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The deformation temperature and the di#erential stress inferred from

deformation twins of calcite in the “Atokura Formation”

�A consideration on the nappe-forming process of the Takeyama Klippe�

%&'(**�)*+,***
Shirou Chikashige** and Kazuo Kosaka***

Abstract : Deformation twins develop remarkably in calcite veins in sandstone blocks

of the mélange-like “Atokura Formation”, a contituent of the Takeyama Klippe, in

Minano-town of Saitama Prefecture in the northeastern Kanto Mountains. Their

morphological features in thin section suggest the deformation temperature of ,**�
-**� and the twin densities (number of twins/mm) suggest di#erential stress of ,+*�
,2/MPa. The “Atokura Formation” of this area has experienced metamorphism of the

prehnite-pumpellyite facies, as suggested by the deformation temperature. The “Ato-

kura Formation” deformed under the maximum shear stress of +*/�+.-MPa.

This Formation can be considered to have undergone metamorphism of the prehnite-

pumpellyite facies on the burial level of several km during sedimentation in the forearc

basin covering the accretionary complex or in the trench landward slope. This

Formation of the Takeyama Klippe, directly contacting with the Chichibu belt and the

underlying Mikabu greenstones, is considered to have emplaced onto the Mikabu

greenstones from the northern Chichibu belt, considering the top-to-the-northeast

sense of shear in the basal fault of the “Atokura Formation” in the Yorii-Ogawa area

near the study area.

The deformation twins in calcite veins are inferred to have formed during/after

metamorphism of the prehnite-pumpellyite facies and before/during northward move-

ment.

Key words : Takeyama Klippe, “Atokura Formation”, deformation twins, deformation

temperature, di#erential stress, maximum shear stress, northern Chichibu

belt
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Fig. + Geological sketch map of the northeastern Kanto Mountains. Simplified from the Geological

Sheet Map + : ,**,*** “Nagano” (Nakano et al., +332) and “Utsunomiya” (Sudo et al., +33*) of the

Geological Survey of Japan.

MTL : Median Tectonic Line, ISTL : Itoigawa-Shizuoka Tectonic Line, TTL : Tanagura Tectonic Line.
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Fig. , Geological outline of the Takeyama Klippe in the Kanezawa area,the northeastern Kanto

Mountains. Based on Makimoto and Takeuch(+33,).
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Fig. - Sampling locations of deformation twins in the north area of the quarry. (a) Structural data

map. (b) Cross section along the A-B-C section.
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Fig. . Classification of rock facies in the “Atokura-

Formation” of the Takeyama Klippe. (a) Coherent

formation. (b) Broken formation. (c) Dismembered

formation.

Fig. / Slip surface in the dismembered formation of the

“Atokura Formation”. (a) Whole view of the slip surface.

(b) Close up view of the slip surface.
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Fig. 0 Occurrence of hydrothermally altered pebbly

sandstones and mudstone matrix of dismembered rocks.

(a) Hydrothermally altered pebbly sandstones.

(b), (c) Mudstone matrix of dismembered rocks.
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Fig. 1 Photomicrographs showing the relation between

quartz veins and calcite veins in the sample Ta-0.

Earlier-formed quartz veins are cut by later-formed

calcite veins in the muddy matrix of the dismembered

rocks. Upper (Crossed nicols), lower (Plane-polarized

light).
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Fig. 2 Occurrence of calcite veins developed in the “Atokura Formation”. (a) Calcite veins cut

sandstone in the broken formation and are limitted within sandstone. (b) Calcite veins cut the

dismembered formation and are limitted within the dismembered formation. Pencil in circle for scale

(white dot lines indicate the boundary between the broken formation and the dismembered formation).

Fig. 3 Calcite grains in the hydrothermally altered

sandstone in the broken formation of the �Atokura
Formation”. Crossed nicols.
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Fig. +* Photomicrographs of calcite twinned twins (+)

(mechanical e-twinning of calcite, dark lines indicated by

arrows labeled T). (a) Twinned twins in the sample Ta-,

showing the twin density 0-/mm. (b) Twinned twins in

the sample Ta-- showing the twin density 11/mm. Upper

(Crossed nicols), lower (Crossed nicols).

Fig. ++ Photomicrographs of calcite twinned twins (,)

(mechanical e-twinning of calcite, dark lines indicated by

arrows labeled T). (a) Twinned twins in the sample Ta-.

showing the twin density 1*/mm. (b) Twinned twins in

the sample Ta-/ showing the twin density 01/mm. Upper

(Crossed nicols), lower (Crossed nicols).
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Table + Measurements of twin density (No. of twins/mm) and the di#erential stress values

estimated based on the results of Rowe and Rutter (+33*).

Fig. +, Photomicrographs of calcite veins with twinned

twins in the sample Ta-0. Band-like undulatory

extinction (indicated by white arrows), sub-grains

(indicated by black arrows) in quartz grains and twinned

twins (dark lines indicated by arrows labeled T) in calcite

veins are observed. Upper (Crossed nicols), lower

(Plane-polarized light).
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