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Magma mixing in the ophiolite:
in the case of Ibara ophiolite, Southwest Japan

Yoshiyuki KoiDE
(Kanagawa Prefectural Museum)

74454 FIBITFARI<  IFUT
PR EAHIREA T + 54 FOH

hoHOROE
()RS HE)

HEFT7 4 54 FOBHEHOELR ST, MORB ELLlOoYV L7 A FThb, HEEZR
2T, BMREHEAERICE ST, 320% 1 JICRGTE 5, 3200F% 4 7ORRERIL, <7
T IFVUTITE o THBTE S, SO type EESKSLEZ< T~ (AR, HVI VA,
REAREE) 25, LIEUIE PC&NP type EMESSME LA/ <EY BIHEA, BAER,
NS V/AEBRH) ICEAINK, TR type EMESIFV VT LTI <, Chl; IKEA
TL 5%, Cry03 DI & > TAYRIVOFMEERBILA Y, TiO, ILEAR AV RIVHBREE
A, BRER, AV S VAIC—EICEE LIBD 5, TR type OBEAHERIZFRD b % Bk
REBEL, COLOIBRIFVVIOVF UL ETHFL TS,

Abstract  The Ibara metabasalt, effusive member of the Ibara ophiolite, is a MORB-
like tholeiite, which is classified into three rock types with phenocryst assemblage. Genetic
relationship among these rock types can be explained in term of magma mixing. The un-
fractionated primordial magma (SO type), which was crystallizing spinel, olivine and
plagioclase, sometimes refill magma chamber (PC&NP type), where the fractionated magma
was crystallizing plagioclase, clinopyroxene and olivine. The enfilled magma had been
mixed with the fractionated magma. The mixed magma (TR type) became to be enriched in
Cr,05. Effect of Cr;03 enrichment expanded spinel liquidus field. Consequently, the TR
type magma started the crystallization of high-TiO, spinel together with plagioclase,
clinopyroxene and olivine. The oscillatory reverse compositional zoning in clinopyroxene of
the TR type metabasalt supports above the mixing scenario.
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I. Introduction

O’Hara (1977) proposed the open magma chamber model of mid-ocean ridge basalt, that
less fractionated magma successively injects into fractionating magma chamber in steady
state. This magma mixing model in MORB is supported by various evidence (e.g., DONALDSON
and BrowN, 1977; DuncaN and RuobpES, 1978; RuHODES et al., 1979; WALKER et al., 1979).
The crystallization process of ophiolitic basalts, most of which are fragments of an ancient
oceanic crust, has not been clear, because their original rock and mineral chemistries usually
have been modified as a result of metamorphism and alteration, such as ocean floor
metamorphism, ocean floor weathering, and metamorphism during or after emplacement.
Many studies on tectonic setting of ophiolitic basalts have been made using chemical affinity
of immobile elements to recent oceanic basalt (e.g., Bass et al., 1973; MivasHIrRO, 1975;
PeAaRcE et al., 1975, 1977). Although the Ibara metabasalt has been affected by metamorphism
and alteration, the primary mineral phases, such as clinopyroxene and spinel, and igneous
textures are preserved. In this paper, the author investigated field occurrence, mineral phase
assemblage, relict mineral chemistry and immobile element abundances, and showed the in-
formation possible to make clear the crystallization and magma mixing processes similar to
O’Hara (1977)’s open magma chamber model. This method may be adapted for other
ophiolites and is useful to identify the magmatic processes of ophiolites.

II. Geologic Outline

The Maizuru Tectonic Belt is located between the Permian (Hasg, 1964) and the Jurassic
accretion complexes (HasuimoTo, 1972; HasaiMoTo and Sarro, 1976; Isnica, 1983, 1985a,
b, 1986a, b; CarIDROIT et al., 1985) in the Inner Zone of Southwest Japan. This tectonic belt
consists of Late Carboniferous and Early Permian ophiolites (KoipE et al., 1987), which are
overlain by terrestrial sedimentary rocks of Late Permian and Triassic age.

The late Paleozoic ophiolite in the Ibara area belongs to the western extension of the
Maizuru Tectonic Belt. The ophiolite is composed of Lower, Middle and Upper Members in
ascending order, with accessory metagabbro and ultramafics. Three members and plutonic
rocks are in fault contact with each other. These members are general E-W strike and dip
homoclinally about 40° N (Fig. 1). In the southeastern margin of the area, these members are
intruded by Cretaceous granite and are overlain by Cretaceous rhyolite.

Lower Member: The Lower Member is up to 1000 m thick. The lower part of this member
is intruded by a granitic stock and affected by contact metamorphism. This member consists
mainly of metabasalt with small amounts of hyaloclastite and intercalated black slate.
Middle Member: The black and massive slate intercalated with a few beds of conglomerate
and metabasalt is the dominant rock type of the Middle Member which is up to 800 m thick.
The conglomerate consists of subrounded to angular cobbles and pebbles of various rocks such
as granite, diorite, metagabbro, metabasalt, arkorse sandstone, volcanic sandstone, and slate.
These fragments are poorly sorted, and a muddy matrix increases upward.
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Fig. 1. Geologic map of the Ibara area and distribution of the rock types of the Upper Member
porphyritic metabasalts. Abbreviations for inset. Nz: Nagato Tectonic Zone, Sy: San-yo
branch of the Sangun Belt, Si: San-in branch of the Sangun Belt, Ry: Ryoke Belt, N: North
Zone of the Sangun Belt, K: Kamigori Belt, T: Tamba Belt, M: Maizuru Tectonic Belt
(simplified from NISHIMURA et al., 1977). The rock types of SO, TR and PC are classified by
phenocryst assemblage.

Upper Member: The Upper Member, having total thickness of about 2000 m, is composed
mainly of slightly vesicular metabasalts with minor amounts of hyaloclastite and black slate.
Red shale and chert are rarely found. Original structures of pillow lavas, dykes and
hyaloclastite are well preserved. The pillow lavas, the main constituent of the Upper Member,
are commonly close-packed. Dykes are not commonly found. Black slate is less abundant in
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Table 1. Mineral assemblages of the Upper Member metabasalts

rock phenocryst groundmass texture Abundance
NP type none p! (pseudomorph) glassy 61.0 %
cpx (relict) variolitic
ol (pseudomorph) intergranular
ore (pseudomorph) intersertal
glass (altered) subophitic
ophitic
SO type moderately ol (pseudomorph) glassy 12.5%
sp+ol sp (relict) variolitic
sp+ol+pl cpx(relict)
pl (pseudomorph)
ore (pseudomorph)
glass (altered)
PC type sparsely pl (pseudomorph) glassy 243 %
pl cpx (relict) variolitic
cpx ol (pseudomorph) intergranular
pl+cpx ore (pseudomorph) intersertal
glass (altered) subophitic
ophitic
TR type moderately cpx (relict) glassy 22%
sp+ol+pl+cpx  pl (pseudomorph) intersertal
sp (relict) variolitic
ore (pseudomorph)
glass (altered)

Abundance is obtained the numbers of specimens classified under the microscope. Abbreviations. sp:
spinel, ol: olivine, pl: plagioclase, cpx: clinopyroxene, ore: oxide minerals (mainly titanomagnetite).

the lower horizon than in the upper horizon.

Metagabbro has a fine- to coarse-grained gneissose texture, and has been metamorphosed
to amphibolite facies. The ultramafic rocks have wehrlitic composition but are mostly altered
into serpentinite. Blocks of clinopyroxenite, ranging from one to several meters in diameter,
are sometimes found in the wehrlite. No igneous layering can be observed.

III. Petrography of Metabasalts

Metabasalt from the Upper Member consists of porphyritic and non-porphyritic rocks.
About 60% of the metabasalts are of the non-porphyritic one (Table 1).

The non-porphyritic (NP) metabasalt of the Upper Member has fine- to coarse-grained
textures. A typical textural change can be observed within a pillow lobe as follows; glassy,
variolitic, intersertal, intergranular, subophitic and ophitic from rim to core. The glassy part
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is commonly altered to a fine-grained aggregate of oxides and sheet silicates. The variolitic
part is composed mainly of variolitic plagioclase, skeletal and dendritic clinopyroxenes, oxide
minerals, and altered glass. The intersertal and intergranular parts are made up mainly of
plagioclase laths, subhedral to granular clinopyroxene, oxide minerals and/or altered glass.
The subophitic and ophitic parts consist of tabular plagioclase and anhedral clinopyroxene.

The porphyritic metabasalts of the Upper Member are essentially classified into the fol-
lowing three rock types; spinel+olivine +plagioclase (S0), plagioclase + clinopyroxene (PC),
and transitional types (TR).
Spinel + olivine £ plagioclase Type (SO type): The SO type metabasalt amounts to
about 30 % of the porphyritic rocks and is moderately olivine phyric (2 ~ 10 vol.% phenocryst).
This type rock contains scarcely plagioclase phenocrysts. Olivine phenocrysts include spinel.
Igneous textures are preserved even though the rocks are highly altered. This type of
metabasalt commonly has a glassy groundmass rich in dendritic clinopyroxene.
Plagioclase + clinopyroxene Type (PC type): The PC type metabasalt is usually spar-
sely phyric (<2 vol.% phenocryst) and contains phenocrysts of plagioclase and/or
clinopyroxene. Plagioclase phenocrysts rarely include clinopyroxene crystals. The ground-
mass is similar to that of the non-porphyritic metabasalt.
Transitional Type (TR type): The TR type metabasalt comprises two phenocryst as-
semblages of spinel+olivine + plagioclase +clinopyroxene (TR-1) and olivine + plagioclase +
clinopyroxene. The clinopyroxene phenocrysts are mostly euhedral but rarely anhedral or
granular. The groundmass of this type is similar to that of both the SO and PC type
metabasalts.

The major part of the metabasalt of the Lower Member has been subjected to late contact
metamorphism by Cretaceous granite, and so primary igneous textures are rarely preserved.

All rock types of the porphyritic metabasalt (SO, PC and TR types) are distributed
throughout the Ibara area as shown in Fig. 1. The abundance of the SO, PC and TR type
metabasalts is also observed in columnar sections obtained along some routes (Fig. 2). For
example, PC, NP, PC, NP, TR and PC type metabasalts occur successively from lower to
upper in a continuous outcrop along the route D. Such occurrences suggest that each rock type
was not derived from a tectonic slice of different magma origin, but rather the rocks were
formed by a magmatism having genetic relationship.

IV. Bulk Rock Chemistry

Major element analyses were carried out using an X-ray fluorescence analyzer (JEOL
Model JSX-60S7). Ni and Cr were measured by atomic absorption spectrometer (AA-475,
Varian Techtron). Table 2 lists analyses of the Upper Member metabasalts of the Ibara
ophiolite. New analyses of JB-1 and JG-1 are also given in Table 2, which agree fairly well with
the recommended values (ANDO et al., 1974).

Kok (1986; 1990) and Kok et al. (1987) have found that the Ibara metabasalts belong
to the tholeiitic rock series, and are characterized by
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1) low FeO*/MgO,

2) TiO, contents higher than arc tholeiites and less than ocean island tholeiites,

3) low Rb and Sr contents, and

4) high initial Nd isotope ratio.

These features correspond to chemical characteristics of MORB. However, the Ibara
metabasalts have slightly higher SiO, contents and higher normative plagioclase contents than
typical MORB. Relatively higher initial 87Sr/86Sr ratios are also characteristics of the Ibara
metabasalts. These chemical characteristics suggest that the Ibara ophiolite was derived from
a marginal sea mantle (Koipg, 1990).

In MORB-like tholeiitic rocks, Ti is partitioned into clinopyroxene and Fe-Ti oxides. Since
relict clinopyroxene preserves its initial chemistry, its Ti is immobile. Titanomagnetite which
is another Ti-bearing mineral of the Ibara metabasalts contains exsolved magnetite and
ulvospinel, the latter of which is sometimes replaced by sphene. Accordingly, Ti is fixed in
sphene and ulvospinel, and was experientially not removed or leached during metamorphism
and alteration.

Chromium is partitioned between clinopyroxene and spinel. Both minerals are usually
preserved as relicts, so that Cr can be regarded as an immobile element.

Nickel is concentrated in olivine. In the Ibara metabasalt, however, olivine is completely
altered and recrystallized to serpentine +sphene or clinozoisite + serpentine with small
amounts of opaque minerals. Ni should be fixed into Ni bearing metals, sulfides, arsenides or
serpentine minerals during serpentinization (KANEOKA et al., 1964, 1975; CrLaARrk, 1969). Then
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Ni may be immobile.

In MORB-like tholeiites, TiO; increases, and Ni and Cr decrease with fractionation of
spinel, olivine, clinopyroxene and plagioclase. Titanomagnetite occurs as a quench mineral in
the groundmass of the Ibara metabasalts. Ti participated in melt as an incompatible element
during fractional crystallization, whereas Cr and Ni acted as compatible elements. Accord-
ingly, Ti, Ni and Cr are useful indicators of the extent of fractional crystallization.

The SO type metabasalt is low in TiO; (<1.0 wt%), and high in Cr (>600 ppm) and Ni
(>160 ppm) contents (Fig. 3). On the other hand, the PC and NP type metabasalts have high
TiO, (>1.2 wt%), and low Cr (<340 ppm, <290 ppm) and Ni contents (<120 ppm, <100 ppm,
respectively). The TR type metabasalt is characterized by intermediate amounts of TiO, (1.1
wt%), Cr (350 ppm), and Ni (180 ppm) between the SO type, and the PC and NP types.

It is noteworthy that the PC and NP type metabasalts are similar to each other in TiO,, Cr
and Ni contents and they also have similar mineral assemblage. The PC type metabasalt
contains small amounts of plagioclase and clinopyroxene phenocrysts, that is, sparsely phyric
rock. The PC type metabasalt is regarded as being derived from the same magma as the NP
type metabasalt. Therefore, the PC and NP type metabasalts are treated as the same rock type
(PC&NP type).

V. Mineral Chemistry

Of the Ibara metabasalts, rock forming minerals are spinel, olivine, plagioclase and
clinopyroxene. The chemistry of the preserved minerals provides important information on
the magmatic character of the rocks. Spinel is present in the SO and TR type metabasalts,
while clinopyroxene occurs in the TR and PC&NP type metabasalts.

1. Spinel

Spinel from MORB has a low Fe3+ content (Bryan, 1972; RipDLEY et al., 1974; SiGURSSON
and SCHILLING, 1976), and this characteristic is useful in determining magma affinity of MORB
and ophiolitic basalts.

Spinel of the Ibara metabasalt occurs as microphenocryst and as minute crystal included
in olivine phenocryst or in the groundmass. There is no difference in the composition among
all types of spinel in the same sample (Table 3).

In the Ibara metabasalt, spinel is characterized by low Fe3+/(Cr+ Al+Fe3+) (<0.1) and
Cr/(Cr + Al) ratios (0.4~0.5), and is similar to MORB spinel (Koipg, 1986).

In TiO,-Cr/(Cr+ Al) diagram (Fig. 4), spinel of the TR type metabasalt has a higher
TiO; content (>0.5 wt%) than that of the SO type metabasalt (< 0.5 wt%).

Fe3+ content of spinel in the TR type metabasalt is relatively higher than that in the SO
type with the same mg value. Fe3* and FeO of the SO type metabasalt (< 1.2 and 7.0 wt%)
are also lower than those of the TR type (>1.3.and >7.0 wt%, respectively).
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Fig. 3. TiO,, Ni and Cr histograms of the Ibara metabasalt.

2. Clinopyroxene

Clinopyroxene Al-Si and Ti-Al diagrams (KusHIiro, 1960) for discrimination of magmatic
parentage have been widely used (e.g. LEBas, 1962; Aoxi, 1964). MaruvAaMA (1976) advo-
cated the boundaries between tholeiitic and alkaline rock series. Takasawa and HiranNo
(1977) have also proposed the Al,O3-FeO diagram to discriminate rock series.

Representative clinopyroxene analyses of the Ibara metabasalt are listed in Table 4.
Clinopyroxene phenocrysts from the Ibara metabasalt are characterized by high Si
(1.85~1.95), low Al (0.07~0.15) and low Ti (0.01~0.03). Groundmass clinopyroxene shows

TiOp
101 MORB
wt%
:8 [ ]
0.5t

[e] o (E%
. 8
N
.Sro ° Fig. 4. TiOy-Cr/(Cr+ Al) diagram for spinels
R1e of the SO and TR type metabasalts.
Compositional field of spinels from

03 04 0.6 07 MORB are shown by two solid lines
cr/(Cr+ Al) (after Dick and BULLEN, 1984).
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Table 3. Representative spinel compositions
SO-1 SO-2 S0-3 SO-4 SO-5 TR-1
inGM inOL inGM inOL inGM inOL inGM inOL inGM inOL inGM inOL
Si02 0.12 0.14 0.11 0.11 n.d. n.d. 0.12 0.10 n.d. n.d. n.d. n.d.
TiO2 0.37 039 048 050 039 034 031 028 038 045 077 0.75
AlRO3 22.72 22.04 24.67 24.95 23.57 2297 31.89 30.67 20.94 20.63 21.44 21.79
Fe203* 4.32 4.17 4.64 4.88 6.48 6.03 3.49 5.42 5.98 5.62 7.44 7.13
FeO 12.31 17.29 14.60 15.65 12.65 12.07 12.72 12.31 14.32 12.68 15.36 15.27
MnO 0.30 0.54 0.32 0.36 0.28 0.26 0.27 0.17 0.22 0.21 0.36 0.25
MgO 14.89 12.05 13.89 13.29 14.89 1535 15.83 16.22 13.63 14.61 13.32 13.31
Ca0 0.16 0.16 . 0.23 0.08 0.25 0.15 0.06 0.05 0.12 0.19 0.08 0.10
Naz20 n.d. 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.04
K20 nd. 0.01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Cn03 43.63 44,59 41.22 40.15 41.79 43.45 35.08 35.56 4434 4542 4191 41.47
NiO 0.20 0.18 0.16 0.17 0.16 0.14 0.24 0.19 0.13 0.12 0.08 0.16
CoO n.a. n.a. n.a. n.a. 0.06 0.06 n.a. n.a. n.d. 0.06 n.a. n.a.
Total 99.02 101.57 100.32 100.14 100.52 100.82 100.01 100.97 100.06 99.99 100.76 100.27
Oxygen =32
Si 0.028 0.033 0.026 0.026 - - 0.028 0.023 - - - .
Ti 0.067 0.072 0.088 0.092 0.070 0.062 0.054 0.049 0.070 0.082 0.142 0.139
Al 6.562 6.332 7.038 7.151 6.705 6.151 8760 8.386 6.093 5.974 6.205 6.322
Fe* 0.795 0.765 0.845 0.893 1.177 1.093 0.612 0.946 1.111 1.038 1.376 1.322
Fe* 2,523 3.526 2.956 3.182 2.553 2.429 2480 2.389 2956 2.605 3.155 3.143
Mn 0.062 0.112 0.065 0.073 0.058 0.052 0.052 0.034 0.046 0.044 0.075 0.052
Mg 5.439 4379 5.011 4.817 5.359 5.509 5.502 5.610 5.016 5.353 4.878 4.884
Ca 0.042 0.041 0.059 0.021 0.065 0.040 0.014 0.013 0.032 0.051 0.022 0.025
Na - 0.006 = s = - - - 0.018
K - 0.002 - - - - - - - - - -
Cr 8.453 8.595 7.889 7.719 17.977 8.269 6.465 6.524 8.656 8.823 8.136 8.073
Ni 0.029 0.026 0.024 0.025 0.023 0.020 0.034 0.026 0.020 0.017 0.012 0.023
Co - - 0.012 0.011 - - 0.013 -

*: Fe203 is calculated by stoichiometry, inGM: spinel in groundmass, inOL: spinel in olivine, n.d.: not detected,

n.a.: not analyzed.

a decreasing trend of Al,Os (2 to 4 wt%) with increasing FeO (7 to 10 wt%). Therefore, the
clinopyroxene chemistries of the Ibara metabasalt show a tholeiitic parentage (Koipe, 1986).

Cores of phenocrystic clinopyroxene in the PC&NP type metabasalt are augite, while those
in the TR type are endiopside (Fig. 5A). The clinopyroxene in the TR type metabasalt is richer

in Mg than those of the PC&NP type.

Clinopyroxene cores in the TR type metabasalt have lower Ti contents (Fig. 5B) than 0.01
(average TiO; = 0.35 wt%). On the other hand, the Ti contents of the PC&NP type metabasalt
exceed 0.01 (Ti0,>0.4 wt%).

50C).

There is notable difference in Cry;O; content between
clinopyroxenes of the TR and PC&NP type metabasalts. The clinopyroxene of the TR type
metabasalt is higher in Cr;03 than that of the PC&NP type, which has less than 1.0 wt% (Fig.
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Fig. 6 shows zoning patterns of the clinopyroxene in each rock type. The clinopyroxene
of NP-3 is ophitic, and those of PC-7 and TR-1 are phenocrysts. From core to rim, the
clinopyroxenes of NP-3 and PC-7 show a decrease in MgO and Cr,0; with increasing FeO.
These zoning is normal. The clinopyroxene of TR-1 has a complex zoning pattern for each
element.

The plate shows the microprobe elemental map analyses of a clinopyroxene phenocryst
from TR-1. The maps show the zone profile from rim to core of TR-1 clinopyroxene. The
colors, black, blue, cyan, green, yellow, red, mazarine and white in these maps show Mg, Fe
and Cr in increasing order of concentration. The complex zone of the TR type is charac-
teristically observed in Cr map. The others show simple normal zonings. The Cr concentra-
tion from the inner to outer core changes high to low. This pattern is typical normal zoning.
Whereas, the Cr concentration from the outer core to the rim becomes higher than core.
Furthermore, the pattern is oscillatory. This complex zoning pattern obviously an oscillatory
reverse zoning. The same patterns are observed in the Al,O3 and TiO, shown in Fig. 6.

VI. Discussion

1. Fractional crystallization

Variations of TiO,, Cr and Ni contents suggest that the SO type metabasalt is the least
fractionated, while the PC&NP type is the fairly fractionated. The TR type has intermediate
degree of fractionation. The PC&NP type metabasalt shows the wide chemical variation.

The compositional variation of PC&NP type magma was controlled by fractional crystal-
lization of olivine, plagioclase and clinopyroxene. The variation trend of PC&NP type can be
interpreted by the Rayleigh fractionation model. Distribution coefficients used for calculation
of the Ibara metabasalts are given in Fig. 7.

The arrows on the right sides of Cr- and Ni-TiO, diagrams (Fig. 7) show the fractionation
trends of residual melt with proportion of crystallization of respective mineral. If the

Cr03 c
Ti I

CagoMagg
Q05

01 02 03 0 02 04 06
Al Fe/Mg

CazoMasoFern

Fig. 5A, Band C. Fe-Mg-Ca, Ti-Al and Cr;05-Fe/Mg diagrams for clinopyroxene of the TR, PC and
NP type metabasalts. PC and NP type clinopyroxenes show core data in Fig. A and B, while that
of TR type represents outer core data where the clinopyroxene equilibrates with a final liquid.
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proportion of fractionating minerals are determined, the crystallization trend can be estimated.

The arrows in the center of Fig. 7 show the calculated trends of Rayleigh fractional
crystallization. The trends are consistent with actual variation trends.

Phenocrysts of the SO type metabasalt are spinel and olivine which are sometimes ac-
companied by plagioclase. Fractionation of these minerals at any ratio does not follow varia-
tion trends from the SO type magma to the PC&NP type melt through the TR type. Con-
sidering fractionation of clinopyroxene, which is observed in cumulate rocks (metagabbro,
wehrlite and clinopyroxenite) together with spinel, olivine and plagioclase, the variation of
basaltic magma from the SO to PC&NP type metabasalt cannot be explained. For example,
the calculated fractionation trends of intermediate mineral assemblage between ultramafic
rocks and gabbro (olivine : spinel : clinopyroxene : plagioclase = 26 : 2 : 20 : 52 in volume
percent) are shown in Fig. 7 (arrows in the left). The results are inconsistent with the actual
trend. Therefore, a simple fractional crystallization model can interpret the variation trend
within the PC&NP type magma, but cannot explain the trend from the SO to PC&NP type
magma through the TR type magma.
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CPX

Contour maps for a clinopyroxene phenocryst of the TR type metabasalt (TR-1). These were
obtained by EPMA (JXA-733). The maps are 520 ¢m in length and 80 y#m in width. From the
left to right side, the map represents the groundmass and the rim and core of a clinopyroxene
phenocryst, successively. Colors show concentrations of elements; black, blue, cyan, green,
yellow, red, mazarine and white, in increasing order of concentration. The upper, middle and
lower of the maps are the Fe, Mg and Cr concentrations, respectively.
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Fig. 7. Rayleigh fractionation of the Ibara metabasalt in Cr- and Ni-TiO, diagrams. The inset table
in the Cr-Ti0O, diagram shows distribution coefficients (Kp) compiled by literature. The inset
table in the Ni-TiO, diagram represent volume percent of fractionated minerals in two models
(A and B), which show two arrows in the center of each diagram. *; data form Ibara
metabasalt. Four mineral arrows in right side of each diagram show volume percent and
composition trend of residual melt with fractionating each mineral. Symbols are the same as
Fig. 2.

2. Magma Mixing: Evidences and Model

Evidences: The clinopyroxene phenocryst of the TR type metabasalt represents an os-
cillatory reverse compositional zoning from outer core to rim. Fractional crystallization model
cannot account for the chemical variation among three type magmas.

Furthermore, relict mineral chemistries among three rock types show some differences.
Spinel composition of the SO type metabasalt is lower TiO; content (< 0.5 wt%) and Fe3+ ratio
at the same mg value than those of TR type. Clinopyroxene of the TR type metabasalt is lower
in Fe/Mg ratio (>0.18) and Ti content (<0.01) and higher in Cr,05 content (< 1.5 wt%) than
those of the PC&NP type (Fe/Mg>0.20, Ti>0.01 and Cry03<1.0 wt%).

Factors governing spinel composition are pressure, oxygen fugacity, temperature, and
magma composition (IRVINE, 1965, 1967; Trompson, 1973; Hirr and ROEDER, 1974; SHIRAKI
et al., 1979; Nacao et al., 1980). In the Ibara metabasalts, there is no need to consider a
pressure effect. Because spinel occurs as microphenocrysts in the groundmass, and crystal-
lized at low pressure. With increasing oxygen fugacity, Fe®+ in spinel increases while Ti
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Fig. 8. Cr- and Ni-Ti0O, diagrams of mixing relations between the SO and PC&NP type magmas.

unchanged (HiLL and RoEeDER, 1974). This is not the case of the Ibara metabasalts. With
decreasing temperature, Fe3+ in spinel increases and Ti increases slightly (HiLL and ROEDER,
1974). This tendency is observed in the Ibara metabasalts, but the increasing degree of Ti is
higher than that of Fe3+. Therefore, the controlling factor of the spinel compositions in the
Ibara metabasalts is neither pressure, oxygen fugacity nor temperature, but rather appears to
be magma composition. TiO, content of the spinel of the TR type metabasalt is higher than
that of the SO type. Thus the spinel of the TR type is not xenocryst derived from the SO type
magma, but crystallized in equilibrium from the TR type magma.

Clinopyroxene crystallized at high pressure is characterized by high Al and low Si contents
(PrRESNALL et al., 1978). Clinopyroxene of the Ibara metabasalt does not have these characters,
but is similar to the composition of MORB clinopyroxenes. The clinopyroxene of the Ibara
metabasalt is considered to have crystallized at low pressure. The distribution coefficient of
Ti between clinopyroxene and liquid generally decreases with increasing temperature (IRVING,
1978). However, both clinopyroxenes of the TR and PC&NP types have similar distribution
coefficients which are nearly constant (0.30~0.45). This suggests that TiO, contents of
clinopyroxenes of these type metabasalts are not controlled by temperature effect, but depend
on magma compositions. Similarly, the Cr,05; contents and mg values of the clinopyroxenes
may also depend on magma composition. The clinopyroxene of the TR type metabasalt may
be derived from the less fractionated magma than the PC&NP type magma.
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As mentioned above, three type magmas cannot be interpreted by fractional crystallization
of same magma, though the chemical variation trend within the PC&NP type metabasalt can
be interpreted by fractional crystallization. Fig. 8 shows the mixing lines of the SO and
PC&NP type magmas. The mixing lines connect the SO type metabasalt (SO-2) with the
PC&NP type metabasalt (average values of the PC&NP type). This diagram shows that the
TR type magma may have been formed by mixing between the SO and PC&NP magmas.

Model: A model of magma mixing for the Ibara metabasalts is supported by 1) oscillatory
reverse zoning of clinopyroxene in the TR type metabasalt, 2) the unaccountable fractionation
relationship among the SO, TR and PC&NP type magmas, 3) diversity in mineral compositions
reflecting differences of their magma compositions, and 4) the TR type metabasalt having
mixing composition between SO and PC&NP type magmas.

Crystallization condition can be discussed in terms of a Fo-An-Di system which is a part of
the Ca0-MgO-Al,05-Si0; system. The Fo-An-Di system approximates to a basalt composition
and phase relations among spinel, olivine, plagioclase and clinopyroxene can be traced in this
system.

In the SO type magma, spinel, olivine and plagioclase crystallize in equilibrium. The
PC&NP type magma equilibrates with plagioclase, clinopyroxene and olivine, while the TR
type one is cotectic with spinel, olivine, plagioclase and clinopyroxene.

The spinel field in the Fo-An-Di diagram (Fig. 9) is narrow at 1 atm. However the addition
of Cr to this system expands the spinel field (ONuMa, 1982, 1983; Onuma and Tonara, 1982,
1984). The Ibara metabasalt is plotted in the shaded area.

The SO and TR type metabasalts contain 0.18~0.35 and 0.10 wt% Cr,03, respectively.
These Cry05 contents are still effective enough to expand the spinel field, therefore spinel will
crystallize from the SO and TR type magmas in equilibrium. On the other hand, the PC&NP
type magma will crystallize plagioclase, clinopyroxene and olivine without spinel because of its
low Cr content.

In Fig. 10, the TiO, content (ordinate) indicates the degree of crystallization, and CryOs
content (abscissa) controls the phase boundaries. The field enclosed by solid line shows the
chemical compositional ranges of three rock types. The composition of the PC&NP type
metabasalt locates in TiOs-rich side, and that of the SO type in CryOs-rich side. The TR-1
metabasalt plots between them. The mixing process may be explained as follows: The rela-
tively fractionated PC&NP type magma crystallizes plagioclase, clinopyroxene and olivine. On
the other hand, the SO type magma, unfractionated and rich in Cr;03, crystallizes spinel, oli-
vine and plagioclase. When the SO type magma mixed with the PC&NP type magma, the
mixed magma (TR-1) is enriched in Cr;O3 and the spinel liquidus field expands. The TR-1
magma starts crystallization of spinel and the clinopyroxene develops oscillatory reverse
zoning structure.

The SO type metabasalt is observed throughout the Ibara area. This suggests that the SO
type magma intermittently injected into the PC&NP type magma chamber. The TR type
metabasalt alone characteristically retains clear evidence of magma mixing, and its occurrence
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Fig. 9. Di-An-Fo diagram. The Ibara metabasalt is plotted in the shadow area. Dashed lines: phase
boundaries in Cr-free system (PRESNALL et al., 1978), solid lines: Cr-bearing system (ONUMA
and ToHARA, 1982; OnuMA, 1983). The inset table shows the Cry0; ranges of the Ibara

metabasalt.

is rare compared with other types of metabasalts (Table 1). Therefore, it seems that the
magma mixing may have been so effective that the mixing evidence has been obliterated ex-
cept for the TR type metabasalt. This model is similar to open magma chamber model at
modern mid-ocean ridge proposed by O’Hara (1977). The magma chamber of the Ibara
ophiolite may be a “fossil” of an open magma chamber at the ridge.

VII. Conclusion

The Ibara metabasalts are MORB-like tholeiite in rock and mineral chemistries, and may
have been derived from a marginal sea magmatism. Though the Ibara metabasalts have been
variously metamorphosed, the crystallization process of the metabasalts has been revealed
from the mineral assemblage, chemistry of relict minerals, bulk rock composition and the
immobile element abundances of Ti, Cr and Ni.
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Fig. 10. TiO,-Cr,03 diagram shows genetic relation among the rock types of the Ibara metabasalt.
The TR type (TR-1) represents the product of magma mixing between the SO and PC&NP
type magmas.

The Ibara metabasalts are classified into three types on the basis of phenocryst assem-
blage; SO, TR and PC&NP. The PC&NP type magma is relatively evolved and crystallizes
plagioclase, clinopyroxene and olivine. On the other hand, the SO type magma is unfractio-
nated and rich in Cr,03, and crystallizes spinel, olivine and plagioclase, while the TR type
magma is intermediate between the SO and PC&NP type magmas, and crystallizes spinel,
olivine, plagioclase and clinopyroxene.

Relationship among the SO, TR and PC&NP type magmas cannot be interpreted by
fractional crystallization, though the variation trend in the PC&NP type metabasalt can be
explained by fractionation. Differences in relict mineral chemistries of three magmas depend
on their magma compositions. Clinopyroxene of the TR type metabasalt have oscillatory
reverse zoning. This evidence suggests a model of magma mixing as follows; the unfractio-
nated magma (SO type) is intermittently injected into a fractionated magma chamber (PC&NP
type). The resultant mixed magma (TR type) is enriched in Cr,03 and the spinel liquidus field
expands. Consequently, the TR type magma begins crystallization of spinel together with
plagioclase, olivine and clinopyroxene, and the clinopyroxene develops oscillatory reverse
zoning structure.
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Abstract  Siegenite from a weakly metamorphosed bedded manganese ore deposit of
the Okutama mine is found as a very minor constituent of a caryopilite ore including
rhodochrosite and a manganese-bearing layered silicates. The average of five analyses is: Co
33.29, Ni 22.96, Mn 1.59, S 42.17, total 100.01%, and yields the empirical formula (Co; .72
Ni; 19 Mng9)s3.0094.00, @ rare manganiferous variety. One of the chemical analyses of
caryopilite gives: SiO, 38.65, Al,03 0.72, FeO 2.14, MgO 2.53, CaO 0.05, MnO 46.07, total
90.16%. That of rhodochrosite is: MnO 55.95, Ca0 4.78, FeO 0.47, MgO 0.33, total 61.53%.
The chemical analyses of the manganese-bearing layered silicate gives: SiO, 45.78, Al,03
3.02, FeO 1.90, MgO 3.77, MnO 32.60, CaO 0.33, K,0 2.13, total 89.53%. It yields an
empirical formula Ko 32Cag.0s(Mn328Mgo.67F€2+0.05)54.00(Si5.44A10.42F€3* 0.14)56.00015.00( O H) 1.8

-3.16H,0 if the difference to 100% is regarded as H,O. The mineralogical status is unspe-

cified.

INTRODUCTION

There are many bedded manganese ore deposits in Mesozoic accretional bodies in Japan.
All of them accompany chert as their most principal wallrocks, in which subordinate amounts
of mudstone, greenstone and limestone exist. Ores therefrom undergo various grades of
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regional or contact metamorphism by which many manganese oxides, silicates, carbonates and
rarely borates are formed.

The original state of manganiferous beds is considered to be manganese nodules precipi-
tated on the deep sea floor even currently. The nodules are also a carrier of heavy elements,
which are absorbed or involved in manganese dioxide minerals forming nodules. After the
diagenesis and subsequent metamorphism, these elements take different geochemical behav-
iours. Chalcophile elements such as nickel and cobalt form sulphides. Siderophile ones such
as iron behave in a partially similar manner to manganese. In the cases of nickel and cobalt,
their behaviours are essentially same and produced minerals of these elements involve them in
the form of mutual substitution as seen in the present case.

The present siegenite includes a minor fraction of manganese, which is unusual to the
members of thiospinels, except for manganoan daubreelite(FeCr,S,) and its unnamed Mn2+ an
analogue (Ke1L and BReETT, 1974), both being exclusively found in meteorites. The implication
of the occurrence is briefly considered.

In the examined caryopilite were analysed four phases, siegenite, caryopilite, rhodochro-
site, and a probably hydrous manganese silicate with the probable chemical formula (Mn, Mg,
Fe)u(Si, Al, Fe)sO15(0H, H,0)s5, but the status has not been mineralogically specified.

ORE DEPOSIT, ORES AND THE OCCURRENCE OF SIEGENITE

The ore deposit of the Okutama mine is located about 500 m east of Okutama station, the
endpoint of Ome line, Eastern Japan National Railway Co. Ltd. (Fig. 1), or about 70 km
westward of the center of Tokyo. Although the history of the mine has not been known in
detail, it is said that it had been worked during the World War II. Still the portal and dumps
are left, where the examined materials were collected. The heavily ruined condition of the
gallery impedes the entrance but the profile of ore bearing bed could be recovered after the
observation of materials forming the dumps and of outcrops exposed along a valley leading to
the portal in which the dumps are developed.

The wallrocks of manganiferous bed are dominantly occupied by very weakly recrystal-
lized grey to white massive chert accompanying minor hematite-bearing red one. Both of them
are minutely veined by quartz without any apparent regularity. Since the lower grade ores
found in the dumps consist of the mixture of caryopilite and quartz of various ratios, the ores
in direct contact with the wallrock must have included caryopilite as the most important
member in quantity. Besides chert, minor blocks of mudstone and greenstone are found in the
dump. From the geological situation that the deposit is located in the southern part of Kanto
Mountainland, where regional metamorphic rocks belonging to Sanbagawa belt are exten-
sively exposed, the wallrocks and ores suffered from a very low grade of regional metamor-
phism, though apparently unmetamorphosed. The mudstone is also found in the outcrop
along the valley in a small quantity. Although the existence in chert beds could not be realized,
it is very likely that the greenstone exists within chert beds. Also, blocks of sandstone are
found in dumps, too, but the origin could not be specified.
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Fig. 1. Index map of the Okutama mine. Map: 1/25,000 Okutamako.
The location is: N 35°48" 23", E 139°06" 16”.

The recognized ore minerals include caryopilite, rhodochrosite, rhodonite, ganophyllite,
hausmannite, tephroite, neotocite and manganosite in the order of apparent decreasing quan-
tity, and the first one occupies the principal member of the ores. The gangue mineral is quartz
with very minor halloysite.

The most principal and nearly unique ore mineral is caryopilite with which variable amount
of quartz coexists. Most of caryopilite ores have bandings composed of vari-coloured
caryopilite. The colours include light brown, greyish salmon pink, and light brownish grey.
The thickness of bands is from a few millimeters to a centimeter order. All of ores are very
fine-grained and minutely intersected by veinlets of the following assemblages: 1)
rhodochrosite, 2) rhodochrosite-rhodonite, 3) rhodonite-ganophyllite, and 4) neotocite. The
first one consists of rather coarse-grained white to grey white rhodochrosite. The second one
is occupied by a pink material composed of fine-grained rhodochrosite and rhodonite. The
third one is exclusively found in higher grade ores. The rhodonite is somewhat coarser in grain
size and the colour is rather rosy. The neotocite veinlets are found in caryopilite ores only and
devoid of any other associated phases. It is brown in colour and semi-transparent in the fresh
state. All the veinlets are of millimeter to submillimeter thick, and found in ores of moderate
to high grades.

Rhodochrosite is exclusively found as veinlets cutting caryopilite ores. Rhodonite occurs
principally in veinlets as stated above. Besides this, the aggregate of rhodonite and
rhodochrosite is found between wider bands in caryopilite ores, where the aggregate embodies
light bluish grey mass of tephroite. Hausmannite is found as chocolate brown thin seams of
millimeter thick intercalating with brown caryopilite forming the highest grade of ore in this
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deposit. Some caryopilite bands are interposed by rhodochrosite spots in which tiny grains of
manganosite with or without hausmannite are involved. In the examined caryopilite ore, very
small pearly-lustered white spots composed of fragile flaky mineral are found. The chemical
analysis gives an empirical formula (Mn, Mg, Fe)4(Si, Al, Fe)s0;5(0H, H;0); if the difference
is entirely occupied by H,0.

Siegenite is generally found as extremely tiny grains in a caryopilite ore without banding,
which is rare in the dump. It is barely visible under magnifier and in direct contact with
caryopilite and rhodochrosite. No external form is observed (Fig. 2). It is unique opaque
mineral in this ore. Under the microscope, caryopilite forms aggregates composed of random
oriented felty aggregates of very fine flakes. It is moderately pleochroic with yellowish brown
to brown colour, and has rather high birefringence. The extinction is parallel with positive
elongation. The aggregate involves variable amounts of rhodochrosite and quartz along with
the examined siegenite-bearing material, the former being of visible dimension (Fig. 3). The
white spots stated above consists of radially aggregated flakes partially replaced by
rhodochrosite (Fig. 4). It is colourless in thin section and the extinction is parallel to the trace
of one perfect cleavage with positive elongation and very low birefringence.

Besides these phases, the X-ray powder diffractometer study of some different fractions of
the caryopilite ore including siegenite provides diffractions out of those due to caryopilite. In
the obtained patterns are also slight differences, which will be due to quantitative difference of
constituting minerals. Since the patterns are all rather of inferior quality, the interpretation did
not reach any conclusive identification of phases except caryopilite. In Table 1, one of the
representative patterns comprising the other diffractions than those of caryopilite is given. All
the diffractions in the pattern are all rather broad and weak to suggest the lower crystallinity
despite the higher birefringence of caryopilite. Although the stronger diffraction d=10.8
corresponds approximately to that of yofortierite (PERRAULT et al., 1975), no phase with the
yofortierite composition has been found.

The powder pattern of caryopilite from Hurricane Claim, Washington, compared in Table
2 (Guggenheim et al., 1982) is slightly discrepant from that of the present material, and these
two material are also slightly different in chemical composition as discussed later, although the
authors describing the compared material refer to another material from Swizterland with the
chemical composition very close to the present material as caryopilite.

CHEMICAL ANALYSES

Electron microprobe analyses of siegenite, caryopilite, rhodochrosite, and a manganese-
bearing layered silicate using Link Systems energy dispersive X-ray spectrometer are given in
Table 2, in which their empirical formula are also demonstrated.

Siegenite was analysed on one grain. Since five spot analyses provided the ratio of total
metal/sulphur to be very close to 3/4 and that the variation ranges of metal constituents are so
small, the average of five chemical analyses is representatively given. The chemical analyses
of caryopilite indicated the narrower ranges of all the constituents. The tabulated analyses is
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Fig. 2.

Fig. 3.

Fig. 4.

Back scattered electron image
of siegenite grains surround-
ed by rhodochrosite. A bar
indicates 0.07 mm.

Back scattered electron image
of caryopilite (dark grey) with
rhodochrosite (grey), which
consists of theaggregate of a
few larger grains after
microscopic observation. A
bar indicates 0.07 mm.

Back scattered electron image
of a manganese-bearing sili-
cate (dark grey) with a
micaceous cleavage. It is
replaced by rhodochrosite
(grey white), which also
replaces caryopilite (medium
grey). A bar indicates 0.1

mm.
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Table 1. X-ray powder pattern of the caryopilite ore

1 2 3 4
d(d) 1 d(A) 1 d(A) I d(A) I
15.1 20 2.104 5 2.101 35
10.8 100 1.965 5 1.968 20
10.0 5 1.850 2
7.31 60 7.30 80 1.820 2
4.60 5 1.737 5 1.731 25
3.66  70° 3.639 50 1.692 15
2.86 100°* 2.825 60 1.654 15 1.643 35
2.768 50 1.621 30 1.626 20
2.648 5 1.606 10b 1.603 25
2.571 10 1.539 10b 1.535 3
2.524 70 2.521 100 1.494 10
2.427 7 1.454 5b  1.453 10
2.382 20 1.445 10
2.239 4 1.423 20 1.420 10

1. Caryopilite ore. Okutama mine, Tokyo. Cu/Ni radiation.
Diffractometer method. * : enhanced intensity due to
rhodochrosite. b = broad.

2. Caryopilite. Hurricane Claim, Olympic Peninsula, Wash.,
U. S. A. FeKg radiation. Camera method. After
Guggenheim et al. (1982).

a representative. A tentative calculation on the basis of Si=2 and the assumption that the
difference is occupied by H,0 only provides a significant vacancy in the octahedral sites as
pointed out by Guggenheim et al. (1982), who presented a few caryopilite analyses ranging
from (Mny.50A10.05Mg0.05F€*0.03)52.63512.00(Fe* =Fe?+ + Fed+ calculated as Fe?+) (X-ray’d material
from Hurricane Claim, Washington) to (Mns 10Mgo.20Alo.05F€*0.04)52.4151200 (material from
Switzerland) along with the anhydrous parts after rounding by the present authors. Although
the formula of the present material, (Mng 0sMgo.19F€*0.09AL0.04)52.34512.00, 1S close to the latter, it
is out of the range, or the octahedral vacancy is more remarkable. Guggenheim et al. (1982)
suggested the presence of two phases, monoclinic and triclinic ones, in their X-ray and
chemically studied material from Hurricane Claim, although the authors call the composi-
tionally different materials under the same name caryopilite. It is still uncertain whether the
difference between the X-ray powder pattern of the present and Hurricane Claim materials is
ascribable to the compositional difference or not. In order to create an unequivocal minera-
logical status of caryopilite, it is highly desirable to carry out the X-ray and chemical studies
of caryopilite with higher crystallinity and purity. The chemical analyses of the manganese-
bearing layered silicate was tantatively calculated on the total of octahedral and tetrahedral
cation=10. The low summation is handled as due to H20. Such tentative settings enable to
correlate the derived empirical formula to the formula of sepiolite in which Mg is to be
dominantly replaced by Mn. But the identification is inconclusive due to the lack of any
positive proof in the X-ray powder data.
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Table 2. Chemical analyses of siegenite(1l), caryopilite(2),
rhodochrosite(3), and a manganese-bearing silicate(4).

Weight percentages: (FeO*': total Fe)

1 2 3 4

Co 33.29 Sio, 38.65 45.78
Ni 22.96 Al; 0, 0.72 3. 02
Mn 1.59 FeO* 2.14 0.47 1.90
S 42.57 MgO 2.53 0.33 377
MnO 46.07 55.95 32.60

Ca0 4.78 0.33

K. O 2.13

Total 100.01 90.16 61.53 89.53

Empirical formula: (* total Fe calculated as FeO)

1. (Co,. 72Ni,. 1 eMNo. 00 )z53.0054. 0o (basis: S = 4)

2he (Mn, ,:Mgo. 10Fe*o. o9Al,. 04)zz. 34512, 000s (OH)z. 72
-0.44H,0 (basis: Si = 2; after addition of H,0O 9.84%)

3. (Mno, g¢Cao,. 1oM3o. 01 F€0. 01 )51, 01 CO; (basis: total
cations = 1; after addition of CO, 39.11% (total
100.64%))

4. Ko, ,2Ca80, 04 (Mn;, ,sMgo. ¢, Fe2*,. 05 )za. 00(Sis. 44Bls. 4,
Fe**o. 14)56.00015. 00(0H),.  54-3.16H,0 (basis: total of
tetrahedral and octahedral cations = 10; after FeO and
Fe,0, allotment(1.57, 0.50) and addition of H.O 10.30%)

IMPLICATION OF THE OCCURRENCE OF SIEGENITE

In Japanese bedded manganese ore deposits is known the occurrence of siegenite from two
localities. One is from the Kamo Mine, Mie Prefecture, where it is found as a very minor
constituent in a caryopilite ore (Matsubara and Kato, 1989). The other is known at Itaga,
Kanuma City, Tochigi Prefecture, where it occurs as a rare constituent of aggregates of
rhodonite and spessartine (Matsubara and Kato, 1986). The former is similar to the present
case in the low grade of regional metamorphism which the wallrocks underwent and favoured
the occurrene of caryopilite. The assemblage of manganese silicates at the latter case is the
product of contact metamorphism due to nearby granitic intrusion. The occurrence of sie-
genite in these two localities where different metamorphic conditions were prevalent means
that this mineral has an extensive range of formation ranging from lower to higher temperature
conditions where the behaviours of nickel and cobalt are geochemically equal.

In metamorphosed bedded manganese ore deposits in Japan, the known nickel and cobalt
minerals besides siegenite include gersdorffite, cobaltite, pentlandite, and niccolite. Although
they are generally fine in grain size, they can be noticed even during the field observation. As
far as examined, none of them contain manganese as their minor constituent. It is likely that
siegenite in manganese ores suffering very low grade of metamorphism is capable of con-

taining manganese.

31



32

D. HiraTA and A. KATO
ACKNOWLEDGEMENTS

The authors thank Dr. Satoshi Matsubara, Department of Geology, National Science
Museum, for his microprobe analyses and taking of photographs of examined minerals. Their
sincere gratitudes are also subjected to Mr. Ryoichi Yamamoto, for his informations on the ore
deposit of the Okutama mine.

REFERENCES

GUGGENHEIM, S., BarLey, S. W., EccLETON, R. A. and WILKES, P., 1982. Structural aspects of
greenalite and related minerals. Canad. Miner., 20: 1-18.

Ker, K. and BrReTT, R., 1974. Heideite, (Fe, Cr);,«(Ti, Fe),Ss, a new mineral in the Bustee enstatite
achondrite. Amer. Miner., 59: 465-470.

MATSUBARA, S. and KaTo, A., 1986. A vanadium-bearing spessartine from Itaga, Kanuma City,
Tochigi Prefecture. Bull. Natn. Sci. Museum, Ser. C, 12: 1-6.

MATSUBARA, S. and KaTo, A., 1989. A barian bannisterite from Japan. Miner. Mag., 53: 85-88.



Bull. Kanagawa prefect. Mus. (Nat. Sci.), No. 22, pp. 33-38, Jan. 1993

BT RAMEEBROBHITEE» HEH L7:
AR 1C 4R

A
(Rl R 3z 18 488)

Radiocarbon Age of the Molluscan Shell from the Holocene

Marine Deposits in the Oohunato Bay, Iwate Prefecture

Yoshiaki MATSUSHIMA

(Kanagawa Prefectural Museum)

Abstract A radiocarbon dating was made for the molluscan shells (Meretrix lusoria
R6DING) collected from the lower part of the Holocene marine deposits of the Sakari River
Delta, Oohunato, Iwate Prefecture. The molluscan shells were contained in a coarse sand
bed at 12 meters below sea level. The obtained age (7560+290 y.B.P.) is consistent with the
former estimation that the marine bed in the Sakari River alluvial plain was accumulated
during the early stage of the Jomon Transgression.
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(Apawms et REEVE), b F 44 Dosinia bilunulata (GRAY), Z 4 EF ./ /\F Maco-
ma praetexta (v. MARTENS), b A5 U Macoma incongrua (v. MARTENS) @
EFI0BE LYV —DOBRBER T AV ORICAE LG v IO— Oulangia
stokesiana miltoni YABE & EcucHi 7z ¥ &I N7 (LWH, 1978),
CNOOREBIETHARBLDZD, HBEYEATHZV, ERBHTER
EVI0EORE Y AB L, ETHERHETLHOONS, THbLABOBER,
DERIZH T TOBIRHWEEZ W LIBEEICER T 2 NEBWEHE - NEBERK
BHEOFEMREL VR, MESEY STV, K2 OER—Y v 7R
PO RLEOER L/ BEOBHEIL, VIV MVEMB»OHEBD VY, BEOE
EHRE» DHESNLRR E—FT 5, BESINBEIBROEERES &<
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K2 ZEEpoErm) 7 ARRIIBRIRECHSHER - V7 ERK (U, 1978 iITX %)

FIFREHEOLDEEZ NS, WEHR—U VI/RERRICES L, TOMEDH
BEREI3IMUEEZRT, BED EE THEBEICEEL, ThickEn T
EXB X Z12mAiEOMERB S 5T 5,

COWRRBIIABRE L ECERELDED, FABEEICHER Lo~ 703
ABOTMBELINVBOLNI LD TH S, ERJPE» LIINTTVOEBFENR L
THRBEOHBFRERDS I ENTER,

“C FRAEHEROER
L EDOIMET RN A EFSBHAIC BT 5/\< 7Y O UC ERPIEMEIL7560 £ 2904
MTHBI EDBELLITR -T2, COFENRMIIHEHEERZ /R L, HE LBRE I
76004ERT C ADBEREZMA Z LR TE S, RO LS ICFERBEICHEM LN 7 VI,
WEISHISMTORBELVBONAL LD TH S, HERICIT ERD & 5 ITERL HERIC
HFTOBREICARTAHEY - REHEBRRELRONSS, £ ITBROFMEHFEPEIC
EETLEEET->T\WA, DI & HHT600ERT T AICITAMAL, BRI THLHED
IR A ERE B L T2 2 aREd 5, £ L TIONT600FER OB EE D, HFEKH»
S5¥15m T O — 12mATRICH - -2 L &R, BET 2EMIEEPFICEWTUITHIZ
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2 (1984) i k0 EHHOWRKEEABELNCIN TS, ThiCk % LB EE2EE
FFABME2LROONAHHT600FEFTOWE = EIL, —20mMEICH -7z, Lo L, i
DO=FelgE T, 19004FLIBE19664E £ TORKEREB A RD S &, KUE & ERTEHOFE
WCIIERANC I, KRBT LA EBEDP L, ZhESNOEHS THE & WS ERPF7RD
b5, COERBVEL ELEFHOIT LT THMA &1L, WT600FEFOBHEEIL
—13mfEICH o - EHEEL TS (FTHITA, 1984), CO XD 7%E 2 % AMEEBERICL
HTLDHTAS L LRBEOBEREIL —12mMEICET 52 210k D, JIERIGT 5, &k,
CORSAOWEIZ H AT ESHICES W TEHEL D TREVIBICH AT L THMLN TS, Fl
ZTHIT500ERT OB T HEREBRE TIIH—10m (R5, 1987), KRETIZH—15m (Mak-
DA, 1978) ZZ EBAH LM AN, £EFHOBEEIICOVWTLREIZ, (1987) BE LD
TW5,

£ L BEORICRBEOFEIMFRETRAR L VEBRAEOL 7414 LT 4 EE/
NFHABEENTNS, IHIC, BEOKREEBRLLHERS LUZDFI T £RPHE
HINTOWEWNIZTYRELERLTWAZ L TH5D, 7272 L Kuropa - Hasg, (1952) ©
FryZUAMCENE, N7V OSHOIBRA=EREFH LE39E) LxhTwa,
ik, NERBEOFavEUNARIZUER, FHEBEORHBREBEETHAOATWS (IUH,
1978), CO LD ICEMREAAM S TEH TS 1L, ZORIKIT6004FERTICIZd Tz h
COBHRAEOAR TELARELZ > TWAZ EEZRTHOTHA D, BE (1984) TAXK
FIBEKFHRROERAER R LoF T, BB RORBE LA FEEEDH65004F7] &
NEN, dLEEEOFHIG000FERT L DR W EHE LD, SEIOFERMETIEIEN LY B X Z1000
FLESRECRAP OB L/ L ETRTHDOTH S, £ L TEDORBILOEEL, BERRE
DA L RIBCHR L CREOEEREHKEE (2A) &V, 2~3°C iz rE<, &
YEAREIIICIE 5 CIEEEL AoTWedEZbNS (RS - KIE, 1974),

AMELAROBFH L+ ORERE

KB DRI % < O BIFEWOS T 5T L TaMbNns (L, 1959; 1961; 4T, 1965
), EixbD L L TUIBEDOKMEBR) LBE)INCH - TH 8 km b B % » /B RE &R
(RESTFH - B - Al - 80 - BRlD) 212 U®, BACEES (Rschitl), KIREDS (o
1), WSz mE (RESCRTH - P, RAESEES RESTHEE - 230 - BeED, THREED (8
SO - BREA - MR SOMEIERS (RESCRHA - B - BRED) Al BB 5, ChSOEE» O
+ LABEOFICE, BEOKMBEBRREICIIAERL TWELWNTZ U RF LD LT 5EHFR
B (RE (1984) 3R EL B, B, BRHEECHS LT N7 2ERERICK
BF L) BEENTWS, FICNT T IO L-BERECREHL OEBHETTHY, &
XRHPICE T TENTZ VR ABEBICER L T\l ERRERII N, COA% D k>
ICILE (1978). BAMEBRICHA T AERIPERB» HEH Lo~ 7 Uk DB L,
SENGILE (1978) BE LN 7Y O 1C ERBIED S, BRI T3 7560+-290
FEROERFEMAA L LT D, HERERDS 2056 BT I,

KAREEBBRICNT 7 U RIZ LD & TBHRAME (BHE) A5MT 55510k 70k
INE TRXBERSHOBIRERL LA L EZ DN TER, SEO “UC EREIEHE
LD Zh I DD LR WBERTHIOBXRHT A ETHAZ LA LA -7 7 L TR
SCRER I IBERAE CHOEAGEE (B8, 1984) THLNA/NA 4 4B Tx LR
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LixoTctEZDLNA, TOILaRRY HERE LTI TGRS & B3 2 KmAEICE L
7TEROMRTRE (BE, 1961) LDHEELTWAENS TA BB 5, N1 T4 BEIHFICE
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Effect of Phytoplankton Vertical Profile at Ocean Color Remote Sensing

Shuichi N1mpa

(Kanagawa Prefectural Museum)

Abstract At ocean color remote sensing from the space, we need to understand the
relation between phytoplankton pigment concentration and upward water-leaving light. But
it is thought to be the effect of phytoplankton vertical profile on ocean light. This study used
models from transparency or one attenuation length. The results suggest that the model

used from one attenuation length agrees with the data observed.

1 & L & [

EOBRTHROLERIL, 22055, O&2id, ZOBPEOREBMIB W TR L THADHE
KWEWTRZ 5 [RPT0EOfE] €, EFOHICRZS [0 tWhbh b/l <wal
NTH5, bO—2iF, WKFICAH L-KEES, BEWE WKFOED) ICHiz-> TR
LU CHER? OSSN, A DBICH TREDEDRE] TH 5,

ZORFOWDOEDHLEEVESHL T, KEBREBLOLTHZ Ly [FHRY E—
FeEVYVT ] EwD, ALEERRWEE) E— vy v I TRl h 5 KER
Wi, ECHEY TS5V FPVBERERESCREBYE TH LD, BEMWERE LT ST ITY
RADOHF LA TS (BricauDp, MoreL and PreIURr, 1983 fih), TN HDEH1 D
A F<TA, BEEBAER, 1—RVTA 70, BEERE - £REFRYAL 7V, BEXREL, KB
TSP TER D, T, ALHEEZAVAFEAE LCRERBICARBAEITE, X6
CBVBE LT —ZBELNLI LB ETFONSE, COT b, BFEN - FEHREREETS
OZEA, KB - 70O MMENTE Y OREBRER, BERERE (RER L) ODOERER
mENGHTE S,

T, EARFROWENREF AN HRICOMA L TWARbE, XOFTHHEEL—KREE
FT L EHHEEDD, EEOBAICE W UIZD LD fliddzv, §EIE, XicEEL S5
25BL LTHEY TS5V 7 FVERAICERY, ZOMESHIBE 2 HEBEOELIT OV TERE
T A,

2 EKBOKDEE)

GEICAS Lo, AREICK L UERBIRIICEA 355, ZORY OEIERER
CEoTRE D, BAPETORETEZL L, BRORWE GRf) 1JEKEMEIC KSR
*E2VDOT, KEOEWEZATTLABERB L (Fig. 1 H), zhicx L TEEOE

39



40

S. Nipa
103
T10 2| o ()
g i
<. 3m
g 1 5m
310
(]
g 10 0 //\\‘ 10om /
0 40m m
#107 fom \v/
- ol Phytoplankton
1072 ot V a pigment
V ©+  Yellow substatnce
400 500 600 700 © " Suspended metter
Wavelength (nm) Fig. 2 Theory of ocean color
Fig. 1 Spectral distribution of downward irradiance. remote sensing.

Wk (F) BEKICEE DRI NG VWO THEREC & AT THAT S (Fig. 11 £,
ZORPTH LI OTRBLEDBKROGFIZ L - THELS N, ZO/DITTHITKERET T
LRIEDOWH > THEICRE> T 5, BEOLSIC, BYOOLR WK (BHEDOEWK) T
i, TOEDLE B EMICIVWERERS,

EEICIE, T 57 P URREDE R E XTI TR SOPEKFICEET A2, Th
SIZEAEENPELS (Fig. 2), D & B D RFEEONIKG FIIRNI NS - OBFELS
NABERFDRVEEZONAEDT, TNHOFED, BERAICENS I LITk5, BICHEY
757 FVOEET 500 [nm] kD EWEREICENRS,

BEUE— MLV VTR, BRBHGOEENE LS EN TV HERTZBET 5, L

, BERRKEWLWS LR ZNLTEESKE L, BFESETERBE LTV, /o,
BABPHFETNEIZORS TRMICEBE T 572012, XOGMICEERTHITTFTH 5,

3 ERT—YEREEE

wBEYE— VYV TE, BEIL EOBREDRIETOEN TS5/ 7 F /BREERS
BOABONNTLDIES D D,

WBHEOXEICH LT 1 XIT7x - /2R S R FEEE (compensation depth) 2\ >, ZHiTk
EPICVDS LTS S UBKERETORADEI TH 5, Ichimura(1965)1C k5 &,
COBRSFBHED 25 TH AL LTS, bRAICEHRE LT, EE 30 [cm] OEAME
BRI L FEN5) BFICiD, ThDRR2EL A2 ETOHEEL V>, 2%, HEM
BB 72> TERIE - TL AARKFORL, ADHE THRRTELBAOHL > LIk
bo WHFOEBEERE 2 556, KB OHERE £ TOEXE (euphotic zone) 28 % DH,
BEZZ2ThAEVDNADT, CORIETOBBRPESNLIONEE L WEEZ LN 5,

CHICK L, XERERFCTERE (E8) LT < Ea %2 MEEE (attenuation coefficient)
EVSR, ThOYH % & - 7 IHBEERE (attenuation length) & WO AORB L, TOEX
TOXEILX, BED 1 e Lixh,

% T, 19864F/» H1989F & COBBEIT — & #FIC L TR 5, 19884 D = [y Eil »»
LRENZHBES % 3 BEICH M L7z (Fig. 3), Stn. 3 [IKEOHEME & S ITHEY TS5 7
F/BRREELHEML TS, Stn. 7 {3 30[m] BICEAL S D, Stn. 131320[m] Bz Mk
B %

BUREZRETHIEY /o7 PV ERBEXROLHEL LT, KO 3EE KT 5,
O BHEKET £ TOEMPEY Cr
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Fig. 3 Vertical profile of phytoplankton Fig. 4 Spectral diffuse attenuation
pigment at cruise No. BO8808. coefficient (K) vs. wavelength.

Table 1 Concentration of phytoplankton pigment [gg/1].

Stn. No. CT CK Cz
3 0.44 0.13 0.11
7 0.42 0.38 0.35
13 0.83 0.44 0.42
1 T
Cr=1{Cc@a (1)

@ HEERE K- £ CORREY Ck

Co=g {, C)de )

0

® HEERE K- 2 TOmME¥H C;

chwf@&
C="t— 3)
SO f(@) dz

EABE : f(g)=e2K2 4)

ZC2T, CRQUBAREZM BT LM TS/ FV/BRRBETH A, Fig. 3ICHHBHAD
D)~B) RIZ k A5HEFERE Table 1 1T d, BBOEE L, 40[m] LA EDKEIZ W TIIHE
W75y P UBREERRIE L TWRWZD, BREKED 2 FZIC OV TUIRE L TWial,
i3k R TS B BRI+ 5720, TSV 7 PV OFBLKEPRLRBITD
NI EL T 5 E 2, BEABRREE 2 /-OBR@DMEFHTH 5,

T OETCHEWAEBEKERC MR Fig. 3 OFICEEINTWA, Ny FEILERE
KEECORERTL, EERMOZ OANy FHITEKEREE CORBEZRL T05, AR
D3 oD% —1E, Stn. 3 & Stn. 13 [3HEEEEEE TIHBEZE(LT WA, EREKEIC)
TR T B, Stn. 7T IZBHEKEL DEVE CHITEALED 5,

4 B’
BRI BT AEKORFHINE & HHBEMSKGERDO AT tvr 57 (Fig. 4) TH
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Fig. 5 The upward normalize radiance ratio [Lw(440)]/[Lw(550)]x vs. phytoplankton
pigment concentration (Cr, Cx, Cyz).

X%, Stn. 7 (AFY) & Stn. 13 (M) DA FVZEERICAENE > TW5A Z & DFAR
N5, CHICR LT Stn. 3 (@F) BFIhEDHTHICHS, COT&iTStn. 7413 K03D
Stn. 3 DIF > A[BATT N EZ BN S, & <12 500 [nm] LV HEFERANCE X B/KE,

DT ENLEZLNAT BT EDBLERDEDITIES,

@ Stn. 3 TRA»TLE, BERBEOLI BXAFIMERYRITOT, FusoatsE

BERZIEELYSE 2\,
®@ Stn. 7 TERBAHLEHEKFELNEICD HADT, FTHINIEEICITEA EED TV,
® Stn. 13 TEHBABOBENCIIZH LHLNENLKE <255, CkidStn. 7EFIER L,
Lo L, MEBEREARY FUiEStn. 7HIFERI LA TEREBELITIZR L L Bbh s,

CORBEBEERICEELY S 2 A0, HEHEETHAI BT o7, BRUEKFEET
OBERIIBONT, TLTREPRED 2FLVONAERBOBRIIBON T EITRD,
WEEOHRBEEROMTEICS L CRBEAR T L b,

IE#H g EE (GorpoN and CLARK, 1981) #H T, BFRREE L OBIREZRAN/IOn
Fig. 5 Th 5, 4T8HE S TOMBEREITIznZh, -0.69, -0.81, -0.83+7ch, FEHAEK
BETOEHERACL LD A ELTOWAR, HHEEBEOINE T & BfFH & OMTIIAE
HFEFRONGD - 7z, MEFHE & BMEHE & CTFOEIZED B BRI S 25 &E O \—
YU LR o722 TH 5,

HE ARG ELDHIIHID, KBRFRFHEEFTPOSRE L THEIRNz2E -
7ol B B ERRBRFRHESTERO CERE B0 Lo,

2 £ X #®
BricarD, A., A. MoreL and L. PrEIUR, 1983. Optical efficiency factors of some phytoplankters.
Limnol. Oceanogr., 28, 816-832.
GorpoN, H. R. and D. K. CLARrk, 1981. Clear water radiances for atmospheric correction of coastal
zone color scanner imagery. Appl. Opt., 20, 4175-4180.
IcHIMURA, S., 1956. On the ecological meaning of transparency for the production of matter in
phytoplankton community of lake. Bot. Mag. Tokyo, 69, 219-226.
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A Revision of the Genera Euphrasia and Scrophularia (Scrophulariaceae)
in Nagano Prefecture, Central Japan

Hideo TAKAHASHI
(Kanagawa Prefectural Museum)

Abstract  The genera Euphrasia and Scrophularia of the family Scrophulariaceae in
Nagano Prefecture are taxonomically studied. As the result, the following two new varieties
are described: Euphrasia multifolia WETTSTEIN var. inaensis H. TAKAHASHI and

Scrophularia musashiensis BONATI var. ina-vallicola H. TAKAHASHI.

F L & (C

19894/ & EFF EMEMSEMRE T o< / /N Y%} Scrophulariaceae #4481, Hb & TEH
BEHERO7OS 2T DA LT, 1991467 B, 199248 BO2EICE YD, R/ED
7-OHABHEIEICEILL, YF I A Y Euphrasia yabeana Ot %§ A& %15/, A5 -
By EgEO 7S E (A8 - SirlEE EHFILEO 705 | OFRET, 1969F 12 4EH

RHER1EIBICRELLY, LFaTATFICO2VTE, BETNE CTREROSEFD
BRI EEE LTEE L,

WA OEMEEL . 51k, BERERICHMIT Sy 7 v ad A 7Y Euphraria multifolia 13
BHIMETH D, ANMELERETHLOEELRD, H/RFHE (1936) B3FHE - (oI
ATHE LTCEH LTS, LOTHREZEW, T I TREEESH EATEN TS, &
B EEFEEOHMAE LT\, SBHERED B &R AT,

—F, YVEvrF /AR S duplicato-serrata V%, FIRE & BIEHIAICE 4 A & HE
Bt L 2A, AERBICETERRD A LIRS E, 1989FICETFRFINS & BEFM
FoERI, WHARER FOBEMAEALER L, TOBRITFROICRETEMEYHESE2D
B (1992) [CHELTE W, AMTIE, INOE2—ELTHETHLDTH S,

HEITMY, £BHOTENPERD CREE LTT S - HATERE HEER, £Ft
ODZHTHE LTTE - -ERARBFEEYE FiH IR, WEREOEAZHREL T
T X o B BT AR IRED R, EBAOFERPICCH N EEWAEEEYEE B
LERK, AEERZCETIN-EREBERYYE BEEs  TEBOWAICIIM TS
BHEEW:, TIEL, BLEOBIBRLETS,

F7-, EAOMBICET Y- TTF & - cEVRFEYME, BMKE, FREREON—/Y
7 ADOFEIEL BILE LBIT 5,
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1. eFaaXA54%

v a3 A 7Y Euphrasia yabeana 1%, KIBEMA19025 8 AT, HEE THRE L/ER
WCHEO X, R (1912) B FA Y OMEE Fedde. Repert. ICREE L7724 DTH5H, Afk
3%, HEBIER (1916), WEEEK (1931), ARBEBZES (1944, 1948), BHAR (1935,
1937, 1960), JFH'E (1948), REATE - MUFEE (1957) HiCk-> TROLNTELR, ®
WD I A Y B akst Lz ILigsk (1962, 1963) 1, TOfEILI v~ad A 7Y Euphrasia
insignis DRBABZRINC DT LD THS E LT, ZORAZ[ICEE L/,

KIFR=ERI3EAS [ HAMEYEE ] (1956) CTRMENIOGERF LR, FBHEEZBR LD,
BOHETH (1965) TEITYIITAZYORLZICE L, EHTHIREIN TS, 3 T<
adA Y EEEE LTH S ILET (1962, 1963) ORI, BILUEFE (1966), EHkEZE
(1982) B ah, BUEYNELRLOBVE LTS, EELAE - BT LEKED Y
OSSO TiE, IUEH (1962, 1963) O RMICHKE, I v~ aIA 7O PEEERICAE 2 /2
ERgaily LCHERL, LICEEE L TRVAMNER LA >, L2L, 196248 A
DREOE, ABEERMEOBEMTEHICBHELLIS, ThiZIv~adA 7 g Ll
HMCERTY, FIHEZHENEE Lo F oI X 7Y Euphrasia yabeana 13 L L RO BN
HRNETHALEBbN/:, ZOT, b FadA 7Y eI aTA 7Y ORERF 2 RAA &
ThH, BOPMBDPEOLN/OT, UTHET 5,

Bt LR, eFad A7 v EABEILEMEORER (BEm2800m) KABT 5310,
IY~aIATYIE, ABEORE~BHER (BER1500m) - HE#7 HFOMFIR (BEH
1540m) - AFBEREZE (FEE1340m) ICEFT53DT, WINLEDEEEHA, i
=NESTEYREICE SN TS I EERENR & L,

FRHEZHED Euphrasia yabeana DFRFEEH AR T ERD L D178 5,

[ERZEMEIAPESEL, §33-8 cm, AVHESD Y, BEEE V., BIEKH, &
IO, B ELOROBY, SmidsiOF RIS D, A NERS S, T
mENC 2 {8, EO FmEICEET RV, EETEMASEY £/30NPE, &2 1-2 mm, #R 250
A E/23FAETRDERD, EEEERE VBHT 5, TEEEER TR 6-7 mm, TEIT L
BEXDREL3ZTH, AOLIIME, < RIIIPAE E/BIAREAY, 5RI3ME, &I
BHIERD S, BTIIHEHAY, MIcEZBROF216-18EH 5,

Euphrasia matsumurae {30 TWABR, ZEPEICIREII L, BLHMRFIIRVEAZ &
IZ&k->TRZA |

AN RELE T Euphrasia matsumurae AL TW5, LB LTWADT, &£
Euphrasia matsumurae » O WEHIFE 23 A7, Euphrasia matsumurae V32N 33 A 749 %
23 FaIATIOMERDY, NrEEE, AUk, BX, B, BAEZ EFICKFEE
M MOFRLED HEETH 5, 2%, ¥, BILEELDD, BIIARS 4L, W 13405
THb, vFradA sy Euphrasia yabeana TIIBEHR PMEATH 5813 N/ 3T 2 7Y
AT, EVCEOW L EELULTWBA, X, ¥, BRBEELXE, ZICiIAVEs), =
FIZEFELAHL, aN/aTATH L EEELRBETREZ-> TW5, ZICAVWHELD
D, B, X, BIREELRE, BIREELABTEIHELIIVY~aI ALY E. insignis
BHOEHETHY, bFadA /Y3 xht3E<OBBET—HTILDRH S, I¥<aTA
THEL, ERCBARBAICOAOTLABLE8HTH S, Lich->T, ABTRIv~aTA
THRELEREL, MO REEHE L, 5EFEMRIM 1T - 72,
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v > aIA 7Y Euphrasia yabeana.
YOI ALY E. insignis var. insignis.
(ca x4)
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IYRATATY L FaTA T RHE U FELEOMEITIRDO L D> TH 5, T,
Fno% Fig. 1 1ITR L7,

| IXYTITATY B e e I
E. insignis var. insignis Euphrasia yabeana

R O H E|HHE $EE E /-3 FIEH
O | EFOHEZETIISLHE EIOBIETITR L
& o =AW, S TRIET S | BRI, iR CTE LSR5
- NEDEEEHS, EAREETHS | WERESECHS
e () 8-10 mm 6-7 mm
D £ I
BE
; k; ifft TCERBLAREARAOLEY | SCREEBLVZLLELBHETS

ENICE Fad AT YIIEPEL, BEORLIIEE L, GELEEITICELZ > T, £
BREBILOECAEER T, B8, BERELA-LIATIAREDOREERE LE LD
N5,

Lk, B CTOBE L EARATHERN LERTE, AEEDRERERICAZSDDITIY~a
TAY LIZHALPICRR DB E b, ROMUEOSERH L L TRDOOLN, HERESL
ELTHbNh B I EDE ST aTATY Euphrasia yabeana #EEZ R HRNELDEE 2
5o EEND19824E, KRBT Licoyrad XA 7Y E. kiso-alpina b AEFEO a3
A7 E. yabeana 1L, WINSREREFICHEE Lo~ EE 2 Oh, 4R, HREMICKE
L7 R 2 T B,

BEHRE N -BIUEYREL B, IY<adA 7 LTRAShTVWAERICIIE
FaATATHDEA THEN,

Euphrasia yabeana Naka1 in Fedde, Repert 11: 33-34 (1912)
Furumi M., 1916 iz Bot. Mag. Tokyo 30: 137; Takepa H., 1935, Bot. & Zool. III: 1572,
t.5 1; Omwi J., 1956, Flora of Japan p.1055.
Nom. Jap.: Hina-kogomegusa
Specimen examined: Honshu, Nagano Pref., Mt. Shirouma-dake (KPM-87754)
Distribution: Mt.Shirouma-dake. Endemica.

2 A FaTr5Y

AL, DNREFUHERAETLAORNT, 193049 BICEFE THEIEEIEN T, HHzET
19274, 1932429 A, 19799 A 3EICH/ Y, RA—EMTHREIN:, HL<2rbHMbh
TWBETH 5, NRFHET, 1936FRTOIN FEEFIERT RS [FRE] 6 512,
Euphrasia inaensis H. Kompzumr 4 a2 I A 7 L &0, EABEELZHRLZ TROICREEL
7o RESLERILOREEILD 525, WEWFOEMPETH L, REHURXAREY T, A4 LT
755 T\,

EHRISI2FICHRE LBEA T, 1928 KHREMICAEERDZE A, vryvad
ATY EREINTz, TDEKRITI [ Euphraria multifolia WETTST. &% 3%, J. Ohwi March.
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1952] & Determination card 23 54, ENZEFFHEHREICIE (TNS55138) ShTWw5b,

L7eh o T, RHREBIIA S aTA 7By 7 vadA 7y eA—EERETRESY [H
At | (1956)1ICRF XN, V7 v aT X 7Y Euphraria multifolia WETTST. D43 AABIC,
BN P E BT, WHEE T~/ N\THELER LU (1962, 1963) L F-—FfE LT
B, TIHEFBO LONEE L TN, EFICHBAVWSGHATHS | LN Tbnb,
EHZIHERL D H19794F 9 FICHE L THEILEGEAN, FaR OEROREE A Z T 72
B, IHICHEAMO CEHRGIEE, TEIREAGN/IIED, SUNEOER &4 THE T A0
AL, RBFEROEZEFROBMAEZFM L7,

AFaATATHRIY 7 v aATATH NP EERE L TAD &, KOMETREZ> TWb,

£ FadATY VI aAg AT
E. multifolia var. inaensis E. multifolia
£ F R OB EBa4LE BJRAE
% ¥ | RfsME IPREFEFI & 12 XIE IR
(Fig. 2) | EMIEMICRE S ESies 5z I8 E7
e O & 2 8-10 mm } 6-8 mm
(F m | ‘

t % 0O & BECIEOTARCENASS | AETHEREEYHUS

BAMOBREIIRBHT, [ FadA 758, Y7 VvadA 7 9PRERETHS, 1T
ATA VI WBOBMMEICE < ER, PERNOBAMTIIA XV ¥IF, NyavF

AL
T

Fig. 2 A. A 333X Euphrasia multifolia var. inaensis
B. Y7y aIdA Y E. multifolia
(ca x4)
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2, VOEY, LYYV EOBRBEZBBILT, A7/ AXS, EAVE, WA
A, YAZA, TISHY, PEVN, 4 MRy, ko a4 E:yay, /¥
S5V, THEITFFERANI, FEIrIY, IVNVFTY, ATTHNF, TFAIV, UV
R, 7F/FIVYY, ZHFGREICRL-> TRLNT,

V7Y aAdA T HREWICAAFERICE 25, EUBEETE IV YESI, LA XV7,
IVIFUUT, LY AFROBERPEETSEAAFERT, VN, FEVN, ZAAF, 7Y
J P, EANS, GRARFY Y, Roang, FRILY, AFER, RANVFRANE
T EICRAELTRON,

A FadATZHRIEFCY 7 vad A7 HCELL AR, ERVUEEIRFEAY, 85
DOFEHRIT 3-4 B0, EMIBEMICKRL b, BURIIHELHE, BRIy 7 yadrrdick
NAXL, BATEX8-10mm Y, ABTIBICERYLD %,

Y7y adATY T, BERUCEEIIVREBIY £/, $i~SBEOJER 3-4
KHD, EHEHEEEIAR LS, TEREFRERSE 6-8 mm - T, 4 FI3ITATHIC
HARB NS, —RICEBRIEATHU S,

DLEHE L CE D1, MEFTELUL WA, ABRE, ¥BF, =, tdokEy,
T IR ERDB DB L AN D, FIRGOEREHIEH & L CaE# L7,
Euphrasia multifolia WeTTsTEIN i7 Mongr. Euphrasia 126 (1896)

var. inaensis H. TakaHASHI var. nov. (Fig. 2)

Euphrasia multifolia affinis, sed exqua differt, foliorum et bractearum dentes acutis, basi
cuneata, floribus majoribus.

Caulis 16-40 cm. electus simplex v. pauci-ramosus, Folia sessilia oblonga 5-13 mm longa,
apice acuta, basi cuneata, utrinque latere 3-4 dentata, apice acuta glabla. Calyx cylindricus
4.5-5.5 mm longus, lobis acuminatis. Corolla in dorso 8-10 mm longa, alba lobio inferiore
luteo-maculata. Stylus 6-7 mm longus. Antherae 1-1.2 mm longae.

Nom. Jap.: Ina-kogomegusa (H. Koimpzumi, 1936)

Typus: Honshu, Nagano. Pref., Shimoina-gun Hiraya-mura (H.TakanasHi, Sep. 10, 1989
KPM-81752)

Distribution: Nagano Pref., Endemica.

Specimens examined: Honshu Nagano Pref., Shimoina-gun Hiraya-mura (M. FURUSE,
Sep. 16, 1979. KPM-81750), Uriki-mura (M. FURUSE Sep. 16, 1979 no. 14090, KPM-81751).

3 BFIREYYXEFT/ITRYK

19894 IZ Y/ 7 AR Scrophularia musashiensis O HaFTN 57012, FIFE
DOHEMAEFN, TOABPWBLTHE L CE/cb2h, REEIERE, TEME & I3k
FICETERERD S LILK WO TREREYIHRSIE55ICTFRIOICHRE L T\,
PRBEYYFL T/ VAVRDODOWTE, SHE, EENB), B Rl s x5
&, AOBEARBES LT, HRINBIZEYEICERIN TOLER TR Lz, KB
DICAWIBEAREZHARME L SRILOBMAEZFER L, £OBEAZRE Lz, $1FR
BERFHEYWEEOFED DIIRSBEEDEAORM L ZT /2, HFEILH @EEE) I2onwT
B BATHIARFE D/ NMREN K EZED L, £0OERZHEL TEW:,



Fig. 3 a-¢c ¥Vt F /7 AVR Scrophularia musashiensis d, e. A 7YY FL I /7 AYVR S musashiensis var. ina-vallicola
a. WEBAERE. b, HHIARMA. c. EREEREL  d B-Rtl. e WHENBIIES.  (UITHEY)

DUADINYJ04IS PUC DISDAYGNIT JO UOISIASY
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FFRKEICABRNC, FVFbF /7 AR Scrophularia musashiensis & ¥ 5/ w7 AR S.
duplicato-serrata DFEFRIZ O\ TR 5,

YWt F /7 AV IR Serophulavia musashiensis OIEFIE, ERICAZEIVE L, TEM
124 B TAE~5 A LFEERICHKE, TERBITEX 9-12 mm, =< RIFIRERFE TTFEALK AL
EHNKEICHL 72D, BX8-12mm H-T, LF/TAVREIDKRE, [TLOFKL - B
S - FAAMBICR SN S e & - TWb & E N8, LK (1962) 1F, BR - K.
SEENDLRCEEN T, REBEORER - EHILE 2 GBI EOFRAILMIIC L 5M T4 L%
H|E Lo, LREARS (1968) BN/ WE R R ERMLSEIICA0MT AT EHLM
12 L7ce RMEAZEON—/NU T LICIE, BHBEZFEEEEHRT 250 m CTEUERKOFEIN
TEARD -7z, T/, BHEMGT THHEERICL > T, HAREHE TOFEMPBHOMIZIH
i

HUov I/ AR S, duplicato-serrata 13, TEFIZZEOLREICHERF 27/ L, BT
7~9 A, EFEFEX6-9 mm, < RITFFEFH, £ 6-7T mm, 3 VFLF /o AVRE
i3, TEFOHY, TEEIPEL, TEE, S RELNETHA I LICk> TEANTE S, AN

(BAS, EBLARE), WOE, SIS 5T 5,

KIS, FRBGETYFLF/ TAYRE, SHEOHTHENBIRCHEILMOY Y FL 5
J IRV RESNTHREE LB L TARICE A, RDXDICHRBNLZERBHL M- 7,

FIRETYF I/ T AYVRE, TEFREROTHI» 6 EAICW/A5LT (LIFLIEETF
HOERIIZIEF 2R L) 2%, HEOEFIZ DL b, HEI EHIZELITR, KEIC
INEAE L, ZEIEFHO 18 BmIc/ N L-BE LD, ERICIIELIDVEEFAHLT,
1~3TE% M5, ZEO 1 OBEM HHATEL, LIELITE L /INEE L-BSTE &
% (Fig. 3), 1EIZ 5 ArAE1 6 6 RIChiTre®, TEEEIMO BT EEIXHBET, 24
RO EEBEDIELE <, S RIIIPRHKE T, £IZEFANLLEWICHIL s TL S,

BES M A RLHEILHD Y F o F /) 7 AV IR TR, EMOIERO—I & Femic, % I3Eb
TFETER 7o %, ESORSEERFIC O 7-2ER, BERIC/NELT 288 E L - T\ 5,
(Fig. 3), kD, TEEFEH DO LET L EEIIHROD 5 /RBETH 5,

Dk, B LEDIC, FIBRETYFL T/ JAYVRE, BEE - R - TAILHCHE
WIROY Y FF /) T AVRE, TEFOOESRLIEREDOENRLLEMTH L I ERHEMNIC
sty

FHRFIC BT B Y FF /7 AYRIFIH, EHN, B8, S50, KBk
SR L, B 1000~1800 m DEREICA 2 5, Rk, VY FbF /7 AVIR Scrophularia
musashiensis \ZEAFH ST O/MAILMD 5, A TREBGOER, I HINEL AN THE
i, EHEREEEICKRS, BOTRMN ML T 5EREVVERT, L7 rv <7
FHIRIC G MMARE, 7x vV TFTERICHELT 7x v U7 FRMEFRE L TCEAS O
7o SEIOME THEBEOEMPBERLEZR LIV AN EERRRON/ L3, ok
F AV IREOGIEDOHETHONCT 5 LICERELRERET X L5, FIRBREOERICC
ORISR L AL C 5 7c D, SHBROBRECHARBE TH 5, EWIETERVR, —
DI RERN R & RN BERA D 5 L5 ICBbNh 5,

AT, ThaAFIYFedF / DAV REFML, FioEiEs L aEHd 5,
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Scrophularia musashiensis Bonati M. G., in Bll. Soc. Bot. France 58: 520 (1911)

var. ina-vallicola H. TAKAHASHI var. nov.

Scrophularia musashiensis affinis, sed exqua differt, inflorescentia totalis axillaris 1-3
florifera.

Inflorescentia totalis axillaris 1-3 florifera, sine terminalis-inflorescentia. Corolla 10-12
mm, longa 2-labiata, lobio superiore opaca virescens-fuscatus. Capsula 9-12 mm longa, 8-10
mm lata, ovato-globosa, apice attenuate acuta.

Nov.Jap.: Ina-satsuki-hinanousutubo

Typus: Honshu, Nagano Pref., Miyada-mura, Kurokawa-keikoku (H. TakAnAsHI, Jun. 19,
1989. KPM-81753).

Distribution: Nagano Pref., Ina Valley. Endemica.

Specimens examined: Honshu Pref. Nagano; Ina-shi, Koyasiki, 1150 m in alt., May 23
1981, T. BaBa (SHIN 101450-fl.); Miyada-mura, Fudou-no-taki, 1300 m in alt., 1981 Aug. 4,
1981, T. BaBa (SHIN 1101131-fr.); Miyada-mura, Kurokawa-keikoku, Jun. 19, 1989, H.
Takanasu (KPM 77736-fr.); Komagane-shi, Ikeyama 1300 m in alt., Jun. 20, 1981, T. BaBa
(SHIN 101369-fr.); Komagane-shi, [keyama, Jun. 19, 1989, H. Takanasur (KPM 77735-fr.),
Komagane-shi, near Shirabi-daira, Jul. 6, 1976, H. Takaumasui, Y. YokovaMa et S.
Maruvama (KPM 77732-fr.); Komagane-shi, Kita-gosyo-dani, Jul. 7, 1976, H. TAKAHASHI
(KPM 77731-fr.); Takamori-cho, Fudou-no-taki 1150 m in alt., Jul. 14, 1984, T. BaBa (SHIN
104352-fr.); Takamori-cho, Fudou-no-taki, May 29, 1989, H. Takauasu1 (KPM 77733-fl.).

o mE #H

A FHYFEeF /IR YK  Scrophularia musashiensis var. ina-vallicola

REE I/ NEE1150m, 1981 5, 23. BEHA A S (SHIN 101450-18) ; ‘& HAFTENE
1300m, 1981 8, 4. E¥H% A5 (SHIN 1101131-85) |, EHAMNEIES, 1989 6, 19. E5iEFH
B(KPM 77736-8%); B/ #mmiL1300m, 1981 6, 20. E#H4 X B(SHIN 101369-F5),
Eg~ 1R, 1989 6, 19. &#EFE (KPM 77735-RF) |, By R L & OPARA, 1976 7, 6.
H. TakanasHi, Y. Yokovama et S. Maruvama (KPM77732-85) | By i dbpT 4, 1976
7, 7. H. Takahashi (KPM 77731- %) ; BT AE)E1150m, 1984 7, 14. BHLEAE (SHIN
104352-85%) |, EHET A EE, 1989 5, 29. EBEFE (KPM 77733-78) ; SEHET (TNS
149206), AR /M)A (TNS 149212).
Y FXbeF /IR YKR  Scrophularia musashiensis

HAR HAmE/IBAHA, 1989 5,21, BslES (KPM 77727-1E) ; #BER MANE
MLRIRIL 1984 6,10 KA No. 84-769 (KYO); REP  HHEIL~K7x Sikk, 19855, 19.
/NESEERI (KPM 73231-1E) , #I56, 1950 5, 3, K¥BEZ (KPM 44851-78) , JKJIIET H R KH
11750-1100m, 1958, 7, 15 HiEzxE (KPM 50854, 50855-F5E) , LEEES, 1960 5, 8 R
Z (KPM 6024-7t) . NETFHESH, 19555, 3 A2z (KPM 44852, 44850-71%) , B4 EE
4, 1958, 6, 8 kg (KPM 44860-1, 44865-F5%) , ML E]| BRI, 1949 5,
22, }EEr (KPM 44854-1F) , &I, 1989 6, 3 &E#EHH (KPM 77734-8%) ; HER

28R FE 1963 4, 21 {4z (KYO), Chichibu Totugawa in Shiroku alt. ca 500 m. May
5, 1990 H. Ohhashi & Y. Tateishi(KYO); #Z)I[|R FEEFHT 1979 6, 29 K¥EZ (KPM
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flk22290-8%) HER KA EIMLEEHEBS 1990 5, I MhEA (KPM 77730), Ochiai,
Taga-cho, Inukami-gun. May 5, 1968 Kana Naca1(KYO), Mt. Ryozenyama Maebara-cho,
from Kaminyu to the sammit, alt 700 m. May 16, 1982 G. MuraTA-55620 (KYO), Kawachi,
Taga-cho, Inukamigun. May 18, 1969 G. MuraTa-20620 (KYO); f&HIE = HEREEHET250
m EUEK-22980, 1983 5, 22 (KYO).
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A taxonomic study of Carex leucochlora and
its allies (Cyperaceae) in Japan

Teruo KATSUYAMA
(Kanagawa Prefectural Museum)

Abstract A Taxonomical examination was made on Carex leucochlora and its allies.
Four species were recognized: C. leucochlora, C. discoidea, C. fibrillosa and C. lonchophora.
Moreover, C. leucochlora is subdivided into the six varieties: var. leucochlora, var. filiculmis,

var. aphanandra, var. morrisonicola, var. meridiana and var. horikawae.

BARET ZATFEHIEDLOTEET, CThETIEE L OEASEHFECHLUE ZH SN, #
Bz fToNTER, LeL, WERIZE S OEWHIEEINE T A50HET RSN TV
W, M) E B It E D DT E TOSRDOT A AT HOERRH 5, £ 2T, =
NETOREEDORMAEE TS L L HIT, TNHOERS, BAOBEGHICHLD, FEE
AR,

TAATFDOHZINE, T—APSUTBEATB—hV) T 14— C. breviculmis R. BRowN
F7203, FEBZA Ta—hU 5+ —O C. leucochlora Bunce 23V HNTW5, F—A b
SU7D C. breviculmis 3, KukentHAL (1909), FKIL (1940), Kovama (1955), JEssop
& WeBER (1986) 72 FDREMBIC LB L, Abovidi<, EEHEL (1-15cm), FEIITEE
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IDIFELLIEL, BEOEHFILRL, RRICBBEZLZRAD SO TH%, CHEIHAEDT -

FAFEO Y ORI LB\, Orwr (1936) % Kovama (1978) DLk > icfExE<L &6
2C, BTVTMbEF—A IS UTETOTAIATE 1 BIcE Lo, BASERFLN\NTT L
ALY AT FATFRE LDPROTWEEITE, BLEESINE C. breviculmis WA &
5. L, 4 T AARTFRAT A AT I ET A AT OBAGER RO L5546, BHARD
WA e T A AR LT C. breviculmis ZDHDOEFWAHOFEY LiX W 2w, REEIL
HAEWES11% p. 125 1 C. leucochlora DRFADORHEH > T\Wb, CNERD EBARED
TAEATFORBEREZENT R, LIcH-T, TAARATF MG T 5BEI121E, KL

(1940) = Kovama (1955) @ X512, C. leucochlora %\ 5DHHEX4 &% 2 5,

Ouwr (1936) IZEADT A% % C. breviculmis R. BRowN 1 BICE 2O TLE -7, L
ML, AT AY C. discoidea BoorT, &% 7 4 A7 C. lonchophora Ouwi, NI T 3 AT
C. fibrillosa FRANCH. et SAVAT. (TR — 31T L7c & D12, REOUEIMLOT 4+ A7V L
ZLCEREY, RANCEAZ i3\, A4 874 A% C. filiculmis FRANCH. et SAVAT., A7
F 2% C. aphanandra FRANCH. et SAVAT., =4 & 1A C. morrisonicola Hayata, A4 V7
F A4 C. meridiana Akiyama, I /74 A5 C. horikawae K. Oxkamoto IK—1, 2D



54 T. KATSUYAMA

FOCHEEBIRLLDB, K- 31T LOICRROBEICOWTRKRELENDER, £FD
How U 7-BEETRENPRESRBEE LB 55, THICEB LAALOTEIBERERICR LA L
S A TR ABFRETH B, F72, TAAT L AT A A7 IR UKD EIHIZH5HHd 5
Tk, AP TFAFIIACH AR > TH AT &, ZA XA ATFEAIMNFIDO K FEER/MD T S
B~ SUVBIIGMTH L, AVTITATREBREOESRLZORAICEZAT L, IV
T A A B NEREF R FORR0HMR LI IAILHAT LI e E, A2 ARERS
HICE—FDOEANRD S5, LichoT, CNOHEIXRNTTFATFTIBCELDTLED DITE
BRH 5, £ T, BLEIRROWENRILANIT AT, TXTEAAYT, CATF AT
ML L, A FTFRY, ATFARY, ZARZART, AVTZTRY, ILVTFATIEE
NENT AT OEBIMNEMTHOPELEE2 D, ChOLDORFIEAEERERERTRT,

A. REAOPRIZM S, Bbdin,
B. A O VidHE RV, THOBEDELIEL, RS THIEZLD LV LRVEE,
C. /I FEOWIIE L, REDOHMEINEICERE T 5. MR LBRBIC O LDERBRWT, HER LR
Ch7cE->TOE, P LR TORICITHP RESDD 5, '
D. /NFEIZ S HTE, BEICHE NI DT\, HETEOBF ICIIRVWOERH B e T xRy
D. /R ey D b,
E. 2@, < Bl W@, \ERICH R U R, MTEO# T OO Eidaw
...................................................................................................... /f ]\71—7\/7;
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E. #I KX XOETEAIL L, BMEICERE TS, BEICHNEEZ O35, HTEOBRFODE

giﬁ\(\ ............................................................................................. :_/( 5 7377\/7
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&A/Egﬂjf:f;p\ .................................................................................... K)‘Tﬁ"xf

A REICEKRSEE LIRALSEDB Y, BCELDS
B. Z b vEH I, EOHWIRABET, SLBEN1- TLHRILZV, REBEIR

<, %L"C%&é ...................................................................................... j‘j‘7z‘2bﬁ
B. At vEHT, EFOBIBAETY LERYD S5, RIQIIESE, BT LRERICKRS,
E@ﬁﬁﬁ%:ii% .................................................................................... INS T F RS

1. THRY, A Y TFRT, ATFRY, ZAZART, AVTXRT, S /TFARY

Carex leucochlora Bunge, Enum. Pl. Chin. Bor. 68 (1831); BooT iz A. GraY, Narr. Exped. Perry
II, 323 (1856).; FrANCH. et Savat., Enum. P1. Japon. II, 136 (1879); Kitacawa in Bot. Mag. Tokyo
48: 10 (1934); AkiyamMa iz Journ. Jap. Bot. 13: 653 (1937); Akrvama, Caric. Far East. Reg. As., 188
(1955); T. Kovama, in Acta Phytotax. Geobot. 16: 9 (1955); OxkamoTo i Bull. Okayama Coll. Sci. (1),
53 (1965).
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la. 7ARY

Carex leucochlora BUNGE var. leucochlora

Carex breviculmis (non R. BRowN) FrRANCH. et SAVAT., Enum. Pl. Japon. II, 136 (1879);
SucimoTo, Keys Herb. Pl. Jap. II, 168 (1973); Kitamura et al., Colour. Illust. Herb. Pl. Jap.
(Monoct.), 273 (1964); KaTsuvyaMa in Fl. Kanagawa 1988, 374 (1988).

Carex breviculmis (non R. BRown) Ouwi, Cyper. Jap. I, 353 (1936), et Fl. Jap. rev. ed., 264 (1965),
et T. Kovama, Fl. Taiwan V, 335 (1978), pro parte.

Carex Royleana NEgs ex WIGHT, Contr. Bot. Ind. 127, (1834); A. Gray, Bot. Jap. 417 (1859);
FrancH. et SAVAT., Enum. PL. Japon. II, 138 (1879); Axivama, Consp. Caric. Jap., 135 (1932).

Carex breviculmis var. leucochlora MaxiNo in Bot. Mag. Tokyo 10: 320 (1896).

Carex breviculmis R. BROWN subsp. Royleana KUKENTH., Cyper. Caric. 469 (1909);

MATSUMURA, Ind. Pl. Jap. II-1, 102 (1905); MaxkmNo et NEmoTo, Nippon Shokubutu Soran, 91
(1925).

Carex akiensis K. OkaMoTO 77 Bull. Okayama Coll. Sci. (1), 53 (1965).

LERICHEL, B3 15~50 cn ICET 5, EMOWIBETOPLHRED D, HLx5 Ll
FECHML, A PEVIEHEIEY, EZEZLIFERET, @2~ 3mm, EPNFEIIHEET,
EROEEDIFEER, ES1~2cm, {I/NEIT2~3@ET, M, TWcELLTOE,
EEICEFEEL, RS 1~2cm, B3 ~4mm, BEIMEZELABZTLETLLEL, 1TEA
CER, RERICHEINEAY DT A I3, IEOBA ICRWERD 5, FRICIITEAR IR
BHY, £ 25~3mm, BOHKELDD, (K—1A, N—3A)

ABFERBVLOORFNIBSETHAH, £BEREVDOIEES 10 cm UTFDIDLHY,
CDED O TREENGE, MIFEEDITNIL B FTEATRAT AT & DR I 5
L%, 4 b TAAT &L, MIEOBR OERKENRNC L, BT EA BRIV E
TR B, AT ZF AT LITIBEICHENEEZ D72 & TRAIT 5,

RILERAZICREINTOAMABTRDT F 74 AL SN TWAELR (RERMEMK
AERFHE  alt. 180 m, May, 24, 1961, fAZ, No. 4201, 4207, 4208) %, WIFnb 74 A
FPOEBOBNLDTH- 7, L72MH>T, Oramoro (1965) OT F7 4 A% C. akiensis
i, TAATFDOYV/ ZhEE 2 B,

)R T3 Fsthh b EERICHT TOZHSEMICERICRONS, LIXLIE, 274
AT ERET DB, AT E AT OH BRI RE N,

X — 4 IS ESTEWEENROERIC L AT T AF OS5 fikrd, BERMAUBEICE <,
wAtt ISR SABED S FITEE T ERWD, AW ED LT b LB b,

1-b. 4 NTHRY

Carex leucochlora BUNGE var. filiculmis (FRANCH. et SAVAT.) Kitacawa in Bot. Mag. Tokyo
48: 10 (1934); T. Kovama iz Acta Phytotax. Geobot. 16: 9 (1955).

Carex filiculmis FRANCH. et SAVAT., Enum. Pl Japon. II, 137 ef 563 (1879); Axrvama, Consp.
Caric. Jap., 136 (1932); Axrvama iz Journ. Jap. Bot. 13: 656 (1937).

Carex breviculmis R. BRowN subsp. Royleana KUKENTH. form. filiculmis (FRANCH. et SAVAT.)
KUKENTH., Cyper. Caric. 470 (1909); Makmwo et NEMoTo, Nippon Shokubutu Soran, 91 (1925).

Carex breviculmis R. BRowN var. filiculmis (FRANCH. et SAVAT.) SuGIMOTO, Keys Herb. P1. Jap. II,
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168 (1973); KaTsuvama in Fl. Kanagawa 1988, 374 (1988).

Carex breviculmis R. BRowN form. filiculmis (FRANCH. et SAVAT.) T. Kovama, KITAMURA et al.,
Colour. INlust. Herb. P1. Jap. (Monoct.), 273 (1964).

Carex puberula (non BooTT) AKTYAMA in Journ. Jap. Bot. 16: 99 (1940); Axrvama, Caric. Far
East. Reg. As., 189 (1955).

Carex breviculmis (non R. BRown) Oawi, Cyper. Jap. I, 353 (1936), et Fl. Jap. rev. ed., 264 (1965),
et T. Kovama, Fl. Taiwan V, 335 (1978), pro parte.

SEICHSE SN, B2 10~30 cu, FHIC50 em IZEST HHD LB 5, FETEILL, X
0L, 1B 1~2 mm, EHOWIT A AT LD LRRBAE Y, A PO VITH SR
W, HENEITRE T, EICEDOTEL, BE35~20 mm, BIZAFTOBRVWLOTH 1.5
mm iz 7\, ML 2~3 , R TOIDOTREE 5~20 mm, fEHIIA7R<EVEW 10
EETTH 5, BERIEELD DEL, ZFOLDICTECDAHLLHAD 5, @, BE
WCHE NI DT v, MICAE LA 45, MIEOBF OT=IEE Y, REOIRIT AR
T, £325~3mm, BOILELHS, (K—1B, M—3B)

RERICHE N E DI 5 E AT AR ZAART ERBIDEREEIT b, AT 4 AT LT
TEOBF OERRNC L, BEMEELD IBW L TRT S, A ZART EIEEIM
, fEEE EBICENLTAHIETRINT S, A FAATOEIKREZZOENCIENIA L, HE
ICEHL TWADTENTHAERZICRIITE 5,

A YT A ATEAFT IR > ToHAT5LDT, MBEOTFATIZIFEEAECOEBETHS

(K—4), BAEFHLUBTIILDO Y UELL T FHOEMICE 2, EMICEZ AT LIEH
TH b

AR TIIHEILHSLLEICER 6N 52, BFNEBLECHE TIERT IV T4 A
Frunbbb, LNPRREDOERIIZZ R LR,

FKIL (1940, 1955) 134 + 74 A7 C. puberula BoorT Z T\ 5, C. puberula O3
A=AV T4 —IFETHTH S, FRETIEA T AT, REUZ EOFHICEL,
E#TRONSZ &3\, Boorr (1856) @ C. puberula OILE TIL, K DN T,
BEPEVWI EDBEINTVS, JHE, 4 FTF AT TRZL, BT 54 VT HATDOW
Il CwW5b, FETEMTICEA Y T AT BEESTLHDT, C. puberula 134 7 F A7
O LB 5, L7ch-> T, 4 T FATF ORI var. filiculmis #8HB L7z, C. fili-
culmis FRANCH. et SAVAT. DX 4 70 —h 1 54 —3EETH 5,

Ouwr (1936), k3 (1965) DA FTFATIZC AT A A5 C. discoidea DT ¥ T, KX
BTz,

i, FWERNBEPEEIBETEREIL, 4 FTAART AT I AT IO > T LT -7,
COHEMEY T, FTIELA,

l-c. ATHRY

Carex leucochlora BUuNGE var. aphanandra (FRANCH. et SAVAT.) T. Kovama i Acta Phytotax.
Geobot. 16: 10 (1955).

Carex aphanandra FRANCH. et SAVAT., Enum. PL Japon. II, 137 ef 564 (1879).

Carex breviculmis R. BROWN var. aphanandra (FRANCH. et SAVAT.) SucimoTo, Keys Herb. P1. Jap.
II, 168 (1973); KaTsuvama in Fl. Kanagawa 1988, 374 (1988).
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Carex breviculmis R. BRowN form. aphanandra (FRANCH. et SAVAT.) T. Kovyama, KITAMURA et al.,
Colour. Illust. Herb. PI. Jap. (Monoct.), 273 (1964).

Carex leucochlora BUNGE var. longearistata (KUKENTH.) KiTaAGAwA iz Bot. Mag. Tokyo 48: 11
(1934); T. Kovama in Acta Phytotax. Geobot. 16: 10 (1955).

Carex breviculmis (non R. BRowN) MakiNo iz Bot. Mag. Tokyo 10: 319 (1896).

Carex breviculmis R. BROWN subsp. Royleana KUKENTH. form. longearistata KUKENTH., Cyper.
Caric. 470 (1909); MaxkiNo et NEmoTo, Nippon Shokubutu Soran, 91 (1925).

Carex breviculmis (non R. BRowN) Oawi, Cyper. Jap. I, 353 (1936), et F1. Jap. rev. ed., 264 (1965),
et T. Kovama, Fl. Taiwan V, 335 (1978), pro parte.

Carex geihokuensis K. OkamoTo iz Bull. Okayama Coll. Sci. (1), 51 (1965).

Carex mitrata FRANCH. var. bingoensis K. OkamoTo iz Bull. Okayama Coll. Sci. (1), 49 (1965).

SRRSO 2L, B 5~20 cm, KELKIEIEAZ, A PR VidH SRV, ETET
L, fEELDE00EL, BIIAE 1~2mm THAHD, Hcdmm KETHLDOLH 5, H
INEIZEE TR & 5~15 mm, ME/PFEE 2~3 @ T, B3 1~2 @3 FcERL, X TD
1 EREBRICE LS, BERTEELAST, BVWPHALLEEID 5, MIEITEIEE O,
EX1cem HUT, IEOBHF OTIRIRYV, READIRIETHEE T, £32.5~3 mm, BHICE
BdHb, (M—1C, —3C)

MRICAEZ 5 DR ERICHEE T, EREZELDDELIRLSZD, MIEOBFOTEDL LY
EL B2, CDEDBDN ) T A A C. breviculmis subsp. Royleana form. longearistata
KUKENTH. T, TNbATFATFOEROHMA L E 2 5,

o, MUBBAZIIREINTOAMABRRD S A K7 A S TWAER (RERILE
BRI BT =Bk 600 m, May, 24, 1958, fiA#, No. 205,219, 230; K& RA(AERHRALIL 600
m, May, 29, 1960, A%, No. 744, 799), RUEVIZAHAAT L INTWAHER (EBERHK
PEERH B ETE BRI 400 m, Apr. 30, 1960, fIAZ, No. 1034, 1085) [T\ FNd AT H AT
Hotr, L7zAs T, Okamoro (1965) D4 A 37 A7 C. gethokuensis, Y/ 32X 7 A4 C.
mitrata var. bingoensis (2 & LICAT T AT DY /) ZhETx b,

R (1990) © ‘7Y AEEE 1, REOBO— DO I&MICMARELS, MILF
DA T F AT OMAPEL BT LIZEBRLHER L T0HH, TNESHIRBIRDBZ Y,
MOFEMD DI SFIMABEL DL ERBAHLDT, TNLATETATD1IHEEZ B,

AN ELEEOF D HEILUHIC SR LT\ 5, ¥, C. aphanandra FRANCHET et SAVATIER O
BATa—=AV T 4 —IFERTH 5,

BEEICHE Y L DT 57 XAV BICEIAREBOMIC A RARY, A VT ETATHBD
Do AVTAAFEORHNIEETNEA PO VOEE, ZRPEOILOXAGTHKTE
Bo A XAAT EOXNIRLRETH 50, BHABELTHI L, BIEOBAF OTREWT
L CRAT B, 4TI/ XA RS C. mitrata FRANCH. var. aristata Orwi 28[ U & 2 7% Fr
KAEZTWNT, BRXINALBIENRE, /TAAATEAAATOERLEEINTWAR, XA
AY & AT A A OFREEEDO LD THS, ChiIREP—EVMEL, BETHALT L,
EOBICEBEORSAEETHHI ETRITE S, /7 XA HREICHEMEZ 2
BT EMBHEN,

57
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1d. =4 FAhRYT

Carex leucochlora BUNGE var. morrisonicola (HavaTa) KATSUYAMA comb. nov.

Carex morrisonicole HAYATA, Mater. Fl. Formos., 387 (1911).; Axivama, Caric. Far East. Reg.
As., 186 (1955).; SucimoTo, Keys Herb. P1. Jap. II, 168 (1973).

Carex breviculmis R. BROWN var. morrisonicola (HAYATA), KATsuvaMA in Fl. Kanagawa 1988, 374
(1988).

Carex breviculmis (non R. BRownN) Ogwi, Cyper. Jap. I, 353 (1936), et Fl. Jap. rev. ed., 264 (1965),
et T. Kovama, Fl. Taiwan V, 335 (1978), pro parte.

LR, B 4~10 cm, HEMKELRRICEAD, A PR VTRV, BIAKEIDEN
AL, BB 2~3 mm, & &EIC4mm [ZEL, BY¥TE05L0 ICHEICRHET 5,
EZEARIABRITHICII TR DIC L s, BMEZDNS V. HE NI 2~3 @ T, 1~2 @ik
INEICER L, PO 1 EIBEBRICEL, BOWARD S, MEDFEIZBERSICI0TEUA, HEED
BRIITIEV, RIS T I ATROAT AT LT EAERLUTH S, (—1D, M-
3D)

AMFMOEICKPUOTFHELLYSEVHICELZS (M- 4),

ZA ZARTIE Havata (1911) BEBOELUOIDEZ A T LTERELZZLDTH 5,
ERAFREMAEREEC, Tho LVWBBEOBEARND LM, Ba/eh bIEENZ Vv, &AM
FEHOTFEP O Y SEVEICAEZAHNOT & A IIREICHE NEEY O, MEEOR O
DBFEV, Ih5id Havata (1911) OFE&H LKL (1955) O & k< —FT %,

AT FAFRA ) T AT THLRBICHE R D A2 &, BROMELT LAY, A T
FRAY, ATZT AT EFEAERFITEILZWDT, A XAATF LT F AT OERE L LR
THDPHELBELE 2 5,

WEICHE R A D 5720, B (1992) CTHLMIZ LAk D1, LiIZLiEngr LAy
LBEREINDH I EDDDH, AINFEHORFHEMLED GMESNTWBENT 7 VAT EE
NHT VAT EAREREBRLILOB LW EEbNh 5,

le. AV THAYT

Carex leucochlora BUNGE var. meridiana AKTYAMA i Journ. Fac. Sc. Hokk. Imp. Univ. ser. 5-3:
268 (1935).

Carex meridiana AKIYAMA 1n Journ. Jap. Bot. 13: 652 (1937); Axrvama, Caric. Far East. Reg. As.,
186 (1955); SucimoTto, Keys Herb. Pl. Jap. II, 168 (1973).

Carex discoidea (non BooTT) sensu KaTsuvyama iz Fl. Kanagawa 1988, 376 (1988).

? Carex puberura BooT in A. Gray, Narr. Exped. Perry II, 324 (1856).

Carex breviculmis (non R. BRowN) Orwt, Cyper. Jap. I, 353 (1936), et F1. Jap. rev. ed., 264 (1965),
et T. Kovama, Fl. Taiwan V, 335 (1978), pro parte.

S 5~20 cm, EIOMIB/AETRLRREDD, LITLITEESRA rovE4 L5, &
REET I AT ESICT T ohkkv, BEHFFTEZL, XL L EL, E1.5~4 mm,
HENFEIZARE TR S 5~10 mm, M/NFEIZ 2~4 BT, THOLDIID LENTOE, LIFTL
W BEBRICHE DT B, BEIEZELVDE LBV, H/FIIERID <, 107EL
Mo MEFEDEBERF DTEITHE NV, RIIZEX 25~3 mm T, Bt LEAEN, £5<7k%, £
DIRIZRRK WA, BiID7%<, BFIHELTHS, (K—1G, K—3E)
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B OMREES, ZOBEADARDOAE, BiBREETEHEOBMNL LItz 5, £2 55
BICX-oTRA MO VAHZWI LB, MOT7FATFEREILRLTWA, BEDF5O0
TWCk, BEMMEELIDLELIRWI L, MIEOBF OTEPE W & & TRYITE 5,
MICAROVPELS E, NITFATEREAINED, NITFAFERIICK < HEZIk
BEREBY, BIBITEZ TS,

FKIL (1937, 1955) (3RS L THh->TW5D, BREAOHEIINTTIAZEID LT LA
TAATICENDT, TEATOEBEE UTEE L/,

M, FRIEMEWEEIIB8 TEEN L AT A AT L L DRABETH > 72,

Bk L7z & 512, Boot (1856) O C. puberula 754 V7 AX O EEMIT B 55, FERT
X7\ DT, var. meridiana # R T %5, C. leucochlora var. meridiana Akryama @ Iso-Type
IHEFEKFREVTEREICH O, R TS (FEKETTH, 1933, 3, S. AKIYAMA),

1-f. 3w THRY
Carex leucochlora BUNGE var. horikawae (K. OkaAMOTO) KATSUYAMA comb. nov.
Carex horikawae K. OkamMoTO in Bull. Okayama Coll. Sci. (1), 56 (1965).
Carex leucochlora BUNGE var. sefouchiensis K. OkamoTo in Bull. Okayama Coll. Sci. (1), 56 (1965).
EHICEDLOTHIL, mE15~40 cme, £24 L, A PBVIGAE Uk, EHOT
R, FIEZELD ML, 1B 1~2 mm, FEDEITHENE T, EELRABD, RETEX
5~10 mm, UIXLIEKBEAXHFT5, /L 1~3 [T, HE, EWICENTOE, HE
DIEHE DT 5, BOEHITFRMTEA LR, BVWDEEL#HAD S, MIEOBF OT=I3E
, LERXRHB/EETHSH, RIBIZTAATRA P TAATF L, K&, ROFETFIZLL
PUTWBER, BIZEDOHLLOBE, (X-1F, -3 F)
CAHT AT BEZ D LD R Bk LIRAREBICA 2 5, FABRRICEL, BNE, RE
BOLDTEND LWEADRD S, RENZIEOFTICHL LD THAS D,
BRITAATFEHEWD LD 4 PAFITETW S, (Z UL 4% 2720, Bliis
DERMICKERENRZWC &, DMNEPEWICERALTOL M T LT ATFOHRELIZ LA
FRAITEE T LEDI 0D, ChATFTATO1EREE LTEETSZLICL,
ZATO—=AV T 4 —RBIEERDEETH 5,
FILEHKFZICRESNTOWAAARFTRDOY FUF a7 4 A% C. leucochlora var.
setouchiensis & INTWAEA (ABRLZEEMVEETETEL 100 m, Apr. 1, 1958, A%, No.
425) R IV TFAS TH -7

2. EATHRY

Carex discoidea BooTT in A. GrRAY, Bot. Jap. 419 (1859); Axrvama, Consp. Caric. Jap., 137
(1932); AKIvAMA in Journ. Jap. Bot. 13: 658 (1937); Akivama, Caric. Far East. Reg. As., 190 (1955);
K. OxamoTto iz Bull. Okayama Coll. Sci. (1), 56 (1965).

Carex breviculmis R. BROWN var. discoidea BooTT, Illustr. Carex pt. 4, 181 (1879); MaKINO iz Bot.
Mag. Tokyo 10, 320 (1896); Ounwr, Cyper. Jap. I, 356 (1936); Onwi, Fl. Jap. rev. ed., 264 (1965);
Sucmmoro, Keys Herb. Pl Jap. II, 168 (1973); Kitamura et al., Colour. Illust. Herb. Pl. Jap.
(Monoct.), 273 (1964).

Carex breviculmis R. BROWN subsp. Royleana KUKENTH. form. discoidea (BooTT) KUKENTH.,
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Cyper. Caric. 470 (1909); Maxino et NEmoTo, Nippon Shokubutu Soran, 91 (1925).

Carex breviculmis R. BRowN subsp. Royleana KUKeENTH. form. aphanandra (non. FRANCH. et
Savat.) KukenTH., Cyper. Caric. 470 (1909); MaxiNno et NEmoTo, Nippon Shokubutu Soran, 91
(1925).

Carex leucochlora BUNGE var. discoidea (BooTT) T. Kovyama in Acta Phytotax. Geobot. 16: 10
(1955).

Carex perangusta Ouwi in Mem. Coll. Sci. Kyoto Imp. Univ. ser. B 5: 273 (1930); AxIvama,
Consp. Caric. Jap., 139 (1932).

LKIZER L AT, B 2~25 cm, EMOMIRBET, MIKKRVAFEVERHT,
HIIMHEE L DRRE L, 18 0.5~2mm, ENFEITHSE TS, £ mm T, A/ 1~2
BEITHEME T, IR TIEEDBEIC /o E > T2, 1 DO PMERDOTEREE & D7 WAEIC D
o BERMEELID L EHLOTEREL, FEA VER, EIEOBA ITENE Y, RIQGMOT
AL D AFELLPEL, BE1.5~2 mm, FREFHEL-EHIR2AH D, MEZ2EBET 5,
(B—21, J« B—3 1)

REPOBALE, MEERICOMT S, /720, MKICIEES 2~5 cm BEDO 2D TH
WRLORBHY, THOREIIFIEAFERT, RS15mm BELIEV, JOLD74D
DHEC AT F AT O &% % 72,

FRUADH TN EDC AT A AT DREIATFATRA VT A AT EDOBEIPEZ LN
DT, EAEZHERTHILEDPDH, L AT X AT OFRBITHE (1896) HIERED b DI
DF 7= DT, ERAFBEREREICIT TC. breviculmis var. discoidea BoorT Y A7 F
2% (FiFs) T. M. LR/l EEDOEARD 2 AN T\ 5,

LIZLIE, BRERRRPBABEDOV AT A A LB 5 DI C. aphanandra MEFAINT
WA ERBHA, FL (1937) HEEML WA KD, C. aphanandra 1% FRANCHET et
SAVATIER (1879) BFBOLDE XA T L L TERBMLAZDDT, HRPLEABDOL AT I A
FIZHWADIZERD ThHbH, M, C. discoidea Boorr DZ A 7O —h 1) F ¢ —3FERTH 5,

3. N\NIYTARY

Carex fibrillosa FRANCH. et SAVAT., Enum. Pl Japon. II, 137 ef 564 (1879); Axrvama, Consp.
Caric. Jap., 136 (1932); AkrvaMa iz Journ. Jap. Bot. 13: 658 (1937); AkrvaMma, Caric. Far East. Reg.
As., 190 (1955); K. Oxamorto i Bull. Okayama Coll. Sci. (1), 52 (1965).

Carex breviculmis R. BROWN subsp. fibrillosa (FRANCH. et SAVAT.) T. Kovama iz Fl. Taiwan V,
336 (1978); KitaMURA et al., Colour. Illust. Herb. Pl. Jap. (Monoct.), 273 (1964).

Carex breviculmis R. BRowN var. fibrillosaa (FRANCH. et SAVAT.) KUKENTH. ap. MATSUM. et
HavaTa, Enum. Plant. Formos., 493 (1906); Ouwi, Cyper. Jap. I, 356 (1936).; Ouwi, F1. Jap. rev. ed.,
264 (1965); SucimoTo, Keys Herb. PL. Jap. II, 168 (1973); KaTsuvama in Fl. Kanagawa 1988, 376
(1988).

Carex breviculmis R. BROWN subsp. Royleana KUKENTH. form. FIBRILLOSA (FRANCH. et Savat.)
KUkeNTH., Cyper. Caric. 470 (1909); MaxkmNo et NEmoTo, Nippon Shokubutu Soran, 91 (1925).

Carex breviculmis var. puberula (non BooTT) MAKINO 72 Bot. Mag. Tokyo 10: 320 (1896).

Carex leucochlora BUNGE var. fibrillosa (FRANCH. et SAvAT.) T. Kovama iz Acta Phytotax. Geobot.
16: 10 (1955).



Carex leucochlora and its allies

T A ATEO P TIRHENE - 20D LRI NTE/ALDTH 5, HRROFEMIZENE 4
BHo TAATEODXFIEITA PO VERT I ELIMNIHEVMNENTWEWA, NI T A
FORRIE3~35 mm L0 EEHDKREL, K THERRAZED D, EREEL TS
BT, TAATFLEKELELS (K- 3H), RIEPRTEEACEHTL L, Bt LR
RADERBBEZE LB HZ LRV TH 5,

CNBEDFHERTT A ATEOMOER L 1ZIT- &0 LXFTES, Kovama (1955) (38
FAOMENEL S Bx AP, TFATFLOBICFEEADB D, LIRS WE LT
He UL, EZIINETTICA MO VOFRERT Tk, BRomEEcRWE, 7427
XN A & D 7 RIOERE R-C L3\, Lch-T, N\NITFTARATFET AT L
THEYICEZS LD EEZ A,

AN AR O 2 OB HROBMADIICAE 2 %, C. fibrillosa FRANCH. et SAVAT. O
ZATO—R) T 4 —THEAETH 5,

4. FXTHARY

Carex lonchophora Ouwr in Mem. Coll. Sci. Kyoto Imp. Univ. ser. B 5: 274 (1930).; AKIYAMA,
Consp. Caric. Jap., 139 (1932).

Carex leucochlora BUNGE var. lonchophora (OHEWI) AKIYAMA in Journ. Jap. Bot. 13: 656 (1937);
AxryAMA, Caric. Far East. Reg. As., 189 (1955); T. Kovama iz Acta Phytotax. Geobot. 16: 10 (1955);
Sucimoto, Keys Herb. Pl. Jap. II, 168 (1973); Katsuvyama in Fl. Kanagawa 1988, 374 (1988).

Carex breviculmis R. BROWN subsp. lonchophora (Oawr) T. Kovama iz Kitamura et al., Colour.
Tllust. Herb. Pl. Jap. (Monoct.), 273 (1964).

Carex breviculmis (non R. BRowN) OuwI, Cyper. Jap. I, 353 (1936), et F1. Jap. rev. ed., 264 (1965),
et T. Kovama, Fl. Taiwan V, 335 (1978), pro parte.
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K—1 A: 7425 C. leucochlora var. leucochlora B: A 7 % A% C. leucochlora var. filiculmis C:
AT & A5 C. leucochlora var. aphanandra D: =4 % 51 24 C. leucochlora var. morrisonicola

E: 2374 2% C. lonchophora F: It 74 A% C. leucochlora var. horikawae G: £ )
T Z& A% C. leucochlora var. meridiana



Carex leucochlora and its allies

M—2 H: \N<T7A A7 C. fibrillosa T: ¥ A7 427 GREREQNDLD) C. discoidea J: ¥ A
7TF 2 (HERAE O S D) C. discoidea. A% —)L1E10cm.
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TAATEORR A T4 R4 C. leucochlora var. leucochlora B: 4 F7F 247 C. leuco-
chlora var. filiculmis C: A7 4 24 C. leucochlora var. aphanandra D: =4 % 5 245 C.
leucochlora var. morrisonicola E: A ) 7 4 2% C. leucochlora var. meridiana F: It/7
A5 C. leucochlora var. horvikawae G: F# 7 4 A% C. lonchophora H: N<T 4 24 C.

fibrillosa 1. ¥ A7 4 A% C. discoidea
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K—4 MENEIBYENBRERZLS T A ATEOS M, $§XTOS5MERLTWASDIFTidk
WA, —EDMHF A1 B,

7 & A4 C. leucochlora var. leucochlora

A v T F A% C. leucochlora var. filliclmis

AT & A% C. leucochlora var. aphanandra

= A ZHhAH C. leucochlora var. morrisonicola

It T A A C. leucochlora var. horikawae

Oru>-e
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Communal care of offspring in captive marmosets and tamarins

Hiroko Kupo-HIROTANI & Tomoo YOSHIMURA
(Kanagawa Prefectural Museum ; Japan Monkey Centre)

Abstract Infant-carrying behavior of parents and older siblings was observed in the
captive groups of red-handed tamarin (Saguinus midus), black eared marmoset (Callithrix
penicillata), and white-faced marmoset (C. geoffroyi). For all these species, group members
other than mother showed infant-carrying frequently. The pattern of division among group
members was various corresponding to the group composition, especially to the number and
age of older siblings. Among older siblings, elder siblings did carrying more frequently than
younger ones. No particular bonding was observed between the infants and the care-taker.

As the infant grows up, care-taker’s interest to the infant decreased but their rejection
increased. On the other hand, the infant continued to depend upon the care-taker. So, there
occurred frequent conflicts between them. Parents and elder siblings tended to carry the
twin together. Duration of twin carrying was longer than that of single-carrying. These all
results were discussed from the viewpoints of body weight difference between infants and

care-takers, and the burden of infant-carrying.

T L & (C

N OFMRETF I ThH A< —Ft v FBF (Callithrichidae) OfElL, HEVWEREOFTYL
BEUAOBGABTREZHEBEICTAIETHONTWS, COLORBERTBEREIRE
BEORRIZ, BEOKEICH L THERDGKESPZVENI L THHEEZLNS, K1
1V 2— (1) O&FE L RBEOREDORER LD, ~—Fty FROIE (K73~
<—Fty b, TEVYI—FEy b, TERIVNAVYV ) ORI FHYINEIOTILREA
BEOREIDIEIC LD, WFHAWEES>FLULELWSEFELWSHEDL, HERYT
WOELIC W T RANZ/ N L7c < —E 2y FRIOVILA, HRICKERTF ES2REE
ICEL-DOFEL LT ZRICEL L TE/ALLDEE 2 BN T\W5 (LEUTENEGGER,
1973), B ETORRAXT L TAHEOICE - T, BODOKED20XICbHrH4ER (118
) ZE2ETOEAFT TN T &3, FFICKERARICRS, EBRDRVERHLOAX
Bz UNOEGHRERZGETAHZE1E, FERODERICE-TEETHASEELZDLN
b, Y—Fty FBIOBORTIO L% [EABR] I, iooa——rkttalsE GEX
FKiEH 2o—FEHFR) LOBEASLERIN TS, FEROE 1 DX WAESOEEEE
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x1 ABERBEICBI 2 HEFLBBOGEL (Kleiman, 19775 1)

BE fF& BEAERHAE AR R
(g) (g)

EYI—<—%Fky b 2 186 145 Q. 22
JEVIT—F+Ey b 2 25-30 220 0.28-0. 27

28 262 0 211
TIRIYNYY 2 1 35—-45 510 0. 14-0.18
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u—-3vFIY > 1 2040 75000-110000 0:.02-0;:08
& G UY—gY 1 1300-1600 37000 0.04

PH N7 EE TRTFRITHRLLBUNO L AL AE RITEBOHES, TNENOMEE
(LB BEH T 5 L ZmIn w5 (KLemvan, 1979; TERBORGH & GOLDIZEN, 1985; GoL-
DIZEN, 1987; ABOTT, 19897% &),

A/ T, ABEFTOY—Ety b, ZUVTHEIN/CE RTETEHO—EIESE R
L3k, BROBITBHORIABRNICHEL 52 HHEROBRRZ1T55, FIZ, 1HOBR
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IC7z o7z [ 2 ERIKE R OER AR OICHIT LIBREMETSH, CNOLO/BREREL
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x2 BRIHOBERNS
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<1>3093T,DF 297
THFIRY Y P £, R\ 1 (14) 0-53
(Saguinus midas) 25 (5)
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SHEEE6 WAy O HA
—Ety b (FR)




Communal infant care in marmoset & tamarin

LB B BHD (BROowN & MARK, 1978), CC TIIFARAI VD EE 4D T
% “carrying” *BRTEIEL L, ZOMOBRTHOBEHERIINEDS HROAKICH NS
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T —XEOHENL 2RI T BN 5,
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EoELTNA, K3 TE
SRR LT EDB L,
EEDRRVDENT I —SIF
FHEOB RERIME,
FAHLSHCERERD & &
D12V CBERT, BIROE
ERELDAIC L > TED
EBIDODPERbBL, YOI
V=7 BNTh, ZDEBD
HEARE ORI EERY
BT T0AH T B
hole (K4), T/, F4E
BOEHIOB AT, ¥
QAT —FEy FOXD
IZ, BBOENEDOTH LS
BREZLTWAD, HIAERD
BEE LB, EROELD

73



74

H. Kupo-HiroTANI & T. YOSHIMURA

Pattern of infant transfer
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a Attitude to the Infant
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A Note on the Japanese Sea Lion, Zalophus californianus japonicus (PETERS, 1866),
Living on the Coast of the Miura Peninsula, Kanagawa Prefecture

Kazue NAKAMURA
(Laboratory of Zoology, Kanagawa Prefectural Museum, Naka-ku, Yokohama 231)

Abstract  From pubulished accounts of the Edo and Meiji periods, Japanease sea lions
(Zalophus californianus japonicus) apparently once lived around the coast of Sagami and
Tokyo Bays of the Miura Peninsula, Kanagawa Prefecture. Sea lions of Ashika-jima (so
called sea-lions rocks) in the Miura Peninsula might not been disturbed by the native people,
while they have been hunted by guns at least 100 years since 1720 by the government officers
from Edo. They may have finally disappeared until the end of Meiji period although the real

cause of extinction is unknown.
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A Peculiar New Species of the Mordellid Genus Glipa

(Coleoptera) from Yakushima Island, Southwest Japan

Masatoshi TAKAKUWA

(Kanagawa Prefectural Museum)

BABEAFCNT/ IBO¥R: 1 Hitd

=R E K
(FR) R EWHE)

BERFISIMOBAEG N A YNT/ I ONF/ IFHRER) O 1HE, Xt uendt/
2 Glipa karubei TAKAKUWA, sp. nov. #aii#k L7, AFITIEERP EHOTEL, Lirdbxz
DOWHITIRIA < Gl s N, T/oHET ERICHBRGH A BRI RN T, ABOEL LT3 ED
DTRETH A, BZTRHFEIABOREEZ LS FLTWA, MOMBUNX VI3EEK & BB
SEIONAA I AEINF /2 Glipa iriei TAKAKUWA LA A, Fh L IZHEZRBBROE &
z2 A3, MREOBRMA LV KEL, FARHRETEICHEARS LR ETHLMICE
7o TW5h,

Abstract A new mordellid beetle from Yakushima Island of the N. Ryukyus, SW
Japan is described under the name of Glipa karubei sp. nov. This is unique in the genus in
having the indistinct elytral maculation in male and short pygidium with widely truncate

apex.

In 1972, a strange beetle of the family Mordellidae was collected from Yakushima Is., SW
Japan. It was considered that the species is probably new to science and is surely included in
the genus Glipa LECONTE by the genitalic features and the other characters. Nevertheless, I
have hesitated to describe that specimen as a new species until the present, because of the
possibility of an aberrant form: that specimen is almost lacking elytral maculations, though all
the species of Glipa hitherto known are decorated with clear maculations on elytra. I had been
obliged to reserve the description of that species.

This pending problem was finally settled just after 20 years. In the Summer of 1992, Mr.
H. KARUBE, one of the most superior catcher of Glipa, and his senior of university, Mr. K.
MaTsuMoTO, succeeded in collecting that species from Yakushima. In the result, it became
clear that the pending species is doubtlessly new to science and is certainly decorated with
indistinct maculation in male. Therefore, I am going to describe the above-mentioned species
as a new one.

Before going further, I wish to express my hearty thanks to three entomologists: Mr. S.
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Nacao who first catched this interesting mordellid, and Messers. H. KaArRUBE and K.
MaTtsumoTo of the Laboratory of Entomology, Tokyo University of Agriculture, who redis-
covered that pending species according to my expectations.

Glipa karubei sp. nov.
(Figs. 1-7)

Male. Body steely black with greenish or cyaneous or pinkish purpuleous tinge; mouth-
parts except for mandibles, antennal segments 1-4, fore femora and claws more or less pale
amber to brownish amber; middle part of mandible and spurs of hind tibia spectrum reddish;
surface clothed with infuscate hairs with fuscous tint in general.

Head moderately convex, clothed with flavous recumbent hairs; tempora very narrow, but
somewhat spread laterad near the middle; eyes oval, densely haired. Last segment of max-
illary palpus subtriangular with inner corner widely rounded; apical margin longest, nearly
twice as long as inner one which is the shortest and is about 0.8 times as long as outer one.
Antenna considerably short, shorter than the width of head; relative lengths of segments in the
holotype as follows: 1.3:1:1.2:1.4:1.5:1.5:1.5:1.4:1.5:1.3:1.7; segments 5-10 serrate;
terminal segment obovate, about 1.7 times as long as wide. Pronotum moderately convex,
about 1.3 times as wide as long, 1.2 times as wide as head, widest at basal 1/3, clothed with
flavous hairs especially at the sides, with three large, indistinct black spots of infuscate hairs:
a median longitudinal one and a pair of lateral ones, of which the latter are barely separated
from the former by a pair of vague stripes of flavous hairs. Scutellum right-triangular with
apex rounded, clothed with whitish hairs. Elytra 2.1 times as long as wide, clothed with pale
purplish brown pubescence on humeral parts, the remainder clothed with infuscate pubes-
cence, and bearing very vague maculations of golden yellow hairs as figured; sides gradually
and almost straightly convergent posteriad in basal 3/4, then somewhat abruptly so apicad with
faint curving; apices rather narrowly rounded. Pygidium very short, 1.55-1.6 times as long
as wide, 1.4 times as long as anal sternite, clothed with infuscate pubescence on all over;
dorsum without median carina; sides abruptly convergent posteriad with slight curving in
basal 7/10, then straightly so apicad; apex relatively, very widely truncate. Anal sternite
parabolic, slightly longer than wide, clothed with infuscate pubescence on all over, with a large
median longitudinal concavity. Front tibiae moderately arcuate in dorsal view, slightly curved
downwards in lateral view. Inner spur of hind tibia usually 2.2 times as long as outer one.

Genitalia stocky. Left piece of paramere branching at apical 3/8, sparsely clothed with
very long, erect setae on the left side of inner surface; apical lobe almost parallel-sided, the
apex moderately rounded. Right piece of paramere with basal part lacking protrusion at the
apical site; apical lobe short, knife-shaped, minutely haired; branch arcuate in inner view,
distorted at apical 1/3, with a small projection on outer surface before apex which is rather
narrowly rounded.

Female. Dorsal surface with pale grayish hairs instead of yellowish one. Elytra apparently
maculated by pale grayish hairs as follows: basal w-shaped maculation, anterior x-shaped one
connecting apices of the former, and posterior transverse fascia joining the x-shaped macula-
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Figs. 1-4. Glipa karubei sp. nov. —1. &, holotype, 2. @, paratype, 3. maculate pattern on pronotum
and elytra in male, 4. same in female.

Figs. 5-7. Male genitalia of Glipa karubei sp. nov. —5. left piece of paramere in inner view, 6. apical
lobe of the same in frontal view, 7. right piece of paramere in inner view. (Scale: 0.5 mm.)

tion along sutural margins. Pygidium shorter, about 1.5 times as long as wide, clothed with
infuscate pubescence except for the base and basal 7/10 of laterals where is clothed with silvery
hairs. Anal sternite trapezoidal, shorter than wide, without excavation; apex broadly, arcu-
ately truncate; surface clothed with whitish hairs on the base. Front tibiae nearly straight in
dorsal view.

Body length (incl. head and excl. pygidium): 7.7-8.2 mm in male, 8.8 mm in female.

Type series. Holotype, &, Ohkawa, SW Yakushima Is., SW Japan, 19. VII. 1992, H.
KarUBE leg. Paratypes: 1a, Koyoji-rindo, SW Yakushima Is., 11. VII. 1972, S. NaGao leg.;
23 319, same locality and date as the holotype, K. MATSUMOTO leg.

Type depositories. The holotype will be deposited in the National Science Museum (Nat.
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Hist.), Tokyo, and paratypes are preserved in my collection.

Range. Yakushima Island, N. Ryukyus, SW Japan.

This new species is very peculiar in the genus, because of having the indistinct elytral
maculation of male and very short pygidium with widely truncate apex. It may be somewhat
allied to Glipa iriei TaAkAKUWA from the Ryukyus and Taiwan in the maculate pattern of elytra,
but apparently differs from that species in the genitalic features, shorter pygidium without
median carina on dorsum, larger black spots of pronotum, and so on.
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