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Pressure-Temperature Paths Deduced from Garnet Zoning of the Sambagawa
Metamorphic Rocks, Central Shikoku, Japan

Mutsuko INUI U

Abstract

O 0O In central Shikoku, SW Japan, eclogitic rock masses expose themselves among the
sedimentary schists of the Sambagawa metamorphic belt. When and how they were
juxtaposed might reveal the nature of subduction zone tectonics. Garnet is known to have
conspicuous zoning in the Sambagawa metamorphic belt. Apart from grains having a normal
zoning with a bell-shaped Mn profile, grains with a composite chemical zoning pattern are
found exclusively in the schists close to the eastern Iratsu metagabbro mass in the Besshi
district. It is reasonable to consider that composite zoning formed as a result of an event
related to the juxtaposition. P-T paths of the characteristic zoning in garnet were inversely
calculated using differential thermodynamic methodd Gibbs' method[ to extract the influence
of the emplacement of the tectonic block. The derived P-T paths of composite zoning,
compared to the prograde P-T path of the Sambagawa metamorphism, showed temperature
decreases during their growth interval. It is suggested that the growth interval of garnet
corresponds to the juxtaposition of the eclogitic rock masses and the pelitic Sambagawa
schists, and that the juxtaposition occurred during subduction.

Key words[0l Sambagawa belt, eclogite, P-T paths, garnet, zoning
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Fig. 10 Metamorphic zonation map of the Sambagawa metamorphic belt, central Shikoku.
Iratsu mass is designated IR, the eastern half of which is the eastern Iratsu metagabbro
mass. Numbers 1 and 2 in open circles are the sample localities Loc. 1 and Loc. 2. Loc. 2 is a
narrow pelitic zone between the eastern lIratsu metagabbro mass and another smaller
amphibolite mass. M.T.L. : Median Tectonic Line. Modified from Higashino 199001
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Fig. 20 Spatial distribution of garnet with
different zoning patterns iriJ alLoc. 1 and
0 b0O Loc. 2.
Details are listed in Table 2.
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Fig. 30 X-ray intensity maps of MnO a, b0 and compositional profiles from the core
to the rim of garnet grainsO c, d[1

Areas in lighter colors indicate larger Mn contents.0 alll c[t Garnet with normal

zoningd sample FO7020,0 b1 dI garnet with composite zoningd sample F2903[1 X-

ray intensity map b shows an abrupt increase in the midst of grain growth.
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Table 10 Distribution of garnet with different zoning patterns. Note that
normal zoning and composite zoning do not occur in a single sample.

Composite Composite
zoning zoning
O Type 10 0O Type 20

Normal
zoning

Sector

Sample localities Sample No. h
zoning

F2202 y
F2204 y
F2205
F2206
F2208
F2210
F2211
F2212
F2213
F2301
F2302
F2303
F2304
F2305
F2401
F1702
F1701
95J10

o

Locality 1

o o o

KK KK KK KKK KKK

<K K KK

o

F0201
F0202
F0203
F0302
F0303
F0305
F0401 y y
FO0601 y
F0702
F0801 y y
F1001
Locality 2 F1201
F1302
F1401
F1402
F1403
F1602
F1603
F2801
F2803
F2903
F3201
F3302 y

o

KKK KKK

<

Ja}

o o o o

KKK KK KK KKK

o

<K K K K

? Minor growth at the outermost rim of normal or composite zoning.
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Table 20 Chemical formulae and abbreviations of the phase com-
ponents used in the differential thermodynamic calculation.
Abbreviations follow KretzJ 19830 wherever possible.

Phase End-member

Formula unit

Pyropél PrpO
Almandiné& AlmQO
Spessartinél SpsU

Garnefl Grtd

Grossularl GrsO

Mg:AL:Si;01.
Fe:Al:Si;01.

Mn;ALSi;01.
CasAlLSisO1,

Phlogopitél PhlO
Eastonitél EasO
Annité] AnnQd
Mn-biotité] Mnb

Biotitél BtO

KMg;AISi:0% OHD
KMg.Al:Si,0% OHDG
KFe;AlSi;0% OHD

KMn,AISi,0% OHO

Muscovitél Ms[
Muscovitél Ms[O Celadonitél Cel

KAISi:0% OHD
KMgAISi.Of OHD

Fe-celadonité] Fec) KFeAlSi,Ofl OHG

Paragonité] Pg)

NaAl;Si;Of] OHO

Clinochlorél CInO
Amesitél Amel

MgsAIQSiSOlE OHO
Mg4AIASi201E OHO

Chloritél ChlO i i
Daphnitél DphO FesAlSi;OLl OHL
Mn-chloritél Mnc)  MnsAl:Si;OLl OHG
i Clinozoisité] CzoJ  Ca,Al:Si;Of] OHO
Epidoté] EpO i i .
Pistacitél PtcO Ca.Fe* Al,Si:0%] OHO
. Albitel AbO NaAlSiOs
Plagioclasél PIO . .
Anorthitél An CaAl:SiOs
Quartzl QtzO SiO;
Water H.0
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Table 30 Chemical reactions formulated in the inversion in this study.

<Biotite-bearing system>

Net transfer reaction

0102PhI0O MsO 6 QtzO Prp O 3 Cel

020Pg0O 2Czo0 2QtzO AbO 4 An O 2 Water
O30AmeO CInO 4Qtz0O 3 Prp O 8 Water
O40PhI0O 2Pg0 3QtzO Prp0d Ms O 2 Ab O 2 Water
0504 Grs+5Pg+6Qtz=6Czo+5Ab + 2 Water

Exchange reaction

060PhlO MsO Eas O Cel
070Sps 0 AnnO Alm O Mnb

0805Spsd 3Dphd 5AImO 3 Mnc

090 AIm O PhlO Prp O Ann

01005AIm0O 3CIn0O 5Prp 0 3 Dph
0110 Aim O 3 Cel O Prp O 3 Fec

0120 Phl O Ame O Eas O Cln

<Biotite-free system>

Net transfer reaction

010Pg0O 2Czo0 2QtzO AbO 4 An O 2 Water
0204Grs0O5Pg0 6Qtz0 6 Czo 5 Ab 0 2 Water
O30Ame O CIn0O 4Qtz0O 3 Prp O 8 Water
0402Pg0 3Dph0 6Qtz0 5AImOI 2 Ab O 14 Water

Exchange reaction

0505Sps0 3Dph O 5AIm0O 3 Mnc
O0605AImO 3CIn0O 5Prp 0O 3 Dph
O70AIm0O 3CelO PrpO 3 Fec

g8dcCeld Amed Ms O Cin
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Table 50 Mole fractions of garnet and other
mineral end-members included in
garnet.

Sample No. : F2205. Core: garnet core, A : garnet

and inclusion minerals at point A within the

grain, B : garnet and inclusion biotite at point B

within the same grain0 point B is nearer to the

rim Rim : garnet rim.

Core A B Rim

Xerp 0.022 0.041 0.044 0.063

Grt Xaim 0.45 0.62 0.64 0.68
Ksps 0.27 0.011 0.008 0.004
Xers 0.27 0.33 0.31 0.25
Xeni 0.069
Xeas 0.47

Bt
Xann 0.46
Kb 0.004
K 0.55

Ms Xeel 0.29
Keee 0.16

Pg Xpg 0.97
Xem 0.20
Kame 0.31

Chl
Xoph 0.49
Ko 0.001
Xewo 0.55

Ep
Kete 0.46
Xao 0.99

Pl
Kan 0.010
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Fig. 70 Calculated P-T paths of garnet withO alJ normal andd b0 composite zoning.
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Fig. 80 P-T paths deduced from normal and
composite zoning of garnet in the
vicinity of the Eastern Iratsu mass.

Normal zoning records the Sambagawa metamor-

phism where composite zoning records the P-T

path disturbed by the juxtaposition of the

Eastern Iratsu mass. IR designates the previous

P-T conditions of the Eastern Iratsu massO IR

0 100 granulite facies, IRO 21 eclogite facies, IR

0 3 amphibolite faciesl
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