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Abstract

A mordenite was found as ln-fillmgs of amygdales of Pliocene hornblende andesite in

Aira area, Kagoshima prefecture. The mineraligical properties of the mordenite were exam-

ined by X-ray powder diffraction (XRD), chemical analysis, thermal analysis, infrared ab-

sorption analysis, and scanning electron microscopy (SEM). SEM shows that the mordenite

crystals exhibit fibrous form with < 1 〟 m in width and MOO ju m in length. The unit cell pa-

rameters calculated血0m XRD data are a- 18.12(2), b=20.46(2), and c-7.535(4) A. The

structural formula calculated is (MgO.07CaO.74Nal.26KO.40) (Al4.o6Fe3 +o.os) (si20.05TiO.02) O48

13.47H2O. This fibrous mordemte was formed by low grade hydrothermal alteration.

Key words: Mordenite, Hydrothermal alteration, Mineralogical properties, Altered andesite
●

Introduction

Mordenite is a relatively common and widespread variety of zeolite occurring as diagenetic

alteration products of tu亀ceous sediments (Sudo gf α7., 1963; Utada, 1970, 1971; Iijima and Utada,

1972), and as authigenic crystals in amygdales and in fillings of cavities in silicic rocks (Tomita

gJ α7., 1970; Yoshimura and Wakabayashi, 1977). In southern Kyushu, Neogene greenish andesitic

rocks and tuffaceous sediments that contain various clay minerals and zeolites such as

clinoptilolite (Minato and Utada, 1968), mordenite (Tomita gJ α7., 1970), and laumontite (Tomita

gJ α7 1979) are widely distributed. In Aira area, Kagoshima Prefecture in particular, mordenite

is found to occur in altered hornblende andesite. The present study reports the mode of occur-
●

rence and mineralogical properties of this mordenite in the altered andesite of Aira area,

Kagoshima Prefecture.
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Experimental methods

The mordenite collected by hand picking was pulverized in an agate mortar. The powdered

sample was examined by means of X-ray powder di批action (XRD), thermal analysis, in血ared

absorption (IR) , chemical analysis, and scanning electron microscopy (SEM).

XRD was undertaken with the use of the Rigaku diffractometer (30kV, 100mA) equipped

with a graphite monochromater, 1/2　divergence*and scattering slits, using a scanning speed of
●             1 ● .              ●                                 ●

0.5 2 6 /min. Thermal analysis was also carried out using the Rigaku differential thermal and

thermogravimetric analysis (DTA-TGA) apparatus by which temperature measurements were

made血*om room temperature to 1100℃ with a heating rate of 10℃ /min using about 25mg pow-

dered sample. IR analysis was made utilizing the Nihonbunko in血�"ared absorption spectropho-

tometer. The IR spectrum was recorded by KBr method. Chemical analysis followed the

gravimetric method for SiO2, H2O(+), and H2O( - ), colorimetric procedures for TiO2 and

atomic absorption spectrometry for other elements. SEM observation was earned out using the

JEOL JSM-25SII scanning electron microscope.

Mode of occurrence

The hydrothermally altered andesites and andesitic tuff of Miocene to Pliocene age widely

distributed in southern Kyushu generally exhibit greenish color and contain quartz or

cristobalite and ferromagnesian clay minerals such as saponite, corrensite, or chlorite as major

Fig. 1 Map showing the sample locality and distribution of Neogene greenish rocks in Kagoshima Prefecture.
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alteration products (Kawano and Tomita, unpublished data). The andesitic rocks also contain

zeolites such as clinoptilolite, mordenite, and laumontite. In Aira area, the mordenite occurs as

white color in-fillings of amygdales in the hydrothermally altered hornblende andesite (Fig. 1).
●

The amygdales show irregular orientations with lengths measuring less than 15cm. The altered

hornblende andesite contains Fe-nch saponite, cnstobalite, and very small amounts of mordenite.

The Fe-rich saponite occurs mainly as replacements of mafic phenocrysts and groundmass.

Results

XRD data of mordenite and its unit cell parameters calculated using the program LCLSQ

(Burnham, 1991) are listed in Table 1, together with data of mordenites血0m three other locali-

ties: Scotland (Harris and Brindley, 1954), Yoshida, Kagoshima Prefecture (Tomita gf α7., 1970),

and Shirasawa, Miyagi Prefecture (Negishi, 1972). The indices proposed by Nakajima (1973)

were adopted in this study. The recalculated unit cell parameters of Scotland, Yoshida, and

Shirasawa mordenites showed slightly larger values compared with those reported in the origi-

nal articles. Because the original cell parameters were obtained using the indices previously
●     ●                                                                                                                             ●

given by Harris and Brindley (1954) (see Table 1).

The chemical analyses and numbers of cations based on 48 0xygens are presented in

Table 2, together with those of Scotland, Yoshida, and Shirasawa mordenites. The ideal formula

of mordenite is:

(Cai, Na2, K2)2Al4Si20048�"14H20.

The structural formula of the Aira sample is:

(Mgo.07Cao 74Nai 96KO.40) (AL o6Fe3 +0.08)

(Si20.05Tio.02) 048 - 13.47H20.

Relatively, this Aira mordenite is reasonably close to the ideal formula, with almost similar char-

actenstic feature of natural mordenite as previously reported. Ca and Na are the dominant ex-

changeable cations in both samples (Fig. 2).

The DTA curve shows a single broad endothermic peak at 152℃ due to dehydration. The

TGA curve displays gradual weight loss of 14.5% up to about 500℃ and remains constant at

higher temperatures (Fig. 3).

The IR spectrum of the Aira mordenite is shown in Fig. 4. The absorption bands at 3600,

3425, and 1640cm are due to OH vibration of water molecules contained in mordenite structure

as zeolitic water, 1225 and 1050cm are due to Si-0 stretching vibration, and absorptions at 800-

400cm are mainly caused by Si-0 linkage of tectosilicate structure (Oinuma and Hayashi,

1967).

Fig. 5 shows the SEM photograph of the Aira mordenite. The sample exhibits fibrous habit

The most of the fibrous crystals are generally <1 jum in width and >100jum in length.
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Table 1 X-ray powder diffraction data and unit cell parameters of mordenites.
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1, Mordenite from Aira, Kagoshima Prefecture; 2, Mordenite from Scotland (Harris and Brindley, 1954);

3, Mordenite from Yoshida, Kagoshima Prefecture (Tomita et al, 1970); 4, Mordenite from Shirasawa, Miyagi

Prefecture (Negishi, 1972). The indices are driven from Nakajima (1973). ( ), Indices reported by Harris and

Brindley (1954).
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Table 2　Chemical analyses and numbers of cations based on 48 oxygens.
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1, Mordenite from Aira Kagoshima Prefecture; 2, Mordenite from Scotland (Harris and Brindley, 1954);

3, Mordenite from Yoshida, Kagoshima Prefecture (Tomita, et al., 1970) 4, Mordenite from Shirasawa, Miyagi

Prefecture (Negishi, 1972). including 0.15% MnO and 0.01% P205.



30 Motoharu KAWANO and Katsutoshi TOMITA

Fig. 2　Exchangeable cations plotted in (Ca+Mg) -Na- K diagram. Open star, Mordenite from Aira; Open

circles, Mordenites reported previously (Passaglia, 1975).
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Fig. 3　DTA-TGA curves of mordenite from Aira.
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Fig. 4 IR spectrum of mordenite from Aira.

XIOO

Fig. 5　SEM photograph of mordenite血om Aira.
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Conclusion

Neogene greenish andesitic rocks distributed widely in southern Kyushu contain various

hydrothermally altered minerals as mentioned above. In Aira area, fibrous mordenite and small

amounts of mordenite occur as replacements of feldspar phenocrysts or groundmass of andesitic

rocks containing Fe-sapomte. These mordemtes were probably formed by hydrothermal altera-

tion associated with formation of the Fe-saponite. Zeolites are used for indicator of degree of

diagenetic alteration in northeastern Japan. The distribution of zeolite with increasing burial

depth is; clinoptilolite + mordenite - analcime + heulandite - laumontite (Utada, 1965). This

suggests that the mordenite was formed under relatively low temperature condition.

Furthermore, there are many reports which indicate that mordenite occurs in the most low

grade alteration part in zeolitization zone (Nakajima and Tanaka, 1967; etc.). Fe-saponites also

occur relatively low grade diagenetic alteration area in northeastern Japan (Kimbara, 1975).

Based on these facts, the mordenite and Fe-saponite distributed in the Aira area must be formed

by low grade hydrothermal alteration. Minato and Utada (1968) likewise noted that the Neogene

formation distributed in southern Kyushu has similar alteration characteristics to "Green tuff in

northeastern Japan. However, many problems such as mode of occurrence and distribution of al-

teration minerals in this Neogene formation remain unclear to warrant comparison. The present

study of the occurrence of mordenite accompanied with Fe-saponite in the andesite in Aira will

therefore give important interests k>r further study of hydrothermal alteration of the Neogene

formation in southern Kyushu.
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