The Yonch’on System Containing Cyanite
and Andalusite Deposits
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Fig. 1. Geological Map of the Sangnydng-Yonch’on District, Kyonggi-do, South Korea.
Note: S zone is divided into three subzones (see figs. 15 and 16). The author sometimes refers to
these subzones by using the symbols SI, SII, and SIII.

1. Introduction

Several localities of cyanite, andalusite, and sillimanite deposits have been found
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in Korea. The rocks of these localities are generally considered to be Archean or
Proterozoic: the Yonch’6n, Okch’6n, and Sangwon systems (YamacucHr, 194],
1952) and the gneisses in Uiju-gun, P’yongan-pukdo (Takanasui, 1940) and in
Kangso-gun, P’yongan-namdo (Mivazawa, 1940).

The deposits generally consist of cyanite, andalusite and sillimanite concentrated
in veins or pockets with smaller amounts of other minerals or other easily separable
minerals.

The fact that the deposits are distributed in remarkably metamorphosed regions
indicates that they are closely related genetically to the metamorphism of their
country rocks.

It has not been proved that these country rocks geologically and petrologically
belong to the Archean or Proterozoic system; we have the old unsolved problems:

1. What are the kinds and ages of the original rocks?

2. What are the nature and ages of the metamorphism ?

The same questions also apply to the so-called Yonch’6n system.?

The arca covered in this paper is the type locality of the Yonch’6n system, which
Shigetaro Kawasaxkr (1918) reported upon earlier.

After 1939? the deposits in this region became known to the miners in Korea:
Y. Kivosakr (1938) had surveyed them for the mineral resources and I later sur-
veyed the area (1941).

2. Geology

A. The Relation of the Yonch’6n Metamorphic Group to
Other Geological Members

No evidence has been found in this region to prove that this metamorphic group
belongs to the Archean system. As shown in Fig. 1, this group is in contact with the
Sangwon system in the north, probably without faulting, and is in contact with
granite and gneiss in the south where the relation is that of intrusions and injec-
tions. In the east and west the geological extensions of the group are such that they
cannot be described clearly.

The members clearly overlying this metamorphic group are the tuff-breccia
(near Yonch’6n), the plateau basalts (near Yonch’6n and Sin’gok), and the
alluvial sediments.

Relations to the blasto-mylonite (BM),
the porphyritic granite (PG), and granite (BG)

(1) Western side of the southern margin (of the arca of this report)—near Chung’-

bang.

The porphyritic granite (PG) is injected in the Samgot granulite zone. Near
the plane of contact, the rock distributions are from north to south as follows:

1) I prefer the name Yonch’on metamorphic group to the Ydnch’dn system, because no evidence
suggesting that this ““system’ is Archean has been found.

2) The mining of these cyanite deposits increased from 1937 to 1943 ; many amateur prospectors
and miners actively worked these deposits.
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the Yonch’6n metamorphic group

Granulite® (Samgot zone)

Alternation of granulite and melanocratic gneiss?, approx. 150 m thick
Injection of aplite veins in melanocratic gneiss, approx. 150 m thick
Augen-gneiss, grading southward into PG

Porphyritic granite (PG)

The rocks have a similar orientation of schistosity and show gradual transition
from one to another. The forming of PG (injection of basic magma in the earlier
stage and injection of aplite veins in the later stage), therefore, is considered
to have occurred simultancously with the dynamometamorphism of the Samgot
granulite.

(ii) Eastern side of the southern margin-—near Chon’gok.

The blasto-mylonite® BM, named according to petrographic textures and struc-
tures, has an almost parallel schistosity orientation to the Samgot granulite. The
contact relation is not that of a fault. Sheet-like melanocratic gneisses are also dis-
tributed in that part of the granulite near the contact. The blasto-mylonitization,
therefore, is considered to have occurred simultaneously with the dynamometamor-
phism of the Samgot granulite.

(i) The granite BG% in the southwest.

This granite undoubtedly intruded the metamorphic group.

(iv) The relation between PG, BM, and BG.

The field relations between them have not been clarified, but the succession of
their intrusions is considered to be as follows:

(Intrusion or injection of the original rock of BM)—(injection of PG—simul-
taneous with the dynamometamorphism of the Yonch’on metamorphic groups)—
(intrusion of BG).

Schistosity plane Bedding plane
NBOE.80S |s E-W.40S_
P “ﬂ 2 i

0 100m
LEGEND
q--Quartzite  Is--Limestone
p--Phyllite ¢~ Conglomeratic phyllite

Fig. 2. Difference between the Schistosity Plane and the Bedding Plane in the Sangwon System

Near To’san.

3) According to Harker’s definition.

4 Granoblastic gabbro under the microscope.
5 According to Sander’s nomenclature.

% The Pulguksa granite?
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The relation to the so-called Sangwon system,
in the northern side.

The Yoch’ok mica schist zone of the metamorphic group is in contact with the

Proterozoic Sangwon system in the northern side. The contact relation is not con-
sidered a fault, as they alternate on a small scale near the contact and show an
almost similar orientation of schistosity.
Conglomeratic phyllite, the characteristic key bed of the upper formation of the
Sang’won system in Middle Korea, is found near the contact (T’osan). The striking
fact is that the plane of stratification and the plane of schistosity differ distinctively?
(see Fig. 2).

The stratigraphic succession of the Sang’won system (T?osan—Ich’6n) is as fol-

lows® :
Phyllite Py
Kuhyon Series Limestone L,
Conglomeratic phyllite P,

Quartzite Q ,¥

Phyllite P,
Sadangmol Series{ Limestone L,
Ottrelite slate P,

Quartzite Q ,
Chikhyon Series ( Phyllite P,
Quartzite Q ;
.......... Unconformity..........
Gneiss (Blasto-mylonite)
The thickness of the quartzites and the limestones varies from place to place
along those horizons.

B. The Internal Construction of The Yonch’6n Metamorphic Group

The zone distribution of the several rock types
Every rock type occupies an area extending almost E-w, with zone-to-zone
changes from north to south. All rock types are casily distinguishable by eye in the
field.

The orientations of their schistosity planes and the existence of cyanite-andalu-
site deposits are shown in the following table.

7) Such facts are also often observed in the Yénch’6n metamorphic group (see Figs. 4, 7).

8) The correlation of the Sang’won system of several localities has been shown in: YamacucHi
(1943), Min. jJourn. of Korea, vol. XXVI, no. 4, p. 209.

9 Near Namjong-ni (a village between Kumch’on and Sibyon), I found one species each of
Monograptus and Cypridea in the sandy slate and limestone correlated to P; and L, respectively.
These fossils are well-known index fossils of Gotlandian Period.

The upper formation of the so-called Sang’won system in Middle Korea is therefore considered
to be Silurian.
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Zone (symbol) Strike and dip of
schistosity plane

Yoch’ok mica schist zone (Y) N70-90°w, 60-90°Nn

Sin’gok = zone I (SI) N70-90°w, 70-80°q

., 5 zone II (SII)1® ~N70-90°w, 70-80°N

" g zone IIT (SIII) N70-90°w, 60-70°N

Kyeho biotite-hornfels zone (Ke)  ~-E, 80-90°N
(Schistosity planes

generally less developed)

Huksok mica schist zone (Ko) N50-70°E, 50-70°s
Samgot granulite zone (Sa) N50-70°E, 50-70°N
Yanghap chlorite-schist zone (R)  ~50°&, 60-70°N

Boundaries of the zones
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Cyanite-andalusite
deposits

Few in the

eastern areca

None

None

Many

None

Some
None
None

Excluding the Yanghap zone, every zone shows transition from one to the other,
without any fault and within a short distance. In fact such a transition from the
highly metamorphosed zone SIII to the low metamorphosed zone Ke can be ob-

served on the road cut between Sin’gok and Kyeho-dong.

The boundary planes (between the zones) differ genetically from the schistosity
planes, although the two seem generally to be parallel. As seen in the occurrence of
the Ke zone in the eastern part, the boundary is serrate (see Fig. 3).

i SHit zone

ey e

.y e

2 Ke zovf‘isr__,wﬁ
A
o
s |
S =+="Ko zone

Fig. 3. Schematic Representation of the Serrate Countering of

Zones.

The plane of stratification of the original formation

and the plane of schistosity

The fact that the two planes generally differ from each other in the metamorphic

region is often evident in the zones Ke and Y (see Figs. 4, 7).

10) See Fig. 16.
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S--N8OW. 8ON. Coincides with the
general schistosity plane

On B, the two kinds of plane, Sand b, are shown in geometrical form extracted from A. The plane

b inclines gently as seen near the hammer on A.
Fig. 4.

The thickness of the zones
The common stratigraphic conception of thickness has no significance for the
metamorphic group because of the difference between the plane of schistosity and
that of stratification'”. However, since each zone has its own nature of metamor-
phism, the ““thickness of each kind of metamorphic zone” is shown in the following
table:

Thickness in meters

Zone Eastern part Western part
Y About 10,000 15,000

ST )

SIT | 4,000 4,000

SIII |

Ke 0 to 4,000 4,000

Ko 0 to 4,000 1,000

Sa 8,000 4,000

Total 28,000 28,000

Gyanite-andalusite deposits
These deposits are generally distributed only in the SIIT and Ko zones, which
have well-developed schistosity. The main deposits of large quantity and good
quality are found in the SIII zone. They surely have some close relation to the
remarkable metamorphism of the country rock.

1) The stratigraphic succession and thickness of the Yonch’sn system has been shown by Kawa-
sAKI (1918) as follows:

Upper Mica schist, phyllite 12,290 m
Ciyanite-bearing mica schist 2,260 m
Lower Amphibolite, hornfels 12,990 m
Quartzite, amphibolite
Total 27,540 m

But, in the writer’s opinion, these are the thicknesses of metamorphic zones.



THE YONCH’ON SYSTEM
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Green schist and gabbro
Near T osan, the gabbroic intrusive rocks change to green schist similar to the
Mikabu green schist of Japan. Gabbroic rocks containing garnets are injected in
the form of sheets of tongues into the Samgot zone.
Faults
There are some parallel step faults striking almost N-s in the metamorphic re-
gion; these faults do not cut the granite BG. A few faults striking northeast cut BG.
The former are considered to have occurred simultancously with the metamorph-
ism, and the latter, after the metamorphism.

3. Petrology of Rocks and Ore Deposits

A. Development of Schistosity Petrofabrics or Gefiigekunde

| T e |
&

-

LEGEND
s Strike : NBOW
d ~-Dip : 7TON
b----Linear schistosity
e = 60
(ab)- Schistosity plane. aLb. cL(ab)
a, b, ¢ Petrofabric axis

Fig. 5. The Schistosity plane, Linear Schistosity and Petrofabric
Axis Prevailing Over the Yonch’dn Metamorphic Group.

(i) Linear schistosity®

Linear schistosity is found in the limestone of the Sangwodn system, and in the
rocks of the SI, SII, and SIII zones (Fig. 5). Throughout these zones, the inclina-
tion of linear schistosity is always about 60° on the plane of schistosity.

(i1) The system

The phyllite and the conglomeratic phyllite have phyllitic cleavage; the quartz-
ite Q, was disturbed and became angular blocks; and the limestone L, shows
ptygmatic folding and linear schistosity.

The Gefiigeregelung of the calcites in L, is shown in Fig. 6.

(iii) The Ydch’6k zone

The foliation is generally slaty or shaly, and no phyllitic cleavage is seen. The
term granulite’® may be preferable to schist as a name for the rocks in this zone.

Some rock has three kinds of cleavage and traces of the schistosity of the former
stage and of the original stratification (see Fig. 7).

12) The linear schistosity is indicated by symbol ““b™, one of the petrofabric axes which are used

as the co-ordinate axis in petrofabric analysis (Fig. 5).
13) According to Harker’s definition.
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Fig. 7. a,
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on the latent shistosity plane(ab).

Fig. 6. 'The “Gefiigeregelung” of Calcite in the Limestone of the
Shogen System (South of Tosan).
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Rock in the Yoch’6k Zone (Specimen No. 106).
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They show the "Regelung” only to Sch which can
not be seen visually.

Fig. 7.b “Regelung” of Sericite
50 Poles of the Flakes.
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LEGEND LEGEND
3 e-3% [ e-3%
724 3 -a - >
B8R a-5
.l s

" " Ond " "
Einregeln  strongly to si and Sch, They show no character of "Regelung

weakly to sz, sa and b

Fig. 7.c  “Regelung” of Biotite 100 c-Axis.  Fig. 7.d ‘“Regelung’ of Quartz 150 c-Axis.

LEGEND
4-6%
[0 e-s
Il s
100 c-axis. 50 c-oxis.
Most of the biotites “Einrege]n” fo the schistosity The biotites show an inclination "Einregelung“
plane but some of them do also to $1,S2 8 53 to the schistosity plane but weok ones also to
unseen visually. Sz 8 Sz, unseen visually.
“Holbgirtel um b and “Spaltegiirtel um @™
L aore shown,
Fig. 8. ‘““Regelung” of Biotite in a Specimen Fig. 9. “Regelung” of Biotite in a Spe-
(No. 109) of the Yoch’sk Zone. cimen (No. 18) of the Yoch’6k Zone.

The Gefigeregelungen in the three rocks is shown in Figs. 7-9.

(iv) The Sin’gok zone

The linear schistosity is relatively weak in the Sin’gok I zone and relatively
strong in IT and III; in III, it becomes weaker when cyanite and andalusite appear
as constituent minerals.

The Gefiigeregelungen in 1, I1, and III are shown in Figs. 10-13.

(v) The Kyeho zone

In this zone the schistosity is not generally clear, but traces of the original
stratification are often found (see Fig. 4). Mica schists are sometimes intercalated.

(vi) The Huksok zone

The schistose cleavage is perfect but the plane of schistosity is often bent, and the
linear schistosity is not seen,
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%,

Wz

LEGEND

50 c-oxis.
Most of the biotites “Einregeln” to the schistosity
plane but some of them do also to (b c) weakly.

1-5%
5-9
m -

Fig. 10. “Regelung” of Biotite in a Spe-
cimen (No. 48) of the Sin’gok Zone L.

75 c-oxis

LEGEND

sern oy %
b o =3

The biotites "einregeln™ strongly to
the schistosity plane and (bc).
"Spaltegiirtel um b".

a)

“Regelung” of Biotite

100 c-axis
They "einregein” to (ab):"Gurtel um c"

|
|

b) ‘“Regelung” of Quartz
c)
The Texture Under the Microscope
§” sosnee Bedding plane of the original rook
- R Schistosity plane
In the broken circle........ garnet

The porphyroblasts are garnet and biotite,
and the groundmass consists of chlorite, seri-
cite and quartz.

Fig. 11. Ef(amples of “Gefugerégelung” from the Sin’gok II Zone.
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LEGEND
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Z

50 c-oxis. |

Most of the biotites "einregeln” to the schistosity !
| plane ond some of them do weakly to (bc).

“gpaltegiirtel um b”. i

a) “Regelung” of Biotite
Fig. 12,

£
X

75 c-oxis.
‘?fronq Einregelung” to the sch.pl..
Halbgiirtel um b,

a) “Regelung” of Biotite in the First Part

LEGEND

82 smaller grains of b.

| Strong "Einregelung” to (ok1), (0k'I') s/, 52,
ond weak one to a.

my, mp and ma.
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]

100 ¢~ oxis.
“Einregelung” to the sch.pl.and (okl), (ok'l")

S, 83
Gurtel um ¢ and mz, m3,

b)

“Regelung” of Quartz

G-schist in the Sin’gok III Zone (Specimen No. 32).

200 c-oxis (smaller grains 82, larger 112).
Apparently no" Regelung".

b)

“Regelung” of Quartz in the First Part (1)

LEGEND

2-3%
3-4

112 lorger grains of b.
Most of them "einregeln” to s2.
“Spaltegirte! um ¢' ™.

c) “Regelung” of Quartz in the First Part (2)

d)

“Regelung” of Quartz in the First Part (3)
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LEGEND

L 1-3%
(2] 3-7

75 c-axis.
The same character of the “Regelung”
in the first part.

e)

“Regelung” of Biotite in the Second Part

LEGEND

[ 3-4%
M-

100 c-oxis.

Petrofabric axis of ondalusite: X=c, Y=b, Z=a.
No “Regelung”is shown about the petrofabric

axis and about the crystallogrophic axis of andalusite

g) ‘“‘Regelung” of Quartz in the Second Part
The c-axis “Einregeln” in “Girtel um c”
and, (100), (O10) due to the sch. pl..

i) “Regelung” of Andalusite

f)

LEGEND
(2] 3-a9
a-s
N -

100 c-oxis.

Petrofabric axis of andalusite: X=c¢,Y=b, Zzq
No “Regelung” is shown about -the petrofabric
axis ond about the crystallographic axis of andalusite

“Regelung” of Quartz in the Second Part

]

LEGEND

100 c-oxis.

Most of them "einregeln” to s’.
“Spaltegiirtel um ¢

s'of h. coincides olmost with sy ofd.

h) ;‘Regelung” of Quartz in the Third Part

Fig. 13. A-Schist in the Sin’gok III Zone (Specimen No. 43).
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(vii) The Samgot zone

The cleavage is shaly and the schistosity plane is very platy, but no linear schi-
stosity is seen. The Gefiigeregelungen is shown in Fig. 14.

(viii) The Yanghap zone

The cleavage is phyllitic. No linear schistosity is seen.

(ix) The blasto-mylonite and the Augen-gneiss

The gneissic schistosity is not developed so clearly.

(x) The nature of the dynamometamorphism as interpreted from the Gefiigeregel-
ungen of the minerals.

Interpreting the Gefiigeregelungen shown in Figs. 8-14, the nature of the internal
movements in the rocks is summarized in Table 1.

g
LEGEND
s=(a'th l—s%
— B
25 c-axis.
Pertact “Regelung” to the sch.pl..

a) “Regelung” of Biotite in the Biotite-
Granulite Layer

-

150 c-axis.
Most of them “einregeln” to a'.

b) “Regelung” of Quartz in the Biotite-Granulite Layer Biotite layer

Fig. 14. Examples of “Gefiigereglung” from the Samgot Zone (Specimen).
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100 c-oxis.
The some "Regelung" as in the layer of biotite-granulite.

c) “Regelung” of Quartz in the Hornblende-Granulite Layer

Table 1. Internal Movements Caused by the Dynamometamorphism.

Conspicuous kinds of internal movement

Gliding of

schistosity Rotation Plattung Gliding of ~ Shearing of Differential
plane in the around nach plane (okl) & movement
Zone earlier stage b axis c axis (bc) (ok’l’) to a axis
Y Sericite Biotite Biotite Biotite Biotite
((+++)) ((++))  (++) (£) ()
Biotite (+)
((++))
SI Biotite Biotite
(++) (+)
SII Biotite Biotite Biotite
(+) (++) (++)
Quartz
[+]
SIIIg Biotite Biotite Quartz
(£) (++) {+)
Quartz
(+)
SIIIa Biotite Biotite Quartz Quartz
(+) {+-+) (+) (£)
Andalusite
(+)
Sa Biotite Quartz
(+++) (+)

(+++)....Verystrongly, (4++)....Strongly, (4)....Considerably, (4). ... Weakly geregelte.
Plattung nach c: c (( ))....Some cases.







