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pyroclastie plateaux (IsHIKAwA and others, 1957). It is eonsidered most
likely that all of the calderas were co}lapsed as the result of rapid out-

fiow of a great deal of felsic magma mainly in a form of pumiee flow.
[VheTefore, these calderas belong to "Krakatau type" as WiLLIAMs (1941)

defined.

    Not a few geologists have made studies on these calderas and sur-
rounding areas ([l]ANAI<ADATE, 1930; SuzuKI and IsHIKAwA, 1933; Dol
and OsANAI, l956; MINATo, IsHII and KuMANo, 1955; and others). In
order to study evolution of calderas of pye--historic time, it is very

important to make a stratigraphical survey on the pyroclastie deposits

around the calderas. Even the famous activity of Krakatau in 1883 did

not reveal the real origin of caldera formation, until VERBEEK (1886)
aRd STEHN (1929) carried on careftil work on the deposits of well-bedded

pumice and unbedded pumice, Fortunately, excellent･ pedologists have
been earried on the tephro-chTonology of the [EIolocene pyToclastie deposits

in Hokkaido, for the purpose of agricultural development (YAMADA,
1958; and others). The writer's work has been started on the tephro-
ehronology of the pyroelastic deposits around the calderas. (KA'rsul,

1955, 1958, 1959 & 1962; KATsul and MuRAsE, 1960), In the present
paper, the evolution and magmatic history of some calderas of KrakaiJau

type, namely Shikotsu and Mashfi, are considered.
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                Brief history of the Shikotsu caldera

    The Shil{otsu caldera, embracing Lal<e Shikot$u, in southwestern

Hokkaido, was formed ca. 20,OOO years ago (Wtirm ice age) judging
Erom Ci` dating performed by Dr, Shima on some earbonized trttnks of

Picea 2'e2oensis fottnd buried in pumice deposits. From about 70 ccNlumnar
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sections of the pyyoclastie plateau and pumice-fall area, it is possible to

trace the detailed evolution of this caldera (TabJe l and Yig. 2).

    In early stage, the Shikotszi voleano was constructing a strato-cone

by alteriaate eruptions of mafic andesite }avas and scoriae, but this cone

Iater vanished due to caldera depression. Scoria-fall deposit (Ssfa) of

this aetivity is distributed IR the eastern area of the caldera,. 'l]hen,

prior to the culminating phase of the ca}dera building aetivity, pumiee-

falls oceurred intermittently (Spfa-5, 4, 3, 2). DuriAg these preliminary

eyupt-ions, the nattire of t･he magma varied from intermediate andesite

to dacite composition.

    After a long quiescence, the activity of the Shikotsg voleano was

converted into the eulminating phase of caldera building stage. MINATo

and eoworl<ers (l959) made an interestlng study on the basis of the
older topographies aRd reliefs buried undey the Shikotsu pumice-fiow
deposit. The result showed that some type of upheaving and faulting
might have happened near the eenter of eruption just before the climactie
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aiong the fissure whieh trends N3eOW across the ealdera. Among therr},

'I'arumai has continued active during historie time.

    The followiRg estimatioias of the culminating phase o£ the caldera
building aetivity are obtained from some field observations on the pumice

deposits, viz., distribution of thiekness and grain-size, specific gravity

and porosity of pumice, and content of included lithic fragments, ete. :

    height of eloud (pumice-fall): ea. 45km.
    iRitial velocity (pumice-fal}) : ea. 450m/sec.

    pressure of explosion (pumiee-fall): ca. 2.5k bar.

    mass of pumice-fall: 12,5×10" tons (includiRg 4% of lithic frag-
        meRts) .

    total mass of pumice-fiows: 130×lei' tons (ineluding 13% of lithie
        fragments ) .

    released l<inetic energy: 1×10ti5 ergs.

    released thermal energy: 1×leL'7 ergs.
                                (after KATsui and MuRAsE, 1960)
'Iihe whole pieture of this activity of Shikotsu much resembles the de-

scription o£ the famous eruption of Krakatati in 1883 (VERBEEK, 1886;
STEHN, 1929), aithough it must have been rather larger in scale of

activity than that of Krakatau. '
    The Shikotsu pumiee-fall deposit (Spfa-1), composed of we}l sorted

and highly vesicular pumiee, is distributed in a fan-shaped area widening

out southeastward from the caldera, decreasing in thiekness as well as
in grain size as the distanee from the source increases; it is actually

traeeable for more than 200km from the caldera, beyond the Kidaka
mozmtain range (Fig. 3). This deposit is eovered by stream terrace
deposits at some plaees and eut by a neolithic beach Iine; it covers the

Mam･}nontezLs bed at Cape Erimo, and embeds a fossil forest composed
of a number of ereet trunks of Picea 2'ezoensis in the Sapporo-Tomakomai

Iow-land.

    The Shikotsu pumice-fiow deposits (Spfl-2 & 1) are distributed around

the ealdera, forming a pyroclastic plateau which extends about 4ekm
from the source (Fig. 4). The deposits are characterized by absence of

bedding, lack of sorting, abundanee of glass shards and riehness in
foreign lithic fragments. Compared with the pumice-fall deposit, any

consistent decreasing o£ grain size of pumice Iumps can not be traced
with inerease of distance from the source. However, near the eRd of the

pumice-fiow, pumiee Iumps in the deposit become small and few (Fig. 5).

In thiekly piled area or near the center of the eruption, welding and
rude prismatie joints are developed at the middle to lower part in a single
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    Fig. 5. Variation of grain size of the Shikotsu pumice-fall deposit (Spfa-1) and

          the Shikotsu pumice-fiow deposit (Spfl-2).

deposit; at the same time numerous evidenees of secondary fumarole
are seen near the surface. Fxom the natural remanent magnetism of
the deposits, the temperature of the pumice-fiows 3'ust after their emplace-

ment is estimated as 570t-6000C at the margin of welded parts of the
deposits, about 26 km from the souree, a･nd 430"-5100C at the terminal of

the fiow (SuzuKi, 1962). As the front part of such hot fiow-mass is
eonstantly fluidized by fresh supplies of air, hig}L mobility of the pumice-

fiows would result, as MAcTAGGAR (l960) suggested.

                Brief history of the Mash" caldera

    For the first time, tephro-chronologieal work on the Mashti pyro-
clastic deposit has been carried on by pedologists (YAMADA, 1958; and

others). KATsui (1955 and l962) succeeded to this work and made
geologieal and petrological studies.

    'IVhe whole history of the aetivity of the Mashfi ealdera, eastern
Hokl<aido, quite reserribles that of the Shikotsu caldera. In early Holoeene,
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activity was eonverted into explosive eruptions of intermediate andesite

pumice and ash (Ma-l & k). After a long quiescenee, about several
thousand years ago", the culminating activity of the MashQ volcano
began with blowing away of pulverulent solid Iavas as an ash-fall (Ma-j).

This was fo}Iowed by sueeessive pumice-fa}I eruptions of highly vesicular

white pumice (Ma-i) and light .crray pumice (Ma-h & h). Then, the
aetivity ehanged its form into an out-fiow of a great deal of gray pumice

(Ma-f). This eontinuous violeRt aetivity caused the formation of the
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Masha caldera (7.5×5.5km in diameter). After the formation of the
caldera, a sTna}l felsic lava dome and a steep-sided cone erupted at the

inside of the caldera. As shown in Fig. 7, the pumice-fa}ls (Ma-i, h & g)

of the cu}minating phase are widely distributed in t･he east of the ealdera,

while the pumiee-fiow (Ma-f) is a,11 around the calclera.. The nature of

these deposits is very similar te those of the Shikotsu caldera, though
ne welded facies can be seen anywhere.

               Mechanism of the ealdera depression

    It has been clarified that the ealderas of Krakatau type were foymed

by a eollapse following violent eruptioR of a･ tremendous' amount of felsic

magma, most of which was erupted in a form of pumice fiow or ash
fiow (WILmAMs, 1941).
    The volume of the Shikotsu pumice-fa}I and -fiow deposits was reliably

computed on the basis of the isopach maps (KATsul, 1959; MINATo et al.,

1959) (Table 2). The caleu}ated volume of the erupted material of the

Table 2. Volume of the Shil<otsu pumiee-fall and -fiow deposits

i

I'voiumellaMpSaanreOnfti Mass

I km3 11/.diir.S.i.E.i..I･ ×iog ton

i Ineluded lithie i

   fragments i Juvenile material

×YoeS2.. il Vfti.'gee ii .Yoes2.. iiqVu?'k,i..ne., gaSa

pumice-fiows ieo l
pu( mSfl'ge-iiii2) i/ 1

 (Spfa-l) 25 i

1.3

O.5 l･

l30

12.5 i

17.0

O.5

]
,
.
,
 
1

113

12

l
5
2

 Comparison:
  Volume of the vanished material

     as a result of ealdera depressien #80km3
  Volume of the erupted material

     dry ]iquid magma-l-lithie fragment #61 km3

     wet ]iquid rnagma÷lithie fragment t80km3
       (contains ea. 5 wt% o£ water)

Shikotsu ealdera is nea.rly comparable with that whieh vanished by the

caldera depression. A slight defieieney of the erupted material is eal-
eulated, as in the ease of othey ealdeyas of the world. The residual

magma in equal volttme to the defieiency might be draiRed in some form

of deep seated intrtision as WiLmAMs (1941) and KuNo (1953) suggested.

The actual magma, however, was not dry melt; it must have dissolved



           Evolution and Magmatic History of some Krakatoan Calcleras 641

a fair amount of water, inost of which was released a£ the ertiption.
If the magma contained ca. 5% of water at the start of the eruption,

the volume of the ejected material was eomputed approximately to be
the same as that of the subsideAce, according to the experimental data

of GoRANsoN (1938) (KATsul & MuRAsE, 1960). Simi}ar results were
obtaiRed in calculations of t-he eases of the younger ca}dera of IEIal<one

(YAMAsAKI, 1959) and the Mashfi eaidera. Aceordingly, if such amount
of water be eonsidered, it is possible that these calderas were formed

only as the result of a withdrawal o£ magmatie support owlng to the
rapid eruption of magma. So, lt is inferred that the elimatic activity

that blew out a great deal of magma could continue as a compensation

£or subsidence of the volcanic body.

     Sudden change in eomposition of pumice and eruptive type
     during a culminating phase of the caldera building activity

    The next important pTob}em is the stiddeR ehange in eomposition of

the erupted material as well as the eruptive type within a eulminating

phase of the caldera bullding activity, as shown in the activities of

Shikotsu and MashQ (Table 3 & 4). Similar sequenee is also traceable

in climactic eruption o£ Mt. Mazama which led to the formation of the
Crater Lake caldera, Oregon (WiLmAMs, 1942). The suecession of events
is outlined as follows: as the eruption proceeded, the aetivity changed

its form from pumice-fall to pumice-fiow (and seoria-flow) , and the ejeeted

essential materials became denser in apparent S.G., daxl<er in eolour and

richer in phenocrysts. The sueeessive ehaRges in ehemieal eomposition
are shown in a reverse order to that of 'the normal differentiation of

magma (Figs. 8,9and lO). ･ ･
    Most of the foreign lithie fragments included in the Shikotsu and

MashQ pyroclastie deposits are derived from somma lavas and basemeRt
Tertiary rocks. Additionally, deep-seated granite, quartz-diorite and
horRfels which are not exposed anywhere else in the vieinlty, are found

only in the pumice-flows. They are never ine}uded in the pumice-falls
which preceded the pumice fiows. This signifies that the explosion must

have staTted from the top of the magma eolumn, and descended towards
the deeper leve}.

    As has been pointed out by KENNEDy (1958), water would diffuse
and distribute itself in a magma ehamber so that t･he chemical potential

of the water beeomes almost the same throughotit the magma chamber.
So, water tends to be eoncentrated in the regions of lowest pressure
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Table 3. Chemiea} eompositions of scorla, pumiee and

      welded tuff from the Shikotsu volcano.

No. 1 l 2
I
3 l

.11..

4 5

Si02

TiO,

AI,O,

Fe203

FeO

MnO
MgO
cao
Na20

K,O
?205

H,O (+)
H,O (-)
Total

:

:
i
'

I
i
j
1

l

i
l
i
li
i

i

l

51.40

 O.92

l9.20

 3.96

 5.82

 O.27

 3.84

 9.94

 2.67

 O.65

 O.20

 O.83

 e.27

99.97

i
I
1

i

i
l
i
I'

[

64.92

 O.52

l5.e8

 1.81

 2.24

 O.07

 O.81

 3.98

 3.40

 1.71

 O.10

 4.2e

 e.94

99.78
I
l
I

 72.41

 O.31
 I2.83

 1.36
 1.2e

 O.05
 O.45

 2.04

 3.35

 3.50

 O.13

 2.64

 O.19
100.46

I

i
I
.

i
i
i

i

 69.05

 O.42
 14.76

 1.87
 1.27

 o.eg

 O.68

 3.19

 3.91

 2.45

 O.ll

 2.57

 O.28
IOO.65

l

l
I
.

Co}our index l 28.5 9.0 E 5.0 6.0

l
i

 70.87

 o.e6
 14.13

 1.52
 1.70
 O.19

 O.98

 2.81

 3.22

 1.98

 1.21
] 2.53

100.20

 7.0

i
'

1

l
l

I
･

I

l6
   63.46i
'

t o.26
   l5.34

   4.9e
   2.96
    O.02

   l.9e
   5.20
   2.50
   1.45
   O.15
  ]2 12

  100.26

   13.5

1.

2.

3.

4.

5.

6.

OliviRe-augite-hypersthene andesite. Seoria from the Shikotsu seoria-fali deposit (Ssfa).

Hayaldta. (KATsul, 1961)

Augite-hypersthene dacite. Pumiee from the Shiketsu pumiee-fall deposit (Spfa-2). Hayath

I<ita. (KATsui, 1961)

Augite-hornblende-hypersthene rhyolite. Pumice from the Shiketsu pumiee-fall deposit

(Spfa-1). Bibi, south of Chitose city. (KATsul, 1961)

Hoxnblende-augite-hypersthene daeite. Pumice from the Shikotsu pumiee-fiow deposit
(Spfl-2). Shimamatsu, north of Chitose eity. (KATsul, 1961)

Hornblende-augite-hypersthene dacite welded tuff. Average of 5 analyses o£ welded part
of the Shil<otsu pumiee-fiow deposit (mostly Spfi-2). (SATo and KAGAwA, 1956)

Augite-hypersthene felsie andesite welded tuff. Welded part o£ the Shil<otsu pumice-fiow
deposit (Spfl-1). Betsubetsu-gawa, west of the Shil{otsu caldera. (SATo and KAGAwA, 1956)

and ternperature in the magma reservoiy. AIkalies and silica will co-
ordinate with the water; and they are apt to be eoneentyated in the
apices of the magma, column. Such distribntiolt ef water in magma
would be attained during a long quiescence preeeding the eulminating
activity. Simu}taneousiy, crystal settling would take place in the reservoir.

    For this reason, the first explosion of the eulminating phase, began

to throw high into the air the highly vesicular felsic pumiee which
originated from the apex of the magma colurr}n. Then, due to the decrease

of vapour pressure in magma and enlargement of crater, this form of
activity was converted into the out-flow of a great deal more fafic pumice,
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Table 4. Chemieal eompositions of lava and pumiee of the

                    Mashu volcano.

643

    No.
' Si02

 TiO,

 A],O,

 Fe203

 MenOo

 MgO
 Cao
 Na20
 K,O
 P20s

 H,O (+)
 H,O (-)
 Total

 Coiour index

    1
/

' ''' g'5''1'6'g' " l"'

i 1.19
         l   15.92 i

    3.83

    8.16

     .22 ]    3.19 i

         l    9.o2 l
         I
    2.48 i
         l
     .44 l
     .21

     .25
     .14 l･

  100.13 1,
         '  ttttttttttttttttttttttttttttttt tttttttttttt ttttt

ii 32.0 i
         !

2 3 4
i

L

 52.78

   .77

 19.01

  2.48

  7.15

   .18

  3.78

 11.08

  2.21

   .30

   .25

   .19

   .18
..1 00 . 36

 30.5

l
,
iI
･

l
i
I
･

l
.

I

I

I
I
i

l

 60.05

  .51
 17.07

 2.25
 6.!8
  .14

 2.33

 7.90
 2.66

  .50
  .25

  .28

  .10
100.22

I
I

I

l

i
I
,

i
'i
i

I
!

67.57

  .55

14.75

 2.16

 2.25

  .10

 1.52

 4.18

 4.21

  .91

 .23
 1.04

 .43
99.90

i

I
I
1

:

1

i
'

1
l
･

l

 5

66.65

  .69

15.27

 2.40

 2.73

 .14
 1.70

4.53

4.15

 .78
 .29
 .44
 .32
99.89

21.5

    6
l 6s.73
i
l ,,ISg

'

    2.15

    3.25

l .13
    1.99
1 4.74
l 4.io
{

     .75
'

I .2,
l .4e
i
    .33
   99.73

I 10.5 12.0
I
･

[ 13.5

1. Augite-bearing hypersthene-andesite, a somma ]ava corresponding to the Ma-4 scoria-fall

   deposit. Western part e£ the Masha caldera. (KATsul, 1955)
2. Hypersthene-andesite, a somma lava corresponding to the Ma-e scoria-fall deposit. Loc

   ditto, (KATsui, 1955) "3. Augite-hypersthene-andesite, a somma lava corresponding to Ma-P seoria-fali deposit. Loe.

   ditto.       (KATsul, 1955)

4. Augite-hypersthene- feisie andesite, pumice from the Ma-i pumiee-£ali deposit. Nijibetsu,
   east of the Mashti ealdera. (analyst Y. KATsul)

5. Augite-hypersthene-andesite, pumice from the Ma-h pumice-fall deposit. Loc. ditto. (ana-

   lyst Y. KATsui)
6. Augite-hypersthene-andesite, pumice from the Ma-f pumiee-fiow deposit. Loe. ditto. (ana-

   lyst Y. KATsui)

derived from the deeper Ievel.

    Similarly sudden changes within a single cyele o£ eruption are found
not only in caldera building activities, b. ut also in other eruptions, namely

those o£ the PliniaR type. The favourable conditions which led to such
differentiation of magma, are eonsidered to be a) long quiescence pre-

ceded eruption, b) high water coRtent in magma, and c) low viscosity

of magma,
    On the eontrary, when sueh conditions were insuMcient, an activity

may continue changing its eruptive form; however, eomposition of the
erupted material would not show suceessive variation, as manifested in

1783 activity of Mt. Asama, central Japan, Mt. Asama has almost l2
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              Fig. 9. Variation in eomposition of the somma lavas

                    and pumice of the culminating eruption of
                    the Mashfi volcano.

records o£ activity in the 18th century. The 1783 activity started from
pumiee fall followed by nu6e aydent, anCl ceased in aR ou"fiow of block

lava. I{owevey, Ro distinct differenee of composition ean be seen among

these products (Fig. 11). Magmas which generate nu6e ardent in strict

sense seem to be more viscous than those which erupt pumice fiow
(ARAMAKI, i956f--1957).
    Even mafic iv}agmas, under favourable eonditiens, may beeome highly
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flO"FZts03
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Fig. 10. Change in composition of the suecessive

      ejecta in the culminating eruptions of Mt.

      Mazama. (after WiLLiAMs, 1942)

,Cle0 " i ileag

  bemb      pumtbe in P. fa/tin nvee utela7P "

     ee faye

                ,wzaotvK20 va0
             Fig. 11. Chemical eomposition of the materials of
                    1783 activity of Mt. (after ARAMAKI, 1957)

explosive, as manifested in the Plinian eruption (AD 79) of Vesuvius

(RITTMANN, 196e), 1947rw1948 aetivity of Mt. Hek}a (THoRARINssoN,
1950), and 1707 activity of Mt. Fuji (TsuyA, 1955).

    Aceording to THoRARINssoN, 1947r-1948 activity of Mt. Hekla was
characterized by pumiee eruption of [Piinian type in initial phase, which

was followed by lava pouriRg of "Vesuvian" or "Laki" type, The volcanic

products converted from soda-rhyolite to pigeonite-andesite (Fig. 12).
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 lebo , fe? 6!s
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                 too.rco /vipo
             Fig. 12. Change in composition o£ 1947-1948 produets
                    of Mt. Hekla. (after [I]HoRARiNssoN, 1950)

Such sequence in the ehange of composition within a co'ntinuous eruption

caR be traced throughout the post g]acial volcanie activities of Mt. Hekla.

Siliea content of the initial product of an eruption inereases with the

length of the preceding interval of quiesceBce.

    The eruption of Mt. Fuji in 1707 was studied by TsuyA (1955).
Aecording to him, after the quiescence prolonged for 1.5 century, the
famous 1707 ertiption of Mt. Fuji began wlth ejeetion of juvenile felsie

pumiee and obsidian £or the first several hours. Subsequent to thls, lapilli
and bombs of basalt were expelled during two weeks. The fe}sic material

                              mo.fig

   /es,c.e2a,e.exe,s

 e!,e.O,e,t//d."an

fpGumice

e punv'ee

   Alo20ffeO MlrO
Fig. 13. Variation in eomposition of 1707 ejeeta of

       Mt. Fqji. (after TsuyA, 1955)
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is iRterpreted as having been derived through a proeess of crystallization-

differentiation from the basaltic magma under}ying the volcano (Fig. 13) .

    It is needless to say that differentiation of mafic magmas in the
gravitational field does not necessari}y retention of high water eontent

as much as that in felsie magma. In this connection, VLoDAvETz (1959)

gave an interesting example of 1937N1939 activity of the Kliuehevsky
voleano, Kamehatka, This eruption took place from the sumrnit erater
at first, and proceeded to the lateral craters. As the eruption continued,

the lavas became more mafie, that suggests the normal differelttiation

of basalt magma had taken place in the reservoir.

       Origin of a great quantity of the felsic magma erupted

                during the caldera-building activity

    There is, as yet, no satisfaetory explanation for this problem. It is

quite diMeult to consider that great amotmts of felsic magma are derived

from basaltic magma through simple fractional eystalliaztion. As to this

problem, three ideas may be considered that the felsic magmas are
derived (1) from basaltic magma through contamination by wall rocl<,

(2) fyom remelting of crust, or (3) from upper mantle as a primaTy
magma. A tremendous amount of felsic magma exceeding a thousand
kmS or more in volume may be originated in the Iatter two ways, because

                               ha
                 eO Shlketsu XX AKan
                 dim Masho tt TOWad,?ttOktSkJ.
                 VV Atosanupuri ' 'T`'" Towada{ybunger}
                 AA Kutcharo efterKAVgnJtgiO
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Fig. 14.

            ttF"--hs           tNs           It' PA Nx
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                 t                Al      o o.i.ed,

pigeonitie roek series Iil area: hypersthenie roek sexies

 Norm pyrxene eomposition of the voleanic produets in

 strato-cone bui}ding stage (solid or thicl< marlcs) and

 caldera building stage (open or thin marl<s) of some

 Krakatoan calderas in north Japan.



the magmas are usually rhyolitie in composition and have not alviTays

intimate relation to basaltic magmas in their eruption.

    Howevey, feisic rriagmas less than several httndred km3 in volume
erupted usually after t,he efliusion of somma !avas of basalt and andesite;

theiy composition raAges from rhyolite, daeite to andesite, as shown in

the following examples. Possibly, sueh felsic rnagmas were derived from

basaltie magma･ in some way.

    In Figure 14, compositions o£ the pumice and pumice-fiow deposits
of caldera building activity oR representative ten voleanoes of north
Japan are shown in comparison with those of the lavas and scoriae of

their strato-eone building stage. All of them belong to the same petro-

graphic provinee whieh is considered to be tholeiite magma in origin

(KATsul, 1961).
    Concerning normative pyroxene, most of the somma lavas and seoriae

are plotted ln a high Wo and Fs area. Sueh chemica} charaeteristies as

well as their mineralogy suggest that they were originated through
simple fractional erystal}ization of the tholeiite magma; that is the
pigeonkie roek series of KuNo (1950), (KATsul, 1961). On the eontrary,

all o£ the pumice and pumice-flow deposits are plotted in a Wo- and Fs-low
area. Decreasing of Fs value must have resulted from oxidation of
ferrous to ferric iron due to increasing of vapour pressure (KENNEDy,
1958; OsBoRN, 1959) which would be aseribed to sialic contamination

                              feotfe?ar

       PA    .ed.t.At,

  ,.t'K-･6( N

 /%oo
`{i`'

o

Fig.
x:b,ot4o nipo
l5. MgO-FeO÷Fe203-Na20÷I<20 diagram £or
the voleanie produets in strato-cone building

stage (solid or thlck marks) and caldera building

stage (open or thin marks) o£ some Krakatoan
calderas in north Japan. (Symbols same as Fig. 14)
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as well as fractional erys£allizatioR of the magrna. Decreasing of Wo
value, nearly t-o zero, seems to be attributable also to sialic contamina-

tion (READ, 1923; KATsul, 1961). Similar process is also shown in the

MgO-FeO-FFeL,03-Na2+K2.}O diagram (Fig. 15). The trend of evolu-
tion is usua.11y from the eomposition of the payent series toward an
increase in alkalies, never towayd iron enriehment. A great deal of con-

taminated felsic magma rnust have been originated during a Iong period

of qttieseence whieh preeeded the culminating phase.
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