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A PRELIMINARY STUDY ON THE ALKALINE BASALT OF
TSAOLINGSHAN, TACHI, SINCHU, TAIWAN
By |
T.P. YEN
| (With 8 Figures)
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- 1. . Introduction

Tsaolingshan'. is situated about four kilomqt'ers‘ south of the town Tachi}
Sinchuhsien.* It forms a gently sloping hill with a height of 374.2m. The hill is
composed entirely of the alkaline basalt. Concerning this rock, descriptions have
already been written by T. Ichimura and others (1) (2) (3) (4), and geological studies
in this area including the hill itself have also been ‘made by Y. Ichikawa (1) in 1926
and by the writer (3) in 1937.

According to Iéhikawa (1), the volcanic rock of this hill is similar to that occur- -
ring in the pyramidal hill, Chienshan,® near the town of Yingko.® Both belong to
the category of olivine-basalt. Ichimura (4, however, pointed out that' the rock is
not-an ordinary olivine-basalt, but is a sort of alkaline basalt. On account of its
peculiar features in the megascopical, microscopical and chemical characters, the
rock is likely to be considered as a new variety. It was his conclusion that without
making more detailed studies, it is impossible to identify exactly the true nature of
the rock. ' v
At ‘pres‘ent the writer takes this problem into consideration again, and, as a
result, it has become clear that the rock pelongs to one kind of trachybasalt, the
absarokite, which is first indicated by J. P. Iddings. The present paper deals briefly’
with the result of his preliminary studies.

As the constituent mineral grains in the groundmass of this rock are extremely

" fine, high-powered microscopes‘and several optical accessories are indispensable for
detailed microscopical investigations. 'Unfortunately, however, owing to the ultra-ﬁbneness
of the mineral grains on the one hand, and to the lack of necessary optical instruments
on the other, the writer can not but leave férther observations for the future.

18 # 2K 8 3HMR 4k W0 58 &
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II. Geologic Sketch

The geological formatidns in the district of Tsaolingshan have formerly been
briefly sketched by Ichikawa (1) and the writer (2); the main features being as
follows :

1. Tableland gravel beds
(?) Unconformity-

Quaternary {Plelstocene {2- Alkaline basalt flows (Tsaoling'volcanic activity;

Unconformity* .
Pliocene {3. Kinkakd beds (Niki beds of Ichikawa:
g Fault SR
Neogene {4. Middle coal-bearing beds
Miocene 5 «Tairyo beds

Fig. 1. Geological Map of Tsaolingshan

Alluvium

Tableland gravel beds

Kinkako beds

Middle coal-bearing beds

Tairyo beds

Principally the third type }Tsaoling
Principally the first and second types alkaline basalt

N O s w N e

Tairyo beds consist of greyish blue shale, sandstone and yelldwish brown sand-
stone containing occasional molluscan fossils. The' general strike of these strata is
N40°E, dipping towards southeast at nearly 20 degrees.‘

Middle coal-bearing beds conformably overlie the Tairyd beds. It is composed
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of alternating beds of sandstone and -shale, intercalating several coal seams. Two
of the coal seams are wérkable, yielding coals with caking character. They have
been working in a small mine situated about 500 m. east of the hill.

Kinkakd beds consist principally of bluish sandy shale exposing sporadically in
the small valley northeast of Tsaolingshan. The strike is N 30°~40° E, dipping
southeastward at an angle of 50 degrees. B

Tableland gravel beds which’ make up the surface of the tableland are about
200 m. above the sea level. It is composed of clay, sand and . gravel and is covered
by a thin layer of lateritic soil with a thickness of one meter.

Tairyo and Kifkakd beds are brought into contact by a great reverse fault‘
(Sinten fault), along which the strata of the two beds are more or less disturbed
and crushed. The fault plane strikes northeast and dips toward southeast at a
considerable low-angle.

Owing to the covering of weathered rocks and soil, it is very difficult to trace
the Tsaoling volcanic body in detail, but it is quite certain that the body lies on
the two beds, Tairyo and Kinkakd. Though the stratigraphical relation between the
volcanic body and the Tableland gravel beds cannot be directly observed, the formgr
perh_aps/does not overlie the latter, but is in an unconformable contact under the latter.
That is, the deposition of the Tableland gravel beds -is slightly later than the volcanic
.eruption, From these evndences the age of volcanic eruption can be assumed to be
middle or lower Pleistocene. i

The Tsaoling volcanic body consists entirely of alkaline basalt in the occurrence -
of lava flows. At the southern foot of the hill, a limited exposure of agglomerate
can be observed. By reason of unfavorable exposures of the rock and its aphanitic
groundmass, the various rock types cannot be recognized megascop‘ically andi the
detailed distribution of all those types cannot be determined in consequence too.
The rock-is invariably in dark grey color usually with greenish tint. It alters to
brownish grey, brown and reddish brown color as a result of advancing weathering.
“The rock ;cankbe megascopically divided into two éroups, the very porous one and
the compact one; but the two usually grade into each other without any sharp
boundary. The compact group may be subdivided into rough and fine facies ac-
cording to the surface—apperance of the groundmass. Those which belong to the
rough facies crop out chiefly in the area extending from the northern foot of the
hill to the western; while those which belong to the fine facies are principally
distributed on the eastern higher regions including the summit. ‘There is a tendency
that the development of porous group becomes more and more remarkable from
the foot of the hill toward the summit. Based on these field data and the topographical
expressjons it is assumed that the Teaoling volcanic body might be built up by at least
t‘lNO effusions of flow and agglomerate. There is an intimate relation betwedn the
megascopic appearance of the groundmass and the qualitative and the quAantitativ_e
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compositions of minerals. ‘It would be described and discussed in full detail in the
following chapter.

I11. Pet;ography

Not long ago Ichimura {4) has briefly made a description of this alkaline basalt
here discussed, but he has not idenfiﬁed- its petregraphic clan. This time more than
twenty specimens of this rock {in thirty-five thin sectidns) collected at different parts
w1th1n this 1gn'=ous mass have been studied mlcroscoplcally by the writer,

Megascopic Observatmns :—All the types show porphyrltlc structure, having
abundant megacoplc olivine phenocrysts and occasional pyroxene and biotite. The
graips of olivine phenocryst often attain 2 or 3mm. in diameter, being generally
only 1mm. or so. The groundmass of the rock is aphanitic, dense and compact.
The average specific gravity of the rock is nearly 2.7 the porous nne 2.71; the
porous yet somfewhat weathered 241; the compact one 2.73\

* Microscopic Observations :—All the rock types exhibit a porphyritic texture under
the microscope. They contain the same phenocrysts but the groundmass varies
more or less with the rock types. Olivine is the chief and abundan’f phenocryst,
Besides, the phenocrysts are made of such minerals as :pigeon'ite, biotite,. magnetite
after biotite and very rarely plagioclase and quartz. The groundmass, being fine or
very fine in texture, consists principally of olivine, pigeonite, feldspars including
orthoclase, plagioclase and potash-andesine (?), biotite, leucite, analcite, glass, magnetite,
" apatite and microlites, ‘The groundmass, as seen in several specimens, shows fluidal
texture. The characters of the various minerals will be first briefly described in the
following paragraphs ,

(Aj Phem)crysts 7

Olivine occurs abundantly in each type of the rock, and is euhedral to subhedral
in form, having a size up to 0.6X0.2 mm. or more. Sometimes the development of
cleavage .is promment It is optically positive or negative. The axial angle 2V) is
nearly 90°;-ranging from (—) 2V=-87° to (+) 2V==87°. Its chemical composition is
estimated ranging from Fo 79 Fy 21 to Fo 95 Fy 5, the majority being Fo 85 Fy
15. The greatest double refraction (about (7-a;J is 0.040. Several olivine phenocrysts -
assume a corroded form, and some crystals are fringed by aggregates of fine
pigeonite grains. In the brown and reddish brown specimens of the rock, it alters
to hematite from the margin toward the center, and occasionally becomes hematite
after olivine.

- Pigeonite exists in each type of the rock, but is very scarce in comparisoh.'with
olivine. It attains a size nearly reaching 0.3 X003 mm., and shows subhedral form,
It is colorless to light greenish yellow in color. Cleavage is very distinct and well-
devefoped Extinction angle ZAC is 40°—42° and 43°--45°, commonly 41° and e,
Sometimes the extinction angle is slightly different between the central and the outer
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part of the same crystal, viz,, the central.'ipart_,is ZNAC=40°-41°, while the outer part
is Z/\C=45° (according to 'Ichimura, the central part is ZAC=40°; the outer part,
ZNAC=42°). In other words, there is a tendency to show _that the extinction angle
of the central part is generally slightly smaller than that of the outer. Its axial
angle 2V) is rather -small, viz,, 15°—20° and 30”4 ; very rarely it attains to 45°
which marks the presence of pigeonitic augite. All are optically positive. -

Biotite occurs nearly in all types of the rock. Most show their crystal outlines
only, fringed by aggregates of small magnetite grains. Unaltered biotite is rather
rare. The biotite has a moderate to strong pleochroism, viz., X=colorless to light
yellow, Y=Z=yellowish brown to reddish brown. Absorption is X<Y=Z." The
greatest retardation is 664 mye, so that double refraction (f-a) is nearly 0034, Ac-
cording to Ichimura the greatest index of refraction 7 is 1622. It is optically

* negative and the axial angle 2V is very small (about 10°). )

“Plag‘ioclase rarely occurs as phenocryst. In the thirty-five sectionsv examined
only two were found containing this minetal. There is only one crystal in each.
It is twinned after the Carlsbad and the albite laws, and is turbid along the outer
part. The iridices of refraction of the central part are slightly higher than. those
of the outer. It is opticaily negative. The axial angle 2V is nearly 75°~80°, It
corresponds somewhat to acidic bytownite or labradorite. :

Quartz is very rare and is recognized in qne slide only which contains a single
quartz crystal. It is anhedral in form, uniaxial and optlcally posntwe
(BY Groundmast:

In the T_saolmg volcanic body, the difference of rock types is principally at-
tributed to the structhre, granularity, and the kind and quantity of the mineral
components of the groundmass. Here the rﬁicrOSCopic characters of various con-
stituent minerals of the groundin‘ass are briefly described:

Pigeonite is found abundantly in the groundmasé. It is in subhedral or anhedral
form, and about 0.03mm. in size. It is colorless or in very light greenish yellow
color. The development of cleavage is distinct. The extinction angle ZAC is 41°—
42° and 44°—45°. The axial angle 2V is rather small or moderate and is often 'smél-
ler than 20° or well around 30°. All are optically bositive
* "Olivine is less than plgeomte in quantity, and is entirely recognized as anhedral

grains. Its size is nearly 0.02 mm. in diameter.
‘Biotite is one of the principal groundmass-—minerals. It occurs in flake-like

" forms, having a 1éngth smaller than 0.2 mm. Its pleochroism is rather strong, viz.,
X=colorless~light yellow, Y==Z=yellowish brown to reddish brown. The absorption
-is X<Y==Z. Except the slight difference in shade of pleochroism, all the other optical
charcters of biotite are same throughout all the speciemens. It often alters to ag-
gregates of small magnetite grains from the outer part toward. the- center. This
alteration is especially more distinct in those rock types that have a comparatively
coarser groundmmass. ’
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Feldspars are extremely variable in quantity and granularity. They -are distributed
sporadically in the groundmass in the shape of patchy aggergates. In 'some speci-
mens they are almost absent; while those rocks which have a coarse groundmass
are especially rich in feldspars. Generally' they are 0.05%0.01 mm. in size, but
sometimes they éttain to 02mm. in length. According to the optical characters,
. they can be classified into three kinds. (Fy, F; and F;.

F.: Lath-shape_predominat ; colorless; extinction 'straight; elongation negative ;
twinning in Carlsbad law; double refraction nz;-n: very low, smaller than 0.006;
index ‘of refraction by immersion method is 1.515<n; ==a)< 1526 ; optically negative;
axial angle 2V-:70° Judging from these .characters, F: may correspond to -
orthoclase. Rarely severel crystals show a slightly oblique extinction, viz., ZAC ‘on
(001)==5°. They are perhaps anorthoclase. .

F,: Lath-shape predominant; extinction oblique; maximum extinction angle 'in .
albite twins is about 30°; twinning according to Carlsbad and albite laws; indices
of refraction n>154; double refraction:’n?—m, moderate, smaller than 0.009. From
these charac;ers, F: may be regardéd corresponding to labradorite.

Fs;: Shows irregular form or irre-

r " F gularly lath-shape ; extinction oblique;
maximum ~extinction angle is about
25°; sometimesrshowing wavy extinc-

tion; indices of refr&ction n, and n,

are about 1.547, and slightly higher or

1 F.! ! lower than this, namely, A=154 (the
value n;=1530~1.534 on (010) as was
measured by Ichimura is perhaps of
this category); optically positive ; axial
angle 2V is about 50°. Judging from
these characters, F; bears a- striking
resemblance to the “ Potash-andesine
described by T. Tomita (5),

' As to the mutual relations in oc-
currence among F;, F2 and F; in the
groundmass, F1 and Fe.occur together
in the form of - rectangular prisms,
and Fs cements the irregular spaces‘

between Fi,- F: and other minerals.

Fig. 2. \Feldspars‘ and isotropic minerals The association of the former two is

of particular interest. F: frequently

contains minute prismatic core of Fz; and occasionally Fy and F#are stuck toge-
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ther by twinning according‘to Carlsbad law. In some crystals, F:is sandwiched in

between crystals of Fy (Fig. 2). o .
~ Isotropic minerals are found abundantly distributed in the groudmass of Tsaoling
volcanic rock, forming rounded or polyhedral crystals -usually with a diameter of
0.03 mm. approximat‘ely. The quantity of them in the groundmass is in inverse
proportion to that -of the feldspars, that is, the former increases as the latter
decreases. When there is little or no feldspar in the groundmass of the rock, these
isotropic minerals are the principal constituents of the groundmass. According to
these various-characters especially to the index of refraction, th_ey may be divided
into three kinds, I, I; and L.

I; Assumes rounded or irregularly angular form ; rectangular cleavage develops;
no inclusion; index of reraction by immersion method is n=1.490 and n<n of L.
It appears to be analcite.

I, Shows hexagonal, octangular or rounded form in thin section; colorless; rarely
with small cracks; numerous inclusions o_f glass. The augite and microlites are
usually arranged in certain peculiar ways, that is, the two may group together and
cluster at the center; or are arranged in one or more concentric zones with
prismatic -crystals parallel to surface of I;; or may be radially arranged. The con-
centric arrangement is of-‘the most common occurrence. In some cases I, is
surrounded by a shell of crystals, >mostly of feldspars and pigeonite, more or less

‘ parallel to the surface. The index of refraction n is smaller than the- balsam, as is
ascertained by the immersion method, 1.515>n>1.500, i. e., nearly 1.5_1'0. Considering
these characters, I, is very similar to leucite. Judging from the chemical composition
of the rock, the presence of leucite is also quite possible.

I; Shows rounded or irregular form; sometimes contains small inclusions which
occur sporadicallyl; generally colorless, but sometimes in brown color; no cleavage.
Index of refraction n is larger than I,, and is nearly 154 (almost equivalent to

. 'balsam) or higher (the value .measured by Ichimiura is 1547). Thus, it is obvious
that I, corresponds to glass.

, I, I, and L often occur together and are distributed widely in the groundmass.
They are usually surrounded by a shell of other minerals. In some rounded grains,
the inner part is made of I, while the outer is composed of I,. It indicates that
these grains are crystallized iq thé midst of reaction between I, and I,. Fig. 2)

Magnelite found abundantly in each rock type. It is in rounded form:or in
octahedral shape, having avdiameter‘of 0.015mm. The majority of the crystéis is
scattered in the groundmass, but some are also found as inclusions in such minerals
as biotite, olivine and- pigeonite. ,

Apatite shows slender form, atta.irﬁng 0.1X0.02 mm. in size, sometimes reaéhing
-as large as 0.5X02 mm. Its elongation is negative. It is brownish in color in the
innér part. : ‘
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Microlites are found in the isotropic minerals as inclusions or in the groundmass.
They are too small to recognize their characters. The majority of them is, per-
haps, made of glass, pyroxene and the like.

‘Rock types:—The voleanic rock constituting the main 'Tsavolingshan proper
is pophyritic in texture with abundant phenocrysts of olivine, and rarely of
pigeonite and biotite. Throughout all the rock types, there is almost no marked
difference in nature of the phenocrysts; ‘while the texture and the kinds of mineral
components of the g_roundmass are .va.ri'able according to the types of the rock.
The groundmass may be divided into two kinds, fine and very fine, by " the
size of contained crystals. Based on the relative quantity and the kinds of mineral

. components of the groundmass, the rock may be‘ classified into several types as
follows: ‘ v

First type (I' :—Groundmass consists principally of feldspars. ISOtI"OpiC minerals
are almost absent or comparatively little. ' ’

Second type (II):-—Groundmass consists principally of feldsparb and isotropic
minerals. The quantlty of feldspars is nearly equal to that of isotropic
minerals.

Third type ({III):—Groundmass consists prmc1pally of isotropic minerals. Feld- -
spars are comparatively scarce or almost absent. The third - type may be
subdivided into two subtypes as shown below :

(Illa): Isotropic minerals are principally represented by I,. I, and I,
are cofnparatively rare. .
(HlIb): Isotropic minerals are principally represented by I;. I; and I, .
are comparatively rare. ’
The rock_appearance, texture ahd granularity of groundmass of each rock type

may be summarized in the following table {Table 1..

Table 1
j First type ’ Second type ‘ Third tybe
Appearance ‘ Rough facnes i Rough fames ] Fine facies
Intergranular, mter Intergranular, inter- | Dense, intergranular,
Texture sertal and  partly | sertal and  partly | sometimes Clathrate
pilotaxitic textures, pilotaxitic textures. texiures.
Granularity J ‘ Mainly fine ‘ Fine or very ﬁne l Principally very fine

The relatlon between rock typeb and constituent mmexals is briefly tabulated

below (Table 2;:
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Table 2. Relation between rock types and principal components
of the volcanic rocks of Tsaolingshan.

== _ : : e
Types | ‘ 1
e pma | mo
’ Porous X | X X [ X
Structure i l_‘_ |
1 Compact % ‘ % i X | % X X Type common
S S L. [ R present
e [ e [k x 1% pame
Texture - — ! ‘ ;
Very fine (x) I % XX | XX
| Olivine Tt |+ j i+ ; Tt
= . . . |
g . Pigeonite | + ' + ‘r 7+ } +
g | Biotite | B ‘
N i + ++ Abundant
o P]agloc]ase [ f +-+  common
SN 4 - + rare
Quartz l 1 i+) rareor absent
. i
" Pigeonite 1 *Each only one sec-
Olivine . ’ tion and a single
crystal
Biotite | (++)
2| F (Orthoclase) |
s .
o | 8 Fz «P]agxoclase }
7] ‘T"j B AW WY
E ] F; Potash andeclne?i L)
o ——e AN N
c . |
3 T‘; 1 (Analcite) f
u o l2g -
© g% I: (Leucite) 1
= S 0
® |1 (Glass) ]
Magnetxte
Apatite - !
Microlite N
Typés: 1 Absarokite; Biotite-bearing absarokite.

Il Biotite-bearing leucite analcite absarokite: Biotite-bearing analcite absarokite-
Ilia Biotite-bearing analcite leucite basalt {or absarokite:.
IIIb Biotite-bearing leucite analcite basalt (or absarokite .

The distribution of rock types: In the Tsaoling volcanic body, the r(xam area
of distribution of the first and the secbnd types extends from the northern foot of
the hill to the western; while the eastern higher part of the hill embracing the
summit is principally built up of the third type. The effusive stage' of thé.former
two types is, broadly speaking, slightly earlier than the latter. This is the general

tendency. However, they are, in reality, transitional to each other. All are so
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closely related in time of eruption that it is impossible to draw definite boundaries
among them. Because the surface, of the hill is almost completely covered by
eluvial deposits and soil, it is‘ very. difficult to trace the distribution and to make

clear the transitional relation of these rock types in the field.

1V. Chemical Composition

Two specimens of the rock in question were chemically analysed in thé Geolo-
gical Survey of Japan, and the results are as follows tAnalytical data are- quoted
~ from the paper of Ichimura (4). (Table 3. ‘
From these chemical data, it is recognized
that the rock is low in sillca and high in mag-

Table 3

Chemical composition

nesia, potash and soda, magnesia being very

0 ¢7TjA 1 T‘ ~ rich. The abundance of magnesia can be at-
Si 02 48.32 46.82 tributed to the rich content of olivine {especially
Ti O 0.34 0-35 of forsterite molecule) and pigeonite in the

2 § 2 6 ] B4
I‘?l‘ g“ 1; g: iz; rock. The presence of potash-feldspar, potash-

e, s . 3 Y . . .
Fezo ’ 492 47 bearing minerals like leucite and biotite is the
Mn O 0.18 0.18 main cause that the rock is high in potash
Mg O 15.42 15.81 content. In some specimens, soda is compara-
CaO 7.45 7.06 tively high ; this is.perhaps due rather to the.
N82 (o) 3.60 1.64 . o . .
- abundance of goda-rich minerals like analcite
© K: 0 346 . 4.00 . . ,
Ig. loss 0.57 273 - among the  isotropoc minerals than to the
: : - albite molecule existing in the plagioclase.
Total 99,90 99.66 . A X
: The normative minerals are calculated from

Ti: collected from the western foot of the chemical composition as shown in the
. Taaolingshan
T:: collected from the eastern slope of

Tsaolingshan

following (Table 4;:

The above table contains several points
that deserve special notice: (1) the normative
" orthoclase is abundant, while the normative albite and anorthite are comparatively .
little ; the former being especially very scarce; i.e.,, 4.7% only; (2) ‘in spite of the
absence of modal nephelite, the normative nephelite .is present in the calculgtion,
and is even as much as 13.9% in one -specimen; and (3) the normative diopside and
olivine are abundant, the two combined occupying more thén 40%5. V '

The abundance of normative orthoclase is due to the presence of modal ortho-
clase in the groundmass. The potash is derived not only fro;n‘ orthoclase but also
from leucite, biotite, etc., and therefore the modal orthoclase is consequently less
than the normative. The fact that the normative albite and anorthite are com-
paratively little points to the small quantity of plagioclase in the groundmass, énd,
in mode, plagioclase is generally less than orthoclase. The molecular ratio of albite
and anorthite in theAnormative plégioclas*e is Ab 36, An 64 and Ab 24, An 76, that
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is, labradorite and bytownite. In the normative calculation, there occurs nephelite
which is absent in the modal. In the groundmass, however, there exists analcite
which has two more silica molecules than nephelite. If analcite were put in Ipace
of nephelite, the chemical composition of the rock would lack silica. If the quantity
of deficient silca’4 were to be -drawn

out of the normative orthoclase, the -
Table 4

normative leucite = eventually would Norm
occur in . the calculation. Because both , e
analcite and leéucite are present toge- o :I‘j - er_k T
ther in the modal minerals, a part of or ! "20.57 2391
potash, alumina and silica in the normative ab 472 4.72
orthoclase seems to have been derived from . 8.34 1529
. . ne 13.92 4.83
the modal leucite. y - . N .
In case we take the chemical analysis o s 11.95 ol - 824_77

Ty, if all the normative nephelite were as- ©| En N 9.20 E 6.40
sumed to be analcite, its norm could be Fs P 1.45 0.92

. 0, b= T T T - T
recalculated as follows: orthgclase 13.90%, Fo " ! 2051 " 23,38
anorthite 15.29¢5, leucite 785%, analcite | — | i ———|o|———

h 1 Fy 9 377 « 3.47
687%. In case of T,, if the silica neces- L.~ 1| 7
sary for changing the normative nephelite  ™¢ } A | I
into analcite were to be extracted from il ’ 0.61 0.76

the normative orthoclase,. then there would

be leucite and kali-nephelite. judging from the absence of kali-nephelite in the
mode, the normative nephelite in T, is likely to be derived not only from analcite
but also- from such minerals as. biotite, glass, etc., or a part, of the normative
orthoclase will be resulted from the potash-minerals. The abundance of normative

. diopside and olivine is in accord with the‘mode, and the normative chemical com-
position of E)livine corresponds to the optical characters observed under the
~microscope. _

. From the fact that the rock of Tsaolingshan is low in silica in spite of the
higher content in alkalies, it is not difficult to expect the presence of meta-alkali-
alumina:silicates like Ieucite; analcite, etc. in the_rock. Taking the presence of
leucite and analcite into consideration, the norm described above may be ’recalculated

 as follows (Table 5;:

V. Comparison with the Foreign Absarokites

J. P. Iddings (6) established, in 1895, a series which he named  Absarokite-
Shoshonite-Banakite-Series” to a grohp of alkaline basalts that occur in the
Yellowstone National Park of the United States. The most basic class in the series
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was called “ Absarokite ” after the name of the principal locality Absaroka Range.
Its mode of occurrence is principally in the form.of dike or lava flow. )
The important characteristics of this most basic class, absarokite, are (1) the
presence of abundant phenocrysts of olivine and augite, (2) the absence of phenocrysts
- of feldspar and (3) the groundmass ranges

v

Table 5
Recalculated norm

from a dark glass to an almost phanerocrystal-
line, light grey mass. It is often aphanitic and

T: T: dark greenich grey in color. The phenocrysts ’

". are large and well defined in many cases, but .

or - - 1390 }
ab : 472 4.72 are much smaller in others.

an 8.34 15.29 Under the microscope, the phenocrysts of
le . 13.52 7.85 olivine and augite show euhedral or subhedral
analcite® 19.79 6.87 ¢ . ¢ feld .
(K20 ALO3) 1.18 V. orm, and no - phenocryst o eldspar  is
di 22.60 15.56 present. The groundmass consists principally
ol 24,28 26.85 of orthoclase, lime-soda-feldspars, olivine, augite,
mt, 441 5.31 magnetite, apatite, brown biotite, leucite, an-
it 0% 03 alcite, glass, etc. The orthoclase crystals
w . contain minute prismatic cores of lime-soda
analcite

feldspars. When both orthoclase and leucite
occur together in the groundmass, they rare

Na,O AlLO; 4Si0;

not uniformly mingled, but are clustered in groups. In some specimens brown
biotite, leucite and analcite are absent. The kinds of component minerals of the
groundmass and the microtexture are both variable from one specimen to the
other. )

Concerning the chemicai composition of absarokite in Absaroka Range, Iddings
stated: “ Chemically absarokites are low .in silica, from 46 to 52%; low in alumina,
frrom 9 to 1224 ; high in magnesia, from 8 to 13%; moderatly high in alkalies, “with
potash higher than soda, except in one case. The molecular ratio' of the alkalies
to silica is 0.08 and 0.09. After the crystallization of abundant phenocrysts of olivine
énd augite thé remainder of the magma, owing to low alumina and relatively high
alkalies, was so constituted that alkali-feldspathic minerals might crystallize out,
which they did or not according to the condition under which solidification took
place . ‘ i

" From the above brief description, we know that absarokite may represent one
type of trachybasalt.

The volcanic rock in Tsaolingshan bears a striking resemblance to absarokite
either microscopically or Chemically. That is, its phenoctrysts are predominant in
olivine, pigeonite, and occasionally biotite, and jts groundmass-is composed principally
of pigeonite, o-rthoclase, plagioclase, potash-andesine i?), leucite, analcite, glass,
magnetite, apat‘itve, etc. Chemically it is low in silica (46.8 and 48.3%); low in
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alumina (12 6%);

high in magnesia (15%;

comparatively low in lime (79%; rich in

alkalies ; the molecular ratio of alkalies to silica is 0.088 and 0.118.

The comparison between the normative minerals of the rock of Tsaolmgshan_
and those of the absarokites of the type locality as well as of other districts may -

be briefly summarized as follows (Tables 6-7 and Figures 3-5):

Table 6

Chemical analyses of absarokite etc.

(1|23 ]e]s|e|a|s o o|a]|2

Si0, 10.71] 4836 5168 47.32 51.76] 4895 47.28) 50.11| 47.45 44.80] 4376 4690
Al;0; 13.30| 1242 1407 1122 12.36 12.98 11.56| 13.04] 11.43| 12.93 1158 10.17
FesO4 441 595 471 291 488 363 352 458 322 831 430 122
FeO s 3370 248 457 581 460 468 571 394 578 435 757 517
MgO 796 936 772 1596 957 1173 1317 927 1460 1371 1297 2098
CaO 803 865 665 711 714 766 920 7.63 818 1295 964 620
Na,0 149 146 245 188 199 231 273 194 232 102 303 116
K:0 481 397 416 379 383 396 217 415 299 366 184 2.04
MOt | 407 554 200 200 305 316 296 358 250 g 04 10
TiOq 157 118 108 075 047 o040 088 096 081 095 341 041
P;0- 066 084 072 061 056 067 059 069 060 027 045 044
MnO 017 013. tr.| 011 o011 013 013 011 012 0.10
. BaO 046 029 0.22 : : 0.08

Crq0; 0.03 0.33
ZrOy tr.

Ig. loss. 0.13] 0.18 0.18 438
Total 1100.011 99.93) 100.03 99.89‘ 100.321 100.35}100.08} | 9977J 99. 781 100,54

OLeucite-absarokite

| 1M i 15 16 17 18 9| 2
S0y 4013 | 5082 | 5165 | 5003 | 4906 | 4920 | 4647 | 4534
AlOs 005 | 1144 | 1389 | 1408 | 1570 | 1665 | 1597 | 1659
Fes0; 3.57 0.25 2.70 2.92 538 | 476 5.97 583
FeO 505 | 894 4.80 6.11 6.37 5.36 427 4.76
MgO 17.21°| 1401 | 1156 | 10.73 6.17 4.43 5.87 5.43
Ca0 5.68 8,14 407 7.46 8.95 774 | 1054 | 1164
Nas0 201 1.79 2.99 1.46 311 454 169 | 293
g?o ; 2. zg 3.45 z{ 15 1 264 1.52 319 483 455
20+ 0.8 3
ot J ez | 130 Yoz | L
TiO, 0.42 0.59 055 | 0.6l 136 | - 168 1.33 1.30
P05 0.38 0.20 021 042 | , 0.45 0.60 0.73 0.50
MnO 015 0.19 0.15 0.08 031 0.55 0.01 001
BaO 0.05 0.06 0.19 0.04 | '
Cr:05 0.39 0.03 0.80 tr.
ZrOz
Ig. loss. 3.50 0.58 1.89 3.70
R 0.19
| N
. > - .
Total | 0087 | 10049 | 10109 | 10029 | 100.00 | 100.00 ’ 10000 ‘ 100.00




14

Bulletin of the Geological Survey of Taiwan, No. 2

Norms of absarokite etc.

12|35 |6]lals] ® | 12
or, - 28.36| 23.35 25.02| 22.24| 22.24] 23.35 12.79' 2502 17.79) 1.11] 1056 1168
ab 1258 12.58 20.96 943 1677] 943 1624 1624 1258 —| 943/ 996
an '520) 1557 1473 1112 1390 1334 1307 1418 1195 19.74 12.79| 16.69
ne ~ = —| 341 —| s540| 369 | 369 454 880 —
Ie S [ I i R - o e - —
di 19.69| 17.50, 10.74) 16.27) 14.26 16.06 22.88| 14.82 19.79| 3320, 2497 879
hy 643 1190, 1332 —| 2074 —| —[°1059 - — — — 14.35
ol 322 238 265 2807 --| 19.63 20.13 531 24.100 1584 17.99 29.42

. mt 650 441 673 41§ 719 534 510 678 461 487 650 232
il 3.04i 228 213 137 091 091 167 182 152 182 654 076
' ap 1.68- 2.02) 168 1.34 134 168 134/ 168 134 067 134 101
hem.
2.28

 or s04 453 412 spol 420 soe 08 451 421 s 522 s0s
F% ab 223 244 345 220 317 .204 385 293 298 | 200 260
an 278 903 243 260 263 20 312 256 281 o016 388 435
ab 45| 45 59, 48] 47 41, 55 53 51 o 43 37
Pl{ an 55 55 41‘E 52 s3 59 45 47 . 49 100 57 63
- Wo 536 537 529 527 528 527 527 532 528 533 529 529
dig En 459 463 40.9‘ 39.9 40.6! 398 397 432 399 423 413 412
[ Fs 05 00 6.2\ 74 6.61,’ 75| 76 36 7.3 44 58 59
En 97.9 100.0 87.0! —| 872 — — 925 — B 87.1
hy{ Fs 21 00 13.0; \ 12.8I - 7s o | 129
/ol{ Fo | 1000} 1000 34.51‘ Wy~ 8Ly s27 923 831 884 86.3 86.1
Fy ( 0.0 O‘?i 155 168 - w7 173 77 169 116 137 139

|13 [ U | o 16 I o | s | w9 [ 20

or - ’ l 1279 | 2002 | 2502 | 1557 ‘ 890 | 1890 | 2836 | 2280

ab | 1677 | 1258 | 2410 | 1258 | 2620° | 2410 5.24 —

an | 045 | 1307 | 1195 | 2391 | 2446 | 1557 | 2196 | 1779

ne S 1.42 0.57 — — 7.67 483 | 1335

le { — — — - ‘ — — . — [ 3.49

di J 12.47 | 22.i5 9.02 8.21 ; 1887 | 1538 | 2022 ! 27.45
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hy 20.58 — — | 2770 | 1170 — —_ -
ol 15.42 2897 2125 2.15 1.87 5.69 4.26° —
mt 603 | 046 534 4.18 7.89 673 /| 88 .| 835
il 073 | 091 | 106 | 122 258 3.19 243 243
. |
ap v 1.01 —_ | — ! 1.01 1.01 1.34 1.68 134
| Wo
| .0.69
or 327 | 438 | 410 | 208 149 | 323 | 510 | 562
F{ ab 43.0 27.5 396 240 | 440 411 9.5 -
: an 24.3 29,7 19.4 46.2 41.1 26.6 39.5 438
{ ab 64 48 T 67 34 52 6L . 19 0
Pl
- an 36 52 33 66 48 39 81 100
Wo 53.0 51.8 52.9 52.2 51.8 52.0 53.3 53.0
di{ En 41.7 339 39.9 36.5 339 35.1, 44.1 40.5
U rFs 53 143 73 | 113 143 1297 26 65
En 88.4 — —_ 70.7 750 3 — -
hw
Fas 11.6 — - 29.3 25.0 — - -
' 1{ Fo 88.1 66.2 83.7 716 67.4 71.4 95.3 —
[o] . .
Fy . 119 338 16.3 u8.4 32.6 28.6 4.7 —
1 Absarokitg, Cache Creek, Yellowstone National- Park Iddings
2 Absarokite, Clark’s Fork River, Y. N. P. ditto
3 Absarokite, Two Ocean Pass, Y. N. P. ditto
4 Leucite-apsarokite, Sunlight Valey, Y. N. P. ditto
5 Absarokite, Raven Creek, Y. N. P. ditto
6 Absarokite, Lamar River, Y. N. P. ditto
7 Leucite-absarokite, Ishawooa Canyon, Y. N. P. ditto
8 Absarokite, (OSANN; Daly
9 Leucite absarokite, (OSANN) Daly
10 Leucite absaroklte, Fiordine b. Montefiscone Bolsener Geblete Italien. Rosenbusch
11 [Deucite absaroklte, Lava des Matavuna-Vulkans von 1906 Savau Samoa. Rosenbusch
12 Absarokite, Fort Ellis, 2 '/; miles S.E. of Bozeman, Montana. Weed and Pirsson
13 Absarokite, Beer Creek, Madison Valley, Montana ditto
14 Absarokite, South Boulder & Antelope Creek, Montana. ditto
15 Absarokite, Cottonwood Creek, Montana. ditto
16 Intermediate rock between absarokite and basalt, Cottonwood Creek, Montana. ditto
17 All basalt ({including 161 basalt, 17 olivine diabase 11 melaphyre and 9 dolerlte)
OSANN Daly
18. Trachydolerite (ROSENBUSCH) ditto
19 Leucite basalt (OSANN, ROSENBUSCH ) ditto
20 Leucite basanite (OSANN, -WASHINGTON) ditto
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Table 7

Tsaolingshan

The normative orthoclase more than the
sum of the noérmative albite and anorthite.

] Absaroka Range and Other Districts

The normative orthoclase equals to or

and anorthoclase.

less than the sum of the normative albite .

Normative plagioclase : Ab36 An64 or Ab24
An76) {basic labradorite or acidic byto-
wnite). .~ .

i Normative plagioclase from Ab45 An55
’ to Ab55 An45 {acidic labrado_rite;.

" "Normative nephelite occurs{sometimes up |
) 8o

to 149

always occurring in the leucite absarokite.
(35~40%)

Normative nephelite, absent or present;

No normative hypersthene

Normative hypersthene, absent or present;

I
| always absent in the leucite absarokite.

" "Normative diopside Wob3 En4] Fs6

| Normative diopside generally Wo53 En40—
| 46 Fs7—1.

Normative olivine Fo 88-85 Fy 13-15

{ Normative olivine generally Fo 100—83 Fs
0-17. - - .

Horpative felaapsr

or

# ROcK neving aoTmative mephelite

Rouk paving parsatyve siephellne
[ Jrte lencive

-3

Fig. 3. Normative feldspari'

Normstive diopside
ORecx Bavifig no normative hxperthene

\ Wage BNy, Fag,

Fig. 4 Normative diopside
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" Fig. 5. Normative olivine

From the various points described above, it is obvious that the rock of Tsaoling-
shan belongs chiefly to the absarokite group and .the main rock types are as
follows:

The first type: abaaroklte biotite-bearing absarokite.

The second type: biotite-bearing leucite analcite absarokite ; biotite-bearing an-

alcite absarokite. ‘

The third type: biotite-bearing analcite leucite basalt (or absarokite). _

In the provinces of alkaline rocks.in Eastern Asia, several localities producing
the leucnte bearmg volcanic rocks have been reported up to present.

1. Vulsinitic vicoite lava of Alpong' in Yuhng2 Island, Korea (8.
2. Leucite (?) basalt of Sansiangtung®, Chunanmen' and Wusiangtsun®’, Lung-

yentung®, North Hsienching” Province, Korea. , Y
3. Leucité shihlunite and anorthoclase leucite shihlunite etc. of the- volcanoes of

WutahenchxhB district, Lungchiang® Province, China (9) (12). _

4. Leucite basanite of Ehrkoshan' volcano, Lungchiang Province, China (10)
Leucite-olivine-basalt of Chihsingshan'' volcano, Liaoning' and South Hsingan'?

kd

'

Province, China (11).

VI. Accidental Xenoliths in the Volcanic Rocks of Tsaoling‘shan

It was described by Ichimura (2) that the alkaline basalt of Tsaolingshan oc-
casionally includes accidental xenoliths which are :white in color or white color
with-black spots in places. They range in diameter from 5 to 30 centimeters. The
accidental xenoliths consist principally .of coarse sandstone rich‘ in - quartz and
feldspars. Sometimes the residual. magma is found injected into the interspaces
between these mineral grains and consolidated. Several .examples are described
below. ‘ .

" (1) The =xenolith consists of quartz and feldspar (principally orthoclase), in
w\hich a light yellow glass (representing the residual magma) fills up the interspaces
or cracks of minerals. The index of refraction of the glass is about 1.54 (nearly
thé same as balsam'. In the glass, needlelike or spherulitic microlites, aggregates
of ﬁne augite grains, analcite, etc. are recognized. The boundaries between glass

T W % > B B 3 =@M 4 %kEE 5 EMAH
B 7 K & 8 Tk 9 B T 10 = 14
11 N

il 12° % W 13 & @ 2
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and quartz or orthoclase of the sandstone are generally distinct, but the Ilatter two
minerals are often turbid and cracked. :

. (2) In a similar xenolith, the glass, distributed in the interspaces and cracks of
quartz and orthoclase, is dark brown in color, having the index of refration miuch
lower than balsam, and sometimes showing a pearly structure. Except the microlites
of oIivin.{: and augite, there are abundant crystallites of other kinds, having
some such forms as trichite, skeleton crystal, globulite, scopulite, etc. in the
glass. ) _ ,
{3) A specimen éhOWS that the lava magnia,_ after having captured sandstone
xenoliths, consolidates under the condition of mutual reaction. In consequence, the
rock appears just like absarokite including abundant quartz phenocrysts (quartz
grains of sandstone'. Around the quartz crystals, dark brown glass develops, which
has abundant microlites of augite and olivine, and crystallites; sometimes fine augite
grains cluster on their surface. The lava rhagma consolidates as normal absarokite
with phenocrysts of olivine and pigeonite, and grounﬁmass consisting of olivine,
pigeonite, orthoclase, labradorite, potaéh-andesine (), glass, magnetite, etc. It has
neither biotite nor leucite. '

VII. Petrogenetic Consideration

Based on the microscopic observations, the sequence ‘of crystallization of
minerals in the alkaline basalt of Tsaolingshan may be assitmed to be as follows
{Table B8).

‘ Table §.
Sequence of crystallization of the principal components of the rock of Tsaolingshan.

} Phenocryst i ‘Groundmass

Olivine
Pigeonite e | em————
Biotite ———

Plagioclase 1.* ——— , .
Quartz * . —_—— \
Magnetite
Apatite (m——=).
Plgioclase 2 ) i
Leucite . - —
Qrthoclase ; ——
Potash-andesine ? i
Analcite > ’ , : S ——
Glass )

1 t
ca. 1100°C Rapid
o cooling

Plagioclase 1: Phenocryst, Bytownite-labradorite
Plagioclase’2: Groundmass, Labradorite
_ * very rare '
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The phenocrysts of ollvme, plgeomte and blotlte (very rarely. plagioclase and
" quartz also) crystallize out ﬁrst and small magnetltes crystallize at the same stage
or somewhat earlier. In the course of consohdatlon of groundmass, olivine,
pigeonite (abundantly), biotite, magnetite and apatite crystallfze out in earlier stages;
‘bigeoriite, plagioclase aﬁd leucite follow them. With the lowering of temperature,
orthoclase comes out. After this, pc;tﬁsh-andeéine and perhaps analcite alsp cry-
stallize. Glass solidifies last. That is, the crystallization of the groundmass begins .
with the mafic minerals, and felsic: minerals succeed them.

" In the recalculated norm, the values of Ne: Kp: 91 computed from the normative
albite, orthoclase and leucite are as follows:—
T:: Ne 43.3, Kp~ 26.7,, Si 30.0

Te: Ne 22.1, Kp 40.7, Si 372 ) 7

If these values are plotted on the equilibrium diagram of népheline-kalinepheline-
silica-system (13), they fall within the field of leucite, denoting that the crystallization
‘of leucite takes place earlier than that of orthoclase and analcite (Fig. 6)

N

KA1, 0,

v
. @ = =]
Naalsio, - KALSi0,

Fig. 6. Equilibrium diagram of the system,
NaAlS;‘O4—KAISiO4~SiOz

The values of Le: Di: Si calculated from the normative orthoclase, leucite and
diopside are as: !

T:: Lc 395, Py 605, Si 0.0; Lc 404, Di 596, Sil§

Ty: Lc 502, Py 417, Si 8.1; Lc 515, Di 374, Si'106

They may be plotted on the leucite field or on thé boundary between the fields

o

of leucite and dlopsuie on the equilibriumn diagram of “leucite- dwpsnde ~gilica system”

'14).* This shows that the crystallization of leucite is in- the same stage as or
sllghtly earlier than that of diopside. On the other hand, it may be observed under |

’ thg microscope in several specirﬁens that the crystallieation of the latter took plaée

earlier than :the former (Fig. 7). .
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caMasi,oq
(Dlopside)

Kalsizog  gaisijoq

lLeucite) ©Orthociaze) brihoclase 5102

" Fig. 7. Equilibrium diagram of the system,

diopside—Ileucite —silica

The fact that no plagioclase phenocryst occurs in the alkaline basalt of Tsaoling-
shan signifies that the magma is poor in lime and a greater part of lime is consumed
for the formation of pyroxene, or that it is under conditions which arrest or
interupt the crystallization of plagioclase. The abundance of olivine is principally
due to the richness of magnesia in the magma. Magnesia, limel and fefrous oxide
in the residual solution are mainly consumed for the crystallization of olivine,
pigeonite, magnetite, etc. in the earlier -stage; a part of alkalies constitutes‘ biotite.
In consequence, the residual solution becomes gradually richer in alkalies and poorer
. in silica, while alumina hardly either increases or decreaggs. Under these conditions,
the meta-potash-alumina-silicate, leucite, crystallizes out and, with the lowering of
temperature, orthoclase appears as the result of the reaction between the crystal-
lized leucite and the residual solution. Later than or after this, from the residual
solution that contains femaining potash, lime, alumina and abundant soda,- potash-
andesine and analcite crystallize out finally., Owing to the rapid lowering of
temperature, all the remaining solution solidifies into glass.

It 'is possible that the temperature of the magma is very high, perhaps one
thousand and .several hu degrees, before the crystallization of the groundmass. '
When the mafic mineram ]
nearly the same as the abov;e, and the temperature, at which the formation of
' leu'cité takes place, is estimated to be 'higher than one thousand degrees perhaps

WR:roundmass start to crystallize, its temperature is

above 1100°C. Here we may recall the experimetal dafa of the silicateé solution of
“Jeucite-silica system”. In this system, from the solution which is véry low in
silica and high in KAIlSi;O¢, orthoclase can be produced at about 1100°C by the
reaction between the aiready crystallized leucite and the reéidual solution, and the

temperature is unchanged until the reaction is perfectly completed (Fig. Q'S_).
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Fig. 8. Preliminary diagram of the hinary
' syatem, leucite ~silica.

Judging from the paragenesis of minerals in the groundmhss, the volcanic rock
of Tsaolingshan was consolidated under a rapxd cooling condition at the temperature
of about 1100°C (possibly slightly higher or lower than this). In nature the relation
between the crystallization of rock minerals ;md'the tempreature of the magma is
so complex and so powerfully controlled by varioUé-factors that the experimental
data of silicate solution can not be directly applied to its explanation, but they
may allow us to infer the possible and probable temperature of crystallization.

At the lava lake of Kilauea, the temperature of the normal basalt flow is 1185°C;
in the Vesuvius eruptlon of 1906, the temperature of leucite-tephrite lava ranges
_from 1015°C to 1040°C. In Tsaolingshan the rapid change of temperature in the
lava was perhaps caused by the effusion of the res1dual magma. Some specimens
show a fluidal structure in the groundmass

The relation between biotite and leucite. From the various points of
\geological and petrological observations.‘it is deduced thag the condition under which
the volatile components included in the magma can more or less freely escape, is
necessary for the crystallization of leucite from the magma. Therefore, if there
were no such conditon, a part of the chemical components which are required to
the formation of leucite would be consumed to crystallize biotite. )

The alkaline basalt of Tsaolingshan cohtains abundant biotite both as phenocrysts
and in the groundmass. The phenocrysts of biotite are mostly altered to aggregates
of magnetite due to the reaction between the biotite and the residual solution' of
the groundmass. The biotite in the groundmass is unaltered and occasionally “oc-
curs' with magnetite. It is generally crystallized out earlier than leucxte.,_ From
these points it seems that, in earlier stages, the solution of the groundmass was
under the condition that the volatile components in it ‘could not “escape freel_y, and
in later stages, as the volatile,components could freely escape, the crystallization of
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leucite gradually began. Judging ffom the fact that the quantity of biotite does not
markedly differ in the porous and the compact types, the volatile components seem
to have been able to freely‘escape from underground; i.e., before the effusion of
the magma. After the effusion, the volatile components escaped vigorously afld :
caused the formation of the porous type. That the alkaline basalt of. Tsaohngshan
is poor in plagloclase is perhaps due prlnClpally to the deficiency of lime, alumina
and silica in the magma, and to the Consumptlon of the larger part of lime for the
formatlon of ngeomte )

There is no quartz present in the rock eicept one single crystal found in ohe
* 8pecimen. In the igneous rock the co-existence of leucite and quartz is generally
_not known, but it is not an absolute rule.

As to the origin of analcite in analcite bearing basalts, both the primary and the
secondary natures of origin are believed by mast petrologists at persent, The pos-
sibility of the occurrence of primary analcite from a s}liceous nephelite:rich liquid
is suggested by Bowen’s experiments. From the microséopic observation and
chemical composition of the rock, the analcite in-the alkaline basalt of Tsaoclingshan

"is believed to be of primary origin. . ‘ ‘

In Tsaolingshan, each type of the rock takes the same course of solidification
until the c‘o.mplet'ion of the crystallization of mafic minerals of the groundmass; and
simultaneously, with the formation of felsic minerals, each type starts to take the
respective routine of evolution. ’

From the distribution of rock types, it may be deduced that, in the underground
there the volatile components could escape freely, the residual magma was divided
into three parts from the upper down to the lower due to the slight difference of
temperature after the completion of crystallization of phenocrysts and mafic minerals
in the groundmass. - The upper part where the reaction between the already crystal-
lized . leucite and the residual solution has  finished is composed principally of
‘orthoclase ; the middle partv which was formed in the midst of réaction consists
mainly of orthoclase and leucite; and the lower part is composed of leucite and the
solution without orthoclase ‘as to the temperatures, the upper part<the middle
part<the lower part). The upper and middle parts of -the residual magma fowed

“out first; then the lower part effused out and poured mainly upon the former two.

As to the question how the alkaline basalt magma of Tsaoling volcapic body is
derived from the parent magma which is perhaps basaltic in nature, the writer
regrets that the data at hand are too deficient and scanty to say anything the-
oretical about'fhe mechanism of- derivation. He intends to take this .qhestion into
consideration as the principal object of the future study. Considering the abundant
occurrence of accidental xenoliths in the volcanic body, however, it may be said
that selective reaction ‘a kind of assimilation) betweeti ,the parent magma and the
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_minerals of accidental xenoliths (perhaps mainly arkose sandstone is at least one

of the principal causes that gave birth to the alkaline basalt magma.

01.

-1

{April, 1948.
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I.. Introduction

The presence of alkaline rocks in Taiwan was First pointed out by B. Kotd [1]
and Y. Deguchi [2] about fifty years ago. The former described in detail the petro-
graphy of the analcite hasalt found in Penghu' Island in 1900.  Since then, alkaline
rocks have been found here and there in northern Taiwan as a result of advancing
geological works. They have heen described chiefly by Ichimura and others.

The greater part of the alkaline rocks hitherto made _known belongs to the
category of alkalme basalts, i.e. to analcife basalts represented by analcite "dolerite
(or-teschenite) and analcite basanite. It is the most noticeabde feature that the -
alkaline rocks of Taiwan usually have analcite as a constituent. ’

"Te clarify the relation between the alkaline basalts of Taiwan and the dlstrlbutlon
of the alkaline effusive rocks in general, especially of the Cenozoic alkaline effusives
of Eastern Asiatic and Intra-Pacific region, is an lmportant problem in the ﬁeld of
igneous geology in Taiwan.

As one phase leading to the solutlon of the problem regarding the alkaline
basalts in Taiwan, the writer intends to take the mode of distribution and the
genests “of these rocks into consideration. Basaltic rocks are distributed quite w:dely
in the northern part of Talwan They have been studied and compared with others
geologically and petrographlcally by many geologlsts, but their chemical propertles
" have usually been neglected up to present. Thus, we suffer from a shortage of
data both for the comparative study and establishing the relation between the'

% @




26 : Bulletin of the Geological Sz'm)ey of Taiwan, No. 2

-~

chemical properties of the common basalt and the alkaline basalts.
This paper is written on the basis of several data at hand; but when new data
. are obtained in future, the present discussion has to be supplemented with them.:*
‘For the sake of convenience, the alkaline basalts occurring in Taiwan are divided
into two groups, namely, andllcite dolerite (teschenite) and analcite basanite (basalt).

II. ‘Analcite Dolerite or Teschenite

A. Geographical distribution
" As far as is afforded by our present information, the exact representatives of
analcite dolerite are known to be, distributed in Chisingchii' and Wenshanchi® of

.1.‘7'2 - i 1220

Northern Taiwan

7 {Peng~hu
e 's,\ Islands

- @ Analcite delerite @

@ Analcite basanite L
; r
Y30’
Fig. 1

1. Luchi 6. Neikanlinpi

2. Shihsuitzu and Liuchangli 7. Tsingsuikéng
3. Tsingtan 8. Taliaoti

4. Tutan 9. Hsiungkungshan
5. Honglululiao 10. PoneikZng .

I. Mawutu IV. Liuch'ushan
1I. Mafu V. Tashanpeishan
1Il. Chentoushan - VI. Pénghu

L. BEp 2. X
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Taipehhsien.! The principal loclttles are listed below:

1. Luchii® district (Kangkokung Sltsuchen Chisingchii and Luchu, Shlhtlng.
siang )’
2. Shlhsultzu" and Liuchangli’ district (Shihsuitzu, Nelhusmng, Chisingchti and

Liuchangli near. Taipeh? city).”

Tsingtan'® district (Tsingtan, Sintienichen, Wenshanchii).

Tutan" district (Tutan, Sintienchen, Wenshanchii).

“Ho'nglu_luliao‘z district (Honglululiao, Chunghosiang’®, Haishanchd').
Neikanlinpi'® district (Neikanlinpi, Tuchengsiang'®, Haishanchii).
Tsingsuikeng'? district (Tsingsuikeng, Tuchengéiang, Haishanchii ;.

Taliaoti'® district (Taliao, Sanhsiachen, Haishanchii'.

W xEIN AR

Hsiungkungshan'? district (Shwangchi?®, Sanhsiachén?, Haishancht‘i).
10. Poneikeng? district (Poneikeng, Yingkochen#, Haishanchii).
11. Penghu Islands (Penghuhsien).
B. Geological distribution
The geology of north-western Taiwan including regions where teschenites are
found will be first briefly described here "(according to Y. Ichikawa’s classification,
© 1930 [3] [4] [5])%
Sintiku Series
‘ ' Niki Beds (Utokutsu Beds of Yen)
Sanky6 Groups Taiho Beds
Upper Coal- bearmg Beds
Taihoku Series
Nankd sandstone Beds [Upper Marine Fossil-bearing]
Sogo Beds » } Beds of Taihoku Imp. Univ.
Kiirung Group{ Middle Coal-bearing Beds , e
Tairyd Beds - [Lowqr Marine Fossil-bearing]
Kokan Tuff Beds} Beds of Taijhoku Imp. Univ.
Sinten Group—Lower Coal-bearing Beds
Regarding the geological age of these strara, there are generally two -opinions.
One of them considers the Sankyo group of Sintiku seies to be Pliocene, and the .
Kiirung and Sinten groups of Taihoku series, Miocene. The other ascribes all the
formations described above to the Miocene. In this paper, the latter view is accepted
and followed. ‘ \
1. Luchdi district ;
In' the Luchii district where teschenite was first discovered in the. Taiwan

1. LR 2 B O 3R@W 4 ¥k 5 A &M
6. |/ k=T 7. NIRR 8 PN 9. ¥ it 10 % B
1L B O® 12, BRI 13. o f0 9 4. #g I 15.  Pykthiis
16.  + 3 4% S 17, 7 ok B 8.k B Hh 19. RE = W 20, W B
21 = Mg 22, BB 23 WO ’
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proper and described in detail by Ichimura [6], the occurrence of the rock is recorded
in the following way: “it (teschenite) is a laccolith or sill injected between alternating
beds. of shale and sandstone (Lower Coal-bearing Beds; which probably belong to -
the Miocene. The exposure is traceable about 1400 meters along its length and for
150 meters in the broadest part. The boulders derived from this igneous body dare
widely scattered on both sides, and the boundary of the sediments and intrusive
mass is thus.sometimes obscure. The northern and eastern sides form abrupt
contacts with gently inclined sandstone and shale beds, being cut by two faults,
while it is covered by a light grey sandstone southward. The upper sandstone is _'
partly interstratified with thin beds of grey shale, and mostly shows a steep incli-
nation southward, gradually passing into the thick shale zone. No further exposure
of the same kind of rock is seen in this neighbourheood,::--:-::- .
2. Shihsuitzu and Liuchangli district 7]

The teéchenite of this district occurs With olivine basalt and olivine dolerite,
fdrmmg various boulders in the basaltic agglomerate of the so-called “ Kokan Tuff
Beds ™. - '

‘3. Tsingtan district {8]
4. "~ Tutan district [9])

In these two districts, the teschenite intrudes into alternating beds of grey
sandstone and black shale of the Lower Coal-bearing Beds in the form of dikes and
sills. The thickness of dikes and sills varies from several meters up to twenty
meters. The granularity of the rock varies more or less with different localities.
- The most distinct character of the teschenite occurring in these districts is that it
is penetrated by veinlet-like dikes and contains boulders of an alkali-syenite, and an
q-plibtic leucocratic rock as well as ‘a rock intermediate in type between teschenite
and alkali-syenite. The teschenite 'is so intimately associated with these rocks that
- it is quité evident that they were derived from the same magma by differentiation
(crystallization-differentiation). The details of the relations between the teschenite '
and the alkali-syenite, ete. will be dealt with in another paper.

5. Hengluluhao district [9] o _

‘In this district, the lenticular beds of\ tuff and agglomerate together ivith lava
flows are found intercalated in alternating beds of sandstone and shale belonging
to the Lower Coal-bearing Beds. Their principal composition is an olivine basalt,
and the flows in part gradually pass into teschenite. ‘

6. Netkanlinpi district. [9] ‘

Here several dikes and sills of olivine basalt intrude into the Utokutsu beds
(Niki beds o‘f Ichikawa) consisting mainly of\.soft massiv'e sandstone. A part of the
olivine basalt passes into teschemte which is the youngest mtrusxon of the kind m
Taiwan. ThlS is a fact quite worthy of notice up to now.

Concerning the basaltic rocks distributed in the Penghu Islands, the presence of
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teschenite was once reported by Y. Deguchi. [2] Unfortimaﬁely, the writer has not
get any chance to observe the rock specimens, so that nothing can-be said about it /
in this paper._ But if it really occurred there at all, it would probably be the youngest
one in the whole province. ' ‘

7. Tsingsuikeng distrjct [11]

The teschenite occuring in this district is about 15km. south of Lengsmkeng,

" Tuchengsiang. Except that it gs known to exist in the alternating beds of sandstone
and shale of the Lower Coal-bearing Beds, the detailed modes of occurrence of "the
rock are not clear due to unfavourable exposures. i’robably' it is in the form of
dikes. Besides teschemite, there are also basaltic calcareous-tuff, agglomerate, and
lava flows in its vicinity.

8. Taliaoti district [9] _

There is an olvine basalt sill, striking NE and dipping towards NW in
alternating beds of sandstone and shale of the Lower Coal bearing Beds. This sill
t’;rgdually ‘passes into teschenite in its notheastern extension. In this district, several
sills,. agglomerate and tuff beds are also intercalated in these beds, which, in part,
may- contain teschenite. V
9. Hsiungkungshan district [9] -

Several basaltic dikes intrude into the Middle Coal-bearing Beds .and the Sogo
beds that form the southern slope of Hsiungkungshan, and two of them consist
entirely of teschenite. Both have a thickness of nearly 5m. The cfiabase_ and the
teschenite which have been reported to occur at Chiachiuling' perhaps show the
same mode of occurrence, and their boulders are abundantly found in the rivers
running through this district. ‘

10. Poneikeng district [10] ‘ .

The teschenite dikes hére are exposed on the ridge near Poneikeng and the
banks of the upper stream of Tatsingk&ngchi®. They all intrude into alternating
beds of sandstone and shale of the Lower Coal- bearing Beds. The rocks show

" dark grey color and are generally coarse-grained, but become fine and compact
near the margins of the dikes.

- The relations between he teschenites in the districts mentioned above and thelr
country rocks are summarized in the following table.

L h 8 2. AWHIE
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Table 1.
| Quater|— Miocene
Beds :re -Sankyo group “Kiilung group {_Sinten gr-
’n .Y Upper| Nan- W I\glld Tai- Lower
{Pleis- | Niki {Taiho (lJJoal- Skod Sogo Co:l- 31| Kokan ‘Co b
iy e ea- |Sand- .| ryo iCoal-bearing -
Localities tocene | peds Beds| ring | stone| Beds bea 2 Tuff Beds‘ Beds
2) Beds | Beds ring | Beds
Beds |
. i Taceolith
1| Luchd [ ( . ‘ and sill
Shlh—s-u;tzu o i o ’— 7 [ |pouldess| T
2 ; of agglo-
| Liuchanglt S I S I merate |
| -
I | dike and
3 | Tsingtan ' [ ‘ sill
e I I | dike or
utan | | _ l | sill |
1 EE N e T A A - [ a part of
5 | Henglululiao ’ ‘ g la}v?a flow
dike | 7
6 | Neikanlinpi or
sill )
5 1 i ' ]
7 | Tsingsuikéng - T i | sill ?
i i |
8 | Taliaoti j i ]’ sill
. "\ S, | dike - '
9 |Hsiungkungshan | ——
10 | Poneikéng i ! ! dike
. l T '!
11 | Penghu Islands| neck(?) ‘ ‘ : i . l
i ) |

From the above tablé, it is recognized that the teschenites in Taiwan do not
represent a single stage, but they occur in several stages of which the following
.three are easily recognized:

(1)

the stage when the Lower Coal-bearing Beds were depositing,

(2) the stage when the Kokan Tuff Beds were depositing, and

(3}
Beds.

times the injection took placé.k

The teschenite in Pénghu Islands is the youngest one in whole Taiwan.

represents the Pleistocene volcanic action in the provinte.

one stage (perhaps more) after the deposition of the Middle Coal-bearing
It is rather -difficult at present to determine exactly when and how many

It

Thé teschenites in Taiwan occur in the forms of sills, dikes, lava flows as well
as constituent boulders in agglomerates.

They are found either as independent
bodies or as different facies of olivine, basalf. The fact that a part of the teschenite
gradually passes into olivine basalt is especially important to the discussion of the
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genesis of teschenites in Taiwan.
C. Petrography.

The teschenltes i Taiwan are more or less different in granularity and mineral
constituents from place to place. In this paper, a general description is given. As
to the details of eact! locality, respective published bibliographies are recommended
to be referred to.

1. Megascoplc observations.

The teschenites in Taiwan are generally compact and hard with a dark grey or
greyish black color and a somewhat mottled appearance, There are several textural
varieties changing gradually from coarse to fine, Some of them pass into common
diabase or dolerite on the one hand, and some into common basalt on the other.

Most of the specnmens are more or less weathered, usually exhxbltmg a light
brownish grey color on the surface.

2. Microscopic observations.

Under the microscope, the teschenites show doleritic or diabasic texture, and
are made principally of the foliowing minerals :
fa) Feldspars including orthoclase (very rare), oligodase {(common}, andesine (abun-

dant), labradqrite (common), potash-oligoclase (?), potash-andesine (?).

‘b) Pyroxenes including common augite {rare), titaniferous augite ' common), pigeonite

(rare!}, titaniferous bigeonite ‘common), aegirine-augite :rare, aegirine {rare).

(c) Biotite (common). \

{d) Barkevikite (rare).

‘e) Olivine (common, mostly altered to secondary minerals).

f) Analcite (common).

(g) Apatite (common),

{h) Iron ores including magnetite and ilmenite (comfnon).

/it Secondary minerals, mainly chlorite, calcite, natronite, sericite, zoicite, leucoxene,'
etc.

The granularity and the kinds and quén_tities of mineral constituents are more
or less different from place to place even within the same locality. Because of
these features the teschenites in Taiwan.can be divided into several types. The ,
teschenites that occur in Luchii, f‘or:instance, are divided,into‘four types by Ichimura.

The characters of each principal constituent mineral are described as follows:
‘a) Feldspars. ’

' it Potash-feldspar {principally’ orthoclase). It occurs .in small quantity in the
specimegs collected from 2. Shihsuitzu, Liuchangli and 5. Hénglululiao. It shows
lath-shape; twins on Carlsbad .law ; extinction straight; elongation negatlve opttcally
negatlve indices of refraction ni, ne smaller than 1.53.

‘i) Oligoclase. It is comparatively of common occurrence and is often found
filling thei‘nterspaces of other minerals, or fringing other plagioclases. This mineral



32 , Bulletin of the Geological Survey of Taiwan, No. 2

is known'in the following localities.

1. Luchii: n:=1543 on (001}, qptically positive.

5. Hénglululiao. -

7. Tsingsuikéng: mi=1542~, n.=1543+ on (001).

8. Taliaoti: common, )

9. Hsiungkungshan: (—) 2V=80°",
"10. Poneikéng: ni=1537+, ne=1545+ on (001

- (i) Andesine is the predominant plaﬁioclase. Most of the specimens containing
it co‘mmonlyb; shbws lath-shape; twins on Carlsbad and albite laws.
' Luchii: m=1546+, n:=1552+ on (010). ‘
Tutan: abundant

Hénglululiap: abundant -

Neikanlinpi: abundant '

Tsingsuikéng: ni=1531+, ne=1557+ on 001.
Taligoti: 3bundant v

‘Hsiungkunshan: abundant, (+) 2V=75
10. Poneikéng: ni=1519—, n;=1555 on 010’
(iv} Labradorite is also dominant.

Luchii: ny=1557—, ne=1562— on (010;

Shihsuitzu, Liuchangli: ni=15565, n:=15615 on (010)
Tutan: common B ¢

L XN e

Neikanlinpi: common

Lo N

Hsiungkungshan: common .
v) Albite. The plagiociase in the teschenite’from 3. Tutan is represented
almost completely by albite, and the specimens from 9. Siungkunshan contain it
also. \ ,
(vi) Potash-oligoclase or andesine ()-It fills up the interspaces of other minerals,
characterised by (+) 2V=50", n==154 or slightly lower than 1.54.
5. Hénglululiao
9. Hsiungkunshan
(b) Pyroxenes. .
(il - Common augite is comparatively rare, coloJless.
2. .Shihsuitzu, Liuchangli: ZAC=40-45°
4, Tutan: ZAC=38, (+) 2V=50
5. Taliaoti: rare; ZAC=40"43", (+) 2V=65 ,
. The augite has-hitherto been ‘simply ‘described as “common augite”, but there is
also the possibility that it includes pigeonite as well. .
tii) Titaniferous augite is a common mineral in the teschenite.' The titaniferous
augite mentioned by previous authors may perhaps include titaniferous pigeonite
too. The specimens containing this-mineral are found in the following:
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Tuchii: pleochroism- X=light purplish Eyellow, Y=light yellow or light yelloWish
brown, Z=light brownish violet; absorption- Z>X>Y; ZAC=40"; (+) 2V=?;
cleavage/| (010); twins on (010); partly passes into aegirine or-aegirine-augite. .
-Shihsuitzu, Liuchangli: pleochroism- X=light brown, Y= purplish light brown,
Z=bMwnish light brown ; ZAC=40", 45°, 50°; partl};' titaniferous pigeonite ?
Tutan

5. Hénglululiao: ZAC=37-38; (+) 2V=65"

Tsipgsuikeng: ’pleochrois‘m- X=light purplish brown, Y=light yellowish brown,
Z=light brownish violet; partly titaniferous pigeonite?

Taliaoti: light violet in color; ZAC=40"; (+) 2V=60"; common.
Hsiungkungshan: light violet in color; ZAC=43"; (+) 2V=65".

Poneikéng: pleochroism- X=Ilight purplish brown, Y=light yellow1sh brown,
7Z=light brownish violet ; absorptlon Z>Y>X; ZAC=41.

(iii) Pngeomter is comparatively rare, colorless.

Tutan: ZAC=40"; (+) 2V=0 or 30

Hsiungkungshan: ZAC= 40 i () 2V==0°" or 35°-40r

(iv) Titaniferous pigeonite is rather rare, violet or light violet in color
Hénglululiao: ZAC=44"; (+) 2V=3040’

Neikanlinpi: ZAC=44" or 45, {+' 2V=AD

8. Taliaoti: ZAC=44" ~45“ (+) 2V=0" or 30-40’", abundant

(v: Aeglrme augite most commonly occurs along the frmge of the (titaniferous)

augite or the pigeonite, and sometimes as simple crystal. It is so easily weathered

that_ it is often partly altered to certain secondary minerals. It is generally of rare

accurrence.

1.

8.
(c)

Luchii: pleochroism- X=light green with bluish shade or light brownish green
with bluish shade, Y =light green with brownish shade, Z-#light greyish green
or llght browmsh green; ZNAC=65 '

Taliaoti: light green or green; ZAC=61"; rare.

Hsiungkungshan : f)leochroism- X=green, Y=green, 7Z=pale green or yellowish -
green; ZAC=62" ‘

{vi) Aegirine is rare, either fringes aegirine-augite, or occurs as single crystal
Luchii: pleochro1sm X=bluish green, Y=light green, Z——yellow1sh brown or
brownish yellow ; absorpt1on X>Y>Z; optically negative; XAC=3.

Taliaoti

Biotite is found in all the specimens except that of Hsiungkungshan. Pleochroisfn

X =light yellow, Y=yellowish brown, Z=reddish brown or Y=7 =reddish brown (—)
2V=very small, nearly zero. :

7.
10.
'd)

Tsingsuikéng: B=1628
Poneikéng: pB=1614

Barkevikite is rare.
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1. Luchii: pleochroism- X=light brownish yellow, Y=reddish brown, Z=dee15
brown; absorption Z>Y>X; optically negative : Z/\VC=5°.
2. Tsingtan: pleochroism- X=light brownish yellow, Y=yellowish brown, Z=deep

brown; ZAC=small.

8. Taliaoti: ,
10. Poneikéng: pleochroism- X=light brown, Y=light reddish brown, Z=Dbrown;
ZAC=10". ‘

(e} Olivine is present. perhaps in all the -speciméns; mostly altered to secondary
minerals by weathering : '
5. Heénglululiao

6. Neikanlinpi
(fy Analcite is contained in tolerable quantities in all the specimens.

{g) Apatite, slender in shape, is comparatively abundant in each spec.imen. )

}subhedral form, (—) 2V=_86".

(h) Iron ores, including magnetite, ilmenite, etc., are fafrly abundant. ,

The kinds and quantities of secondary minerals are more or less different from -
locality to locality according to the degree of weathering. The principal secondary
mineralé are chlorite, calcite, nontronite, sericite zeolites, leucoxenes, etc.

The teschenite yields more easily to weathering than the common basalt, so that
(it is always more or less altered where exposed. It is very difficult to obtain fresh
specimens. _ [ /

The mineral constituents of the teschenites collected from various districts are

summarized in the following table.

Table 2,
\ 1 (2 |3|lals|e6|7]8]9]1w
Localities Luchii ]
o & 'a ;
\ B = E‘ g 8. w
N N oo . = o ] . = =
~ J I |m v EE & L E|E|B|E| |8
Minerals ™. 25 gl S| ¥l =2 5| 83,9
S2 ®m =} 1o [ 7] ] LI Y
\ ! a6 |6 | D 2|6 |le @&
Potash-feldspar + +
.| Albite - i +
w
8 | Oligoclase + 1+ +] 4+ + + | + +
2]
< | Andesine +l+ L+ FHER) R+ + L+
Labradorite DI A I S S S A b R S R o A Ul B S [ S RS
Potash-oligoclase ? ‘ " +
" Potash-andesine ? ' o
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Augite S i I+ + 1 ] R
, | Figeonite ' (4 + 4
[} . .
£ | Titaniferous augite T + |+
= o
& | Titaniferous } + } + } + } + » N }.i|‘ N }+
E. pigeonite : + ~
Aegirineaugite -+ + - + PR NES
Aegirine 4- - -+
Biotite + 4+ + ‘ O O
Barkevikite [+, + ' + i +
Olivine R I B B e B e N
Analcite L I I I T ol S B A B
. | .|
Apatite I T O B B i R S B o N S B
Iron ores + 1 L A I I e I O
) _ . p
i Nat- i
i roli-
te +

There are six chemical analyses of the tesclgnites collected from two localities,
Luchii and Tsingtan. Since it is quite difficult to collect fresh samples, these analyses
- can not be deemed to be complete, although they may not deviate too much from

D. Chemical composition

the actual composition. The chemical analyses and norms are given in Table 3.

Table 3.
Chemical analyses of teschenite
" 1~3 | /a~6 501
No. 1 l 2 ‘ -\ (av.) . 5. 6 \(av.) Y, 8 9 ?‘0

Si0; | 4756 | 4810 | 4874 | 4813 3950 | 4691 | 47.27 | 44.56 | 45.54 | 4586 | 47.88 | 48.62
ALO; | 1321 | 1564 | 15.84 | 14.90| 2144 | 17.80 | 19.41 | 19.58 | 1626-| 17.32 | 16.47 | 17.75
Fe:Os | 665 680 690| 678| 199| 318| 398| 305| 169|210 043 292
FeO 2084 278 282 | 286 1006 896| 776 | 893| 530| 674| 682 514

O | 350|.38 | 385! 375| 208| 323| 092 | 208| 448| 457| 520 332
CaO | 504| 777! 788| 690| 11.28| 7.99| 569 8321078 690 |.854 | 678
NasO | 420 261| 265) 315| 478 | 444 | 526 | 483 | 422| 487| 399 | 561

K:O - | 4.61¢| 349| 354| 380 104| 222| 320| 215| 165| 184 212| 174
H,O-+ | 511| 440 4.46 162 | 129| 201 379 | 417 | 349| 325
H,0— - 132 — 1631 079 | 0.89 - 101| 081| 093] 065

- TiO2 423 | 226| 229| 293| 264 288 | 282 v 2.78 | 200] 2311 232 204
P:05 2.21 166 | 168 185 1% 1.00 | 041 100| 045, 060] 041 075
MnO — tr. — 0.11 - — — 1 -217| 190, 2.13 1.89

Others . O3 038 |CO2 008 |03 008 _
- Total | 99.42 | 100,63 | 100.68 100.01 | 100:89 | 99.94 $9.43 [100.07 |100.79 | 100.43
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No. ] u !l ' 13 J 14 | 15 | 16 | 17 | 18 | 19 (1;}9) (73019)‘
| v . , av.

Si0. 1618| 45.71| 47.03| 48.18| 4825| 4677| 4526| 4728| 4215| 4672| 4651
ALO, 1770| 1523 | 1536| 1180 17.38| 1491 1574| 19.32| 1875| 1670 16.46
Fe:0: 404| 284 338| 957 451, 78| 2331 6301 494| 422 408
FeO 5.40 69‘3\ 7.35( 590 5.‘:;11 490 721 133 730 5.83| 581
MgO 324 811 510 605| 213| 294] 523| 682] 874 412| 469
Ca0 853| 73¢ 847! 750 603 63| 886 900 975, 791 806
Na;O- 262 396 432| 346| 581 497| 501| 413 334, 422] 433
K:O 163 131 300| 157 300f 237 251 175/ 207| 235 243
HoO-+ | 462 ) ] Uoags 428| 204| o041) 435
H,0 - 132| § 844 } 282 }3'20 —| 092| o068 o026 408

TiOs 208 164, 264 _—i 2730 231 301| 235 —| 224 231
P,0s 050 047 073 049| o065 020 0% —| 058 080 0.56.
MnO 2.05 . - 065] 029 022| 171] —
.Others i 073 | 047 0.71 ‘ .

Total 99.91 100.51f 10067| 9865/ 10064~ 99.90| 99.81 100.67 | 100.07

J . J
Norms of teschenite

e T — St p—— T —
No 1 2 3 13’;3 4 5 6 |61 v . 8 9 10
Q —| Bs4| 354 132] =] | —| = =] -] =] -

or 2724 | 2057 | 2057 | 2280 | 6.12 | 12.79 | 18.90 | 12.79| 945| 1056 | 12.23 | 10.01
ab 3563 | 2201 | 2253 | 2672 | 7.34 | 26./2 | 2672 20.44| 1572 | 26.20 | 24.63 | 36.15

an 334 | 2057 | 20.85 |.1501 | 33.92 | 22.24 | 19.74 | 2558| 20,85 | 2029 | 2085 | 1835
ne | —| — — — | 1789 | 596| 966 1079| 1079 | 795 51| 596
di 346 | 540 | 540 | 562 1019| 925| 519 | 7.74| 2439 779 | 1539 | 850
hy —| 700! 730| 680| — — — e - -
of | 518 —| —| —| 925! 930| 450| 7.76| 6.14| 1301| 996 562
mt |. —| 232| 232| 070| 302 464| 580| 441| 255| 3024 070| 4.8
il 638 | 441! a41| s547| 502 547| 532 | s532) 380 | 4dl| 441| 380
hm | 672| 528| 528| 640 —| —| —| —| —| = -| @
ap 5047 403| 403| 437| 370! 235| 101| 235! 1.01| 134| 1.01| 168

or | 41 | 32 ! 32 9 |17 |23 | - | 14 15 | 18 13
{ab 5¢ | 36 | 36 49 | 52 | s3 53 | 57 | 51 | 63
an | 5 | 32 | 32 2 | 31 | 24 |33 |28 |31 | 2
Wo | 17 | 95 | 8 22 | 21 | 22 38 |15 | 27 | 27
@ | @ | b o -
En | 85 |+5% | % 23 | 37 [ 21 34 |4 |4 | 51
Fe @ 9| 1Y 55 | 42 | 57 leg | a1 |29 | 2
Q | 935 9% S5, ~18.18| —8.34 —9.66 |—11.34/-12.66| —8.04| —7.26

( ) convert FesO3 of hm into Fe®
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No. ‘1 12 13 4 | 15 16 17 18 19
Q 336 | — — | 168 I - -
or 945 | , 778 | 1779 | 945 | 1779 | 1390 | 1501 | 1056 | 1223
ab 9201 | 2725 | 1834 | 2934 | 2034 | -3301 | 1467 | 2148 | 1100
an BT | 1974 | 1380 | 1195 | 1251 | 1140 | 1279 | 2863 | 3030
ne — | 314 | 966 — | 1079 | 483 | 1505 | 7.0 | 9.09
ai 534 | 1047 | 1916 | 1717 | 11.03 | 1404 | 2064 | 1253 | 1193
hy 8.71 — | = 1 - - - - —
ol  — | 1652 7.07 — .| 208 056 784 | 784 9.38
mt 580 | 418 | 487 | 1392 | 650 | 998 | 325 | 278 | 719
il 3.80 3.04 502 — 517 am 578 456 | —
hm — — — — C— 0.96 — | 432 —
ap - 134 | 134 | 168 | 13¢| 134 | o067, 202! — | 13
or 15 13 26 | 18 22 20 21 | 13 17
al 35 55 53 58 61 62 60 17 39
an 50 32 21 24 17 18 19 |- 40 44
Wo 20 16 34 33 41 @] 35 5 24
En 58 . 1 60 a4 56 39 5 4 Y 40
Fs c220 ) 22 | 1 20 b 21 |09 36
Q 4336 | —930 | —1086 | +1.68 | —990 | 508 | —1530 | %%y | 1092
1. .Luchi, Sihtingsiang, Wenshanchii, Taipehhsien, Taiwan
2. ditto . ;

3. ditte

4. Tsingtan, Sintiencheén, Wenshanchii, Taipehhsien, Taiwan .

5. ditto

6. ditto

7. Mawarizawa spring, Mt. Takakusa, Shizyoka-prefecture, Japan (teschenite o type)
8 ditto ”

9. ditto »

10. Sakamoto, Higashimasuzumura, Mt. Takakusa, Shizuoko-pref. Japan(teschenite p type)
11. ditto

12. Blackburn, Bathgate

13, Craigleith, Island, N. Berwick

14. Boguschowite, Silesia,

15. Minussinsk, Siberia

16. Mapleton, Township, Maine, U.S. A.

17. Bellow water, Lugar, Scottland

18. Compo Jose, Fernandez, Uruguay

19, Blauendorf, b. Neutitschein, Osten Schlesien

20, 7~19 average. o

From the above table, it is seen that the chemical composition of the teschenites
from Luchii and Tsingtan are somewhat different .from each other. In the former,
K:0>Na:0; in the latter, KsO<Na.0. When their components are compared with
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the average value of those of thirteen specimens 'hitherto-known from -'varieus parts
‘of the world, there is no remarkable difference. As compared with the average
value of all the basalts k:orhputed by Osann‘, the teschenite is poorer in SiO., CaO,
and especially in MgO, and is élightly higher in K20 and Na:Q; the other compone}its
show neither perceptlble increase nor decrease . . »

" The norm of the teschenite of Tsingtan does not differ from the average value
of the teschenite in general, but that of Luchd is chara(‘terlzed by containing the
" normative quartz, hypersthene and abundant .orthoclase, but no nephehte
E. ‘Consideration on the genesis

(i) Expression of chemical composition _

The chemical analyses of the teschenite here under discussion are those of

Luchti, Tsingtan, Mt. Takakusa in the Sizuoka prefecture of . Japan [17], as well as
several other places m the world. The- analyses are expressed by the following
methods.
) In the basaltic magma, two of the compbnents, feldspar and pyroxene, play the
important réle, so that normative Teldspar components (Or, Ab and An) and normative --
pyroxene components (Wo, En and Fs) are computed from respective chemical
analyses. When normative feldspar and pyroxene are computed, silica is deficient
in many specimens. Regardles§ of it,-the ncrmative feldspar and pyroxene are
computed, but never the normative olivine ‘and nephelite. The deficiency of silica
is finally computed afid shown as the negative quartz (—Q).

In the specimens from Luchii, normative hematite is present in spite of its absence
in the fresh specimens. In this case, we change all Féyﬂa into FeO for the convenience
of consideration. (As a result, the quantity of FeO in recalculated analysis is more
or less larger than that in the rocks themselves.)

Thus, the calculated normative feldspar and pyroxene components are plotted
on the triangular diagrams of Or-Ab-An and Wo-En-Fs.

or

/\ N =

|~ 3

\\
~
BN

Fig. 2. Triangular diagram of Or-Ab-An o \/

Fig. 3. Triangular diagram of Wo-En-Fs

lii) Results ) '
The plotted points of ‘the normative feldspar and pyroxene components are
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scattered on the triangular diagrams of Or-Ab-An and Wo-En-Fs respectively.
Between the dormative feldspar and the normative pyroxene, there are’ some such

relations .as -fgllows

(a) In the r‘&:in‘ which the normative feldspar is comparatively rich in Or-Ab, the
“hormative pyroxene is high in En, .

(b)Y 1In'the rock;in which the normative feldspar is rich in Or or Ab, its normative
pyroxene is high both in Wo or Fs. '

This tendency is recognized also in the comimon basalt, but in the-case of teschemte,
this nature is somewhat obscured. The normative feldspar of teschenite is richer
in Or-Ab, and is distributed in wider area than that of the common basalt. Also
the normét_ive pyroxene of the fo'rmer ranges widely in composition than that of
the latter. .

From”the normative feldspar and pyroxene components of the rocks in Luchd,
Tsingtan and Mt. Takakusa, it is known that the feldspar component evolves from
the An-rich one to the Ab-Or-rich one, and the pyroxene component has two routes
; of evolution, namely, one from the Di-rich one to the Fsrich one and the other
from the En-rich to the Dirich one. These tendencies are also seen in the common
basalt. |

(iii) Consideration _

The outline of the fractional crystallization in the cofnmon basaltic magma is
first btiefly reviewed here [12], [15]. Owing to the dlfference of the earlier- crystalﬁzed
minerals in the basaltic magma, two types are recogmzed namely, the one chara-
cterized by the plagioclase and olivine, and the other by calcnc plagioclase and d10psnd1c
' augite, rarely by olivine. According to the condmon of reactlon between the earher-
crystallized minerals and solution, the component of the - residual solutions dlverges
along. respective evolutlon -routes, and, at different stages m the course of evolution,
the residual solutlon effuses out or mtrudes into the crust and yields various kmds
of basalts. )

In the light of the foregoing, it is seen that the teschenite is produced ip the
course of the divergent evolution through the common basalt. Tilis consideration
coincides entirely with the fact that the teschenites in Taiwan and- Mt. Takakusa
occur- always in association thh olivine basalt, and often pass into the latter. In
other words the teschenite is the more differentiated product of the.basaltic magma
than the common basalt.

The question now is how the teschenitic solution is derived from the basaltic
magma producing common basalt. L

There are, in general, two way-:. of explanatlon as to the various chemlcal
components of igneous rocks. ~ One is the contamination of magma by foreign matter ;
and the other is the crystallization- -differentiation of magma. Viewed from the
éomparison of chemical components between teschenite and common basalt, the
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harmony between the~ evolution of .normative feldspar and that of pyroxene, and
the passage from the common‘basalt to ‘the teschenite, the genesis of the major
part of teschenites can well be explained by the theory of crystallization-differen-
tiation of the basaltic magma rather than by that of the cbntamina‘tid@ the basé\ltic
magma with foreign matter. ' ’ \

Accordmg to W. Q. Kemmedy [13] and. G W. Tyrrell [14], the basaltic magma
has two types, the olivine basalt magma (plateau-basalt of Tyrrell) and the tholeiite
magma (flood basalt of Tyrrell). The alkaline rocks are derived from the former.

_But Barth [16] thinks the basaltic magma is mopnotypic and can yield either of the
two types mentloned above: m response to the reactlve conditions between the
earlier- -crystallized minerals and solution, :

In the chemical comp051t10ns, the teschenite is less in SiOz, CaO and MgO, and
slightly higher in alkalies than the common b'asalt. Except for these, 'th’e cofpositions
are much the same. ' " '

Considering from these. facts and various geelogical and mineralogical,_relations,
-it can be said that the teschenitic solution is principally more deficient in SiOs:, MgO
and CaO than the common basaltic magma. As an explanation for this, the following
hypothesis may be taken into account.

From the basaltic magma, calcic plagloclase and ollvme or d10p51d1c augite
.crystallized in an earlier stage. While the reaction between these minerals and the
>solution was in progress, and the common basalt was being formed, the pyroxene
was abundantly produced and took deposition or aceumulation. ‘As a result, the
residual ‘solution became lees and less'in SiQy, MgO and CaO, and finally passed
into the teschenitic solution. The crystalhz’htlon was slower than that of the common
‘basalt hemce doleritic texture of the teschenite was thus resulted

Although much geological and petrographicat studies have been accomplished
previously, we have -no chemical analysis of the common basalt in Taiwan at hand.
Therefore the chemical ‘re_la‘tions between the teschenite and the common basalt

o | can not be discussed here in detail.
+,°a » ' _ In the common basalt, there is
a ten‘dehcy that the rock having

/’ normative Or-rich-feldspar contains
o 7 more normative quartz than that .
-8 ! having normative Ab-rich feldspar’
b i ' g  The same tendency can also be
: " : ' . recognized in the teschenites of
o ? Tsingtan, Luchii and Mt. Takakusa.
-2 s —p——n—- 'Fig. 4). The teschenites in Tsingtan

and Tutan are accompanied by the

Fig. 4. —_ . p . .
e The selation between qu‘“tz and Ab - alkali-syenite (analcite syenite; and
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the aplitic, leucocratic rocks; and the one from the former locality was once studied
‘by Ichimura. These may be dealt with 1n another paper. .
II1. Analcite-basanite (basalt;

A. Geographical Distribution (Fig. 1)

As far as the writer knows the occurrence of analcite basanlte (basalt) in the
Taiwan proper is limited entirely to Mawutu' “and Mafu? dlstrlCtS Besides, the
same rocks are found in the Pénghu Island and Yiiwengtao® (or Slsu‘), belonging
to the Penghu Group They have been described by B. Koto in 1900. ' The localltles )
where the analcite basanites are found are listed below :

1. Mawutu district (Mawutu and Chikoshan’, Kuansichén®, Sintsuhsien’;,
2. Mafu district (Mafu, Héngshansiang®, Tsutungchii®, Sintsuhsien), .
3. Chéntoushan‘° district {Between Chiaopanshan'' and .Ch&toushan, Tachichﬁ‘*,

Sintsuhsien), ‘ . "
4. Liuch’ushan®® district -(Kuansichéng,%intsuchﬁ, Sintsuhsien),

5. Tashanpeishan' district (Héngshansiang, Tsutungchii, Sint$uhsien:,
6. Pénghu district (Pénghuhsien). )

~ B. Geological distribution
1. Mawutu district
2. Mafu district

" The geology- of these dlstrlcts has already been described by Ichlkawa (51,
‘Ichimura [18] and Ishizaki [20; the - latter two have pald special ‘attention to the
discussion of tﬁe strata containing the alkaline basalts. O'wing ta 'the complicated
geological structure, espemally due to the development of faults and abundant 1gneous'
rocks, the accurate and detailed order of succession. of Qrata 1s not preclsely known.
But the formations containing the alkaline basalts as a i ‘whole seern to belong to the
" Upper- Coal-bearing Beds and in part to’ tl'&e Taiho ‘Beds. The strata, striking NE
and dipping towards S E, consist chleﬂy of beds of grey sandstone, white sandstone,
and coarse sandstone with subordinate shales.

' Basaltic tuffs, agglomerates and lava flows are assoc1ated with these two Beds.
The analcite basanite forms a member in-them, and oceurs either as boulders in the
dgglomerates or as a part of the lava flows. The most distinctive character bf the
basalt here is the common occurrence of olwme aggrcgates {each havmg a diameter
up to 10cm.) and augite crystals (each having about 3 cm. across. Moteover some
rocks often contain zircon, corundum, sapphire, ruby, spinel, garnet (i, etc.,, as was
studied by Ichimura [18] sometime ago. ‘ '

. Chentoushan.‘
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The region extends from Chentoushan to Chiaopanshan (the name of a village,
Ab}ut Jnot the hill of Chiaopanshan) and is formed of the Lower Coal-bearing Beds.
‘The strata strike NE with a SE aip. The analcite basanite here is found intruding
into these strata pOSsibly as dikes.

4. Liuch’ushan.

The geological farmation here consists of the Middle Coal-bearing Beds and the
Sé6gé Beds; the analcite basamte mtrudmg mto the former as dikes.

5. Tashanpelshan ,

In the Middle Coal-bearing Beds and the S6g6 Beds of this dlStl‘lCt, many basaltic
sills and dikes are found in association; the analcite basanite intrudes into the Middle -
.Coal-bearmg Beds as dikes. :

6. Penghu Islands.

The geology and the Lgneous rocks of the Penghu Islands were previously
studied by Y. Saito [2?], Y. Deguchi [2] and B. Koto [1]. All the 1slands consist of
basultic flows (except Huasu1 , and three supsposmg lava flows mtervened by sand-’
stone and conglomerate beds are observed ‘above sea-level. All these flows belong
to the Pleistocene (?;. The lowest lava flow (the third flow) in the main island and the
Yuwengtao contains associated flow of analcite basanite. \ -

The geoIOglcal age of the ‘analcite basanite. The analcite basanites in Mawutu
.and Mafu dlStrlCtS were effused out or injected upward during the upper Mlocene
age’ when the Upper Coal- bearmg Beds and the Talho Beds were deposntmg, whlle
those in the Penghu Islands were . extruded in thePlelstocene( ) period. Though the
age of the analcite basanites in other districts can not be determlned due to thelr .
occurrence as dlkes, it may perhaps be justified to ascribe them to the same age as
those of Mawutu and Mafu. districts, because they are found  in the closely nelgh
. bouring areas.

C. Pétrography
1. Mawutu district.

,Ichumura (18) has already described the analcxte basanite in this dlStI’lCt together .
with that of Mafu. Under the microscope, the writer divides the rocks found there
into two (possibly there may be more than two! types, which are temporarlly called
MW 1 and MW 2,

‘{é)' MW 1 type

Megascopic observations :--The rock has a distinct porphyritic structure. It is
compact’ with a dark grey to black color. Olivine and pyroxene are recognized.
-‘Sometimes olivine crystals form aggregates, having a diameter uﬁ to 10 cm.

Microscopic. obserVations:——Textufe porphyritic; groundmass compact with a
fine texture;.the phenocrysts are composed of olivine (abundant; and pyroxene (less).
Ohvme occurs abundantly as phenocrysts, but is rare in the groudmass

1k M@@-
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(—) 2V=85"-86".

Hypersthene occurs rarely as phenocrysts; elongatmn posmve (—) 2V=70.

Pseudohypersthene, consisting of aggregates of magnetlte augite and hypersthene,
occurs rarely as pseudo-phenocrysts.

Rounded mineral-aggregates consist prmcxpally of feldapars {(anerthoclase (?),
oligoclase-andesine), biotite, chlorite, magnetite and analcite, and occur as pseudo-
phenocrysts. These minerals are perhaps derived from the minerals or the sulution
rich in alkalies. _ B

Feldspars are the principal groundmass minerals. They include andesine, labra-
dorite and oligoclase. ’ o

Titaniferous augite is present in the groundlhass ZAC=43-50°, average 46 (+)

2V=50°, .
Pigeonite occurs rarely as phenoCryst ZAC==0"; (4) 2V =0’ or 20°

Titaniferous plgeonlte is common in the groundmass; ZAC=42"-50", average 45°;
(+) 2V =small. _

Biotite occurs principally in the groundmass; showing pleochroism- X;ligh't
vellow, Y=yellowish brown, Z=reddish brown; (~) 2V=0 ‘

Analcite fills up the interspaces among the other minerals; n=1.487.

Iron ores
(b) MW2 type

It is coarser in texture than MW 1 type, and the porphyritic structure is. obscured..
Under the microécope it shows equigranular texture. )

Olivine is abundant, almost altered to chlorite.
Augite is rare. ‘
,Tltamferous plgeomte is abundant; ZAC=40-43"-45"; (+) 2V=10".0or 25+
Feldspars are in two kinds; the one consists of andesme-labradorlte and forms
lath-shape; the other shows an irregular form; n=154, (+) 2V=50"; perhaps corres-
" ponding to potash-andesine (?).
Biotite, analcite, magnetite, apatite, etc. are present in the groundmass, and thelr
characters are the same as in MW 1.
2. Ma-fu district
- The specimen in this district-is ‘the same as MW 1 type. It shows a porphyritic
" structure, has a fine groundmass; and contains large crystals of pyroxene besides
olivine. The characters of constituent minerals are as follows:
Phenocryst olivine: () 2V=85
Pigeonite is common both in the grourndmass and as phenocrysts, ZAC= 40 -43°;
(+) 2V=very small. - ) ‘
Pseudshypersthene consists principally of aggregates of pigeonite and magnetite.
Feldspars are the principal groundmass mmerals, andesine and labradorite being
<the representatives.
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Analci’te fills up the spaces among the other minerals; n=1.48_9.
Iron ores.. .
: Acéo_rding to Ichimura, the more important characters of the constituent minerals
of the analcite basanite in Mawutu and Mafu are as follows:
Olivine: a=1647, #=1.662, r=1.682; r-«=0035; (+) 2V=81"20". '
Biotite: 7=1647; 2V=0".
Analcite: n=1487, .
Titaniferous augite: weak pleochroism-X=Ilight purplish brown, Y=light yellowish
brown, Z=light brownish-purple ; absorption-Z>X>Y.
Plagioclase: andesine-labradorite. ' '
Magnetite ; qétahedral or granular fbrm.
Picotite: anhedral form.

3. Chéntoushan ’
" The appearance and constituent minerals of the analcite basanite in this region
are similar to those of MW 2.
Olivine: almost altered to chlorlte
Pigeonite: ZAC=40"; (+) 2V—very small.
Feldspars: andesine-labradorite.
Biotite: pleochroism-X=light brown, Y==2=reddish brown; (—) 2V==0".
Analcite, magnetite, apatite, etc. are the same as in MW 2,
4. Luch’ushan
The rock in this region is also similar to MW 2,
Olivine: almost altered to chlorite, etc.
Pigeonite: ZAC=42-43"; (+) 2V=very small.
Feldspars: andesine and Iabradorlte the latter is somewhat more freqent than the
former. '
Biotite: - abundant; pleochroism-X=Iight yellowish brown, Y=Z=dark brown; (—)
2V=0".
Analcite.
Magnetite.

This rock sometimes contains xenoliths which consist of chlorite, chalcedony,
calcite, plagioclase, etc, Brownish glass with scattered biotite usually fringes the’
xenoliths. '

5. Tashanpeishan

' The analcite basanite is similar to MW?2 type, and shows more or less porphyritic
structure, having olivine as the chief phenocrysts. The main constituent minerals
are as follows: ‘ ‘

Olivine: - (—) 2V==85°,
Titaniferous augite: ZAC=40-43; (+) 2V==70°.
Feldspars: oligoclase, andesine, labradorite and little potash-andesme {9 (n=154;.
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{4+ 2V-550.)
Analcite : abundant
Magnetite.
Apatite.
6. Pénghu district
(a) . Penghu Island (t‘he main island of the Penghu group) » ‘
Hattori, Kono and Rin [19] have all describéd the analcite basanite found in this
island. " The more important features of the constituent minerals are given as follows.
Plagioclase: ni=1557, n2==1.564 on (001); n-—n,=0.007; acidic laPradorite.
Titaniferous augite: ZAC=-50",
Olivire
Analcite: n=1.486.
Magnetite
- Apatite
(b) Ytliwengtao )
The analcite basalt in this island was studied by Kotd [1]. The specimens from
Sisii were studied undér the microscope by the writer, and the results are outlined
below. \ "
The rock is dark grey to black in color, compact, medium-grained ; shows more
or less pophyritic texture; contains no ﬁlagioclase phenocrysts.‘
Phenocrysts :— k
Olivine: (—) 2V==85"-86°, 90°, (+) 2V=-88.
Titaniferous pigeonite : ZAC=40; (+) 2V==30"-40'.
Titaniferous augite: ZAC=40"; (+) 2V=65°-70".
H;rpersthene: rare.
Groundmass :— ‘
' Plaigioclase: labradorite, andesine and oligoclase.
Analcite ’
Magnetite
Apatite
“The. modes of occurrence and the constituent minerals of the analcite basanites
from the localities mentioned above are tabulated below.

Table 4.

\Localities Mawutu M
fu

QOccurrence, a

Minerals, etc. MW1 , MWwW2

. T ~
Chéng- |Liuchu-Tashan | Penghu Islands

toushan| shan !Peishan PenghulYi.iw'eng

) : lava flow or » »

Mode of occurrence boulders of ” dike? | dike dike lava flow
] agglomerate N - :
Porphy- equig- Porphy-| equi- | equi-# (por- | - (por=-
Structure ritic ranularl| ritic‘ gran. g?qan. phy.) phyr.)
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\ Localities. Mawutu Cheng- 1Liuchu-‘lTashz;n [ Penghu Islands
Occurrence, ™ - _ . |——————| Mafu T
Minerals, etc. — | MW1 ‘ MW 2 toushan\ shan Pexshani Penghu Yiweng
Texture fine !medium fine medium’me(,iiumlmediums ' :medium
@ K-feldspar (+) + ' . +
"8, | Oligoclase () 1 L +
% Andesine + + + + + - +
“ | Labradorite + |+ |+ + |+ + £ o+
Augite ' ()
2 .Titaniferous augite . 5 + -+
§ Pigeonite + . + + +
E Titaniferous pigeonite - + s
& | Hypersthene () (+)
‘Pseudohypersthene | [+ (4] +
Olivine + + + + + + + +
Analcite + + + | o+ + + + +
Biotite + 3L + +
Magnetite + +. + + ; + + + +
Apatite + + + + ‘ + | + + +

<+ present (4} rare

D. Chemical composition

There are four chemical analyses of the ahalcite basanites in Taiwan. Three of
the specimens were collected from Mawitu and one of the specimens, from P¢nghu
Island. These chemical analyses and the norms calculated therefrom are tabulated

here. ,
‘ " Table 5
Chemical analyses of analcite basanite
No 1 z | 3 4 5 6 7 I 8 i 9 10
Si0s ;11.92 4294 | 4742 | 4346 4081 | 4110 | 4377 | 44.85| 4559 | 4651
ALO; 1270 [ 1390 | 1388 | 1424 | 13.08 | 1482 | 1304| 1255 1298 12.63
Fe;0, 639 | 132| 383| 360| 640 =235 296| 333 497| 342
FeO 813| s12|.826| 864| 720 1038| 614| 530| 470| 520
' MgO 1201| 1279 | 876 66| 1003| 043| 1291| 1027 836 | 1009
CaO | 997, 929| 913| 88| 1012| 1056 | 1147| 832! 1L%| 800
Na;0 390 297 355|, 378| 243| 394| 319| 477 “453] B511-
K0 048 | 156 144| 107| 031| 128| o079 072] 104! 164
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H,0+ 316 . 397 | 231 28| 201 39 23
H:.0— 0.82 039! - 063 095| o051 025
TiO; 0.81 ‘3.11 Q.72, 243 3.96 " 3.20 1.08 " 5.07 1.32 3.98
P,0s5 1.05 " 008, o088| 019] . 142| 117| 091 091
MnO 021 (" - tr. 0.18 0.19 0.07 0,14 0.18 0.07 0.14 -
Ig. loss 3.11 2.60 s !
. . ‘ » v
Totdl 99.63 | 100.71 99.57 69.93 | 100.50 | 100.1 C 9960 | - 99.87 100.25
Norms of analcite basanite
No. 1 2 3 4 5 6 -7 8 . 9 10
LY . / y .
. * hd 1 . h
or 2.78 9.45 8.34 6.67 1.67 778 445 3.89 6.1 945
ab 38| 1048 2044| ‘1520 | 20.44. —1{ 1310] 2882 | 189 | 2463
an 1585 | 19741 1774 1835 | 2391, 1724 | 1890 11.12| 122| 723
ne 1335 | 795| 511| 9.09 —| 1818] 738| 594| 102| 9%
di c w681 | 1528 189 2033| 1608 [ 2855| 2294| 17.71| 300| 2098
ol N 18.49 24.27 16.12 15.12 11.46 15.59 20.46 12.18 6.5 11.12
mt 9.28" - 1.86 5.57 5.34 9.28 3.25 4.41 2.55 7.2 4.87
it | -152| 593| -137| 456| 745| 608| 213| 958| 25| 7.60
‘ap - 2691 2.02 336 | 269 19| 202
) - hy - | hm
: P ‘ 3.23 |- . 1.60
1. Mawutu, Kwangsxhch°n, Sintsuhsien, Taiwan /Ichimura)
2, ditto { ” ) )
.3 ditto / L [
4. Pénghu island, Peénghuhsien, Taiwan (Kono, )
5. Rathjordan, Limerick, Irland. (Rosenbusch)
6. Fernhill, New-South Wales - { »” )
7. Lungtun, Chienchingpehtao, Korea (Tomita} -
8. Scano Mte. Ferru, Sardinien (Rosenbusch)
9. Basin, Colarado, U.S A. w0
10.

Bonarva, Sardinien o ” J

Among these rocks, Mawutu 3, according to Ichimura [18], belongs to the oljvine
basalt. Judging from its analysis, however, it seems to be an mtermedlate type
_between olivine basalt and analcite basanite. ] .

There is hardly any difference between the chemical analyses of the analcite’
basanites (or basalts) in Taiwan and those in foreign countries. ’i‘hey are, in a word,
similar to one another. The analcite basanite is poorer in SiO. and Al but richer
in FeO, MgO and CaO (especially $n MgO) by comparing its. chemical composition
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with that of the common basalt. Besides; no marked difference is found as. regard
_to the othe? constituents. t . ’

The abundance of magnesia is due to the presence of abundant olivine [rich in
forsterite molecule) phenocrysts or aggregates in these rocks

Except for the slight quantitative difference in s*hca there xs a remarkable resem-
blance between the composition of Mawutu 3 and that of Penghu island 4.” Under
the microscope, both show similar characters except that the former has less an-
alcite than the latter. The disparity in quantity of analcite seems to be the principal
cause of this slight ejuantitative difference of silica in these. rocks.

It must be noticed that some analcite basamtes of Mawutu and Mafu dlstrlcts
contain such minerals as zircon, corundum, Sapphlt‘e, ruby, spmel and garnets 2. A
tolerable quantity of zircon is quite of special 1mp0rtance.

E. Considération on the genesis.

- There are several important geoiogical—petrologic_:al facts cConcerning the alkaline
rocks under discussion. They are: iy '
1. that the analcite basanite occurs often with the common basalt in the same

activity-stage,

2. that the boulders in agglomerates have both analcite basanite and olivine basalt,
‘3. that there is a rock type intermediate between the analcite basanite and the com-
mon basalt; in other words, the analcite basatite passes gradually .into- the

“common basalt. - ‘ |

From these facts, it may be assumed that a part ef the andlcite basanites in
Taiwan was derived from the common basalt by the crystallization-differentiation of
the common basalt magma. And the mechanism of the differentiation“- can be- ex-
plained by the same principle as that for the analcite dolerite or the teschenite.

Unfortunately, the speeimene of this kind contain so much phenocrysts (even
olivine or augite aégregates) that their chemical analyses can not be ditectly used
for the chemical consideration of‘details of the mechanism of the. generation and
their relation with the common basalt. In future, not only the common basalt but
also the rocks of this kind containing no or very little phenocrysts must be studied
chemically. It is indispensable for the study of the alkaline basaltic rocks in Taiwan.

As mentioned above, the analcite basanites in Mawutu and Mafif districts contain
in pé‘lrt such -minerals as zircon, corundnm, ruby, sapph’ire, spinel, garnet (7}, etc.
with abundcmt olivine aggregates and large crystals of pyroxene. Concerning the
occurr.ence of these minerals Ichimura (18] once studied and concluded that: * Zircon
is likely to have been crystallized at the earliest stage of consolidation of the
basaltic magma. There is also an evidence that colorless zircon and olivine masses
were comtemporaneously formed. In this case the magma seems to have been .of
abnormal type, as is indicated by the frequent occurrence. of olivine masses in the
basaltic rocks under consideration. Corundum can be supposed to have been ory-
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stallized in such an abnormal magma, in which an excess of alumina was also
‘present.” He consisjered that zircon and corundum were ‘directly crystallized out
from the magma: There is a fact that zircon and corundum are sparingly present
in basic rocks, so his consideration may imply one possible case. :

On the other hand, the gen;asis of the rock bearing these minerals may also be
explained by the contamination with foreign rocks in the basaltic magma: If magnesia-
lime-rich rocks were caught and assimilated in' the basaltic ‘magma, the magmia
would be rich in magnesia and lime, and have crystallized out abundant olivine and
pyroxene in the earliest stage. The residual solution would then be poor in silica
and alumina, and would gradually pass into the composition of analcite basanite.
If the magnesia-lime-rich rocks contained such mmerals as zircon, - corundum ruby,
sapphire, spinel, garnet (2, efg. as in the case of the metamorphosed dolomitic
limestone, these; minerals would not )be dissolved and would remain unchanged after
assimilation. In other words, these minerals are considered as xenocryst§ and not
to be directly crystallized from the magma., The generation of the analcite basanites
in Mawutu and Mafu districts may be explained by the crystallization- dlfferentlatlon
of the basaltlc magma w1th or without contamination. ‘ .

The outline of the generatlon of analcite basanite and commeon basalt from the
basaltic magma may b= schematlcally represented in the table below

Basaltic magma

o catches
s : a
1N / MgO CaO-sich rock with or without zircon,
T / corundum, ruby, sapphire, spinel, garnet
T N (?1, etc.
L A (like contact-metamorphosed dolomitic
3 s > /" - limestone) i VL
T : y , l assimination
{ . / Ca0-MgO-rich solution
r i ! ’
Olivine »pyroxene. Local ac-  Olivine--pyroxene .
cumulation “and filtration of Local -accumulation and Afiltration of
olivine and pyroxene. pyroxene and olivine. )
Residual solution is poorer Residual solution is poorer in Si0O; and
in SiO; and Al;Os. ALOs with or without xenocrysts of zircon,
corumdum, etc.
Analcite basanitic solution

Analcite basanitic solytion with or without

l~ o xenocrysts of zircon, corundum, etc. and
analcite basanite " aggregates of olivine or pyroxene

Common . ’

basalt

Analcite basanite with or without xenocrysts
of zircon, corundum, efc. arid aggregates of
olivine and pyroxene. .
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"THE KWANTZULING LIMESTONE" .
| (Summafy).
By
T. P. YrN and Li-Sho Crane®. ~

(With 1 Plate and 2 FiguresT

(1 The Kwantzuling limestohe now being quarried for the use of the sugar
industry is located 125km E by S of the Houpi and 15km E by N of the Hs@nying
railway station. The limestone forms an isolated, flat-topped peak called Chéntoushan,
which is about 646 m above sea level and looks like a pillow from a distant view.

) (2) For transportation of ‘the limestone, a branch railway runs from Hsinying
to Fénchihu and is g:onnected by a light railway with Hsients’aopu, where the mine
office is situated (Fig. 1).

(3) The limestone forms twé lenticular layers. The lower one is conformably
"underlain by a formation of dark bluish grey sandstones (mosﬂy changed to vyel-
lowish brown colour by weathering) and overlain by a sequence of similar sandstones
about 150 m thick, often intercalating or blending into thin shaly beds of bluish
grey coloﬁr. The upper one overlying this sequence of rocks is oveérlain in turn
by alternating beds of looser, brownish grey coloured, micacec_)us, muddy sand-
stones and dark bluish greyushales, the former being by far prevalent. )

(4) In general, these strata strike N30°-50°E, dipping 50°-60° to NW. The
fossil.species listed in the Chinese text are found either in the limestonegor in the
beds between and above them. Not only the particular species, but also their state of
preservation, together with the lithological characters, lead the authors to conclude
that the strata containing these fossils are of Upper Pliocene age rather than of Upper-
Miocene or Lower Pliocene age as previou-sly considered. They perhaps may be
correlated to the Takuran formation even if partly to the Hsmngshan facies of
the Tokazan formation.

(5) The limestones in consideration are traceable for a distance of about 3km
as indicated on the geological map attached. On - the road from Hsients’aopu to
Kwantzuling, where both the two limestone'layers are about to thin out, the lower
layer is presented as a greenish grey coloured, sandy limestone measuring only 2m or
so in thickness, compose(1 chleﬂy of féraminifer remains and other organic fragments ;
whereas the upper layer exhibits a margmal facies, that is an alternation zone not
exceeding 20 m, where various grey shaded limestones alternate a@ l_ntervals of up to

7

*Investigated by T. P. Yen and Li-Sho Chang, and written for publication by the latte r.
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20 cm ‘with intraformational-conglomeratic shales containing fragments of coral and
T tidacna-like organisms in the upper part, and the latter alternate in the same manner
~ with shales without such fragments in the lower part. - Although both -layers swell
gradually southwards with an increase in purify, they are likely xiot to be worthy of
exploitation for a distance of about 1.5 km from the above-mentioned rogd to the Chilin-
wei fault. At.Chéhtoushan they attain the maximum in thickness. Not only the roof of
the peak is entirely occupled by outcrops and shattered debfis of limestones, but also
the slopes and the immediate surroundings of the peak are extenswely covered by tali
of limestones and some of them have been already worked since twenty years ago. In
all probability, the upper layer, forming a precipitious cliff on the western side of the
peak about 1km long, amounts to a maximum thickness of more than 100 m and
the lower layer amounts to more than 20 m, though the ex'posures for both layers are
not so cbinplete as to admit more precise estimations. Both layers gradually pinch again
southwards. The lower layer thins out entirely at the adjacent SW foot of Chén-
toushan vand the upper layer measuring about 30 m in thickness at the southwestern

cliff of the peak seems to continue several hundred metres beyond Chiuki, as .
evidenced by the zomnalldistribution of the limestone blocks, which sometimes attain

a diameter exceeding some ten meters and seem veiy likely to be either outerops

or shatterd masses in situ. In this district the limestone blocks have also been

worked once some yeérs ago. Both limestone layers have been mapped toge-

ther with the talus deposits as a thick lens on the geological map of the Chiai oil-

field by H. Rokkaku. ' ’

(6) The limestones are éssentially built of reef corals, non-crystalline, varying
from grey shades to milky white in colour, generally massive, but sometimes showing
porous coral structures on weathered surfaces.

{(7) The chemical compositions ‘of the limestones collected by R. Matsumoto in
the Chéntoushan district are plotted on the ternary diagram {(Fig. 2). The ex-
ceedingly high content of MgO and the wide range of variations in chemical compositon
are the most unfavourable factors against the usage of the Kwantzulmg limestone
for the sugar industry so that for this purpose careful selection is required. Strictly
speaking, only one third is perhaps profitable for use.

8) The upper limestone layer is estimated to contain at least about 11,000,000
méfric tons at Chéntoushan, and the available amount of limestone talus is estimated
at about 2,500,000 tons altogether.

(9) The present yearly demand of the sugar mdustry in Taiwan is about 100,000
tons of limestone and could not be over 250,000 tons in the near future. Therefore
the limestone at Kwantzulmg is enough to supply - 250,000 tons per year for more
‘ than 50 years, and 300,000 tons per year for more than 40 years.



LIMESTONE GROUPS IN TAIWAN AND THEIR CHARACTERISTICS
Summary)
By
Li-Sno CHANC*

With 7 Figures’

Although distribution of limestones in Taiwan is geologicallyv and geographically
rather wid», they may be grouped as in the following table accordmg to thelr mode
of occurrence and their.lithological characters.

Group l/ " Main Distribution | Geological Age } Cflaraéteristics‘
. _| Coasts of Kaohsiung, Tai- ! ! With fresh coral structures )
Raised Coral Reef tung and Penghu Districts Holocene and very porous
g W o ' Y E . BCERE
. B . T em O3 H
§ The- so-called %aohsiung and Taitung %leistociar}e . to _E-S g %;) bf:lfioi‘;&elg%%h
@ | Riukia Ls. istricts pper iocene | = 8.& PR
g p L, . 855 1R SlOz+ R203
e 4 e [ 4K b L
o ’ GEY S
(3] . .
£. The socalled | Kaohsiung and Tainan . :‘:35 @ . Rich in MgO
= sina L Districts Pliocene EEEEY: and
£ ypsina Ls. is tZ2g § | Si03+R.03
ol Wil . EB@RBl
; : \ - {
Lepidocyclina- Taipeh and Sinchu Di- |
Miogypsina stricts and the eastem flank Miocene [ gloé’ fl{séa”;’éi' ri\(/ilggtpoor,
Limestone ; of the Eastern Costal Range ) - L a
T T Southeastern part of the | LAYV 2 B
Crystalline Taipeh District and the east- Il))iitlr}r’u OESﬁ;e’é?’ Crystalline and schistose,
Limestone %r:n:eank of the Backbone unkmown age MgO and SiO:+ R205 poor

Figure 1 shows the general distribution of each group -and figures 2~5 denbte
the che\mical combositions of  the crystalline, the Lepidocyclina-Miogypsina, the
Gypsina and the:Riukiu limestone groups respectively plotted on ternary diagrams.

In spite of the close similarity ‘in physical and chemical properties within each
group, the so-called Gypsiné limestoneé differ greatly from one another in the ’che-
mical compvositic‘)ns and appear to possess on the ternary diagram 3 va:iati_oﬁ field
similar to that of the i.epidocyliné-Miogysina group, except that the Kwantzuling
- limestone, which is excluded from figure 4 and is indicated independantly in figure
2 of the pre;c'eeding paper, has a peEuliar ‘variation field owing to the exceedingly
high MgO content. The individual variation fields of the three representatives of
this group are glven in figure 6 and a general one is constructed therefrom for
this group.

*Formerly R, Choh.
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For comparison, the general variation fields of these four grdups are drawn
together in figure 7 ba%ed on. figures 2-6."

Postseript

Recently a new name, Older Reef Limestone, was proposed by I. Hayasaka, C.
C. Lin and T.P. Yen® for the so- called Riukiu Limestone, and a local name,
Kaohsnung Limestone, was proposed by P.F. Chen® for that developing' in the
vicinities of Kaohsmng city. While I. Hayasaka and others put the Older, Reef
leestone into ‘Plelstocene and consider it to be contemporaneous with the Table-
land Gravel, P.F. Chen regards the Kaohsiung Limestone, conformably underlain by
the Byoritzu beds (in a wide sense‘ to be Pliocene in age,

In his previous paper,’® the writer has pointed out that the so-called Rluklu
Limestone i< partly correlated. to the, Hsiangshan facies of the Tokazan formation
and for that reason must be re-studied from a tectonical point of view. According to
him, every limestone conformable to the’ Hsiangshan facies of the Tokazan formatign
must be distinguished from the Riukiu Limestone and the appllcation of thé name

" % Riukiu Limestone” must be conﬁ,ned to those limestones that are unconformably
underlain by the Tokazan formatnon

‘The so-called (;ypsma limestones and most of the so- called Riukiu, ,llmeﬁfmes
are but lenticular bodles intercalated in various horizons of the Phocene formatlons
in southern Taxwan though most of them are similarly built mainly of reef-coral
remains. Therefore, it seems quite meaningless to the writer to propose any new
group name for the two, unless the stratigraphical posmon of each Iens is explamed and
it is better, by far, to give a local name to every lens stratigraphically well defined.

(1) L Hayasaka and others 'An Outline and Problems of the Stratlgraphy of Taiwan. Acta
Geol. Taiwanica, Vol. 2, No. 1, 1948.

-(2) P. F. Chen: Restudy of Riukiu Limestone (in Chinese). Eﬁﬁﬁ@ﬁ‘ﬁﬁﬁﬂiﬁ 1948,

‘3) L. S. Chang: Discussions on the Stratigraphy and Geologlcal H:story of Taiwan. (in
Chinese). HVEFREF Vol. 13, No. 3~6, 1948 ; ’
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