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Geological Notes on the Yamato Mine, Yamaguchi Prefecture*

Hiroshi MivAKE and Kyiibé AKATSUKA

With 3 Tables, 3 Text-figures, and 2 Plates

AssTrAcT: Geology distributing in the surroundings of the Ofuku mining district has been
outlined. Noteworthy is that so-called pyrometasomatic effects of certain intrusives on limestone
intercalated in the sedimentaries appeared specifically in the vicinity of the Yamato mine have
not been discernible to such extent as was formerly emphasized by some authors but some other
views concerning the ore genesis have surely been obtained.
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I. InTrRODUCTION

The Yamato mine which was till 1940 named the Ofuku mine is situated in
'Ofuku-ch6, Miné City, Yamaguchi Prefecture, about 1.5 Km southwest of the
Ofuku station on the Miné railway line. They say that the mine was already
worked on a small scale from the end of the Tokugawa Period to the end of the
Meiji Period and in 1915 numbered as one of the principal mines in Japan for
production of copper ores which were refined on the spot through the “Mabuki”
process since the end of World War I. Recently the ores bearing copper, lead,

tungsten and other sulfides have been dressed by means of tables and through
~ flotation method while considerable amounts of wollastonite have been excavated
till the close of mining in January, 1962. In the environs of the mine are dis-
tributed several small-scaled mines named Sanjd, Nagao, Fukurei, Fukushige and
some others distinguished from one another in mineral assemblages as well as in
their proportions, almost all of which have already been closed.

* Read at the meeting of the western Branch, Geol. Soc. Japan, Dec. 10, 1961. )
On the basis of the view given by Kawai who has, according to the authors’ suggestion, re-in-
vestigated the geology distributed in the region concerned and made the results obtained public
at the general meeting of Geol. Soc. Japan in 1962. The contents referred to hereunder have been
somewhat revised. .
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Geologically, the district concerned is consisted mainly of a part of the paleozoic
formations together with a diorite stock intruding the former, in which some ore
deposits grouped into those derived through so-called contact or pyrometasomatic
effects are found scattered within the area. :

Geology and the ore deposits included in the district have so far been referred
to by some authors such as Katé (1913, 1917 and 1937), Ocura (1921), Suzuki
(1932), Ueno and Dor (1956), SexiNe (1958). KaTd (1937) classified the deposits
in question ordinarily into a type of contact deposits, while Suzukr reported the
detail of the deposits with special reference to the minerals produced, while the
researches were carried out by Ueno and Do concerning the field geology and by
SExINE with regard to wollastonite. The works published by Torivama (1954,
1957), MuraTa (1961) and Kawar (1962) are stratigraphically important, although
there may be room for inspection specifically in relation to genesis of ore forma-
" tion, to which the present writers want to pay attention in this report.

II. OurLiNE oF GEoLOGY

The region under consideration is located in the part west of the Ofuku plateau
as well as in the westernmost part of the plateau. Along the western margin of -
_the plateau the narrow zone of alluvial plain accompanied with the Asa River
running through its central part is found developed from north to south, interven-
ing between the eastern plateau and the western mountainous area. It is to be -
noted that the topography appeared in this district might have been controlled by
the geologic structures to certain extent.
The western margin of the Ofuku plateau composed of the Akiyoshi facies
(limestone) lying over the Yamaguchi facies (non-calcareous) at the bottom is about
300 m high above the sea-level, soaring as a steep cliff (ca. 70° in angle) toward

Fic. 1. Index map of the Yamato mine.
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Fic. 2. Geological map of the Yamato mining district.

1. Alluvium 2. Quartz diorite 3. Miné G. 4. Serita F. 5. Rytigenji F. 6. Tsunemori G.
7. Nishihata F. 8. Kuwabara F. 9. Akiyoshi Limestone 10. Dai F. 11. Fault 12, Thrust
13. Limestone lens 14. Ore deposit 15. Mine )

(O Détoko deposit (@ Daido deposit (® Fukuju deposit @ Kanegahara mine (¥ Mt. Gampi

® Sanjé mine (P Nagao mine Ofuku mine (@ Ofuku station Fukurei mine
@ Quarry of Téa Sangyd Co. @ Fukushige mine

the plain.

In the western and northwestern areas are arranged some ridges with a north-
eastward trend, of which Mt. Gampi, the principal summit in the district, is 580
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m high above the sea-level, and the main parts of which are composed chiefly of
cherty rocks of the Yamaguchi facies. In the western part of the mountainous
area is found distributed the coal-bearing Miné group, a member of the Mesozoic
formation, composing the hilly lands, while the Dai formation composed of phyl-
litic rocks is exposed in a small scale in the northwestern corner of the district. In
the hilly area located in the southeastern part of the ridges and at the base in the
southern half of the alluvial plain is found intruded the quartz-diorite.

A. Pareozoic ForMATION

~ Stratigraphy of the formation has so far been established by Torrvama (1957)
and MuraTa (1961), as is picked up in Table I especially concerning the Ofuku
district. These results are not in coincidence with each other, whereas the result
obtained by the former is areally and lithologically not so much different from the

“data of the present authors. ' 4

1. Akiyoshi Facies (Akiyoshi Limestone Group)

This member representing one of the main sedimentaries constructing the Ofuku
plateau located in the eastern part of the district is composed merely of saccha-
roidal limestone subjected probably to the thermal effect of quartz diorite, result-
ing in recrystallization of calcite, the grain-size of which is invariable within width
of 100 m from their contact but becomes finer with distance. At the quarry of
Toa Sangyd Co. situated between Fukurei and Fukushige mines, the contact of
limestone with quartz diorite occurring as an apophysis with width of about 20 m
~ bears an appearance of discolored or altered vein, with width of 2 cm on an aver-
age, which is composéd of pinkish, earthy matters including a small amount of
garnet recognized merely through x-ray diffraction but no traces of any other
skarns. On both sides along the vein, any sorts of minerals proved as reaction
products are nowhere found contained. . -

Although the main ore bodies of the Fukurei mine are, according to the descrip-
tion of Suzuxi, considered to have deposited in crystalline limestone and, because
of being closed, are now not confirmed, it seems more probable on the basis of
present occurrence of the remainder that the ores might have been produced in
the Tsunemori formation lying under the limestone and along the fault plane
of the Akiyoshi thrust demarcating both formations.

2. Yamaguchi Facies (Non-calcareous Groups)

The member is topographically into two parts: One constructs the mountainous
" -area located in the western part of the district and the other the basal parts lying.
under the Akiyoshi facies.

The former is composed mainly of chert associated with fine-grained sandstone
and silicious slate as well as small lenses or irregular masses of limestone while
chert and others are slightly metamorphosed into hornfels and limestone into sac-



385

- Geological Notes on the Yamato Mine, Yamguchi Prefecture

sdnous) snoasesesuoN

dnouar) auoisawlT 1Ysoh1yy

10 0
jio) 5
...................................... I U m.
B,
[=1
AID gun @

é é Q é %E.

-1 eperey] g vleqemny] .m 1d

T RPEIEY | e el ...O g1d

APEN mOJ *J BIRYIYSIN m 4d

w I ety o w = Ind g
3 1 aesdmy || awsiy |3 s
-q tfusBniy o £ g 1o gugd B,
3 ] 3 3

5 g i £ I d Auwg

*J towaunsy, | § J eIIeg
_J Twmsins, : O ) qury
g
-] eIeqemey] emiengg | © |4 nsiewwoquieg Ald ong
(1961) vavanw (£661) vHvArao], N (1961) Vavany (£G61) YHVAINO],

LOIYLSI(T NANIQ NI QIYVILLY SINOAL) DIOZOATV J 40 NOILLVIZHUO) ANV AHIVUDILVULG °[ 14V T,




386

Hiroshi Mivaxe and Kyab8 AkaTsuxa

charoidal one through the thermal effect of quartz diorite near their contacts.

In the eastern region, the same formation lying under the Akiyoshi facies is
composed mainly of fine-grained sandstone in the southern area, and of chert and
slate intercalating lenticular limestone in the northern area.

The Yamaguchi facies in this district has already been strato-paleontologlcally
classified by Torivama, as is shown in Table 2.

TaBLe 2 STRATIGRAPHY OF NONCALCAREOUS PALEOZOIC GROUPS APPEARED IN OFuku DISTRICT

(abstracted from the data given by Torrvama, 1957)

Western Mountainous Area

Eastern Area (Lower Part of the Ofuku Plateau)

Southernmost Part Central Part Southern Part Northern Part
S5 Shiraiwa F.
g A
g Tsunemori F. Tsunemori G. & Serita F.
£ 2.
.3 2
3 Aigy6 F & Ryiigenji F.

Nishihata F.

Kuwabara F.

Ny

On the other hand, stratigraphy of the same formation has also been established
by MuRrATA, as is indicated in Table 3.

TasLe 3 STRATIGRAPHY OF NONCALCAREOUS PALEOZOIC GROUPS APPEARED IN OFUKU DISTRICT

(abstracted from the data given by Murara, 1961)

Western Mountainous Area’

Eastern Area (Lower Part of the Ofuku. Plateau)

Southern Part

Northern Part

Tsufsumi F. /

S C Ryﬁgenjif.

3 | Maki F. -;:/ & '
O

6 <’"', & | Katada F.

Aigy6 F.

Tsutsumi F, /

1

~
~
~

4
"’, Katada F.

/

As far as the lithologic features appeared in the district are concerned, the data
given by Torivama are, if not perfectly, in good accordance with the results ob-
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tained by the present authors. » _

Gampi Group: The group has once been named the “Gampi series” by Ko-
BAYASHI (1940) and later confined to that distributed merely in the western moun-
tainous area in the surroundings of Mt. Gampi by Torivama (1954). According
to his view, the group is furthermore lithologically dividable into two parts such
as the Kuwabara (lower) and the Nishihata (ul:;per) formations. The Kuwabara
formation is situated in the western half of the western mountainous area, point-
ing to NNE-SSW in distribution. Its lower part occupying about two third of the
total is composed of chert and the upper remainder, of black-colored slate associ-
ated with thin lenses of chert. The chert contained in the lower part is massive,
not stratified and milky grey, milky white, milky blue or green in color, while
- the clayslate comprised in the upper part is considerably hard in property, mostly
black but variable into bluish black in color, silicified in parts and intercalates
thin lenses of chert and fossiliferous limestone. The Nishihata formation is devel-
oped in the eastern half of the same mountainous area with distributional tendency
similar to that of the Kuwabara formation, apparently conformable with the latter,
and composed chiefly of chert associated with sandstone, slate and minor lenses of
limestone. The chert included in this formation is massive, milky white, milky
- green or greenish blue in color, and hardly distinguishable from that belonging
to the lower formation. The sandstone is hard in property, fine-grained and
dark bluish in color. The slate is also hard, bluish black in color and hardly
discernible from chert in the silicious parts. The lenticular limestone is crystalline
and saccharoidal, accompanying no traces of fossils but skarn minerals in parts.

Basing on the report given by MuraTa, the Gampi group is dividable into the
Ofuku and Beppu groups. Judging from geological map, the Kuwabara forma-
tion is considered to be distributed within the area including the Katada and Ryi-
genji formations of Beppu group. According to his view, most parts of the Nishi-
hata formation are involved roughly in the Tsutsumi formation of the Ofuku
group and a part distributed in the southeastern area is in the Maki formation of
the same group.

Torrvama was of opinion that the Kuwabara formation is covered conformably
with the Nishihata formation, whereas MuraTa pointed out that the Katada and
Ryagenji formations come into contact with the Tsutsumi formation with a fault,
and the Miné group is probably included in the area demarcated with faults par-
ral to the strike of the Ryigenji formation within the latter. As for this regard,
small-scaled exposures of conglomerate and sandstone assumed to belong to the
Miné group are confirmable in the northward valleys north of Nishihata and con-
sidered as a sort of ‘Fenster’ opened in the Kuwabara formation thrusting up on
the very group. Whereas the Tsutsumi formation has been described by MuraTA
to be rich in slate with no chert, the facts are that the formation in this area to be
grouped into the same member is rather predominant in chert together with fine-
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grained sandstone specifically within the compound of the Yamato mine situated
in this Tsutsumi formation, and there are many outcrops of chert, a part of which
is being excavated as so-called “soft chert” in the Kanegahara mine. In consequ-
ence, it seems unreasonable that the formation located in the area including these
mines has been taken as the Tsutsumi formation. Moreover, as was referred to by
MuraTa, the area concerned is located on the northern wing of anticlinal part of
the Tsutsumi formation bearing the dip of 60°-80° SE and subjected to severe
fracturing. Accordingly, it seems not reasonable that the formation appeared in
this area is regarded structurally as a northeastern extension of the Tsutsumi for-
mation and, as will later be alluded to, there is a room for further scrutmy con-
cerning the structure in question.

The ore deposits of the Yamato and San_}o mines are found formed in, or near,
the contact between chert and lenticular limestone belonging to the Nishihata for-
" mation and the chert is now being excavated at the Kanegahara mine.

According to Torivama, the Gampi group is demarcated with the Tsunemori
group developed in the southernmost part of the western mountainous area with
a fault revealing EW trend and thrusts up on the Miné group, a member of the
Triassic formations-distributed in the northwestern region, with the Gampi thrust -
denominated by Torrvama, representing seemingly a monoclinal structure with
strike of N 10°-30° E and dip of 50°-80° SE. Because of bad exposure and of com-
plicated structure, it is very difficult to discern the relation between the Gampi
and Tsunemori groups. It however seems that, as was pointed out by Kawar, the
former lies on the latter in the relation of thrust.

On the other hand, both northern and western parts of the Gampi group come
into contact with the Miné group with thrust. Trend of this thrust is used to re-
vealing local variations showing, for example, N 50°~60° W in strike and 60° SW
in dip at the bottom of the Ofuku mine south of Manké, nearly NS in strike with
high angle of eastward dip in the area west of the mine, and EW in strike in the
area furthermore west of the above-mentioned. Moreover, chert of the Gampi
group is recognizable thrusting up on the Miné group in the area north and west
of Manké. Taking into account of local variations in trend and of ‘Fenster’ allud-
ed to already, the plane of the Gampi thrust is considered rich in irregular relief
while the crustal movements might have taken place after the thrust concerned.

The Gampi group bears a trend of EW-N70° W with dip of 40°~60° S at the:
Ofuku mine wherein so-called ‘soft chert’ is included in the related group, whereas
~ the chert composing most of the Nishihata formation is massive, rich in joints but
lacking in stratification. In view of these facts as well as seemingly irregular oc- .
currence of limestone observed in the gallery of Yamato mine, the structures of
the Gampi group are believed not so. much simple as was reported by Torrvama
but strikingly complicated and therefore necessiates more detailed inspection in
 relation to the ore genesis. v
The formation appeared in the eastern locality situating from the central to the
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southern part of the mountainous area is altered into hornfels through intrusion
of quartz diorite, and limestone included in the Nishihata formation also reveals
saccharoidal feature through the same effect. v

Although it is difficult to determine the stage of formation merely with the data
obtained in this research the Gampi Group is chronologlcally combined with thc
middle Pennsylvanian by Torivama.

Tsunemori Group: The group was once named the “Tsunemori series” of the
Paleozoic formation by KaTavama (1939) and investigated subsequently by Ko-
BAvAsHI and then in detail by Torrvama, according to whom it was divided into
three parts such as the Aigyé (lower), Tsunemori (middle), and Shiraiwa (upper)
formations. As has been referred to already, the Tsunemori group is distributed

. in contact with the Gampi group with a thrust in the area locating from the south-
“ernmost part of the western mountainous land to south and -under the southern -
part of the Akiyoshi limestone coming into- contact through the Akiyoshi thrust
in the eastern area. In the southernmost part of the mountainous area, all of the
group are found in good continuity from the lower to the upper member, while
the lower one is apt to appear in more predominance with approaching to east and
the upper one, with approaching to west. Whereas the fact is that the group in-
dicates a sort of monoclinal structure with strike of NE-SW and dip toward NW
within the district, it may represent the northwestern wing of antincline. Each
~ formation of this group is nominally in correspondence respectively to the Aigyo,
Maki and Tsutsumi formations of the Ofuku group but each horizon is not so.
The group in question is composed mainly of slate, sandstone and their alterna-
tions accompanied with no traces of chert or silicious rocks in the western area,
while that lying from the southern'to the central base of the Ofuku plateau is
consisted mainly of brown-colored, massive, and fine-grained sandstone without
silicious or calcareous rocks. The member grouped by Torrvama into the Tsune-
mori formation in this area of the base of the Ofuku plateau seems to be corre-
sponding to the Aigy6 formation named by MuraTa, although both are strati-
graphically incongruous with each other. The ore deposits of the Fukushige mine
and a part of those of the Fukurei mine are found produced in this formation
while a sort of skarn vein composed mainly of hedenbergite is intervened in fine-

gramed sandstone of the very formation in a locahty 81tuat1ng between two mines
mentioned above.

The Tsunemori group is found altered through thermal effect of quartz diorite
into hornfels in lower grade widely in the surroundings of their contact. -
According to Torrvama’s view, sedimentation of this group is considered to
have been continuous during certain period from middle to upper .Permian while
MuraTa is of opinion that, of the Ofuku group, the Aigyd formation is concerned
with the middle Carboniferous, the Maki formation with the lower Permian, -and
the Tsutsumi formation with the upper Permian, the former two being related
“unconformably to each other.
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Beppu Group: The part constructing the northern base of the Ofuku plateau
was assumed the northeastern extension of the Gampi series by Kopavasmr. This
group was distinguished by Torivama from the Gampi group because of differ-
ence in stage, structures and geologic unit whereas both groups are hardly discerni-
ble one from the other in lithologic feature. Basing on his opinion, the group is
divided into four formations named the Katada, Ryagenji, Serita and Sambonmatsu
formations respectively in ascending order of sedimentation. Within the district
under consideration, the upper part of the Ryiigenji formation as well as the Serita
formation are distributed while it seems that the Katada formation (Beppu group)
named by MuraTA is corresponding to the former and his Tsutsumi formation
(Ofuku group) to the latter, both being, in opposition to Torivama’s view, con-
sidered to be contmuously developed from the western mountamous area to north-
east.

The Ryagenji formation by Torivama in this area distributed narrowly with
EW trend in the northernmost base of the Ofuku plateau is massive, almost not
stratified and composed of milky bluish green-, green-or milky white-colored chert
associated with lenses of limestone. The Serita formation developed conformably
on the southern side of the Ryiagenji formation with a trend similar to the latter
- is consisted of black- to brownish black-colored clayslate intercalating sandstone
but no chert. These two formations are, after MURATA, believed to come into
contact with each other with a fault but the fact is of obscurity. The Akiyoshi
limestone is found thrusting up on the southern side of the Serita formation.

It seems general that the Beppu group distributed in th:s district discloses a trend
of ENE-WSW with southward dip.

Dai Formation: A part of the formation named by Torrvama -are surrounded
‘and demarcated by the Miné group with fault in the northwestern corner of the
district, being composed of phyllitic slate and belonging to a member of so-called -
Sangun metamorphlcs

B  Mzsozoic FormaTION

Miné Group: The group belonging to the upper Triassic in age is found de-
veloped widely on the northwestern hilly land within the district and composed
of alternation of sandstone and clayslate intercalated with conglomerate and coal
seams, displaying a general strike of N 10° E with dip of 30°-50° W. As was al-
ready mentioned, the Kuwabara formation of the Gampi group is observed thrust-
ing up on this group from the southeastern side. Within the region under con-
sideration the Miné group is locally predominant in conglomerate displaying varia-
tion in diagenetic grade. For example, the conglomerate is compactly consolidat-
ed in the area south of Manké and happens to occur as very loosened state along
the road from Manké to Kami-tashiro. The group concerned is apt to reveal the
foldings with variations of strike and dip in small period. These minor foldings
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are not considered to have been derived d1rect1y from the effect of thrust, since
any deformations ascribed to fracturing or others are not recognized along the
thrust plane. Moreover, a remarkable fact is that conglomerate and sandstone of
the Miné group is cropped out as a sort of ‘Fenster’ in the Kuwabara formation
at two localities situating about 1 Km north of Nishihata.

C Dirorrric Rocks.

The main intrusive exposed in the district is represented by dioritic rock locat-
ing from the hﬂly land in the southern half of the central area to the base lying
under the eastern alluvial plain, revealing as a semi-elliptical stock or boss with a
scale of about 2 Km (NS) x 1 Km (EW), and the apophyses relating probably to
the main intrusive are surely recognized appeared near the entrance of the Fukuju-
and Hoérai gallery of the Yamato mine on its western side as well as at- the
quarry situating between the Fukurei and Fukushige and so on. '

The dioritic rock is found intruding the Nishihata formation on the western
and northern sides, the Tsunemori group on the southern side, and the very group
and the Akiyoshi limestone on the eastern side, while it is especially to be noted
that its apophyse are evidently observed penetrating the limestone thrusting up
on the Tsunemori group through the thrust plane. Their thermal effects on the
surrounding sedimentaries are not of high grade but appeared widely, resulting
merely in alteration into biotite-hornblende hornfels or into crystalline limestone.
In relation to this regard, formation of the skarn minerals will be referred to later.

The intrusive seems to indicate a tendency liable to be subjected to weathering, -
to form the weathered zone thickly, to be eroded, and to reveal a distinct distribu-
tion topographically. The main parts of this intrusive are more acidic in litholog-
ic property than the margins of its own and of dark grayish-colored granodioritic
facies containing an abundance of biotite together with brownish green-colored
hornblende as femics, andesine, quartz and orthoclase as felsics, and apatite, zircon,
magnetite and titanite as accessories. On the other hand, the margins of the similar
parts are used to showing a gradual variation within width of about 20 m into
more basic, dark-colored facies of finer-grained quartz-blotlte-hornblendc diorite
comprising more abundance of hornblende than in the acidic parts and plagioclase
‘together with a scarce amount of quartz and orthoclase as well as accessories
similar in kind to those in the main part.
~In general the apophy51s-hke parts are graylsh in color, medium-grained, lack-
ing in marginal facies, less predominant in the total amount of colored minerals
" other than hornblende indicating relatively more quantity than that of others, and
more acidic in property than in the main part of dioritic intrusive. These parts
show such a local variation as is observed in the facies, containing biotite and
diopside? in similar amount and quartz in a slight excess compared with those
in the main mass, found at a locality between the Fukurei and Fukushige mines,
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or as is recognized in that, containing merely pyroxene in less amount together
with plagioclases, orthoclase and quartz respectively in equal quantity, appeared
at the entrances of the Fukuju and Hérai galleries. Of two, the former is found.
here and there cut by the veinlets of aplite composed of quartz and orthoclase ac-
companying plagioclase and an extremely small amount of biotite flakes.

Activity of the dioritic intrusive is yet remained to be chronologically determin-
ed because of no evidences other than its intrusion into the Paleozoic formations
within the district concerned but it is for the present reasonably considered to have
been taken place at certain stage of the last Mesozoic in age.

D PorpryrITE DIKE

The dike, about 3 m in width and blackish grey in color, with strike of N 45°
W and southward dip in high angle, is occurred on the southern side of the Sanjo
mine, comprising megascopically recognizable phenocrysts of plagioclase as well
as microscopically discernible quartz and hornblende enclosed in the groundmass
of feldspar, quartz and extremely little amount of biotite flakes which are con-
sidered to have been subjected to deuteric effects to certain extent. It is naturally
assumed to have injected at certain stage subsequent to the activity of dioritic
rocks. The dike resembling this porphyrite dike was described by Suzuxr in the
gallery of the Fukurei mine whereas it is found exposed nowhere in field.

E GErorLoGIC STRUCTURES.

Within the district are appeared two remarkable thrusts, of which one, named
the Akiyoshi thrust, made the Akiyoshi limestone thrust up on the noncalcareous
group and the other named the Gampi thrust did the Gampi group so on the Miné
and Tsunemori groups: In spite of the previous view that the former might have
been related to the Akiyoshi orogeny and the latter to the Oga. orogeny, both are
for the present believed by Yase (1958) and Kawar to have been simultaneous in
age. As is deducible from inspection of geologic distribution, these thrusts mani-
fest local irregularity in relief but are roughly observed as if they moved on the
similar level of the same plane, suggesting that both are nothing other than the
only one. As far as the region is concerned, these thrusts might have been active
at a stage subsequent to sedimertation of the Miné group and prior to intrusion of
dioritic rocks since the thrust plane is observed injected by an apophysis of the
latter, and is, as was stated by Kawai, considered to have been constructed through
the Oga orogeny at certain stage after sedimentation of the Kenseki group and
before the intrusion of porphyrite. On the other hand, there are two systems of
faults running through, and controlling structurally, the noncalcareous group of
the Paleozoic formation: One revealing a trend of NNW-SSE is observed cutting
across the Gampi thrust and represents the strike of pophyritic dike while the
other indicates a trend of ENE-WSW. It seems that these faults were not extend-
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ed into the dioritic mass, though the reality be not confirmable because of no out-
crops observed in field. In view of the relation alluded to above, these systems
are reasonably believed to have been formed at a certain stage subsequent to the
thrust and prior to the intrusion of dioritic rocks.

. Another noticeable system denominated the Ofuku-Yoshinori tectonic line (topo-
graphically conspicuous but essentially not so much large-scaled) by Torrvama is
evidently observed dividing the district topographically into the eastern and west-
ern areas roughly along the Asa River, and its formation seems to have been later
in stage than the activity of dioritic rocks.

Other minor faults having no relations to control of the geologic structure on a
large scale are discovered everywhere within the district. Some of them are found
cutting the ore bodies in question either with an EW trend or with-a NS trend, ac-
companying a remarkable amount of fault clays. ’

III. Notes on Ore DeposiT

As has been stated, the ore deposits worked in several mines situating around
the dioritic mass have hitherto been considered commonly as those derived from
contact effects of the diorite concerned. It however seems general that all these
deposits in this district are found nowhere at the contact of the intrusive with the
surrounding sedimentaries or in the intrusive itself but rather observed merely in

- the sedimentaries distant from the very intrusive.

In case of the Yamato mine, igneous rocks other than a granodioritic apophysis
injecting into chert with ordinary thermal effect near the entrance of the Fukuju
and Hoérai galleries are not observable in the neighborhood of the ore deposits as
far as the inspection is concerned only under the land-surface, but the dioritic
mass is situated 100 m in minimum and 800 m in maximum far from the deposits,
as is recognizable on the land-surface. In the Fukurei mine, ‘occurrence of the
ores along the porphyrite dike injecting into the Akiyoshi facies was described by
Suzukr but is now not confirmable because of close of the mine. .All the deposits
other than those occurring in the very mine are found comprised always in the
Yamaguchi facies, a member of the noncalcareous group, associating a small a-
mount of lenticular limestones, which are also actually observed in the gallery,
and any deposits are nowhere found in the Akiyoshi limestone facies. In the light
of these facts it is essentially difficult to combine the genesis of ores limitedly with
contact effects of diorite intrusion on the limestone. It is furthermore the fact that
the deposits appeared in the district are respectively characterized in mode of oc-
currence, mineralic constituents and their assemblage, and prqportidn of their con-
tents. The detail will later be disputed with reference to genesis of the ores.
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F1c. 3. Projection of the deposits and galleries in the Yamato mine.

C. Chagiri-ko F. Fukuju-ko Hk. Hokoku-kd Hr. Horai-kd
N. Namari-ko S. Shinsei-ké T. Tslten-ko

DgescriprioN OF THE YAMATO MINE

The Yamato mine is the only one that has been worked in the district. The
deposits concerned are, as has been alluded to already, found contained chiefly in



Geological Notes on the Yamato Mine, Yamguchi Prefecture 395

chert and also in limestone or in its contact with chert in a part of the Nishihata
formation composed mainly of chert associating ﬁne-gramcd sandstone and small-
scaled limestone of irregular shape.- :

The chert is grayish white or white in color, massive in property, and nearly
not stratified. The sandstone is fine in grain-size, extremely silicious, massive in pro-
perty, and almost without stratification. The masses of limestone are used to ap-
pearing with various trends and scales, and occurrence of platy, massive, and
lenticular shapes in discordance with stratifications of country rocks. Although
MuraTa was of opinion that the formations in this district were subjected to severe
fracturing, the fact is that such a phenomenon as was pointed out is not ascertain-
able at least within the galleries of the mine, and the formations concerned are
massive on the whole but altered to a certain extent through thermal effects. To
clarify the geologic structures is of due significance in order to determine the dis-
tribution and structures of the ore bodies under consideration but the details other
than suggestive existence of the thrust locating between the Paleozoic and Triassic
formations on the northern side of the mine and other thrust in this mine are

still now remained to be pursued for inspection.

~ In the Yamato mine are there three principal deposits called Détoko, Daid6,
and Fukuju from south to north together w1th several ones named Hinode, Naman,
Fukurei, Taishé and so forth. ‘

Taking the occurrence and genesis of ores into account, the dep051ts of: the
Yamato mine are roughly dividable into three kinds such as:

(a) Sulfide deposits derived metasomatically in massive occurrence, accompany-
ing so-called skarn minerals,

(b) Sulfide deposits appeared as if they were produced as a sort of ﬁssure-ﬁllmg
lodes, and

(c) Oxide deposits precipitated secondarily in caves or in fissures.

All of these deposits are however observed contained in oxidation zone and
seem to have been subjected to secondary enrichment.

Détoko deposit: The deposit is found situating on the uppermost level in the
southernmost part but its mode of occurrence is at present not discernible because
of close of the gallery. According to SexINE (1958), Ueno and Do1 (1956) it seems
however that some massive bodies of sulfide ores associating skarn minerals assem-
ble together and are arranged with a trend revealing strike of N 10°-30° E and dip
of 50°~60° E, extension of 10~15 m along strike-side, general plunge of S 40° E with
inclination of 40°, extension of about 30 m along plunge, and thickness of 5 m,
while at the same time some oxide deposits are observed filling the fissures. These
sulfide ores are in arrangement probably parallel to the Daid6 deposit referred to
in the following. ' _

Daids deposit: Whereas the deposit in question has been the largest in scale and
most important of all, its lowermost part only is now being prospected and ex-
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cavated because the whole mass was exhausted nearly at all.

The ores concerned have been excavated in several galleries such as Tsaten-ko,
Hon-k6, Chigiri-ko, Shinsei-ké and Hokoku-k6 which are situated from upper to
lower levels in order and combined with one another through inclines within the
ore body. ‘ ' ' ‘

At the time of Suzuxr it seems that Tsaten-k6 and Hon-ké were already aban-
doned, a little amount of ores filling the cracks of chert were only explorated along
Chiigiri-ké which were almost mined at all, and Shinsei-kd was the main gallery
for mining. Recently excavation for the part situating between the latter two

‘levels has been promoted and resulted in connection with each other, its goaf re-
vealing a giantic cave.

One of the principal ore bodies in this deposit is massive sulfide deposit derived
metasomatically, accompanying skarn minerals. It may be that the deposit under
consideration is divided in form into one situating in the part upper than Hon-ké
and the other included between Chagiri-ké and Shinsei-ké. Of the two, the former
is, as has been stated, not confirmable in detail while the goaf of the latter dis-
closes in shape a sort of pipe with S 60° E plunge with inclination of 15°-30° and
with extension of about 120 m, becoming smaller in diameter from 25 m on the
upper level to 5 m on the lower level. The ore body is however considered nu-
merous aggregates of small-scaled, lenticular masses, because the actual occurrence
pointing to the previous state is remained along its margins or in parts of the goaf.
Its lowermost part comes in contact with a later fault with NS strike and eastward
dip of low angle running along a little higher part of its hanging wall.

The fissure-filling deposits composed mainly of quartz veins associating sulfide
ores are found developed downward from the level further lower than those men-
tioned above, pointing nearly to NS trend with dip of from 50°-40° E on the upper
level to 35°-25° E on the lower levél and to a plunge of S 50°-60° E with inclina-
tion of 20°-30°. These lodes are probably considered to be distributed in the parts
situating between the level some what upper than the Minami-Uwanobe-ké of the
Shinsei-k6.and that lower than Hokoku-ké and reveal extension of 60 m on the
upper level and of 10 m on the lower level along strike-side as well as of more
- than 150 m along plunge but are not presumed to continue in the parts far deeper

than the level of Hokoku-ké. Their thickness is 1 m in maximum and thos¢ with-
thickness of more than 50 cm are now being mined. ’ '
Beside the two types mentioned above the Daid6é deposits include that named
the ore body No. 1, which is now impossible to be inspected because of being im-
mersed in underground water. The latter is situated on the northern side of the
ore body accompanying skarn minerals on the Chigiri-ké level and composed
merely of secondarily formed oxide minerals filling the caves of limestone and the
- fissures of chert, in the goaf of which any ores to be mined are now not remained
at all. : : :
Fukuju deposit: The deposit is the principal one which has recently been de-
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veloped on a large scale and constructed complicatedly of masses of metasomatic-
ally produced sulfide ores associating a bulk of skarns and those of vein type. As
be the case with the Daidé deposit, the massive ores are believed to have been
prior to the lodes in-stage. The ores concerned have been mined almost at all in
the Fukuju-ké (256 m high above the sea-level) and in the Horai-ké (228 m high
above the sea-level) combined with the former through inclined adits. Inspection
of the empty goaf shows that the ore body is actually constructed of more than
thirty-seven masses of various scale and shape, accompanying skarn minerals. Each
of them reveals EW-N 30° E strike with eastward or southward dip of low angle
in discordance with its southward or S 30° W plunge in low angle, resulting in
formation of a flattened pipe-like ore body with S 35° W plun_ge in low angle on
the whole, the width of which becomes more and more smaller with depth. The
ore body is found cut across by EW fault in the northern part. Since the trend of
this deposit is remarkably distinguished from those of Détoko and Daid6, the re-
lations of these trends to geologic structures are in more detalls to be researched
in connection with the space suitable for ore deposition.

Within the district a remarkable outcrop of ore deposit is appeared in the place
situating between Daidé and F ukuju deposits as minor lodes of secondarily pro-
duced oxide minerals filling the fissures of chert whereas its inner part is remained
to be clarified because of impossibility of standing in the underground gallery, e.g.
the Hinode-ké running just through its lower level.

- Gircumstances of the galleries other than those referred to already are not known
because of being 1mposs1ble to stand in.

IV. ORE MINERALS

In the Yamato mine, the ores bearmg copper have been mined as the main ob-
jective and those of other sulfides as well as of tungsten have been also so on a
. certain scale. These ore minerals are, in relation to their genesis, divided into
those remained as primarily formed state and the oxides derived secondarily from
the former. In general both types are used to constructing the different b0d1es
but happen to co-exist in parts in the oxidized zone.

‘As the ore minerals produced primarily, chalcopyrite, bornite, chalcocite, covel-
line, pyrite, pyrrhotite, arsenopyrite, sphalerite, galena, scheelite, molybdenite,
magnetite and so on are mentionable. Their occurrence and assemblage are dif-
ferent from one another in each deposit or ore body. For instance, it seems com- -
mon that chalcopyrite, yrrhotlte and some others are found as massive bodies
* surrounded with the skarns, as impregnations in the skarns, and as networks of
veinlets penetrating the skarns or as massive bodies and impregnations without
the skarns in chert, while these minerals are liable to be included in chert and in
the part along the contact of chert with limestone but very scarcely in limestone. -

Skarn minerals found around this kind of ore bodies are believed to have been
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prior to the latter in stage of formation. Skarns recognized already are wol-
lastonite, garnet, hedenbergite, vesuvianite, epidote, diopside, micas, tremolite, and
so forth associated with subsequently formed actinolite, lievrite(?), kaolinite, etc..
Of all, wollastonite shows the widest, and various kinds of, distribution but in most
cases occurs as networks of veinlets filling the fissures of chert, representing pro-
bably the earliest mineralization.

Arsenopyrite, sphalerite, galena and so on are used to occurring as ﬁssure—ﬁllmg
lodes composed mainly of quartz relating to various stage of formation. The lodes
of this type scarcely comprise pyrrhotite and indicate variation into those of galena
and sphalerite accompanying the decreasing amount of chalcopyrité and the in-
creasing amount of arsenopyrite with descending of the mineralization stage.

Scheelite and molybdenite are contained not in Fukuju deposit but in Daidé de-
posit wherein the former is found either in its middle part as impregnation in
skarns or in its lower part as veinlets cutting across the lodes.

Besides, oxide minerals derived secondarily are represented by ‘chrysocolla, mala-
chite, azurite, limonite, cuprite, chalotrichite, native silver, native copper, chal-
canthite, smithonite, gypsum, anglesite and so on.

V. ConcrusiveE REMARKS

Geological notes concerning the Ofuku district have been outlined and the -ore
_deposits found in the Yamato mine have also been referred to somewhat in detail.
~ As a result it has become clear that the latter might have been originated not
simply from the pyrometasomatic effects of acidic intrusive on limestone, as was
ordinarily suggested according to the previous category, but from more complicat-
ed processes of repeated mineralizations. There is however a room to scrutinize
the relation of spaces and situation to ore genesis in the Daidé and Détoko deposits
as well as in Fukuju deposit different from the former two. Both distribution and
shapes of limestone observed in the galleries are also not so much simple as are
drawn in geologic map but strikingly confused and probably cause, or rather re-
- sult in, formation of weak lines or zones developed well specifically along or near
its contact with chert. It seems also considerable that these parts might have been
suitable for deposition of ores and furthermore re-activated to move, for example,
as a low-angled fault which is reasonably believed to have been formed subsequent
to genesis of the Daidé deposit and recognized at present on its hanging wall.

Genesis of the minerals mentioned in the preceding, their relations to wall rocks,
and general relations of geology to the ore deposits will on the basis of detailed
researches be enlightened in the following report.
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Fic.
F1c.

Fic.

ExpranaTION OF PraTE XLIX
All figures x 33.

Biotite hornfels of silicious slate at the entrance of the Horai gallery. Lower nicol only.
Porphyrite dike occurred on the southern side of the Sanj6é mine. Crossed nicols.

Small granodioritic apophysis appeared at the entrance of the Horai gallery. Lower
nicol only. :

ibid. Crossed nicols.

Abbreviation
Hooovoiviiinnns Hornblende
[@ TR Orthoclase

Poooiveiinnnns Plagioclase

Q ........ e Quartz
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ExpranaTtioN OF PLaTE L
All figures % 22.

Fic. 1. Marginal facies of granodioritic boss appeared on the road from Ofuku to Nishihata,
north of the Yamato mine. -

F1g. 2. ibid. Crossed nicols.

Fic. 3. Main facies of granodiorite appeared on the road from Ofuku to lehlhata, northeast of
the Yamato mine.

Fic. 4. ibid. Crossed nicols.

Fic. 5. Granodioritic apophysis appeared at the quarry s1tuatmg between the Fukure1 and -Fu-

) kushlge mines.. Lower nicol only.
Fic. 6. ibid. Crossed nicols.

Abbreviation

Pyroxene (diopside ?)
Bietite

Hornblende
--.Orthoclase
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