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Chemical Composition of Petrographic Assemblages of

Igneous and Related Rocks in South Korea*
Dai Sung Lee**

ABSTRACT

Results of 359 chemical analyses of igneous and related rocks of the south Korea® were
collected from 35 papers to see preliminarily some trends of chemical properties of spatial
(1) Kyonggi land, (2)
(3) Ogcheon zone,

igneous rock assemblages according to five geotectonic provinces:
Ryongnam land (on diagram these are jointed together as a massif),
(4) Kyongsang basin and (5) Alkali rock province. The data were plotted on the diagrams;
Si0, vs. Na,O+K,O and CaO, D.I. vs. oxides, AFM triangle, AKF triangle, and nor-
mative An-Ab-Or and Q-Or-Ab triangles for each rock assemblages of individual provinces.

1. Introduction

Results of about 360 chemical analyses of
igneous and related rocks in the south Korea
have been collected from the papers quoted in

this study. The localities of the data cover rou- _

ghly over the whole area in the South Korea,
although many of them are biased in some spe-
cific locations. Large amount of available data
are derived from Ogcheon zone, Kyongsang

basin and volcanic islands. The main scope of

this paper is to see preliminarily some trends:

of chemical properties of spatial igneous rock
assemblages according to the geotectonic provi-
nces in south Korea. Consequently, the chemi-
cal data are only used in the diagrams forms.

The author thanks to Mr.
and Mr. Jun Nam Kang of Department of Geo-

Yong Jun Kim

logy, Yosei University, who kindly helped the
preparation of this paper and also to the stude-
nts of the department for their calculation and
plotting the data on diagrams.

*This paper was prepared for the symposium of the 7th
CPPP meeting (1977), Toyama City. Japan
**Department of Geology, Yonsei University, Seoul, Korea.

2. Geotectonic province

A geotectonic lineament of Korea and her
adjacence has been first noticed by T. Kobaya-
shi in 1953. Thereafter, with more detailed
geological survey in Korea, a newly modified
tectonic classification on the southern part of
Korean peninsula was proposed by O.]. Kim
in 1975. Basically the author follows the Kim’s
classification, with some exceptions of several
modifications, such as different subdivision of
Ogcheon zone and adding of alkali rock provi-
nce to the Kim’s division as shown in Fig. 1.

The Kyong-gi and Ryongnam lands are dis-
tributed in separated areas as seen in the figure.
However, they are intimately related in terms
of geotectonics and geologic age, So that, in
this paper these two lands are considered to
be identical, and jointed together as a Precam-
brian cratonic basement in the southern part of
Korea as noticed by Kim as “Ryongnam-Kyonggi:
massif”. .

The author proposes that Ogcheon geosyncli--
nal zone is divided geologically and geochrono-
logically into five segments, namely the Preca-
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Fig.1,Geologic provinces of S. Korea (Modified frcom Him,0.J., 17~

mbrian metasediments, the Hambaegsan-type
Ogcheon subzone of Cambrian and post Cambr-
jan, the Pibanryong-type Ogcheon subzone of
the same geological age, the Kyongsang troughs
of middle of late Cretaceous and the Kyongsang

volcanic rock area of the same geological age.

Kyongsang basin is also subdivided stratigra-
phically into three parts; the Cretaceous sedim-
entary, the Cretaceous voleanic, and the Ter-
tiary sedimentary.

Alkali rock Province along the eastern coast
borders the western part of, so called, “Circurs-
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Fig.2. Distribution of plutenic rocks with wmajer petrographic provinces

in S. Korea. K: Kyonggi land, R: Ryengnam land, 0O: Ogcheon zene, Kp:
s

B i . : voleani ine 3 Bapboezs
Kyengsen proper basin,Tv: Neogene alkali volcanic province, H: Hambaegsan

area , P: Pibanryong uarea 5@

Seoul, D:. Daejon, B: Fusan, M: Mogpo,

J: Janggi cape, 1: Cretaceous granite, 2: Jurassie granite, 3: Jurassic

schistcosed granite 4: Intermediate rock, 5: Mafier -4 meta-mefic rocks,

6: Peridotit:

Japan Sea Alkali rock Province” of plio-pleisto-
cene age (Aoki, 1958). Jeju and Ulnung vol-
-canic islands and Janggi basalt flow are included
in this province. The Chugaryong rift valley
which given rise an olivine basalt flow in Qua-
ternary is also included in this province, beca-
cuse of its similarity of petrology and its age,

even though its location is at a distance from
the proper area of the province.

3. Distributien and rock assemblages of
igneous and related rocks.

" The granitic rocks which occupied about 40
percent of the south Korea are distributed in
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two types as seen in Fig 2; the one is mainly
in batholithic plutons in the major part of the
area trending a diagonal lineaments northeaster-
ly parallel with the regional structure of this
part of Asia, and the other in stock-formed
plutons which are irregularly scattered predomi-
nantly in the Kyongsang basin. The plutons of

l_

Fig.3. bistribution of veleanic
in S, Korea.

Locality names are same as those
in Fig.1 and 2,

1: Lavas, 2: Pyroclastic sediments

the former type are strongly related with the:
orogenic movement occured in Jurassic age,
whereas the plutons of the later type are related’
with the block movements which took place in
middle to late Cretaceous age.

Intermediate and mafic rocks are mostly dio--

rites and hornblende gabbros and some of ano--
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Table 1. Rock associations in major petrographic provinces of South Korea

Kyong-gi land (Areal) % Ryong-nam land : %
Quater, Basalt* 0.2
Tertiary
Late Mesozoic Pink feldspar granite, Diorite, Biotite granite, Anorthosite, Diorite 7
. Porphyries, Rhyolite 9| Acidic lava, Welded tuff, Rhyolite 2
& . - - ..
¢ Ear. Midd. Biotite granodiorite 33 Schistosed granodiorite, ‘Adamellitic
P Mesozoic ' migmatite, Porphyroblastic granodi-
8 (Jurassic) oritic gneiss 25
e .
& Late Paleozoic
)
Early Paleozoic
Pre-Jura. & Igneous Complex: hornblende Amphibolite (mainly ortho~) 0.0
Unknown age gabbro, diorite, monzonite,
syenite**, Amphibolite 1.4
Tertiary
< Late Mesozoic Kyong-sang system: conglomerate
é sandstone, shale 0.2
» Middle Mesozoic | Dae-dong system: conglomerate,
g sandstone, shale, coaly shale 4
g Late Paleozoic
'J]?—(Hiatus)
Early Paleozoic
;  Precambrian Gneissic Complex: granite gneiss, Banded gneiss, Migmatitic gneiss,
~= granitic gneiss, augen gneiss, ma- Porphyroblastic gneiss, granitic
o rble, migmatite, quartzite, schists 52.5 | gnetss, Schists, Augen gneiss,
) . Graphite gneiss, Amphibolite
= (mainly para-) 66
Total 100 100
# QOlivine basalt in Chugaryong rift valley
*¥ Metasomatic origin of Amphibolite
“Table 1. (continued)
Og-cheon zone % Kyong-sang basin %
Quaternary Basalt* 0.5
Tertiary Pitchstone 0.0 | Granite(?), Volcanic rocks. 0.7
£ Late-Middle Pink feldspar perthite granite, Andesite, Basalt, Acidic volecanic
g Mesozoic Adamellites, Biotite granite, rocks. 27
g Diorite, Acidic dikes. 8 Biotite granite, Masanite, Diorite,
= Acidic tuff, andesite, rhyolite. 7 Gabbro. 15.5
@
= Early Mesozoic Schistose granodiorite, Biotite
'g (Jurassic) granodiorite, Adamellite. 35
2 Late Paleozoic
§ Early Paleozoic
=’ Pre Jurassic & Amphibolites: meta-andesite (?), meta-~
Unknown age basalt, meta-tuff, hornblendite. 1.5
Gabbro, monzonite. 0. 09
2 Tertiary Yon-il formation: conglomerate,
P mudstone, siltstone. 6
-~
~  Late Mesozoic Kyong-sang system: shale, conglo- Sil-la group: conglomerate,
g merate, sandstone, welded tuff 6 sandstone, shale, mudstone, tuff. 50
o)
-

Nag-dong group: sandstone, shale
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Ban-song formation: conglomerate,
sandstone, shale, anthracite. 1.4

Upper Og-cheon group: slate,
limestone, chert. 7

Pyong-an system: sandstone,
conglomerate, shale, anthracite.

mudstone, conglomerate, coaly
shale, tuffaceous sandstone.

g
g e .
» Middle Mesozoic
g
2 Late Paleozoic
=
D
95]
— (Hiatus)

Early Paleozoic

Jo-sun system: quartzite, schist.
Limestone. Middle Og-cheon group:
dolomite, quartzite, phyllite 15

Precambrian

Lower Og-cheon group: schist,

od gneiss, migmatite. Granitic gneiss,

< Schists, Granite gneiss, Porphyrobl-

< astic gneiss, Migmatitic gneiss. 19

= /100 /100

*It belongs to Alkali rock provines.

rthosite in the forms of stocks and dikes.
Metamorphosed intermediate and mafic rocks
in the middle part of Ogcheon zone are found
mainly as elongated amphibolite to green schist
bodies which was used to be called “green ro-
ck”. Recently Kim, O.].
(1976) suggested that these metamorphosed basic

and his coworker

rocks may be a part of ophiolites that occur
along ancient geosuture line.

Volcanic rocks which occtipied about 13 per-
cent of the South Korea consist mainly of and-
esitic and subordinately of basaltic and rhyolitic
lavas and tuffs of Cretaceous to Quaternary.
They are distributed dominantly along the sou-
thern coastal and off shore areas as shown Fig.
3. Of the volcanics, Cretaceous andesitic, rhy-
olitic lavas and pyroclastics are also extended
to the southern part of Ogcheon zone through
faults and trough zones. The area of neogene
volcanic rocks are limited along the southeast
coastal area including Jeju and Ulnung volcanic
islands and their compositions indicate alkalic
Chugaryong rift valley which erupted basalts
and trachytic tuff runs diagonally NNS to SSW
(from Wonsan to Seoul) in the middle of Kor-
ean peninsula.

The igneous and related rocks could be clas-
sified into five groups according to the geotect-

onic provinces regardless of their age. The:
gr oup may here be called “rock assemblage”.
which equivalents to “Spatial rock association”..
The rock assemblages in the southern part of
Korea were summerized and listed in Table 1

except that of the alkali rock province.

4. Chemical composition

The chemical analyses of Korean igneous:
rocks has not compiled yet in summerized public--
So that, the author collected the data
From 35 papers 359

chemical analyses were selected. The analyses:

ation.

from individual papers.

were made mainly by Geological Survey of Korea.
and subordinately by Japanese institutes. In
this study no attempt was made to collect all
the data systematically. The collected chemical
analyses of igneous rocks were grouped according
to the each geotectonic province and arranged.
the rock masses in the order of geologic age in
each province as in Table 2.

In the table, amphibolites and meta-volcanics:
can hardly be called as “igneous”, but the other
data are mostly felsic and seldom of typical
Whereas:

these metamorphic rocks were determined as-

intermediate to mafic igneous rocks.

“igneous origin” through field and laboratory
workrs, so that they are used in this paper as:
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Table 2. Chemically analyzed ignecus and related rock masses in S. Korea

&

No. |Symbol*™*
No.” | Province Age Name of mass Name of rock of rock | Nag0
anal- |body. +
ysis [Ca0 KQD
1 {Kyonggi Pre-Jura.? Chuncheon Amphibolite 4 + +
land
2 " Yangpyong Hb-gabbro 5 n a
3 Tri.-Jura. Seoul Granodiorite 2 +* ¢ |
4 Pre-Jura.? Yangyang Syenite 2 ® 0
5 | Ryongnam Pre-Jura.? Gumnung Amphibolite 1 * #*
land
6 " Ogbang- Meta-mafic 19 . o
7 Cret. Hadong Anorthosite i3 ] e
8 Tri.-Jura. Cheongsan- Schistose grano- | 16 ¢ $
Nanmwon diorite
9 { 0gcheon Pre-Jura. Kimcheon & Amphibolite )
zone cheongsan meta-volcanics) 30 » b3
10 Jura. Seachon Hb~Gabbro 1 * <
11 n Cheongsan~- Schistose gramo- | 1% ¢ ¢
Jeonju diorite
12 . " Chungju- granodiorite 22 o Y
: Nonsan
13 " Yongdam- " ) 13 - -
Yongdong
14 Ear.-Cret. Yongdam- Tuff, Rhy., And. 21 A A
Sunchang
15 Mid.~Cret. Whanggangri- Adamellite- 28 ) o
Suhlieori granite
16 Tert.(?) Mogpo Pitchstone 3 vy A4
17 | Kyongsang Cret. Busan & Hb-gabbro 3 B a
basin Gimhae -
. AR
18 " Yongyang Basalt(Th.” ) 8 A a
19 " Kyongsang Tuff, andesite, 9 & -
basin rhyolite )
20 " " Granite 51 @ o
21 n Yongsan Granodiorite 5 ° o
22 " N 1343 Masanite 2 )
23 | Jeju v. Neogene Jeju 1, Olivine basalt 31 A A
Island
2k " n Intermediate v. 19 & &
25 | Uln Ve n Ulnung 1. Olivine basalt | 6 A A
Islan
26 " Ulnung I. Intermediate v. 17 -~ &
27 | Chugaryong " Chugaryong Olivine basalt 14 A A
valley
359

* : These numbers correspond to those in Fig. 2 and Fig.3 and Table. 4

** : These symbols were used in Fig. 4, Fig.5 and Fig.7

**% : Th. means thoreiitic

some references to see the general trends of the
rock assemblages as a whole. The CIPW weight
norms are recalculated for the all analyses,
Following diagrams are used for the determi-
ning the chemical properties of individual rock
assemblages and overall rocks of south Korea.

They are as follows:

1) SiO, versus total alkali and CaO (Fig.4)
2) AFM triangle (Fig.5 and Fig. 6)

3) AKF triangle (Fig.7)

4) D.1 versus major oxides (Fig.8)

5) Normative An-Ab-Or triangle (Fig.9), and
6) normative Q-Or-Ab triangle (Fig. 10).
Summary of chemical properties of each rock
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Fig.4. Variation diagrams for 359 aualyses of igneous rocks of S. Korea from major
petrographic provinces Na,04K,0 and CaQ versus 5102. 1: Kyonggi-Ryongnam massif,
2: Ogcheon zone, 3: Kyongsanz basin, (refer to the symbols in Table 2)

assemblages are as follows:

Kyonggi-Ryongnam massif:It belongs to calcic
rock series having 669% SiO,; alkali-lime index
of Peacock’s classification. Alkali increment is
slower than the others, but the decrement of

lime content is normal (refer of Fig.4-1).

Differentiation trend is equivalent to that of
the world calc-alkali rock series having wide
ranges (refer to Fig.5-1 and 6). The igneous
rocks of it are rather highly contaminated with
pelitic rocks except some of gabbroic rocks (re-
fer to Fig. 7-1). Generally, the rocks of it are
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Fig.4. (continued) 4:Jeju Island, 5:
to the symbols in Table 2)

higher in Na,O than K,O.

©Ogcheon zone: It belongs to calcic rock series
having 62% SiO,; alkali-lime index. Alkali
increment is normal, and lime decrement is also
normal (refer to Fig. 4-2). Differentiation trend
is equivalent to that of the world calc-alkali rock
series having relatively wider range (refer to
Figs. 52 and 6). The igneous rocks of it are
strongly contaminated with pelitic rocks (refer
to Fig. 7-2).
this zone have nearly same contents in Na,O
and K,0.

Kyongsang basin: It belongs to calc-alkali rock
series having 58% SiO,; alkali-lime index.
Alkali increment is normal and lime decrement
normal (refer to Fig.4-3). Differentiation trend
is equivalent to that of Karroo dolerite, but alk-
ali is lower in mafic stage than that of Karroo’s

Generally, the igneous rocks of

Ulnung Island, 5% Chugaryong valley. (refer

and higher in intermediate to felsic stage (refer
to Figs. 5-3 and 6). The granitic and andesitic
rocks are rather highly contaminated with pelitic
rocks (refer to Fig.7-3). Generally, the rocks
are higher in K,O than Na,O.

Alkali rock province:

1) Jeju island: It belongs to alkali rock series
having 489% SiOq; alkali-lime index (refer to
Fig. 4-4). Alkali increment is normal and lime
decrement normal. Differentiation trend is equ-
ivalent to that of Mull volcano of Scotland
(refer to Figs.5-4 and 6). The basalt and
intermediate rocks are partly contaminated with
pelitic rocks (refer to Fig.7-4). The rocks are
higher in Na,0 than K,O.

2) Ulnung island: It belongs to alkali rock ser-
ies having 50% SiO,, alkali-lime index. The
alkali increment is abnormally steeper than the
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Fig. 5 AFM diagrams of igneous
and related rocks, S. Korea

1: Kyonggi-Ryongnam massif, 23
Ogcheon zone, 3: Kyongsang ba-
sin, 43 Jeju Island, 5:. Ulnung
Island and Chugaryong valley(C).
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K,0+Ne 0 ’ Mg0

Vig.0. AFM diagram for summery of Figs comparing
with the trexnc Skaergaard (Sk}, Karroo dole-
rite (Ka), Taoreiite basalt plateau (Th)} and

vorld average calc alkali rock series (wc) {from
Kuno. 1965) i:avonggi-Ryongnam massif, 2: Ogchesn
zone, 3:Kyongsang basin, 4:Jeju I., 5:Ulnung 1.,

s Chugaryorg rift valley

others, and the lime decrement steep (refer to
Fig. 4-5). Differentiation trend is nearly identi-
cal to that of Jeju island (refer to Figs.5-5 and
6). The rocks of it do not show ‘istinctive
contamination effect (refer to Fig.7-5). The
rocks are higher in Na,O than K,O.

3) Chugaryong rift valley: No intersection point
between total alkali-line and lime-trend line
has been taken from the diagram, because
of lack of intermediate and felsic rock points in

the data. However, the trends were estimated

on the diagram to be intersected at the area
around 509% SiO, (refer to Figa-5'). Therefor, it
may belong to alkali rock series. The data points
of it are biased to an area (6 in Fig.6 and Cin
Fig.7-5). The points indicate that the rocks of it
are slightly contaminated with the pelitic rocks.

The petrochemical characteristics of the
igneous  rock assemblage are summerized in
Table 3. ’

The distribution of points in the D.I. versus
oxide weight percent variation diagrams for all
rocks of the south Korea (Fig.8) can be appr-
oximated by straight lines for all major oxides
except the variation of SiQ, In the diagrams,
the areas of data points of alkali rocks and
anorthosites are delineated by dashed lines. Of
the diagrams, variations of K;0, NayO, FeO,
and AlLO; of alkali rocks are sitted in higher
and the

variation of SiO, of the rocks in lower position

position than those of other oxides,

than those of other oxides.

Normative An-Or-Ab plottings for 359 igne-
ous rocks are shown in Fig.9, and the repres-
entative trend of the plottings is quite similar
to that of plotting of normative feldspars of
1189 Japanese granitic and related rocks.

The normative Ab-Or-Q plottings of 97 felsic

plutonic rocks having 80 percent or more

Table 3. Petrochemical properties of igneous rock assemblages in S. Korea.

. alkali-lime type of differentiation degree of contam.
Province index trend with pelitic rocks K;0:Na;0
Kyonggi-Ryongnam (% Si0y) World calc alkali very high K>O¢{Nax0O
66 rock series
Ogcheon 62 World calc alkali very high K;0=Na,Q
rock series
Kyongsang 58 Karroo dolerite high K30{Na,0
Jeju 48 Mull volcano rather high Ky0{Na,0
Alk. rock Ulnung 50 Mull Volcano very low K2O{Na0O
Chugary- 50 Alkali olivine basalt low K,0¢{Na,0
ong plateau
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. AKF diagrams cemparing with
the world averages. Gg: gabbro, Di:
diorite, Toz tonalite, Gd: zrono-
diorite, Ad: adamellite and Gr:
granite (from Nockolds, 193%).
1: Kyonggi-Ryongnam massif, 2: Og-
cheon zone, 3: Kyongsang basin,b:

5: Ulnung vol-

Jeju volcanic island,
canic island and Chug

song valleyv(C)

-

mnormative Ab+Or+Q are shown in Fig. 10 for
the comparison with the distributions of plots
of the analyzed plutonic rocks in Washington’s
‘Table’s and of Japanese granites with ratio of

An/Q+Or+ Ab-+An less than 20%. The area
of more than 4% in a 0.25% counter is located
at the same area of more than 6% in a 0.25%

counter of Japanese granites.
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5. Average composition of igneous and
related rocks

D1=sQ+Ab+0Or

Fig. 8.  “Variation diagrams for 359 analyses of igneous rocks:of S. Korea. Oxides
contents.. (weight percent) versus Differentiation Index (D.I.) of Thornton and
Tuttle (1960). Ak:Alkali rock area, An:Anorthosite area

and CIPW norms of igneous and related rocks
are calculated and shown Table 4. In this table

the 27 rock groups are arranged in the same

The average chemical compositions (hydrous) order of the table. 2.
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Fig.9. Plotting of normative An, Or and Ab for
359 igneous and related rocks of S. Korea.
Data point of o :Kyonggi-Ryongnam massif, A :

Ogcheon zone

rock province

=Table 4. Average chemical compositions and their CIPW norms of igneous and related rocks, S. Korea.

o :Kyongsang basin

@ :Alkali

Ab

Fig. 10. Nermative Ab~Or-Q diagram for G7 S,

percent or more normative Ab+Or+Q.

more than 4% is stippled.
chain lines are the reproductions of Fig.42

Korean felsic plutonic rocks which have 80

The area

Dashed lines and

in the- Tuttle and Bowen's paper (1958) and
paper of Aramaki et al. (1972) respectively.

Average, hydrous

1 2 3 4 5 6 7 8 9 10 1 12 13 14
Si0; | 45.53 56.22 77.04 55.51 47.30 56.07 49.15 67.45 46.44 48.80 69.11 68.85 70.55 71.41
TiO, | 0.93 0.15 0.02 108 0.32 0.92 nd 015 1.46 0.14 0.22 0.22 0.13 0.19
AlO3| 14.35 18.16 14.04 15.17 25.02 18.83 25.69 19.14 22.64 11.33 15.99 16.44 16.09 16.10
FeO3| 10.56 3.76 0.94 7.18 2.46 6.68 1.58 1.69 7.05 4.46 1.29 1.23 0.88 0.71
FeO 5.42 4.19 0.03 1.61 3.51 3.22 243 1.00 4.06 10.34 2.18 176 1.31 1.18
MnO| 007 0.02 nd 0.41--0.09 0.27 nd. 0.02 0.21 0.03 0.05 0.06 0.06 0.05
MgO| 891 373 0.11 231 6.36 3.24 206 1.76 4.74 10.18 0.8 1.0l 0.69 0.50
Ca0 | 10.01 6.73 0.17 4.95 11.05 7.88 11.63 3.18 9.32 9.72 275 2.83 261 1.51
NaO| 1.75 227 410 335 0.81 1.32 337 204 208 261 290 3.41 291 3.57
K0 1.04 3.4 313 570 1.43 118 0.38 2.29 0.71 0.94 3.60 349 3.72 3.07
P,05 0.25 tr. nd - 149 0.04 0.09 n.d. tr. 0.15 0.05 0.08 0.04 0.04 tr.
Total | 98.82 98.67 99.58 98.76 98.39 99.70 96.29 98.72 98.86 98.60 99.05 99.34 98.99 98.29

CIPW norm:

Q 1.56 8.80 40.68 5.51 217 22.36 — 37.27 4.81° —. 30.29 27.37 32.18 34.30
o) — —  3.67 — 211 1.22 — 7.50 1.83 — 251 200 261 4.13
Or 6.17 20.35 18.34 33.69 845 7.01 2.22 13.60 4.17 5.65 21.29 20.63 22.02 18.18
Ab 14.78 19.18 34.58 28.30 6.92 11.16 28.30 17.24 17.55 23.75 24.52 28.82 24.57 30.18
Ne — — — — — — — — — — — — — —
An 28.19 29.13 0.83 9.48 54.57 38.56 53.93 15.79 45.34 16.65 13.09 13.76 12.68 7.51
Di 15.44 3.46 — 4.25 - — 315 — — 25.60 — — — -
Hy 15.20 11.98 0.69 3.81 19.95 810 3.09 4.62 11.85 6.24 4.85 4.43 3.30 2.61
Ol - — - - —_ — 272 — — — —_ - — —
Mt 15.01 5.45 — 341 357 858 232 246 9.56 4.73 1.8 1.79 1..28 1.02
Hm 0.21 — 1.60 4.83 — 077 - —  0.46 — — — — —
il 1.76  0.29 — 205 0.61 175 — 0.20 277 0.20 0.43 0.43 0.2¢4 0.36
Ap 0. 60 — — 38 0.10 020 — — 03¢ 011 020 010 0.10 —
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Table 4. (continued)
Average, hydrous
15 16 17 18 19 20 21 22 23 24 25 26 27
Si0, 72.66  70.34 4870 45.19 70.49 7213 64.42 72.16 47.59 54.29 50.83 58.31 44.71
TiO, 0.17 =nd 026 09 012 0.13 0.15 0.13 1.39 0.96 245 0.82 L14
AlOs| 15,05 16.83 19.15 21.34 16.58 16.39 19.66 13.96 18.68 19.48 17.48 18.62 20.94
Fe;03 .70 103 278 667 205 1.53 3.43 207 7.36 4.37 3.54 219 7.64
FeO 0.86 t.  7.26 354 106 0.94 1.3¢ 0.74 4.49 3.65 4.8 299 3.23
MnO 0.12 n.d. 011 0.3 006 0.07 nd 007 0.18 0.15 0.20 0.11 0.01
MgO 0.64 013 7.35 518 0.57 0.43 268 107 425 1.79 282 1.46 816
Ca0 .55 195 11.3¢ 7.23 193 1.71 304 0.8 7.61 6.04 6.5 2.91 808
NaO 314 090 1.24 177 292 32 1.08 315 4.8 4.80 4.40 6.65 264
K>0 375 1.41 0.41 0.54 28 357 219 4.60 2.28 314 3.8 512 215
P;0s 0.04 =nd 005 000 0.03 0.03 tr. 0.06 0.22. 0.38 0.73 0.20 0.41
Total | 99.68 92.59 98.65 92.72 98.61 100.19 97.99 98.85 98.87 99.05 97.74 99.38 99.11
CIPW norm

Q 35.86 5535 213 9.66 37.82 3518 39.23 33.20 —  0.42 - - =
C 3.09 10.27 — 469 528 411 9.97 2.40 — — — — 0.61
Or 22.18 834 245 334 16.57 21.13 12.95 27.19 13.34 18.35 22.80 30.02 12.79
Ab 26.51 7.60 10.48 16.67 24.68 27.56 9.12 26.62 3563 40.35 36.16 47.68 19.91
Ne - — - — — — — — 2.8 — 0.57 454 114
An 7.42 . 9.67 4540 358 9.40 828 1510 3.81 19.13 2252 16.40 3.06 37.25
Di - — 856 — - — —_ — — . 3.80 — - -
Hy 172 0.32 24.98 143 1.59 1.33 6.70 2.68 — 4.52 — — —
ol — — - - — — — — 12.68 — 10.42 7.83 14.28
Mt 2. 46 — 404 998 297 223 38 225 10.67 62 510 325 7.19
Hm — 103 — - — —  0.75 0.51 — — — — 272
1l 0.32 — 050 167 0.23 024 029 024 25 1.8 471 1.5 213
Ap 0.10 — 0.13 — 007 0.07 — 0.13 0.67 1.00 1.68 0.34 100

x K =

el A4%he KECERS) (LB o SEBNRES BEEHoD 9] a4 35 kil A 359 4k
B R KEURIHS 2 BES £ BTEY LESHEE RSt AHES S UELEELCD BEHST o
T ThEe SEATEE ZoA EESOch () RS, (2 S EE AL oSS AAA S
2§ 8, @) Wi @ BERge 2 (6) 97 HE, SHEE SI0% KO+NaO 9 CaO, D.L & B
fL#H, AFM=f4l, AKF =ffH, An—Ab—Or =5 =E, ¥ Q—Or—Ab-E=fifi= Emslsich, ofo] ksl
HD @ @ DE ZF ZAHATE 6)E SATERG BIt =23 O-©0% 39 HMLEBES R
ZALTHBFI] @) & Keroo doleriteo], (5)% Mull kil 3 <ohe] A LRE G io] A9 MLESS Bl
Sheh SRR BEEETH) AEBEES (D-2) % @dAE A 52 @AAE 2ou (el 2ok KO
:NegO& K2 KO<Ne0 o] = (3o 45t KiO=NasO & 3]z gtk - ffio] 9% Mol o shel HHE
o ERE gt HEe) KREFE AR KREES BENE.
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