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Kappameter KT-3 and its Application for Some

Volcanic Rocks in Japan

Shunso IsHIHARA®

Abstract: Kappameter KT-3 is very useful for field work of opaque oxides problems. The use
with distance stick makes distinguishable the magnetite-series and ilmenite-series granitoids
and thus recommendable. The measurement shown in SI unit gives a good correspondance
with the results of Bison Model 3101 on powdered samples. X-value (x 107 emu/g)= 1.2 x SI
unit (X 1073). .

Magnetic susceptibility of @ical tholeiite suite lavas of Quaternary age is less than that of
typical low-K,O magnetite-series granitoids of Miocene age and calc-alkaline suite lavas of
Quaternary age, which occur in the inner side of the volcanic front. However, calc-alkaline suite
of Sanukite group of Miocene age has lower magnetic susceptibility than the above-mentioned,
inner calc-alkaline suite. Magnetic susceptibility of late Mesozoic to early Cenozoic volcanic
rocks in the Inner Zone of Southwest Japan is high in the north and low in the south. Thus
northward increase of magnetic susceptibility is expected on these Mesozoic to Cenozoic volcanic
terranes. Ratio of the magnetite-series/ilmenite-series volcanic rocks increases drastically from the
late Mesozoic to recent.

Introduction

Kappameter KT-3 is a magnetic susceptibility measuring device designed by the Institute of
Applied Geophysics (UGF), Czechoslovakia. It is light weighing only 1.25 kg and is handy having
demensions of 6.5 X 8.5 X 25.5 cm. Thus the device is very useful for field work.

Magnetite content of common granitoids has important bearing on both petrogenesis and metal-
logenesis (IsutHARA, 1977; Sasaki and Isuinara, 1979). The content is easily determined by magnetic
susceptibility measurement (Kanava and Isumara, 1973; Kanava, 1974). In these earlier works, we
measured magnetic susceptibility on powdered samples by the Bison Model 3101. Recently, however,
we have been also using the Kappameter KT-3 (Fig. 1).

This paper concerns with comparison of the data obtained by the two devices and application of

the Kappameter for some volcanic rocks in Japan.

The Kappameter KT-3 and its Application

All pecessary information about the Kappameter KT-3 is available in the attached manual of
the device, which is distributed by ABEM, Box 20086, S-161 20, Bromma 20, Sweden (IAG, 1971).
Thus only few comments are given below from the writer’s experience.

On its application for granitoid study, sensitivity is most important, because granitoids consist of

magnetite-bearing magnetite-series and magnetite-free ilmenite-series (Isarmara, 1977), and the
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Fig. 1 Kappameter KT-3 (After IAG, 1971).

latter has very low magnetic susceptibility. The Kappameter has excellent sensitivity of 0.02 x 107*
ST unit (1.5 X 107® cgs unit). The two series of granitoids are divided by n x 107 cgs unit (IsHIHARA,
1979). This device has enough sensitivity for thé granitoid study.

On common outcrop, surface of exposure is not smooth. Thus correction factor is given in the
manual (IAG, 1971, p. 20-23) depending upon uneveness of the surface. In the writer’s experience,
however, it is recommendable to use the device with distance stick which separates the measuring face
from surface of outcrop about 14 mm. With this stick, no correction for the surface uneveness is
needed. The sensitivity is slightly lowered but is still enough to identify the ilmenite-series granitoids
and to find out meaningful amount of magnetite for the petrological study.

Fig. 2 illustrates relationship between magnetic susceptibility by the Bison Model 3101 (X, emu/g)
and Kappameter KT-3 (SI unit). The magnetic susceptibility was measured at first at outcrop by the
Kappameter, and hand specimen was taken out from closest place to the measured portion and
powdered in laboratory for about 500 g; then the magnetic susceptibility was measured by the
Bison’s device. Thus the measured materials by the two devices may not represent the same portion.
In other words, this test was aimed at practical purpose in combining the earlier and recent works of
the writer. Agreement of the two measurement is good in general, which is shown by solid line in

Fig. 2. Their relationship can be expressed as Z-value (X 107%) = 1.2 x SI unit (x 107%).

— 514 —




Kappameter KT-3 and its Application for Some Volcanic Rocks in Japan (S. Isumara)

i ® ./_
P
1000 ° 0:%. -

1 / -

. 088 -
& ] (2 -
o ] ol o i
=<7 ,m”/o. u
N ® L
e
§ 100 g -
R ® ‘}/‘ -
= _ 8}(«» ® L

1 .60 A R

| epgd @

- ° 0.° ® L

/ L)

|O T T T T TTTT ] T T T TTTT
10 100 1000
S unit (x107)

Fig. 2 Magnetic susceptibility of granitoids from the Chugoku district measured
by the Kappameter (SI unit) and Bison Model 3101(emu/g). Solid line is
general trend of the plots.

Late Cenozoic Volcanic Rocks

Since volcano-plutonic concept has been widely accepted on magmatism of the Japanese
islands, regional variation of magnetic susceptibility found on the granitoids is expected to be seen
on the volcanic rocks. Fig. 3 shows magnetic suscéptibility of tholeiite-suite lavas of Quaternary age
from Hachijo-jima. All have values of magnetite bearing, which are above 50 x 107® emu/g (Isui-
HARA, 1979). Two relatively low values obtained at high SiO, percentage are ferroaugite-fer
rohortonalite quartz andesite which is a bread-crust bomb in pumice flow deposit (No.11 of Issmikr,
1963, p. 122) and ferroaugite-fayalite dacite (No. 12) which is obsidian in pumice flow deposit.

The volcanic rocks from Hachijo-jima give lower magnetic susceptibility than the Tanzawa-type
low-K,O tonalite of Miocene age (Fig. 3), which may be plutonic equivalent of low-K,O tholeiite.
Calc-alkaline suite lavas were studied on samples from Mt. Kuju-Aso area and other Quaternary
volcanoes along the Japan Sea coast. These lavas have higher magnetic susceptibility than the
tholeiite suite. Most of the Quaternary and Miocene volcanic rocks occurring along and in the inner
side of the volcanic front (Green Tuff belt) give magnetite-bearing values.

On the contrary, calc-alkaline suite volcanic rocks (Sanukite group) of Miocene age of the
Setouchi terrane may be different, because these rocks are distributed in area between the magnetite-

bearing Miocene volcanic rocks of the Sanin Green Tuff belt and the magnetite-free igneous rocks of
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the Outer Zone of Southwest Japan. There is indeed evidence that some of the rocks may be
magnetite-free as indicated by very low bulk Fe*®/Fe*2 ratios on volcanic rocks from Shidara area
(Ono, 1962), which is the eastern extension of the Setouchi volcanic field. Thus the volcanic rocks
were studied in the main part of Kagawa Prefecture.

Most of the studied rocks have magnetic susceptibility of weakly magnetite bearing (Fig. 3).
Magnetite-free values are commonly found on andesite from Hiyama and Washinoyama. These rocks
are said to contain abundant xenoliths from the basement (O. UJikE, personal communication); the
phenomenon common in the ilmenite-series granitoids (Isumara, 1977). Miocene granitoids of the
Outer Zone of Southwest Japan are of the ilmenite-series and thus have low magnetic susceptibility
below 50 x 107® emu/g (Ismiaara, 1979). The Okueyama pluton is shown in Fig. 3 as an example.
Volcanic rocks of the same zone were studied at few places and found to be mostly magnetite-free.
Throughout the Miocene plutonic and volcanic rocks in Southwest Japan, magnetic susceptibility
seems to increase toward the Japan Sea side, which is the same tendency as that seen on the

Cretaceous to Paleogene granitoids of the Inner Zone (IsamHara, 1979).
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Fig. 3 Magnetic susceptibility and silica diagram of the late Cenozoic volcanic and plutonic rocks. Solid
circle, tholeiite suite lavas from Hachijo-jima (SiO, % from Issmiki, 1963); Open circle, Sanukite
group lavas and neck from Kagawa Pref. (SiO, % from Uqnke, 1972; Usike and ONuki, 1976).
Circle connected with bar implies variation at one outcrop. Open triangle, calc-alkaline suite lavas
from Mt. Kuju (8iO; % from Ono, 1963). Triangle with arrow indicates minimum value. The
volcanic rocks were measured by the Kappameter KT-3, then the values converted to emu/fg. The
plutonic rocks by the Bison Model 3101.
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Late Mesozoic to Early Cenozoic Volcanic Rocks

Vast volume of mainly pyroclastic flow deposits are known in the Chugoku district. The late
Mesozoic to early Cenozoic volcanic rocks are generally considered effusive facies of underlying
granitic rocks. Magnetic susceptibility was measured by the Kappameter on outcrops of such rocks
in several areas. Since structure of these rocks is poorly seen, the measurement was performed
randomly at 10 meters interval along road-cut of continuous exposure. Wherever possible, the

outcrop was selected at distance from granitic plutons. The results are summarized in Table 1.

Table 1 Magnetic susceptibility of the late Mesozoic to early Cenozoic volcanic rocks
in the Chugoku district shown by number of the measurement.

Magnetic susceptibility (x 10~% emu/g)

10-50 50-100 100-500 500 and more

Rhyo-dacitic tuff

Western Shimane Pref. 11 12 7 0
Sanin district Central Shimane Pref. 5 2 17
Western Tottori Pref. 8 0 11 2
Total measurement 24 14 35 2
Mihara, Hiroshima Pref. 49 3 2 0
Sanyo district Takehara, ditto 19 8 18 1
Mitsu, ditto 9 11 0
Eastern Yamaguchi Pref. 66 0 0 0
Total measurement 143 22 28 1

Andesitic lava and tuff

Western Shimane Pref. Lava 0 0 17
Sanin district Tuff 0 2 7 0
Central Shimane Pref. 0 0 8
Total measurement 0 2 16 25
Sanyo district Kisa, Hiroshima Pref. 47 7 6 1
Sanin District Sanyo District
Rhyo-dacites [// l///%
0 n=75 50 100% 0 n=194 50 100%
Andesites .
| 1 T
O n=43 50 100% O n=61 50 100 %

X(emusgx107¢) [ ] 10~50 [/ 50~100 B&100~500 [ above 500

Fig. 4 Relative abundance of the late Mesozoic to early Cenozoic volcanic rocks of the Inner Zone
of Southwest Japan on the basis of their magnetic susceptibility.
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Magnetic susceptibility is generally high in the volcanic rocks of the Sanin district which are
mainly of the Kawauchi formation of Stage V of Yamapa (1977). Within the magnetite-bearing
volcanic rocks, lavas have higher magnetic susceptibility than tuffs and tuff breccia. In the Sanyo
district, typical Kisa andesites in the Kisa township give generally magnetite-free values. Well
known rhyo-dacitic welded tuffs of the Abu group and Takata rhyolites (Stage III of Yamapa, 1977)
are largely composed of low magnetic susceptibility rocks. However weakly magnetic tufls are rather

dominant in the Takata rhyolites of the Takehara-Mitsu area, Hiroshima Prefecture. The summary
is illustrated in Fig. 4.

Conclusions

Quaternary tholeiite suite lavas have lower magnetic susceptibility than the Miocene tonalites of
the Tanzawa type, which may be plutonic equivalent of the tholeiite suite. Quaternary calc-alkaline
suite lavas from the same tectonic unit, i.e., inner side of the volcanic front (and Green Tuff belt), may
have higher magnetic susceptibility than the tholeiite suite. Intermediate magnetic susceptibility was
found on the Sanukite group of volcanic rocks -which occur between the Quaternary volcanic front
and Miocene volcano-plutonic rocks of the Outer zone in Southwest Japan. On the late Mesozoic to
early Cenozoic volcanic rocks of the Inner Zone of Southwest Japan, magnetic susceptibility is high in
the north and low in the south. Thus increase of magnetic susceptibility toward the Japan Sea side,
which is observed on granitoids of the same terrane, seems to be also the case for the Mesozoic and
Cenozoic volcanic rocks.

The Quaternary volcanic rocks are composed almost entirely of rocks having magnetic suscepti-
bility over 50 x 107° emu/g (i.e., magnetite series), which is also true in the Miocene volcanic rocks.
However, magnetite-series and ilmenite-series volcanic rocks, as defined by their magnetic suscepti-
bility, are equal amount in the late Mesozoic to early Cenozoic volcanic terranes in the Inner Zone of
Southwest Japan. This would imply sudden change in the tectonic setting of the Japanese islands
between the two periods of igneous activity.

Acknowledgement: Most of the Cenozoic materials were provided by the writer’s colleagues: N.
Issumxr (Hachijo-jima), K. Ono (Mt. Kuju and Aso) and O. Upike (Sanukite group). O. Upke
guided the writer in field. H. KaNAvA measured magnetic susceptibility by the Bison Model 3101.

Discussion with the above friends and M. Takasasur (Univ. Tokyo) is appreciated.
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