GEOQLOGICA CARPATHICA, 42,1, BRATISLAVA,

11-18

FEBRUARY [v4],

ANATEXITES OF THE LOWER CRUST IN THE SOUTHERNMOST
HIDAKA METAMORPHIC BELT, HOKKAIDO, JAPAN

M. TAGIRL' M. SHIBA® and H. ONUKI*

 Department of Earth Sciences. Ibaraki University. Bunkyo 2-1-1, Mito, Japan 310
" Department of Earth Sciences. Hirosaki University. Bunkyvo 3. Hirosaki. Japan 036

{ Reviewed manuscripr received February 18, 1989)

Abstract: The presence of idiomorphic plagioclase with oscillatory zonal structure serves to identify
partially melted portion in high grade metamorphic rocks in the Hidaka Metamorphic Belt.
Hokkaido. Pelitic and mafic anatexites are characterized by such a plagioclase accompanied by
interstitial quartz-pool of sub-millimeter size. The melt-derived plagioclase develops in both the
mesosome and leucosome of pelitic anatexites, and frequently occurs in the quartz-pool of pelitic and
mafic anatexites. The quartz-pools sometimes join together to make a veinlet in the anatexites.
The chemistry of pelitic metamorphic rocks change with increasing metamorphic grade. Fe. Mg and
Ca contents increase. and K content decreases with increasing metamorphic grade. LREE contents
are nearly constant in the greenschist to amphibolite zones. but they are depleted in the granulite
facies. Eu content increases with increasing metamorphic grade. Concludingly, pelitic granulites of
zone E have a quite different chemistry from that of the lower grade pelitic gneisses.

The bulk chemical compositions of pelitic anatexites with incipiently developed quartz-pools are
very similar to those of the greenschist facies rocks. This chemical similarity is consistent with our
observations that the anatexites melted in sif, but segregation of melts did not take place.
A nebulitic pelitic anatexite is enriched in REE. as compared with pelitic gneisses. tonalites, granites
and the other types of pelitic anatexites. The bulk partition coefficients between host amphibolites
and their veins systematically change with the increasing of metamorphic grade. which suggests that
the veins were segregated from their host amphibolites.

Key words: anatexis, mafic anatexite, pelitic anatexite, REE, zoned plagioclase. Hidaka Metamor-
phic Belt. Japan.

Introduction
Waork Seting

Recent experimental petrology clearly indicates that deep-
-seated  crustal rocks melt during high temperature
metamorphism. However, many field petrologists are faced
with  many problems in identifving melt in migmatites.
because the rocks have recrystallized completely after its
formation. So-called migmatite structures does not guarantee
the existence of melt. In this paper. we intend to describe
a method of identifving the melting product (¢.g. Ashworth.
1976). First, we distinguish the melting product from the
other parts of migmatite in the samples by microscopic
petrography. Next, the melting product is tested for chemical
features.

[his paper was presented in the First Mecting of IGCP = Project No.

135 Metamorphism and Granitization™ held in Leningrad. 1988,

Outline of geology and metamorphisni

The Hidaka Metamorphic Belt consists of the Western Zone
ol metamorphosed ophiolite and the Main Zone of continen-
tal crust thrust over the former (Komatsu et al.. [983). The
study arca belongs to the Main Zone. which is composed of
ultrabasic to acidic intrusives and greenschist to granulite
facies metamorphic rocks (see Osanai et al.. in this issue).
A geological outline of the southernmost Hidaka Mts. arca is
presented in Fig. 1. Metamorphic rocks comprise pelitic to
psammitic rocks and a very small amount of mafic rocks. The
lower metamorphic grade portion of this arca belongs to the
Mesozoic Nakanogawa Group (Kontani. 1978). The rock
sequence of the higher metamorphic grade portion are very
similar to those of the Nakanogawa Group. Radiometric age
of the metamorphic rocks ranges from 40 to 23 Ma. and those
ol igneous intrusives from 54 to 17 Ma. The maps of
metamorphic zones and of the progressive appearance of
minerals are shown in Figs. | and 2. respectively.

In the castern part of the study arca. the metamorphic grade
increases northward. reaching the higher amphibaolite facies in
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Fig. 1. Generalized geological map and metamorphic zones of the southernmost Hidaka Mts.
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Fig. 2. Stability range of cach mineral in pelitic metamorphic rocks.

zone D. The metamorphic rocks along the Saruru-Tovoni
shear zone are strongly mylonitized by the upthrust of the
Central Metamorphic and lgneous Complex (CMIC Mass).
which consists of granulites. migmatites. tonalites. gabbros
und peridotites, over the Nakanogawa Group. The tempera-
ture ol the CMIC Mass was high enough to give thermal
metamorphism to zones AL B and C at the time of upthrusting
(Shiba. 1988). Lower grade metamorphic rocks of the CMIC
Muass are mapped as zone D by Shiba (1988). and higher grade
rocks as zone E. the granulite facies. Most of the metamorphic

rocks in the CMIC Mass are migmatitic. Metamorphic
conditions are as follows: 6—6.5 Kb. 630—750 °C at the high
grade part of zone D, and 6.5—7 Kb. 750-800 °C for zone
E (Osanai et al.. 1986: Shiba. 1988). These metamorphic
conditions are high enough for pelitic gneisses and quartz-
-bearing amphibolites to melt (e.g. Johannes. 1978: Vielzeuf
and Hollowav. 1988: Breton and Thompson. 1988).

Petrography of anatexites
Textures showing melting

Ashworth (1976). Dougan (1979) and McLellan (1983)
stated that plagioclase with idiomorphic zoning would have
crystallized from a melt. Plagioclases included in high grade
encisses of the study area sometimes show a rhythmie
oscillatory zoning. forming into idiomorphic zonal structure
and euhedral ervstal. and usually have a normal zoning (core
= calcic. rim = sodic). It is unlikely that these plagioclases
cryvstallized in highly packed circumstances in
metamorphism. A space filled by an interstitial melt is
required for the erystallization of the idiomorphic plagioclase.
It is not likely that a large space would be filled by a large
amount of fluid under high grade metamorphic conditions.
because fluids have a great compressibility. 1f a large amount
of hvdrosolution was equilibrated with the high grade
metamorphic rocks. the rocks would dissolve easily. and
a melt would be produced. It is most possible that an
idiomorphic plagioclase with a rhythmic oscillatory zoning
cryvstallized from a melt. Accordingly. metamorphic rocks
which contain such a kind plagioclase have experienced
anatexis. and the rocks be referred to as anatexites as defined
by Mehnert (1968).

solid
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After anatexis. the melt erystallizes during the cooling
stage. and results in a new migmatitic texture. If the melt
separates from the anatexites. segregation veins develop as
secen in the rocks. If the melt segregates to form a tny
melt-pool. and remains in site, a recerystallized melt s
observed in place of the tiny melt-pool. The metamorphic
rocks of the study arca contain rarely K-feldspar. In this case.

Table L. Mincral assemblages of pelitic and malic anatexites

d
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a crystallized melt-pool may be mainly composed of quartz
and plagioclase. Concludingly. it is the texture of a crystallized
melt that a pool composed of single crystal quartz includes
oscillatory zoned idiomorphic plagioclases. This texture
resembles the melting products reported by Takahashi
(1986). and Vielzeuf & Holloway ( 1988).
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Fig. 3.

Ihin section photographs of anatexites (erossed nicols), Scale

bars indicate 1 mm.

Texores indicaring in situ meliing

Pelitic anatexites

Anatexites develop on the higher-grade part of the musco-
vite breakdown reaction in zone D, as Breton & Thompson
(1988) discuss. Pelitic anatexites are widely distributed in
zone D in the CMIC Mass. Mineral assemblages of pelitic
anatexites are presented in Tab. 1. Many pelitic anatexites
show typical migmatite structures. but some are free fromany
migmatite structures and veins. However, coarse to fine-
-grained idiomorphic plagioclases commonly appear in all
anatexites, and usually show an oscillatory zonal structure
(Fig. 3). The zoning range is An = 20-=40. but is differing
from grain to grain in the sample. Typical zonal patterns of
plagioclases are shown in Fig. 4. Such plagioclases frequently
ocecur in quartz-pools of sub-millimeter size (Fig. 3a) and in
both the mesosome and the leucosome. and sometimes have
a4 dusty mantle which resembles the remelting texture of
plagioclase reported by Tsuchivama (1985). In the anatexites
of the samples # 81621 and # 81622 (Fig. 5a), the melano-
some and the veins develop poorly. and the modal amount of
quartz-pools is less than 20%. These textures suggest that the
pelitic anatexites melted i situ, but its melt was not separated
from the rock. On the the anatexites
# 81107 and # 86872 which show a schlieren structure and
a nebulitic structure include idiomorphic plagioclases but not
any quartz-pool. In these anatexites. much melt might be
produced. and segregated from the anatexite. Many gneiss
ghosts still remain in the anatexites # 81107 and # 86872.
There are intermediate type between the samples # 81621
and # 86872,

host other hand.
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Mafic anatexites

Migmatized amphibolites. which are very rare mn zone D.
but common in zone E. also contain coarse to fine-grained
idiomorphic plagioclases with oscillatory zoning. and arc
called mafic anatexites herein. In zone D anatexites. idiomor-
phic plagioclases appear only in quartz-pools and vems. In
contrast to zone D anatexites. most plagioclases in zone
E anatexites show oscillatory idiomorphic zoning in the host
portion of the rock as well as in the veins. Typical zonal
structurcs of plagioclases are shown in Fig. 4. Mincrul
assemblages of mafic anatexites arc presented in Tab. 1.

The anatexites 4 81622 (Fig. 3b. ¢) of zone D contains
a quartz-pool of sub-millimeter size. The modal amount of the
quartz-pool is about 20%.. Some quartz-pools link together to
make a veinlet. but some are still separated from each other
(Fig. 5b). These petrographic textures suggest the following:
Amphibolite melted in sire, and produced a small amount of
melt. but the melt still staved near its place of birth. The
anatexites # 86891 (Fig. 3d) collected in zone E contains
a few quartz-pools. and many veins. As stated before.
plagioclases in cither part of the host amphibolite and the
leucocratic vein clearly show idiomorphic oscillatory zoning.
These textures may be attributed to the segregation of the
bulk melt. These petrographical observation shows that the
degree of partial melting of # 86891 was larger than that of
# 81622,

core
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120pm
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Chemical transformation of pelitic metamorphic rocks

The average major element composition and REE compo-
sition of metamorphics and intrusives are presentedin Tab, 2.
Zones AL B and C are occupied by hornfels. and zone D by
pehitic gneisses. Pelitic granulites occur in zone E. These
metamorphic rocks do not contain plagioclase that shows
idiomorphic oscillatory zonal structure. Furthermore. based
on the studies of rock tvpe and inttial ratio of Sroisotopes
(Osanai et al.. this book). the original rocks of zones AL B. C.
D. and E are believed to have been chemically similar to cuch
other. REE normalized patterns are shown in Fig. 6. Figure
7 illustrates the compositional patterns normalized with the
average composition of zone A & B metasediments.

The major bulk chemical compositions of pelitic metamor-
phic rocks change during progressive metamorphism: that is.
Fe. Mg and Ca contents increase, and K content decreases
with increasing metamorphic grade. Tonalites have a major
element composition similar to zone D pelitic metamaorphics,
REE compositions of pelitic metamorphics also change
systematically during the metamorphism (Fig. 6). LREE
contents of metamorphics are nearly constant in zones AL B.
C and D. in contrasting to their depletion in zone E pelitic
granulites. Eu content increases with increasing metamorphic
grade. The enrichment of Eu correlates with the plagioclase
modal percent in the rocks. The REE composition of zone

core Ca

100pum
86891

Fig. 4. Zoning profiles of plagioclases in anatexites.
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Fig. 5. Polished surface photographs of anatexites

E mectamorphics is quite different from those of lower grade
metamorphics. The REE patterns of some pelitic granulites
are similar to that of restite. Tonalites have a REE pattern
similar to those of zone D and E™ (= the lower grade part of
zone E) metamorphics. Major elements and REE composi-
tions of granites are clearly different from those of metamor-
phics and anatexites. In conclusion. metamorphozed sedi-
ments of the zones A, B. C. D and E™ gradually change their
chemical compositions during progressive metamorphism.
Furthermore. the chemistry of gneisses varies drastically from
zone D 1o E. which attributed to
dehvdration.

zone may be mtense
Chemical characteristics of anatexites

Pelitic anarexires

Tab. 3 indicates chemical compositions of pelitic anatexites.
The REE patterns normalized with Leedy chondrite are
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Table 2. Average mujor element and REE compositions of pelitic metamorphic and granitic intrusives
Zone A&B C D E* E Tonalite Granite

Si0- 62.03 63.91£0.69 62.74£0.85 62312194 62.06+2.12 64.024+2.19 7243
ALO, 17.33 16.87+0.33 16,93+ 1.00 16.98£0.580 16.7640.93 16.66+0.66 14.56
X FeO 3.93 6. 10£0.88 6.31£0.59 6.93+0.93 6.91+1.02 4.88+0.69 0.88
MO 2,73 2.99+().24 2.88+0.19 3.06+0.21 3.41x0.52 256047 0.54
CaO 2.29 [.66£(),52 2.532+0.40 2.2940.50 321£1.17 3.03+0.18 1.73
N, O 3.52 2452048 3.57+0.24 3.66+1.00 3.74£0.53 3.58+0.38 4.28
K.O 3:.21 3445054 2.609£0.25 1.93+0.68 L15£0.79 2.37+0.29 2.89 !
Total 97.04 97.42 97.64 97.16 97.24 97.10 97.31 |
(ppm) (1 (3) (3) (10) (5) (<) (n I
La I8.6£0.7 20,8 20.3+0.2 203+ 1.8 Bl B - e 2001 16,5
Ce 45£3 49 48+ | 48£3 34£5 4t R
Nd 19.9+0.9 228 21.640.35 21.3+13 14.1£2.4 19.8 16.7
Sm 441 E000N 5.22 4.495+0.01 5.01+£0.34 3:22+0.78 +.71 4.1
Fu 1,849 %01.08 0.97 1O8+0.10 [ 160,09 1.31+0.25 1.16 .45
G 3402 4.0 3.5£0.15 34204 2.2 1.3 3.1 2.9
Dy 289015 3.27 246000 2332031 1.90+1.72 1.95 }.92
Er 1.52+0.18 1.539 1124005 1L.06ED.04 1.39+ .08 .83 0.76
Yh 1.06+0,20 1.04 0.65+0,05 (1,52+£0.07 135+ 1.4 46 046
Lu 0.07x0.03 004 0.05+0.01 0.03+0.01 0.18£0.22 (.00 002
Y 13614 15.6 B3+0.5 84403 9.3+58 7.5 7.4

(3) (1) (3) (3) (4) (1 (h
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7. Chemical transformation of pelitic metamorphics during

progressive metamorphism.

anatexites and intrusives,

Fig. 6. REE normalized patterns of pelitic metamorphies. pelitic
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Table 3. Chemical compositions of pelitic and mafic anatexites
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Sample Pelitic Matic
51621 SI622 N1IOT SH07G NONT2 SO802 81622 S22V Shav HOSUV
Si0). (286 hl.85 667 6544 6348 3078 4NN 5423 3328 St
Al 17.26 17.51 332 16,49 16,73 |5.06 1273 21053 15,98 19,77
FeO total 7.15 1M1 1.749 h.sl 7.29 11.05 12:3 fll 8. 75 s
MgO 308 25 A 181 305 929 7,32 42 832 sl
CaO) = 17 249 2.73 27 248 10006 12.34 12.07 b 5.7
Nu. (O 3.03 346 347 344 3.39 2.30 (82 I35 301 +.20
K-O 2.53 289 2.62 282 201 .33 (.93 .03 0,30 .32
(ppm)
La 204 2101 20.4 2240 243 2. 5.3 6.1 4.3 R
Ce 46 49 45 44 a7 7 I3 14 14 [0
N 2 201 214 21.7 25.5 G 13.3 bR 10,0 4.8
Sm +.63 4.607 4.77 +.82 5.59 Q.96 4.45 2.56 3.76 .50
Eu {.y2 1.28 114 1.07 1.04 (193 .23 1.66 0,586 (.40
Gd 34 35 3.7 3.9 4.6 34 33 KX 44 1.9
Dy R 2.89 2.98 3.98 4.10 4.52 28 34N 542 225
Er 1.29 .69 1.59 204 22 4.10 ANIb 2.34 RN .28
Yh (92 [} 53 111 1.64 1.63 274 +4.30 .54 34 I.36
Lu (L07 014 017 .23 (.26 (.37 0.67 .31 043 0,20
Y 1.9 12.0 2.3 17.8 17.9 244 RRR 17.7 28.7 1.6
SEH/Ge ghostan STOT7: W = veins sO802: amphibolite
21 The chemical compositions of anatexites # 81621,
# 81622 and # 81107 are nearly the same as those of zones
i tcnaf;‘l’nes A & B metasedimets. This chemical similarity between the
1622 anatexites and the metasediments in consistent with the view
WM, o < that the anatexites melted i sine, but did not much segregate
1 B gil o melt. On the other hand. a nebulitic anatexite # 86872 is
& ennched in REE. especially in HREE. as compared to pehitie
A ol gneisses, tonalites. granites and the other types of anatexites
of this area (Fig. 8). A gneiss ghost remaining in the anatexite
# 81107 is richer in HREE than the host anatexite. though its
0 0 P! Nla Sli A|1 Fle Mlg cl:- o l:Rl‘E.E::n\mcm is fimil.ml‘ to that of the hosf. ‘I.'hc %ncis\u.g.hml s
= | | considered to be a restite portion in the anatexite. Based on
2 ! the chemical difference between the gneiss ghost and the host
é i anatexite. the REE composition of secgregated melt is
S al : estimated as follows: LREE content of the melt is similar to
3 [ that of the bulk anatexites. and the melt is poorer in HREE
- e than the bulk anatexite. The REE composition of the
[ estimated melt is similar to that of tonalite.
ol Mafic anatexites
Tab. 3 gives chemical compositions of mafic anatexites
B together with the compositions of their veins. The REE
patterns are presented in Fig. 9. The chemical composition of
(= a vein in a mafic anatexite was normalized with the composi-
tion of its host amphibolite (Fig. 10).
The major element compositions of the veins are andesitic
B (or tonalitic). but the REE contents are very different from
those of tonalites (Figs. 6. 9). In comparing the non-migmatic

[ P IR I S A (IS (U0 () S N SO N )
La Ce

MNd Sm Eu Gd Dy ¥ Er b Lu

Fig. 8. Chemical characteristios of pehtic anatexites,

presented in Fig. 6. The chemical compositions of pelitic
anatexites were normalized with the average composition of
zones A & B metasediments. because zones A & B metamor-
phics is considered to be the original rocks of the anatexites
(Fig. 8).

amphibolite # 80802 with mafic anatexites (Fig. 9), the mafic
anatexites are found to be richer in REE. especiallvin LREE.
Furthermore. the veins are richer in LREE and poorer in
HREE than non-migmatic amphibolite.

Fig. 10 shows the normalized REE patterns of vemns in
# 81622 (zone D) and # 86891 (zone E). The smooth curves
ol the normalized patterns. except for Eu. suggest that the
veins (= melt) were segregated from their host amphibolites.
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Fig. 9. REE normalized patterns of mafic anatexites and veins.
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their veins,

ion coefficients between mafic anatexites and

An apparent partition coefficient of REE between the host
amphibolite and the vein are much alike in the two samples.
Furthermorc. the coefficient of LREE is smaller in zone
E anatexite than in zone D anatexite, which may be related to
the magnitude of partial melting. In these amphibolite-sys-
tems. the increase of partial melting degree means that
hornblende begins to dissolve into a melt (Naney, 1983). and
it results in decreasing the LREE content of the melt
(Henderson, 1984). The Eu positive anomaly of veins is
related to a modal percent of plagioclase, and indicates
selective melting of plagioclase and quartz in the amphibolite.
The difference of Eu positive anomaly between the two
anatexites corresponds to the difference in modal ratio of
plagioclase and hornblende in the vein (Tab. 1), and may be
due to the magnitude of partial melting. The partition

coefficients of major elements come near | in zone E anate-
xite, which is consistent with the high degree of partial melting
of zone E anatexite.

Conclusion

We have presented a petrographical criterion to distinguish
anatexites from the other migmatites: that is. anatexites
preserve idiomorphic plagioclase with oscillatory zoning and
a quartz-pool as a recrystallized melting product. By this
criterion. many pelitic and mafic anatexites were confirmed in
the high grade zones of the Hidaka metamorphic belt. The
petrographical observations are consistent with the chemical
tests.
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