attributable to the pre

sence of secondary szaibelyite in suanite aggregates .

Thermal study of suanite

The differential thermal analysis has been carried out on pulve

rized specimens of suanite (Fig. 4C). The curve shows an endother

mic peak at 630•Ž.. X-ray powder patterns obtained from the suanite 

heated to 1000°C. and artificial Mg2B2O5 by means of Phillips X-ray 

spectrometer show that both materials are identical in structure. It 

may therefore be assumed that at 630•Ž. the natural monoclinic 

suanite is transformed into triclinic Mg2B2O5. On the other hand, 

Takeuchi, from his X-ray study has concluded that magnesium 

pyroborate Mg2B2O5 is dimorphous.

As an appreciable amount of water had been always reported as 

the results of chemical analysis of suanite the nature of the water 

was studied by heating its pulverized sample on a thermobalance at 

Tokyo Institute of Technology up to 900•Ž. (Fig. 4A). The thermal 

curves show that only a loss in weight takes place gradually up to 

700•Ž.. However, this increases rather abruptly between 700•‹•`900•Ž.. 

This is probably due to the presence of small amounts of szaibelyite 

(2MgO•EB2O3•EH20) and calcite in the sample. It is to note that the 

dehydration temperature of szaibelyite is about 670•Ž. and the dis

sociation temperature of calcite is 880•Ž..
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Fig. 4. A) Dehydration curve of the sample consisting mainly of suanite

 with small amounts of calcite and szaibelyite.

B) Differential thermal analysis curve of szaibelyite from Rezbanya.

 An endothermic peak at 670•Ž. is very marked.

C) Differential thermal analysis curve of nearly pure suanite which

 shows a small endothermic peak at 630•Ž. probably due to the 

inversion of natural monoclinic suanite to triclinic magnesium

 pyroborate.

Synthesis

The first synthesis of Mg2B205 has been reported by W. Guertler3) 

in 1904. Later N. A. Toporov and P. F. Konovalov9) and also H. M. 

Davis and M. A. Knight,') who studied the binary system MgO-B203, 

could obtain three binary compounds of magnesium-oxide and 

boric acid: MgO•EB203 (metaborate), 2MgO•EB203 (pyroborate) and 

3MgO • B203 (kotoite, orthoborate). Synthesized crystals of the 

magnesium pyroborate was studied optically by Davis and Knight.
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The magnesium pyroborate was synthesized also by the writer by 

cooling slowly fused mass of MgO and B203 in the proportion 1:1 . 

The product was studied with X-ray by Y . Takeuchi. His result 

shows that the artificial Mg,B205 is triclinic having nearly the same 

structure with Co2B2O5. Although no artificial monoclinic Mg2B2O5 

has yet been reported till now, as stated before
, the natural suanite 

crystals when heated to 1000•Ž. are reduced into fine aggregates that 

show the same powder-pattern as the artificial pyroborate.
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Fig. 1. Suanite  ?? b•~63.

Fig. 2. Suanite //b•~50.


