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DUMORTIERITE-BEARING ARGILLACEOUS GNEISSES FROM THE 
ABUKUMA METAMORPHIC TERRAIN, NORTHEAST JAPAN 

by 

Hiroyuki Takahata and Koji Uchiyama 

(with 6 text-figures, 4 tables and I plate) 

Abstract 

New ly found dumortierite occurring as a minor constituent mineral in argillaceous gneisses of the 
Abukuma axia l metamorphic belt , northeast Japan, is described. At present, dumortierite has been known 
from only three localities. The mineral in question is found in feldspar porphyroblastic gneiss of the 
Takanuki metamorphics and argillaceous diaphthoritic gneiss. 

A ll of the known dumortierites occur in leucocratic seams within the host gneisses. Dumortierite is 
found in interstices of the major constituent minerals o f the leucocratic seams, and replaces neighboring 
plagioclase or cord ierite, indicating that the dumortierite formed at the latest stage of formation of the 
leucocratic seams. As a resu lt of the petrogenetic stud ies on these host gneisses, it may be concluded that the 
dumonierite-bearing leucocratic seams are the products of metamorphic differentiation which proceeded 
through porphyroblastesis and produced the leucocratic and melanocratic layers. 

II is likely that boron was initia ll y contained in the source rocks of these gneisses and concentrated into 
the leucocralic seams. The concentration of boron may have reached high enough to form dumortierite at the 
latest stage of the formation of leucocralic seam. 

Introduction 

The occurrence of dumortierite has recently been recognized from the argi llaceous 
gneissic rocks in the Abukuma mountains . In these mountains, the occurrence of 
dumortierite from an aplitic dyke rock in the Hitachi mine has been a lready reported 
by Shibata (1937). However, this study is the first finding of dumortierite as a consti
tuent mineral of gneissic rocks in this metamorphic terrain. 

In this terrain, the occurrence of dumortierite is st ill very rare, and it has been 
found only from the following three localit ies: 
(I) in the feldspar porphyroblastic biotite gneiss from the northern flank of Ml. 
Kamakuradake, south of Takanuki town, Fukushima Pref. 
(2) in the feldspar porphyroblastic biotite gneiss from the Yojiro water-fall in the 
gorge of Hanazono-river, Kita-Ibaraki city, Ibaraki Pref. 
(3) in a large diaphthoritic gneiss block within the younger granit ic mass in the 
southern part of Mizunuma, Kita-Ibaraki city, Ibaraki Pref. 

In every occurrence, the dumortierite grains are so tiny and scant that they were 
detected in only one section of about forty prepared from a single hand-specimen at 
each locality. It was very difficult to find this mineral in other samples obtained from 
the immediate neighborhood and their detection was rather accidental. However, in 
spite of such scarcity, the occurrence of these dumortierite-bearing gneisses was predic-

Contribution from the Department of Geology and Mineralogy, Facult y of Science, Hok kaido University, 
No. 1857. 
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table based on Uruno's (1979) study on the heavy mineral grains in the recent river
sands of this region, as described in detail later. 

In this paper, the mode of occurrence and the nature o f dumortierite and its host 
gneisses are described, and some considerations on the environments related to the for
mation of dumortierite will be given. 

Geological sell ing 

A number of studies and discussions have been published concerning the metamor
phic and plutonic rocks of the Abukuma mountains since Koto 's (1893) classic paper 
"The Archean Formation of the Abukuma Plateau" . The recent comprehensive 
geological and petrological considerations applied for the whole region of northeastern 
Japan including the Abukuma mountains are described in the "Variscan geohistry of 
northern Japan - the Abean Orogeny" (Minato et aI., 1979) in which the definition of 
the Abukuma axial metamorphic belt and its detailed subdivision into several tectonic 
and petrological units are given . 

The Abukuma axial metamorphic belt trends N-S for the entire extent of the 
Abukuma mountai ns. Further continuation of the belt to the north is traceable by 
sporadic outcrops of metamorphics developed among the younger granitic intrusives. 
According to Minato et al. (I979), the metamorphic belt is broadly divided into two 
main groups. The lower group is designated as the Takanuki metamorphic rock s, and 
is considered to be the Precambrian basement complex of the region. The upper group 
is defined as the Gozaisho metamorphic rocks, the original rocks of which are thought 
to be the deposits of the Abean geosyncline formed during period from Devonian to 
early Carboniferous. The metamorphism caused by the Abean Orogeny - Japanese 
Variscan - converted these geosynclinal deposits into the Gozaisho metamorphic 
rocks. At the same time, the basement complex was also reformed into several types of 
gneiss and migmatite, which are the chief constituents of the Takanuki metamorphic 
rocks. They show more prominent orogenic core facies than the Gozaisho metamor
phic rocks. The contrast in lithologic features between both metamorphic rocks is very 
striking. The Takanuki metamorphic rocks are composed mainly of argillaceous rocks 
associated with only 5 vol. "10 of basic metamorphics. On the other hand, the Gozaisho 
metamorphics comprise abundant basic metamorphics amounting to as much as 70-80 

Text-fig. I Geological index map of the ce nt ra l Abukuma mountains. This map is partly compi lcd by 
Minalo et al. ( 1979) . 
I: diaphthorilc, 2: Goza isho metamorphics , 3: Yazukuri type schi st of the Takanuki metamorph ics, 
4: Takanuki metamorph ics, 5: Cretaceous aged granit ic rocks, 6: tona lite mass belonging to the 
"Koshidai-Takaboyama- Daioh -in St ructure Belt" , 7: Samegawa granit ic mass , 8: gabb ro ic rocks, 
9: ult rabasic rocks, 10: fault and sheared zonc (broke n line shows the " Koshidai-Takaboyama-Daioh- in 
Structural Belt" )_ 
Go: Gozaisho, Hz: Hanazono, Kd: Koshidai, Sm: Samegawa, Ta: Takanuki, Tk : Takaboyama 
[8"ill: Hanaboh quartz-diorite mass, 1B:nI : Hanawa granitic mass, ITi1 : Ishikawa granitic mass, QJ: 
Jumonji tonalite mass, !RQ]: Ronden gra nitic mass , ~: Shibayama gra nit ic mass, !ru: Tabito granitic 
mass , [1@: Usuki tonalite mass (})-(l): localities of dumortierite bearing gneiss. 
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vol. "1. besides argi llaceous metamorphics. 
The reformed features of the Takanuki metamorphic rocks are represented by 

zonal arrangement around the rnigmatite cores. Its external facies is fine-banded gneiss 
succeeded to the inner side by coarser-grained quartzose gneiss. The main part of the 
core facies is represented by the feld spar porphyroblastic gneiss which is characterized 
by the association of blastically grown sillimanite, cordieri te and garnet. Small scale 
migmatite masses characterized by the formatio n of homogeneous tonalitic and 
granodioritic rock facies are sporad ically found in the central part of the blastic gneiss 
zone. 

The occurrence of the diaphthoritic rock s is confined to the boundary tectonic zone 
between the Takanuki and Gozaisho metamorphic complexes, which is designated as 
the "Koshidai-Takaboyama-Daioh·in Structural Belt" (Watanabe et aI., 1978). The 
formation of this belt was related to the development of the Abukuma axial metamor
phic belt , which is extended to the earlier Mesozoic. Within the boundary zone, both 
metamorphic complexes are cut into several tectonic units commingling with each other 
and more or less sheared by this subsequent structural disturbances. The original rock 
of the diaphthoritic rocks is considered to be a gneiss belonging to the Takanuki 
metamorphic rocks which was situated at a deeper level. Their sheared and reformed 
features have been described in detail in Watanabe et al. (1978, 1979) and Minato et al. 
( 1979). 

Petrography 

As previously noted, two occurrences of dumortierite (Locs . I and 2) are related to 
the formation of feld spar porphyroblastic biotite gneiss - so-called blastic gneiss -
and the ot her (Loc . 3) to that of diaphthoritic gneiss . 

Feldspar porphyroblastic biotite gneiss 

The major consti tuent minerals, plagioclase, orthoclase, almandi ne garnet, cor
dierite and sillimanite, take the form of porphyroblastic development. The groundmass 
consists of a more fi ne-grained aggregate of biotite, plagioclase and quartz. This gneiss 
shows extremely inhomogeneous banded structure with commingling alternat ion of 

thick or thin patchy leucocratic seams made up of coarse-grained blastic plagioclase, 
orthoclase and quartz and melanocratic seams enriched with biotite, garnet , sillimani te 
and cordierite. In places, the leucocratic seams are fringed with selvage formed by the 
aggregation of coarsely grown biotite, cordieritc, sillimanite and garnet. In others por

phyroblasts of plagioclase, orthoclase, quartz and cordierite are dispersed rather 
homogeneously and the structure departs from the banded appearance, though such 
lithofacies are confined to thickened bands concordant to the banded structure. The 
tex tural relationships betwen leucocratic and melanocratic seams suggest that the for
mation of both seams proceeds alm ost in situ . However, the leucocratic seams vary in 
mineral composi tion from granitic to tonalitic . The mineral composition of the 
melanocratic seams also changes slightly and is referable to the kinzigitic assemblage 
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Text-rig . 2 Photomicrograph or thin 
section or dumortierite and an
dalusite in a leucocra tic layer or 
blastic gneiss rrom Kamakuradakc 

pi (open nicol). 
- "7i· du : dumortierite, ad: andalusite. 

'~" ' .:,;>< . ;;'~''''''''':'-:!.7:'':'''-:--
~. . pi: plagioclase, qz: quartz. 

that has been recently discussed by Busch et al. (1980). 
Furthermore, the blastic gneiss includes small paleosomes which consist of fine

grained biotite gneiss . This paleosome is obviously similar to the fine-grained biotite 

Text-fig. 3 Photomicrographs of a thin section or dumonierite and other minerals in a plagioclase por
phyroblast in blastic gneiss from Hanazono gorge. The dumortierite crystals are closely associated with 
graphite aggregates. 
A: open nicol, B: crossed nico!. 
du: dumort ierite, hc: hercynite, gr: graph ite, pi: plagioclase. 



470 H. Takahata and K. Uchiyama 

gneiss in the external facies of zonal arrengement around the migmatite core facies, 
which suggests that the blastic gneiss may have originated from the fine-grained biotite 
gneiss of the external facies. 

The dumortierite always occurs within the leucocratic seams of the blastic gneiss. In 
the Kamakuradake region, locality (I) of dumortierite, the leucocratic seam is com
posed of plagioclase porphyroblast and coarse-grained quartz accompanied by potash 
feldspar porphyroblast and a minor amount of cordierite and muscovite. The dumor
tierite crystals are grown at the grain boundary between plagioclase porphyroblast 
(An,,) and quartz (Text-fig. 2). The dumortierite forms a bundle aggregate of acicu lar 
crystals, which is closely associated with prismatic andalusite. Both dumortierite and 
andalusite crystals are developed through replacement of plagioclase porphyroblast 
which is partly turbid due to sericitization. 

In the Hanazono gorge, locality (2) of dumortierite, it also occurs within the 
leucocratic seam of blastic gneiss. The essential mineral composition of the leucocratic 
seam is the same as above mentioned, and the dumortierite is also grown by replace
ment of blastic plagioclase (An".,,) . In this case, however, the dumortierite associated 
with green spinel (hercynite), sillimanite, muscovite and apatite. And futher, graphite 
is often concentrated around plagioclase porphyroblast, being associated with minor 
amounts of ilmenite and pyrite. The dumortierite always occurs with the aggregation of 
graphite, and shows platy or prismatic habit (Text-fig. 3). The replacement of 
plagioclase by dumortierite occurs along the twinning plane of the albite type. 

Diaphthoritic rock 

Wide varieties of diaphthoritic rock ranging from porphyroclastic type to fleky 
gneiss have been recognized (Watanabe et aI., 1978, 1979; Minato et aI., 1979). These 
rock masses occur as tectonic sheets or blocks inserted along the "Koshidai
Takaboyama-Daioh· in Structural Belt" (Watanabe et aI., 1978). They are considered 
to be derived from the Takanuki metamorphics situated at a deeper level and formed 
under the tectonic shearing and associated peculiar mineralization. Original features of 
various facies of biotite gneiss and quartzose gneiss are preserved in these diaphthoritic 
masses. 

In the southern part of Mizunuma, locality (3) of dumortierite, various sizes of 
diaphthoritic rocks occur as xenolithic blocks in the Tabito granitic composite mass. 
These blocks are fine biotite gneiss to schist with particularly deformed wavy texture, 
which are composed mainly of fine-grained plagioclase, quartz, biotite and muscovite. 
The prominent feature of these rocks is porphyroblastic development of kyanite, 
sillimanite, andalusite, cordierite, hercynite, corundum and green mica as diaphthoritic 
masses in other regions. Also coarse-grained leucocratic layers are well developed in 
these rocks. The dumortierite was found in a leucocratic layer of the largest 
diaphthoritic block. The layer is made up of quartz and cordierite. The dumortierite is 
restricted to the grain boundaries of cordierite crystals which suggests that the dumor
tierite has been grown by replacement of cordierite (Text-fig. 4). 

Descriptions of the associated minerals with dumortierites are given in Table 1. 
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Text-fig. 4 Photomicrograph of thin sectio n of dumortierite and cordie rite in a leucocratic seam o f 

diaphthorilic gneiss from Mizunuma. The rim of cordierite crystal is chlorilized . 
du: dumortierite, cor: cord ie ri te, qz: quartz, chi: chlorite, bi: biot ite. 

Table I Associated minera ls with dumortieritc 

locali ty mineral shape color size (mm) remarks 

Kamakuradake (I) andalusitc prismatic colorless 4x5 cleavages well developed on (\ 10) and 
(110) 

Spinel prismatic deep green 0.001-0.1 scattered randomly in plagioclase 
(hercynite) porphyroblasts 

muscovite flaky colorless 0.2 occur a long the tw inning planes of 
plagioclase porphyroblasts; in places 
very weak pleochroism - pale brown to 

colorless 

Hanazono gorge 
graphite tubular 0.5-1 aggregates 

(2) x O.2-0.3 

sillimanite idiomorphic colorless 0.2-0.5 scattered in plagioclase porphyroblasts, 
long and associated with spinels 

ilmenite prismatic 0.05 included in graphite aggregates 

pyrite idiomorphic 05 included in graphite aggregates 

Mizunuma (3) cordierite xenomorphic colorless 0.7 x 2 2Vx = 94°-102° 
altered to chlorite at border pan 
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Petrochemistry 

Chemical compositIOns of some representative blastic gneisses which are closely 
related with the dumort ierite-bearing gneisses are listed in Table 2. Separation into 
leucocratic and melanocratic parts irregularly alternating with each other is the main 
feature of the blastic gneisses in this region. Both leucocratic and melanocratic parts 
were analyzed separately, and the analytical resu lts of three sets are given in Table 2. In 
every set, a marked chemical contrast between the leucocratic and melanocratic part is 
shown, i.e. high concentration of SiO, in the leucocratic part due to enrichment of 
quartz and high concentration of TiO" Al,O" FeO and MgO in the melanocratic part 
owing to enrichment of biotite and sillimanite. However, there is no tendency in the 
variation of K,O content, because a large amount of potash feldspar porphyroblast oc
curs in the leucocratic part of the first set (I -a) and biotite is enriched in the 
melanocratic part of the third set (3-b). 

The fi ne biotite gneiss which is considered to be the init ial material of these blastic 
gneiss as already noted, was analyzed and the results are given in column (4) in Table 2 

Table 2 Chemical compositions of blastic gneiss and 
bioti te gneiss from the Abukuma terrain 

1-a* I -b- 2-a** 2-b** 

SiDz 70.86 64.02 68.69 62.12 

TiD z 0.26 0.85 0.64 1. 15 

Alz0 3 14.82 15.46 15.34 20.34 

FeZ0 3 0.26 0.84 1.62 1.20 

FeO 1.54 5.18 3.22 4.73 

MnO 0.04 0.05 0.04 0.03 

MgO 1.31 2.63 1.64 2.17 

CaO 0.98 1.97 1.32 1.23 

NazO 2. 14 2.57 2.62 1.74 

K,O 5.83 2.71 2.33 2.14 

PzOs 0. 15 0. 13 0.07 0.15 

Jg. loss 1.27 2.97 1.96 2.5 1 

Total 99.46 99.38 99.49 99.5 1 

sn. (ppm) 179 9 J73 35 

AnalysIs: ... K. Uchiyama. ** H . Takahata. 

I-a: leucocratic layer of the blastic gneiss from Kamakuradake. 
I-b: melanocratic layer of the same gneiss. 

3-a· 

72.45 

0.38 

14.86 

0.63 

2. 14 

0.03 

1.67 

0.64 

1.57 

2.83 

0. 11 

2. 15 

99.46 

51 

3-b* 

58.08 

1.02 

17.68 

1.25 

6.33 

0.07 

2.78 

1. 19 

1.88 

5.04 

0.12 

4.08 

99.52 

58 

2-a: leucocratic layer of the blastic gneiss from Hanazono gorge including dumortierite. 
2-b: melanocratic layer of the same gneiss. 
3-a: leucocratic layer of the blastic gneiss from Hanazono gorge adjoining the second set. 
3-b: melanocratic layer of the same gneiss. 
4 : fine biotite gneiss from 1 km northwest of Takanuki town. 

4' 

67.11 

0.69 

14.73 

0.47 

4.27 

0.41 

2.53 

1.27 

2.83 

3.47 

0.22 

1.60 

99.60 

24 

**. Boron content was determined by spectrophotometric analysis using methylene blue absorption. 
Analysed by H. Takahata. 
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Texl-fig_ 5 Oxide variat ion diagrams for the blaslic gneiss and the inilial biOlite gneiss. Each oxide content 
of the leucocratic layer (open circle) and that of melanocratic layer (solid ci rcle) are connecled by lie
li nes. 
1: I-a and I-b of Table 2.2: 2-a and 2-b of Table 2. 
3: 3-a and 3-b o f Table 2. 4: inilial biOlile gneiss 4 of Tab le 2. 
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and Text-fig. 5. This figure shows that the composition of the fine biotite gneiss plots 
between the leucocratic and melanocratic components. 

Regarding the occurrence of dumortierite, quantitative measurement of boron in 
each rock facies has been carried out and the results a re presented in Table 2. The 
determination of boron content was made by spectrophotometric analysis using 
methylene blue absorption (Terashima and Fujinuki, 1976) . 

In the fine biotite gneiss which is regarded as the initia l material of the blastic 
gneisses, the boron content ranges from 22 to 47 ppm (B, = 24 ppm, B, = 22 ppm, 
BJ = 26 ppm and B, = 47 ppm). Hence, it is likely that tens of ppm of boron are con
tained throughout the biotite gneiss in this region. 

The difference in boron content between the leucocratic and melanocratic seams of 
the first set of the blastic gneiss (I-a, I-b) is notable; boron is highly concentrated into 
the leucocratic seam, as much as 18 times that in the melanocratic seam. The second set 
o f the blastic gneiss (2-a, 2-b) shows the same tendency. 

Concerning the third set of the blastic gneiss (3-a, 3-b) , a lthough a difference in the 
major composition is clearly shown between the leucocratic and melanocrat ic seam, 
there is no significant difference in the boron content. 

Minera logy of dumortierite 

The dumortierite from Kamakuradake (Lac. I) forms bundle aggregations of 
minue needle-like crystals. It shows axial color : X = reddish vi let and Z = colorless . Y 

Table 3 Chemical ana lyses of dumortierite from Hanazono 
gorge, Abukuma mountains and from Zambia 

2 3 4 5 

Si0 2 31.94 32.63 31.75 30.8 29.5 

820 3 5' ) 4' ) 4' ) 3.2 4.8 

TiOz 0.61 0.07 0.2 1 0.53 3.08 

A IZO] 59.74 60.80 60.88 62.3 61.6 

FeO 0.49 0.34 0.47 0.48 0.49 

MnO 0.02 0.00 0.0 1 0.03 0.02 

MgO 0.79 0.97 0.63 1.36 0.9 1 

CaO 0.00 0.02 0.02 om 0.01 

NazO 0.02 0.04 0.02 0.02 0.00 

K,O 0.01 0.00 0.02 0.00 0.01 

H,O I ' ) I ' ) I' ) 1.2 1.2 

Total 93.62 94.87 94.0 1 99.95 101.62 
(99.62') (99.87') (99.0 1') 

1·3: dumortierite from Hanazono gorge. A nalyst: H. Takahata. 
4-5: dumonierite from Zambia after Vrana ( 1979). 
Total iron as FeO . 
• Estim ated rou nd number calculated by ideal composit ion of dumortierite and 
Vrana' s data. 
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axis color cannot be determined because of lack of measureable oriented mineral grains 
in thin section. 

The optic properties of the dumortierite from Hanazono gorge (Loc. 2), are 
2Vx = 4S.s o-47 .0° , X = reddish violet, Y = colorless and Z = colorless to pale blue 
(Plate I-A). The shape is prismatic, platy or bundles of acicular crystals. 

The dumortierite found in a diaphthoritic rock (Loc. 3) shows two different habits ; 
one is prismatic, 0.2 x O.S mm in size, and the other is acicular of 0.3 mm long. Optic 
axia l angle is 2Vx = 27.0° in the former, and 36.0° in the later. Their axial color is 
X = pink, Y = pale blue, and Z = colorless (Plate I-B). 

The dumortierites (Loc. 2) have been analyzed by EPMA (JEOL JXA-SOA), but 
the amount of B,O, could not determined because of difficulty in the analysis of 
volatile elements (Table 3). The analyzed results of three dumortierites are similar to 
each other, and resemble the chemical compositions of dumortierite from argillaceous 
gneisses of Zambia (Vrana, 1979). Based on an ideal composition of B,O, contents of 
dumortierite are calculated as 4-S'70, which correspond to the Vrana's data. 

Tab le 4 X-ray diffraction da ta of the dumortierite from 
Hanazono gorge 

ASTM card present study ASTM card present stud y 

d 11 10 dm d 1/ 10 dm 

10.2 10 2.891 70 2.890 

5.89 90 5.887 2.824 20 

5.84 90 2.720 35 

5.09 90 2.667 35 

5.04 45 2.549 100 2.547 

4.26 50 4.263 2.529 40 2.529 

3.87 50 2.481 25 

3 .847 35 2.461 25 

3.827 50 2.421 30 2.421 

3.6 12 10 2.409 30 

3.450 75 3.449 2.345 40 

3.399 50 3.396 2.327 15 

3.370 10 3.37 1 2.241 20 

3 .301 30 2.226 10 2.228 

3.277 85 2.182 30 

3.066 55 3.070 2.126 15 2.123 

2.980 15 2.979 2.100 55 

2.951 50 2.093 30 

2.926 90 2.084 45 

a = 11.76 ± 0.02 (A) 
b = 20.22 ± 0.02 (A) 
c= 4.71 ±0.01 (A) 
V = 111 9.98 (A') 

The determination by microdiffractometer. Analyst: H. Takahata 
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The X-ray diffraction data of dumortierite (Loc. 2) were obtained using by 
microdiffractometer. Although the number of diffraction lines are limited, all the 
measured lines are strictly identified with the standard ones (Table 4). 

Discussion 

Hitherto, the occurrence of dumortierite in Japan has been exclusively reported 
from the rocks formed under pneumatolytic-hydrothermal conditions, such as aplitic 
rocks (Hitachi mine, Ibaraki Pref.: Shibata, 1937), pneumatolytic deposits 
(Kyonosawa, Yamanashi Pref.: Kato, 1972), and hydrothermally altered rocks (Goto 
mine, Nagasaki Pref.: Hamachi, 1953; Momomura, Tochigi Pref.: Kato, 1972; 
Tsukigata mine, Fukushima Pref.: Yoshida, 1966). However, the dumortierite des
cribed in the present paper occurs in argillaceous gneisses as a minor constituent 
mineral. This is the first recognition of,such an occurrence of dumortierite in Japan. 

Occurrence of dumortieritre, however, is rather common in foregin countries. Most 
of their occurrences are related to pegmatite, granite and its contact aureoles (Finlay, 
1907; Peck, 1926; Losert, 1956; Sabzehei, 1971, etc.). There is additional information 
on the occurrence of dumortierite, such as in a migmatitic gneiss devoid of pegmatitic 
facies (Losert, 1956), in a pegmatitic part of garnetiferous migmatite formed by little 
migration of anatectic melt (Huijsmans et al. 1982), and in a retrogressive metamor
phosed argillaceous gneiss from the granulite facies to amphibolite facies (Vrana, 
1979). According to Losert, Huijsmans et al. and Vrana, dumortierite and other 
borosilicates are formed under certain conditions from original boron present in 
metamorphic rocks and/ or boron concentrated in a pneumatolytic process related to 
the formation of migmatite. Among the rest, Huijsmans et al. (1982) pointed out that 
the origin of boron may be locally introduced as a result of metasomatism, in which 
promoted melting of the country rocks. 

Boron is widely distributed in low concentration in rock forming minerals. It is well 
known that boron is a typical element of pegmatitic rocks and it is correlated with such 
elements as lithium, beryllium, tin, flourine and chroline in rocks derived from late 
stage magmatic processes. On the other hand, through regional metamorphism, boron 
is generally released from parent rocks (Harder, 1974). Nevertheless Ramkama and 
Sahama (1949) remarked that as anatexis proceeds, boron goes into the regenerated 
rock melt. From this point of view, boron is concentrated into pegmatitic part of 
migmatitic and gneissic rocks during the migmatization, and dumortierite and other 

Texl~fig. 6 Map showing the distribution of blastic gneiss and migmatite zones in the Takanuki metamor~ 
phics and the area of dumonierite occurrence in recent river-sands. 
A: Cretaceous aged granitic mass, B: Yazukuri type schist of the Takanuki metamorphics, 
C: diaphthoritic rocks, D: tonalite mass belonging to the "Koshidai·Takaboyama-Daioh·in Structural 
Belt", E: Samegawa granitic mass, F: Gozaisho metamorphics, G: Takanuki metamorphics. H: blastic 
gneiss and migmatite zone of the Takanuki metamorphics, I: drainage basin where dumortierite was 
found in recent river-sands (after Uruno, 1979), J: locality of dumortierite-bearing gneisses in Ihis study. 
Hz: Hanazono, Mz: mizunuma, Ta: Takanuki, Tk: Takaboyama, Yz: Yazukuri. 
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borosilicates are easily formed in those leucocratic parts. 
As already stated, the zonal arrangement of various kinds of biotite gneiss around 

the migmatile cores is recognized in the Takanuki metamorphic rocks, i.e . the external 
zone of fine grained biotite gneiss and the internal zone of blastic gneiss . Field evidence 
shows that this arrangement has gradual transition and has been formed through 
migmatization in situ. 

The blastic gneiss is characterized by the alternation of leucocratic and 
melanocratic seams. This alternation has been formed by the development of feldspar 
porphyroblasts, and mafic minerals have been concentrated in the melanocratic seams. 
As a result of this process, the initial fine biotite gneiss became a blastic gneiss through 
migmatization . 

Chemical data of the blastic gneiss and the initial biotite gneiss also support this 
process. Compositional contrast between the leucocratic and melanocratic seams is 
remarkable, and the composition of initial biotite gneiss is equal to averages of the 
leucocratic and melanocratic seams of blastic gneiss in each set. From these facts, dif
ferentiation to leucocratic and melanocratic seams may be explained by the generally 
accepted concept of metamorphic differentiation or segregation. According to 
Mehnert and Busch (1982), this phenomenon indicates the initial stage of the 
migmatite formation. 

Especially boron concentrates in leucocratic seams of the first and second sets of 
Table 2 related to the differentiation of the main components. In fact, dumortierite 
(Loc. 2) is found in leucocratic seam of the second set. Leucocratic seams of the blastic 
gneiss characteristically show pegmatitic features that have presumedly formed under 
pneumatolytic conditions, so that boron concentrates more easily in leucocratic seams 
than in melanocratic seams. The concentration of boron increases as the degree of 
metamorphic differentiation advances, although an exceptional case is present. 

In the Abukuma metamorphic terrain, Uruno and his students have already 
detected dumortierite in the recent river-sands by means of heavy mineral studies 
(Uruno et ai., 1971; Uruno, 1977, 1979). According to them, dumortierite is restricted 
to associations with staurolite, kyanite, and rounded zircon. They suggested that these 
minerals are derived from high grade metamorphic rock having various mineral 
assemblages, though a host rock containing dumortierite has not been found. 

As shown in Text-fig. 6, the distribution of drainage basins where dumortieri te was 
found in recent river-sands (Uruno, 1979, Fig. 10) coincides well with the occurrence of 
blastic gneiss of the Takunuki metamorphic complex and diaphthoritic rocks. This fact 
suggests that the dumortierite formation must have a connection with the development 
of the blastic gneiss and the diaphthoritic gneiss . It is to be expected that dumortierites 
occur in all areas where blastic gneiss and diaphthoritic gneiss occur in this region. 

Genesis of dumortierite in diaphthoritic gneiss it is not well examined at present. 
There appear to be two possibilities for the formation of dumortierite in leucocratic 
seams of this rock. The first is that dumortierite has been formed during the process of 
diaphthoresis. The second is that it has been producted in the contact aureole of the 
Tabito granitic composite mass. 
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Conclusion 

Two types of dumortierite-bearing argillaceous gneisses are newly found in the 
Abukuma axial metamorphic belt. One is in a feld spar porphyroblastic biotite gneiss 
and the other is in a diaphthoritic gneiss . 

On the basis of the results of petrographical and petrochemical investigations of the 
blastic gneiss, the following conclusions are available. 
(I) The blastic gneiss has been producted from a fine grained biotite gneiss by the pro
cess of metamorphic differentiation. 
(2) Boron was concentrated sufficiently to form dumortierite in leucocratic seams of 
the blastic gneiss. The concentration of boron increases as the degree of metamorphic 
differentiation advances, and the formation of leucocratic seams might occur under 
pneumatolytic conditions. 
(3) Dumortierite replacing plagioclase porphyroblasts was formed at a later stage of 
the blastic gneiss bulding process . 
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Expla na tion or P late I 
A Dumortierite. hercynite and other minerals have replaced a plagioclase porphyroblast in blastic gneiss 

from Hanazono gorge. 
du: dumortierile, hc: hercynile, gr: graphite 

B Dumortierite and cordierite in a Quartz-rich seam of diaphthoritic gneiss from near by Mizunuma 
village. du: dumortierite, cor: cordierite, qz: quartz, chi: ch lorite 
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