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Introduction.

The Cainozoic formations so widely distributed in the Kwantd
district include various sedimentary rocks formed by accumulations of
detritus and of fragmental material of voleanic origin. They exhibit
great variety of composition and lithic characters, and are divided
stratigraphically into various groups. Although no less important;
contrasted with the igneous rocks, they have not received the attention
they deserve from petrologists. ~Microscopic study of these sedimentary
rocks may reveal many subdivisions, each exhibiting characteristics due
to the physiographie conditions under which they were deposited, as
well as to the sources whence they were derived. By recognizing thesc
two conditions it should be possible to determine what physiographic
changes, if any, have occurred, and what kind of volcanic products
were ejected in the Kwantd district in geologically recent time, a
determination important for detecting recent crustal movements and
volcanic activities that have played their part in the district.

From the petrogenic standpoint a detailed determination of the
- rock-minerals composing the voleanjc sediments is particularly desirable,
in that it may furnish a clue to the genetic relation of these sediments to
the materials that went to form the volecanoes, and from which material
these sediments are derived.

This paper is a preliminary contribution to the petrography of the
sedimentary rocks of the Kwantd district, particularly those of the
southwestern part of Sagami Province. '
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Petrography of the.Sedimentary Rocks of Enosima, Sagami.

Enosima is an island, about 0-25 sq. km. in area, lying near
Kamakura on the northern shore of Sagami Bay, and well-known for its
beautiful scenery. Geologically, the island is of Cainozoic formation
which, according to the late Y. Ozawa, may be divided as follows:

Lower group : Massive tufaceous sandstone

. . - and tuff-breccia.
Pliocene....Miura series:

[Upper group: Tufaceous sandstone and

agglomerate-tuff.
Pleistocene....Loam bed with gravel bed at its base.
Holocene....Valley gravels.

The more important petrographical types in these formations will
be described below.

1. Tufaceous sandstone and tuff-breccia. (Thelower group
of the Miura series of Enosima.)

Except in the northeastern part of the island, these rocks are well
exposed on the sea-cliffs. The bedding plane strikes N.W.-S.E. and dips
30-40° N.E. The bedding is generally due to alternation of coarse and
fine material. The lower beds exposed in the western part of the island
are characterised by distinct stratification of alternated layers of
tufaccous sandstone and tuff-breccia; while in the eastern part of the
island, where the higher beds are unstratified, the tufaceous sandstone
presents a massive appearance.

Megascopic Characters.- The tufaceous sandstone is generally light
gray. The sand-grains in it are subangular, but often well rounded,
and show considérable variation in color, and include a variety of
isolated crystals and rock-fragments. There is more or less of a
gradation between the fine and coarse tufaceous sandstone and between
the coarse tufacecous sandstone and tuff-breccia, some few fragments in
which exceed 1em. in diameter. The tuff-breccia contains lenticular
rock-fragments of various texture—porphyritic, scoriaceous, pumiceous,
and glassy—cemented with sandy material.

Microscopic Characters.—Microscopically, the tufaceous sandstone
is characterized by its numerous angular constituents (Fig. 1), of which
the following are most abundant :—
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(I) Numerouas fractured and euhedral plagioclase-crystals. They
are not zonally built, being identified as andesine Abg,An,—
AbgAng, with n,p = 1.547 (3)— 1-544 (7).
(2) Isolated crystals of angite (n,, = 1-698) and hypersthene.
(3) Rock-fragments of pyroxene-andesite exhibiting various
cerystallinity and textures.
4)  Glass-pieces.
In addition to the foregoing, the tufaccous sandstone contains a few
fragments of a granitic rock and a silicified rock, besides orthoclase,
quartz, and hornblende.
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Fig. 1. Microphotograph of tufuceous
sandstone.  x10.

Except in its coarser grain and brecciated structure, the tuff-breccia
(Fig. 2) is practically similar, microscopically, to the tufaceous sandstone
already deseribed.
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Fig. 2. Microphotograph of tuff-breccia.  x10.
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2. Agglomerate-tuff. (The upper group of the Miura series of Enosima.)

This rests unconformably on the massive tufaceous sandstone
described in the preceeding section. At the northeastern coast of the
island, the unconformable relation of the two groups—lower and upper—
is eclearly apparent on the wave-cut platform that rises about one meter
above sea level, and which was pushed up at the time of the great
Kwantd earthquake in 1923. Here there is a decided difference in the
physical characters of the two groups; the lower is massive, while the
basal breccia of the upper group contains angular fragments of the
tufaceous sandstone of the lower group, being overlain by well-bedded
agglomerate-tuff. The bedding plane of the upper group strikes N. 60°W.
on the western, and E.-W. on the eastern part of the northeastern section
of the island. Passing close to the boundary of the two groups, isa
distinct strike-fault. Near the boundary, the lower beds of the upper
group dip steeply, 70-80° to the north; while higher up the dip becomes
gentler, it being 20-30° about 100 m. from the base.

Megascopic Characters.—The tuff’ is dark gray. It consists of
angular rock-fragments which rarely exceed 3 cm. in diameter, besides
well-defined erystals of plagioclase (5-1 mm. in diameter) and pyroxene
(1 mm. in length), together with a fine tufaceous matrix. Occasionally,
the agglomerate-tufl grades into fine tuff showing distinet bedding.

Microscopic Characters.—Microscopically, the agglomerate-tuff
contains numerous angular rock-fragments, of which the following are
most abundant :—

(1) Andesite scoriae,

(2) Fragments of basaltic rock.

(3) Fragments of propylitic rock.

A few fragments of quartz-gabbro are also seen.

Fig. 3. Microphotograph of pyroxene-andesite scorin x40,
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of plagioclase, augite, and hypersthene. The plagioclase-phenocryst is
0-5 mm. by 0-1 mm. Faint zoning of less and more caleie plagioclases is
exhibited. mn,, = 1.565. Accordingly, the plagioclase-phenoeryst was
identified as labradorite AbyAng. The augite-phenocryst, n,, = 1.694,
and hypersthene are about 0-2mm. in length. The groundmass is
brown glass with n, = 1.542.

The basaltic rock has numerous phenoerysts of plagioclase and
hypersthene. The plagioclase-phenoeryst varies in diameter from 7 mm.
to 0-5mm. It is euhedral, and twinned according to the Carlsbad and
albite laws. Zoning of less and more calcic plagioclases is absent.
The plagioclase-phenoeryst was identified as anorthite Ab;Ang, with
n,p = 1-578(4), nyp = 1:5856). The hypersthene is euhedral, and about
1 mm. in length, but it is completely altered to bastite. The groundmass
is hypocrystalline, consisting of lath-shaped plagioclase-microlites,
minute grains of augite, and isometric magnetite with more or less of a
glass base.

The propylitic rock contains numerous spots of ¢hlorite, up to 2 mm.
in diameter. The plagioclase-phenocrysts have been replaced by chlorite
and quartz. The groundmass is of pilotaxitic texture, consisting of
plagioclase-prismoids (0-1 mm. in length), pyroxene, and iron ores.
The plagioclase in the groundmass was identified as andesine Ab;An,,
with n;, = 1.546. The pyroxene in the groundmass has altered to
chlorite. A small amount of quartz, probably secondary, is observed in
the groundmass.

The quartz-gabbro (Fig. 4) consists of plagioclase, augite, hornblende,
biotite, and quartz. The accessory minerals are apatite and magnetite.
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Fig. 4. Microphotograph of biotite-quartz-
hornblende-gabbro. x30.
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Plagioclase is subhedral and twinned according to the Carlshad, albite,
and (rarely) pericline laws. Very faint zoning of less and more calcic
plagioclases is exhibited. The plagioclase was identified as bytownite
AbyAng, with n,, = 1-573. Biotite oceurs in small quantity, filling the
interstices of other minerals.

The agglomerate-tuff contains numerous isolated crystals, of which
anorthite-crystals (Ab;Ang) are most abundant. These isolated crystals
are probably derived from the andesite or tho basaltic rock, abundant
fragments of which are found in the agglomerate-tuff.

3. Loam. (The Pleistocene deposit of Enosima.)

Resting on the erosion-surface of the foundation built up of rocks of
the Miura series is the so-called loam bed, the total thickness of which is
about 20 m.

Mégascopic Characters.—Megascopically, the loam is light brown
and somewhat tufaceous. In fineness of grain, the materials composing
the loam are intermediate between sand and clay.

Upon close examination however the size of the grains in the loam,
barring those in the basal gravels, is found to increase in coarseness
with height; the individual grains being more angular in the coarser
than in the finer part of the loam.

The loam is composed of a brown earthy substance, with isolated
erystals of plagioclase, pyroxene, and magnetite. The brown earthy
substance forms the bulk of the loam. The plagioclase-crystal is glassy,
0-8-1.0 mm. in diameter, and can be detected with the naked -eye.
There are also numerous plagioclase-crystals, 0-6 mm. in diameter, in the
upper horizon of the loam bed, which are largely decomposed.
Pyroxene-crystals oceur as stout prismoids, 1 mm. in length, or as
irregular fragments, 0-1-0-5mm. in diameter. Magnetite occurs as
round grains, 0-1 mm. in diameter, and is strongly magnetic.

Microscopic Characters,—Under the microscope, most of the grains
composing the loam are subangular; but many are well-rounded,
particularly those in the lower horizon of the loam bed. (Fig.5) Minerals
seen under the microscope are plagioclase, augite, hypersthene, and
magnetite. There are two kinds of plagioclase. One was identified as
anorthite Ab;Ang, with n,, = 1.576 (8), n,, = 1.584(6), and the other as
labradorite AbyAng, with ny, = 1-565 (5), nyp = 1-569 (4). . The anorthite-
crystals, which are quite fresh, are plentiful in the lower horizon of the

0
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loam bed but scarce in the upper, where labradorite-crystals predominate,

and which, megascopically, are found to have decomposed to a white
earthy substance.

G

Fig. 5. Microphotograph of loam. x 40.

The augite-crystals are found throughout the loam bed. In the
lower horizon they are microscopic while in the upper they occur as
stout prismoids, about 1 mm. in length, and can be seen with the naked
eye. The megascopic crystal of augite is: n,, = 1-692. The hypersthene-
crystals are fewer.

The brown earthy substance of which the greater part of the loam
is composed, is microscopically yellowish and floceulent. It becomes
reddish by ignition, the reddening being probably due to oxidation of
the iron ore contained in it. It does not effervesce in dilute hydrochlorie
acid, showing absence of carbonate of lime. Rarely, it contains small
fragments of colorless or colored minerals, though none of them have
been optically determined. Its refractive index is not uniform, varying
from nj, = 1.5635 to np = 1-5645. In the refractive index the brown
earthy substance resembles voleanic glass, but it does not show the vitroc-
lastic structure characteristic of vitric tuff which consists practically of
volcanic glass shards.

Summary.

In the foregoing pages are given the petrographic descriptions of
the rocks of Enosima,

The rocks of the Miura series, which form the foundation of
Enosima, are largely composed of fragmental volcanic material, probably
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laid down under water, including agglomerate-tuff, tuff-breccia, and
tufaceous sandstone, together with lithic tuff and erystal tuff. This
voleanic material might have been derived from near-by sources as pro-
ducts of voleanic eruptions. The tufaceous sandstone may be detrital
tuff, but its ingredients occur as angular fragments, showing that at no
stage of their history have they been subjected to considerable attrition.

The two groups of the Miura series possess the respective petro-
graphic characteristics of their ingredients. The lower group is
represented by tuff-breccia and tufaceous sandstone, together with lithic
tuff and crystal tuff. These rocks consist principally of isolated crystals
of plagioclase and pyroxene, and rock-fragments of pyroxene-andesite
containing plagioclase-phenocrysts, which have been identified as
andesine AbgpAng—AbgAng. The upper group is represented by
agglomerate-tuff, consisting principally of isolated erystals of anorthite
and pyroxene, and rock-fragments of pyroxene-andesite scoriae
containing plagioclase-phenocrysts identified as labradorite AbyAns,.
It is also remarkable that the rocks of the lower group contain
subordinately not only isolated crystals of orthoclase, quartz, and
hornblende, but also fragments of a granitic rock and a silicified rock ;
while the rocks of the upper contain fragments of basic rocks such as
hypersthene-basalt, quartz-gabbro, and propylite.

The difference in the ingredients of the lower and upper groups of
the Miura series would seem to indicate changes in the physiographic
condition of the terranes in which the Miura series is developed, and
also changes in volcanic activities by which the pyroclastic rocks in the
two groups of the Miura series were produced. This petrographic
boundary corresponds with the structural unconformity between the
lower and upper groups. But it may be said that, on the whole, the
volcanic activity in the period of the Miura series is represented by
extrusion of pyroxene-andesite.

The loam of Enosima consists of a brown earthy substance and
isolated crystals of anorthite, augite, hypersthene, and magnetite. The
brown earthy substance occurs as irregular particles containing minute
grains of iron ore, but none are found to have been derived from pieces
of voleanic glass. It is considered to be fine-grained material—clay—
derived from the disintegration of pre-existing rocks.

Under the microscope, most of the crystal grains in the loam are
subangular, but many, particularly those in the lower horizon of the
loam bed, are distinetly rounded, indicating considerable attrition.
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In considering the origin of the loam bed the prime requisite is to
know whether aeolian or aqueous agencies have acted in the deposition
of the loam.  Although the grains composing the loam of Enosima are
much rounded, there is no definite evidence on the condition of their
deposition, whether acolian or aqueous. Further study is needed to
decide this question.

6. FHALBIRG I IR O HERTE DB S HFSE (—)
wmwmER ¥ OB il &

BB i GPIHRIA r — 2 B2 W0 & L Clli4« o B RIERE i LTH 20 2 210
JEERRIR T 2 BB O ABITERIMIBLE 2K EoCRRNIKTER 3 2. X ORBORNE
PHEE I Ay FEEERERICRY 5 BIULF o s ES B Sh 20k . 2 31k
JHCBRICE £h CToH 5 RIUNTHY & B HICBET 5 KIDOSARE KR AH & oR K 1y
FOFMBED DN Do B BABUHEC X 2T 2o HFONFORARTIZTD 2,

AT — AN H o EN R0 BRI Hifl.  B0E0K0 o It & IR
EEPPRT IR IR DL O RNOIEIFOIR R TErIc LEFAIE R bRoTh 28, Wi
ﬁm%r@%ﬁo@ﬁ&%ﬁ&nl%ME@%%%W&UW%&%«BH%O%mnW&T%m
BHHTLR oG 2R T 2 58 (B X o ho KIWR) 35 2 0 H ol o G4 o T
REBI22MY, TREEEL LRI OIE 2 AR HEC X OTHLLYE S Lo
Trdde .

DA HHOEDICESHIENL, B2 R T 2 WBOEA 2~ T/ BRFTHZNERY
Bifte — 2B X VR2 o L/ BoZMHIETE S BIRMAME . BKIBE L VR2 TG L H®
BB X VIR 3 LT & RS ACETC X OTES IR T 5, & ORI ERRYC
LoHBBERLTH S W, TOoRCAIATHRERORS L VAT, FHHoSER:L
LT RINEORA 2 T3 KR LT, EFoSRREL LTt RIIED 22 )
TEMFRL LTS, A, WiHAEYEEGA, A3, MIERUIERNS. BEEA LA, B
BRIKEBRCLRE . BRI AEBTEN %228 L/ Bo v - 2 3@ ERo =G
EARBEECHRO . PHEA, HIA ., MRS ORI L RGN L VR, zomh, 3HE
BEHIA L OB R0, RO TFRL LBL RN TAIRLTH I EROSRO» 2
PR N — Tl 2 AW L,

L7 BoBBEMERT s WRORE. MRS 2 M2 T 5 1< QI EHEEICE 3 S aSNHE
ERERIER B,



