


FUREEEEIERRNES = &
= 7=

g
N
E/%
it
74

i
(i
R
H

HEr&rix ZTERRBIFERLEEER



REENIREEF o

................................................................................................................................................................
2

mn ..wmA ............................................................................................................................................................ ﬁ WH
ﬁ ﬁ ............................................................................................................................................................................ m
% mm ............................................................................................................................................................................ mH
m ﬂ ............................................................................................................................................................ m .m\
~ mWM/ ........................................................................................................................................................ ’, At |
— ) -eeenrseerserseserseisessrsrisenisnrnssorenrssasetsnsnasttsisasisstiserttarrertrentiistrnettAr Anaran St eensanteasnseserasiessrrnseinsnnnssasnns —
L4 .

: “ mE ........................................................................................................................................................ \l.m

| ~BR 1 -+-REREER 1 -REER - RORR He2¥RN K-
Rl Y-REwR <-QKR ,

] B
EEUSEREE R & ©m & .



|

—t ==
—
— —

TR ER N R

TEGREREBEYRFOREE o & H

................................................................................................................... +| +~
ﬁﬂﬁ ...................................................................................................................... +Al|||+~¢
%% ..................... ..T__
WM%@ ............................................................................................................




1 %%&ZA@M ............................................................................................................................ 11 1—118

I N e [1E—114%K
M%#Aﬁ. m..;wmm% ..................................................... eereerte et tereatstatA ey sttt Rt e s et s AR A RE b et e bR TR [
Mﬁpmb.,umﬁ. I.A ................................................................................................................................ “ _.umiL _ 2
%Amﬁ. mzﬂg% ................................................................................................................................ 12— +
RRGE R

I . S M =—1] |
I n1—n
Mm..T.mE. %%&hﬁmg ............................................................................................................ M n—n = |
]+ 14 558

1 BYLARmIR T ne—1

: %A.n&wmﬁ ..... RSt AR AR AR 11— %

[1] BB IR s :IA

ZEEdRxBiEEFEe mE b



RERQRRINECERORES m & B



FARLEBIENEE

ROARDY > ¢ )

43

4
B N

I
yh
y

s

i
D¢
A
Y
g

15

L

Y

ny,

ey [
T Do T
~ e 7y

LA
v

N

g

’

AL
g, 4%
A B
¢ B1
A1 W B
R h_
Jigz UG

Qg
v
{

(1
e BR
N

» T
—>
AD

(G
!
e, iy
T I

\;
N
£t

SR

l AY |q_!‘¥'
PP
-y

LN

v

SR
4:» 27— N

Ko< o v o

MK

N

4

7 Tb; ?
—n

3 V4 Al
-1 R
e i’m
VA i

4

L (H | D)

r
g
=

¢
I
—
’

P e = T
1
~
andt'y

—

—r 7
e

=<

I S 1L
Yy 3% A
Wode
Novb,

e =Y
T X
=R (
SR 1 NS IV
¥ O b,
1 H
1, L, 8
DY F
o R
Wony W
ir By =
A
H S
N
g by
145 T
fe LAy
v
iy 3¢ AR
T o %
AL )
By dg =
VI N
VAR I U1
T AR
oo BR
A S 11
{:"E iy -l
Y4

%\fu.\ 111‘ ‘:/fE
AR
B OAR K

B OHR

T | ¥

Bh3R

%5

W
(]

\Gx
b

[

K]

D ad
\\:\

T
-%v \"

Yy
‘ %

'

%

}

¢

i

P



2

=
/

Pén-Hsi Mific

e’ ./!\\.‘(‘

Chang

&

mrp

/12’

P-E B L s 5
Fig 1 Map shawing :.nﬂwn‘n:%moﬂ??nm_wgwﬂmm Miné

Scale “1.850,000




PO O N/ B I O T
?‘? A JL L ﬁﬁ. IV il ﬁz o oA

2t LN oy o B A £k s W

;r] T T n\ﬂé& AF v
R N %’}-‘ LOO ML g S BN I 2 25 Hil

WO 1 2 lﬁ 3 e 0 % R {{?%\ Jak 1
G il PO ook B 45 4 n PR HE HE RO

A A1 A0FE A s B, UL BB OB
AL ROyt Tn} A7 3l T’~ I OR LT G 3
A T N AN S vl < VR
y P ofa . B (/IL 3 R LTI [:1 B IR W d Rk
gg H 3% T ALK 4” S Il R e, VAL 3
o [E U .Z Me Ar A 0T ’4//) L%’ UL S O

NS ;M u oA L fik o B
Fo4F F 0D OA smoKE OH L’q‘ wmokRE N
m o4 L 73@ (L A T T QO R 4
E:’; 911{ l {Ji ﬂl‘ JIJ II‘H,I:\ Mi Fﬁk I\Q 75 /U'l[l j\“
DL /LI T ‘m il 4‘5'\'1 AER A it
2R, W e ):k it/ IO VO SN R EOR . O
B M( HA — l;"}' fiii, #4 L {I\ e

- ] % (5
ik VLI L"i 17 O ,'[', Tl W 1 is ip }IL Tﬁ

$Z (Jprups

NS
S

gB =
L=
L5
&%ﬁﬁ%ﬁg-ﬁéﬂﬁn :'3;‘313@‘ NiﬁﬁE%gFﬁfé”“%(%&’»

o o#
=
S
i
")s

-

LI AU [ L 7 7 iiffi
R x W ORI A B i
T N fE W2 | ﬂ_’f il Al

v P T
i /J\ lll :»i' AR i‘“r = | RR £
1 I O AN & RN NI ENY /R 7!91 N
% . )1k }] il A R Ay E A
= # v R, or Ut W) osm b Ak
vk e E A% BB odv 3 10, ‘Vx ) Lk
iy i L — oA Bk ﬂ. I &
Foa.K N T -5 3 sm o vn T I
o — g osoas i
& o1 4, 3 ;
& y R I 3 I CO LI SO RO/ ¢/
v N/ BT S A B (R I E T L LI 45
ok A WouE R D KE ST WL 2 B, FE R,

=
4

?_
..$\'
prasin
i
L8

it

<
5]

.

\-,—

o=

vl e
A

(»l'

Dan

ra
N

1 iy
—e
NS T
—
53] L=t
panT, e
-l

ey
f“"fe’«-
: i
& |

iy et
i

[
3

b



EpgiilgiEy ﬂﬁ&%fm =34
ST 4 N SR - S N i i ,y%%zfaiwzﬁm;@ﬁwmmmmnrﬁﬁ
EEF AN mEey tnsS g RN SRRy ﬁwh#ﬁ.fﬁﬁmA*muﬂw

RTINS N HE RS DR IR TR R el R E %
%ﬁﬁﬁﬁﬁaamﬁeiﬁﬁWﬁﬁmmﬁm»w ﬁxﬁaTm @_:m %xﬁﬁ
EEReHL e S REKE | SETENSHRRERSSHEEISBEEK

=
rETE sy gEre sl FRNEEREREREF Y E Hien g
MERE S 0 RN EEE T

&5
REEEEE £ Re S CRR R E RS R BT FC R P O SR T
BRI ST I 2 )

= §
aam%mwwglvm%ﬁaﬁ@ﬁAamxﬁm%m@ AU RS | <YK
REKE R | SRR A RUR CHBESRENERREX

\



i

0

T

K LLL W

i Tea

AOME T e -
T &

T

g T



ELTENERERES BELE K
i
R
|
| <agEny
SoIF +-321
s8ETEY
| senEs
BT L

| 2R

HEZENESEE S N EEER E SN KRR F R R T S
KEFak LR EaENE s HES EE s@rE I Ta R I ERRER K
CHYNESE KRR TIEER ey TR NI AR B KR

|

../
fpeald
=
EEERS

&mﬁ%Wﬁ%&A%m, NEFEESEN RSN KBS BERRET n R e ENS
EdEpagirE E RERT S CRER VT ERER ERREN SR IR



1]

PR N TS N T - B S N
YOO i R D 4L ) — R SC L ] N
BB oM dbom o B FLm ﬁ‘ﬁﬁ g5 W
RN 1 S T A T
i RN 14, 43 VK, = ol ) A fk'){ D N %f!‘i A~
LR K T

ot H 3

I sty A
Mo s R B AT
L} B g}
Wi ROA TR,
,“‘\ m\ 'U—JA\ i‘ﬁ Jég;
2 W A & |
X = 1 B
g N B dy =
~i ;r; "
% i &

"
~—
XN
- o«
| e
———

——

=

#H

s

5y

-+

e

Fpmbeiple

HEE——
=

Bl wh K A

O AN

: 23
g A GE S S

25

~

0
R
(g
sy
A
]
e TN

—
-
-

[la
’
Sl

g I

’

EFWEE
\.
Jﬂ i)
=
| —N
v
E|
R ET

o
s
o«

ity
e

|
o
b
=
2R
poisy

v

ol S B, PW.AHE E W

< M oE 2 R I e W &= I uh o
WO T 2 e Mg fif &% . A
2 SIE W fg MR

A

1 A s MR #E K IR
A I g RV K8 R
E}] $omn RS mloge W A
]}

h)

SEM 2

Z 4 B O I H i B )
o b 2 — A W e SL S i 1 -
[T I B [ N -~ K> VE K I

y IO NI S S 1 S ;8
Bogm G kEOE O b A (]
A owi o db W= M0 RE K3 *
Ko #& 0 - oA il e e
O I T S 1S 1Y 7 1 S I )
HO22 0 Ay 42 TR S50 41
PP ORI SR SN S IS [ S I
¥ oM X A R A B OO 1y

e

o
Vi~

BEIREH

4

— e

sEglie T

4
3 1%

TR
:
M

ERE T O FC R P TR
R AT | N ST (N 5
TN T TN A

VA

(75
H,

E’i
i Fi
Z R RO R R
wEORE I MU AE TR
BB B R T O W A

mE



0 B o

AV J ==
= l,—r%}‘ =t

>
e DS ()
gl‘.

o -
12 A K iVl

—
ie 4
VTN

N
;R
SRl (=5

>

4

o
oK
S=

=3
=R NEEEER

>‘:-_.' \
B -
ST S B = e
MR s AN hE R

4

7 2 B R (U
=

XA
,.3

1

4

ullll
/is.
ﬁm
2
Wk £
[
A7 A
1)
S

M EETEe R
P NG
S b S ETRERER

)

IR
ERBNRS
NBE
v 4
B

— Z
)| W
e i)
-1 R 11/
NI AL
}Q i‘l K H:
U.

E%‘PEE.'

amgmw:

)
e
n

o

%@w

- )

L

P )

+mm%&+u3§ﬁ%ﬁ+§%§$§§p

=

[

- ) l"\h)‘-»

4

‘

ol “‘i 3
! i ‘.
= ?:'-. @‘

i

>

—
——

¥

o=

&

N
pronsd
—

B



Pl

EEE N (OF)

EEE
g0 B

BIFTNIE>

o

FEREIITED F E

P E

—

S NRENBRE IR

=

4

J

RN R N N BT S

~

43

-

[y

=
=2
=)
)-5?\: >
13
?.'-

=
E
EEIR
2
=
&

WoE K
KL,
il
A T >
1 Kt R

S oRog MR o R

Wl o T By S R o

2O B o uY M T

i 8 By JeE R 0O
H

RO 24 (

=,
=
=4
o
\arn)
P
Ly
s

Df
A=
>
-
D

an B. B

o

D

FEERHT R I NS

1Pl
il
1 B =
3 a5
& OBk B W
=
F
;[{
L1}
il

>
PIEETELRY -k
P EED

=

ST

=

=
oy
)
‘:."S e
md
=L

1
., Z
1

a
v ,[d,

. PY'\-J%‘L
W Jh
}i__-—
=
(1
S
7

fi: i,

=
pctm

PRy

—S:\

T INE
o =

‘\\a

s

iy

[k gn
:_??(\-

=

=

2
EEEEENNSEDE

in a: “4‘; ;J'fﬁ‘ i‘;l—;: VIAN /jl Ir;
B ofr 3 % A1 ik om ]

g
T~

=

W O A b
- KO PEL 2 BE A

I il o ]
oo B oz I
Ho& gk K
H AE Bk ik,
Mlmenu;ﬁ
R}

4
%
!
—
)
A=

P

SEB

Y

L
s
5’

S>EA

B
/%*H' 5
=30

Ei
i
el

Je G, B
Rt @ &z 3 B

&
=
R\l
&L
&

{\

Fifi

h &

oA e
Z

=
»;S‘
;g;\

=N

=

=

'3..:(

N7

)=
BN E N

ORESIEESRERNSSS
o ’

S

Y=

4

REREREE N m

=
=

4
4

S

L‘_vis

2L

i+
=

B
&

-

£



EZHNLIRRCSFORRE +
(D)ZHRE DR HLENRERCKNGL AR LIRS
(=) e @mﬁh*mﬁzgﬁnAf RS
xﬂﬁgﬁﬁixﬁ ruhzm ﬁ %ﬁﬁgﬁé%m%mﬁym§%@%@m
=

‘J’

mﬁﬁn,ﬁﬂA$mwxﬂ¢ﬁWafm$a#mmmmﬁ,mﬁwm
Wﬂﬁkﬂﬁi R ENOE NSRS R BTN DSBS RN E
B -HemrenNKRies

| B
| RE
¥R D R ER P IR B K R R RIS T o .Tﬁﬁ&r&k‘
EIDIE IS RENHIE R TR IR i G | uwwrw =R NET I
B ERE N R E RIS +e¢17@ﬁ$k¢#fmwmu&fTn@f;vﬁwﬁ
i E BRI B R RS SERED KR | S ssENTRI s T
mRERE

BN RIS 4 BN ISR KE SIS E RS S AR REE SR



BKEEQTE TRENMHEEEN 4 E Y EEE S EN ST RER R E

1l &S
m%mm%@za&mg@&mmm%maaw%%%uﬁy@ﬁﬁ%ﬁﬁﬁ&@%ﬁ%&
%+xﬁamﬁﬁmmW%vzéﬁz%ﬁﬁ%§ SRIKIOR ST BEEKaRBC

TEEENER RS mﬁxﬁmyxgyumﬂﬁaﬁmmzﬁ
S A S E SR i g ER<KIOR IR B e nslosE
i EHERCEONSCEEECRE SRS T B RE TR RE S
Wnﬁuﬁr@mu.mHZn/ﬁ%xum.pm (Polysynthetie twin laminac) HHEEEMHE KIS Bsiﬁ._Amd\uQu
O i S B S RN S S TR 2 VB S UK RYES ER LS
PRE S KRR RSNSOI T BR R KT MR R B s
R o RE S LR KTO KRS EEN R RERE T E R R XSS
EE N RE R R HE SR K B S SN S SR NS PP K EE T
AXEEFEEFEINRE DER OISR E2 S SR R N R
REEXR BN KT SN D

Er YR REBEF L =1

ﬁé"’n:
L
451



EEIREICBCERaEES +11

N
KERBRUENER | BEREENREL L BEK CHRETNRUERN # i 1¥ ¥
L | WERSFER— <+ KR FE I NEEE T+ Y R RS N 1
WOREUE | )RR KRG IR | HERST | H— K+ EREsEasEeg
CHR- R E NRE | - o R S R R R K e R [ SEER
€ | oY SR st e ISR AR R DIm AN | SR
HEACREEHTRN [+E L ERUERN HEED=) S < TH< Qg Tmn=<
RAEKFTVMNERIENEF TENLEN< SO ENRT X EY 2R R [E
EEXEEENEESR | B<-PEEE

B 8E

REERNRREQENREER (Fisure filing depoit) ENBERBRY LR GHEE

B | IS < E (R KBS S IS REURER | SH<ER) CRREST
| WEMEKETERE | SNRELN I BEXORECHUSREROD | e
BARITH N O E @ R B R REN RO KR N R EHE S SR ENIER S



At

L2 5 My -1

‘;1'. ,&’H Ve
Wt

R S
&y R T ‘ N S

LI S ];U W ﬂiﬁ ;{-‘sf‘i ’]l j‘&'{\ - l[l\ 'Hgl /fvl\ s
L4 !”L X 1‘(' W G = 2SN TR G 49
mo A 2R AL A an DB Sy gl gt
PRI 1 LN 1 1 N O Ry ]
W T

O L QS S NI (Y :
}l}p {1": N ’) ia'ﬁ\ NER Ly Ufi;i' YD S}
- [ %6 L (A it Ui g frsxfj TR
N T S P I L [ SO\ N

: ’ . ! h

-T_. }

a bWt o Lo A — N Ay
1S S R 1 A O R/ R R INS |
VRN R IS HENE ) S L C /G 1| B ) I )]
I L TR S T R
(G (R Y/ S R A { VIS M §/ S KL 1)
A I R B s 0 oy = )
R 111 B | R {3 BRI S £ |/ R /1
SE S IS R (11T R S 1R S § R
fHOHD M 2 Oy B B Y W i 4
S O [ 1 B L G I 11 T T 1
3 I O Y K 1 B S N Y S S R ()
T 5 R ¢ S e D) U (1 R T JRTE S SR
/SR L S ¥ N LT O 1T N 1 B 1| Y V1 |
Ay i AN I (/GO SO 11V I

3}

R B DS B S F R 2 A )

LG S TR (E N T /O S

=
S
N
PN _—
y =

I
N

IR I A
A4 e T T Y gy
VR G R S TR S P [ T
/i\ Z )I/k (}{; ;/WL - AR "o ,;;{ e ) [
H ot o2& — &0 0 5% A i i

Tl L (T T |

. i , P .
141 L N ,
S8 2 B0 M oL B L
- i T >

®
x
&
34
&Ex
N
?"vﬂ
‘E’
n

P
7
Al
=
.
£

v

17—

=3 -

—

p

—

Ve, L

[y

=
pd



EEARNIgEYRROE RS 2
M EXN TR EE ERE RS LR TR S < K O T RS R e B
L

CER 4
LEERICNE +ELELRARERP TR B EENEIX SEaRLu ey
NI F T B S B N @ S NI K T R ayﬁwﬁﬁﬁmmﬁm
ﬁmxﬁiﬁ&Lﬁﬁ+‘mzxgaﬁzgjxyﬁmuﬁ4uw R EOFTHE
FET E TS K ENEEHRE R E <IN F EEREE T SRR e s K=
WEEFTERTKEDEKEHTEANE | SIIANBTDREROE) SN #HE <K&
ExErsnrrE BN BOMSHMIS | HESUNEE | HELNETKEEE
amam&%mﬂkﬁazﬁﬁﬁﬁaﬁ%xﬂmé,wnjman@ i 11 SR
I%iﬁ%%u SRALMSBMER |oEFBLILHEL | K -EFESVICERE
BT ERENELTH ,ﬁm%zwﬁ+ 221 DITE D E s | B
BUIDS+RE+KE 0 | FHNCE+ X FOR< o - RESR< o+ £4+-0g
BREEAEEESRRIMNGITEBHNG FHL | 8 SR S8 ORE-EEgL

A———
3=

"‘ Eh 1



b

v

vl

HEW

i

HEN e

-

1 N e 1 _:\_ m m
et | RNEHEDSE

e

>

-
=3

=)
2]

NF I

SEEL | @E2ang

—=
=P
o

h=111

ﬁ“;-r

—
e

S e

et 2N

[

3

[:«

P

-
o,
en

&NZ 5l

]
el

NI

o5
frsh

{ﬁ%{ _l)g m >3 “ ’/ig KR
et 9 r ﬁ}ﬁ .”,
% Y

}'_‘
Ik, 3

r$

Y
R
4
T e

OCI x990 x0CT xLeg
N
I
¥
TN SN
AL
o~

M
_— N
[ >y
B
G35

S X oS

=
=2
AR
[
N T

Ko 1 2
I S WK gy
b ¢ OE iy %

{
5
”
T
3£

=
L=
=
s

=
=

b

%

hi3

1610
HocL IFT

l

DOF | RS
>

>
-
~
par
-

S

/
=
N7

B
i
2

Ry
—
ST S
X

]

EREEE R
=
SHE A
[l

N
.
—
=L
(=N
4
13
\H
v

EEGSEETRT S |
=F

ok

B

3%

T
1R,

2z
NEE
O

=
ist]
i
k-
gl
;Ff

- IR/ ST B
MR WON L

s

o = S
E'.-i,. 1"

] z



EQRRICBEERLRRS +%

ﬁ ®
g s s e s ME MR R KEEIERS | [ EEE<R<I
HES (Tund) XERDETHEE (Shalt) HFESERE<QOEKS S Emb- I
%,zﬁmAuﬁmuE@ﬁmﬁﬁ@ﬁﬁé%zmmmmmgﬁ_ﬁxm#,mum%@
:«Aif ST ) R s S R BB NB I EE <A< T BENEFREHER
KER S m&mzﬁhux SR R Y EEE sed (R E) BELER | T
%Fmgm b | REo (B Raisc Winze) METEER R+ R/ E | 265 | MER | I

JE | KK | FEREFENEERRE S - NEERS L HR R I RB K ¥R

EES<QUfuEtrg IR IRE G ¥ | BLE P E RS DR R<OME |
] R YR TR <A< I EE L I EMER AR K ER TS | mRK #K
ERR @:J@mzﬂ+ﬁﬂﬁpimwﬁkﬁxméwx MTE R B |
NRELNBEHHENE<QE BR TEms Iy

%
REE IR S I QT B R L U R R N ST WS S R S i <

i
?%



EEBERIELS ﬁ%ﬁaiﬁxjﬁﬁ
R KR R R i E

i RN - BOEEER | BR RS
IR R EHER< TE K e L T LR T < W< RS+ uEm
SRADNEE< SDE)EN [<REE 1 g BEEER IR ISoN s
SRE s KEPTEELRTENEY ST EERT LK N GK

R EE I B R B S R T A

<ITH | R IR ETE R SR HETES

vﬂwmmﬁrﬂﬁ/ﬂzlbzl_li @A.?..AD gqlr.rnn&
N

O—
—t
—
o=

ﬁ' Jex ﬁf 1¥— fﬁ

—
//
8 M clalelw]lnle|lelo|ls |2z ®&
< ) (= < < < (=] [ [=] S [} [
N m -t < -~ < < v 3 e r~ (i) D —
.i — -} < I~ < S | oW Y] (=2 w -+ e} o
) - - - - - - - - -
# %n S oy - = o — o S ) ) r~ - )
— — — — v—i — — - — =
- w0 ™ o o] o3 D B B~ o r~ o — [\ I~
) = ' 53 [ < ) & — =2} » L~ - 3]
ﬁ @ H w0 o sy ) - | e = © - > o = —
B ” r
— i
- o) ol c on — I~ o ~ e o0 S <2} [
4 - -t i y— - [ —— - —t Ligrd 4 Hled <
mm.; ﬁ -NA &~ o -~ fop < o ) (%t o E-} 7] ] <t
- - - - - -
ﬁ y—t — — \ - - — L] 4 -~ o o o

EEWRRKREEF & + ¥



1% + (51 + (4 40 M
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(Wo) | (B3 | (%oe) | () | (%oT) | (3% | (6T )
10 | 35,000 €0 320 603 | 10,050 209
11 | 39,000 119 425 581 | 9,690 187
9| 33,000 73 260 660 | 11,000 217
3| 11,000 28 100 404 | 6,730 137
5| 19,000 22 R0 474 | 7,900 153
3| 11,000 14 50 663 | 11,050 199
31 11,000 17 60 774 | 12,900 198
6| 20,000 42 150 738 | 12,300 248
3| 9,000 25 90 932 | 15,870 272
5| 19,000 53 190 850 | 14,170 2,0
n | 25,500 67 240 —1—,125 18,750 352
1] 4,000 6 B 21) 1,014 | 17,400 339
66 | 236,500 116 | 1,935 | s,863 |147,810| 2,761
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Report en the Pan-Tsi Antimony Mine,

Yi-Yang, ITunan.
(Summary )

By C, C, Tien, S, Y, Kuo, & H, C,Wang

LOCATION AND HISTORY
The Pan-IIsi Antimony Mine, (ARIEEEHK) which is onc of the

most important mines of its kind in Hunan, is situated 135 1i south-
west of the city of Yi-Yang Hsien (S5, Tt is 75 1i distant from
Tao-Hua-Kiang (HEIEIL), a tributary of the Tze River (ZI{L), and
20 1i from Wan-San-Chon (B Z=#) connected by its own light rail-
way, wherefrom there 1s a distance of over 40 1i to Chan-Hsi (35#&).
TFrom Chan-Hsi hy way of Yi-Yang to Changsha, it is about 350 1,
of which nearly one third is communicated by Chinese junks while
the other part from Yi-Yang to Changsha is navigable by steam boats
throughout a greater part of the year, except during low water scason
usually in winter, Hence the mine is very inconveniently located so
far as transportation facilities are concerned,

The mine was first operated in the end of Ching dynasty by the
Hunan Provincial Mining Board without good results, In 1900, the
2¢th year of Kvang-Hsu, My, II, K, Liang took it over and organized
a company by the name of Chintung, (/Ajfi) operating improvingly
to some extent, till the establishment of the well known Huachang
(948 ) Company when Mr, Liang, being the representative of Chiu-
tang, took part in it with all of Chiutung as the share-capital of
Huachang . Tn the cowrse of the Great World War, as antimony was
greatly nceded and the Company was very prosperous, modern mining
practice was introduced in place of old methods and a light railway

between the mine and Wan-San-Chou was built, The Company then
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advanced in the pursuit of anything more desirable than before, Never-
theless, in 1920, the mine stopped operation because Huachang was
bankrupted dve to the great, sudden drop of antimony price immedi-
atoly after the close of the Great War, vesulting in a heavy loss of
money. It was in 1924 that the share holders of Chiutung together
with the ereditors of Huachang re-opencd the mine, establishing a new
company by the name of Weiyi-Chintung (HEE /A ). Furnaces wero
then built and the work of mining and smelting went on continuously
and successfully.

TOPOGRAPHY AND GEOLOGY

As shown by a glance at the map (Plate 1), the Pan-Hsi anti-
mony field exhibits a very rugged surface with innumerable hills and
ridges projecting above deep valleys. The hills mostly rise up to a
height of about 7C0-S30 meters and often show procipitous peaks and
cliffs. Among the valloys in the mining region, however, the largest
and decpest is Pan-Hsi which runs out from Tsang-Hsi-Ling (¥TiR %)
and thence extends in a general direction of NNE to meet with
Chan-IIsi, about 67 Ii NNI of the mine. It is along this valley that
a light railway was built by the Company from the mine to Wan-
San-Chou, about 20 1i long. The great features of the landscape have
a general trend of NEE-SWW, following the strike of scdimentary
rocks,

In the mining region, the bedrock is built exclusively of sedimen-
tary rocks, probably Ordovician in age. As shown in the Pan Hsi vi-
cinity they are chicfly represented by slate, phyllitic sandy shale and
phyllite, folded along the chicf tectonic axis of NEE-SWW into a
serios of anticlines and eynclines the slopes of which dip some 6°-70°,

Tho sequence of the strata as far as we have observed in the min-
ing rezion and its ncighbourhood can be given in descending order as
follows:
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8. Dark gray or light gray, .impure limostone, mostly thinbed-
ded. Thickness unknown,

7. Slaty, carbonaccous shale, about 80 m. thick,

6. Grayish white quartzose sandstonc, carrying in the wmiddle
part small and not well-rounded flint or chert i)chblos. ‘About 60 m.
thick,

5. Siliccous slate, interealated in the middle part with a thin
layer of carbonaccous shale, about 57-30 m, thick.

4, Slate and phyllite, about 40°-30) m, thick, Nearly in the
middle part of these rocks oceurs the well-known vein Tung-Hsi-Mei
(W&EPK) which now produces the best ore in the mining region.

?. Slaty shale, usually showing white and black bands in alter-
nation and frequenily containing yellowish sandy shale, about 30 m.
thick, The main ore vein, i, o, Hsi-Poi-Mei, (L) occurs in if,

2. Yellowish, phyllitic sandy shale, about 32 m, thick, The small
quartz veins occasionally carrying stibnite grains are not unfrequently
found in it,

1. Massive, hard slate, oceasionally cut through by small quarta
veins and generally showing an alternation of white and black bands,
Thickness cstimated at least to be more than 150 m, cven its lower
limit unobserved,

Near Chuan-Tien-Ou, (%K) about 30 Ii NE of the mine, wo
found the same beds, slate and phyllite, intrnded by a big mass of
granite or pegmatite granite, It is the only occurrence of igneous rock

as far as we have observed in the surrounding region of the mine.
ORE DEPOSIT

Distiibution: = The distribution of the antimony deposits in the
mining region may be divided into the following groups or ridges:
1). Hoi-Wang-Tzo (B@F) ridge. ‘
2), Wan-Chia-Shan (# ®ilI) ridge with its cxtension Su-
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Shih-Lung (SAHE) .
3). Hsu-Ku-An (JEA#) ridge.

At present,  the mining places are all confined to tho first two
ridges. v

- Mineral Association; - The ore minerals bolong, as far as we have
found, exclusivoly to the primary sulyhides of antimony, viz, stibnito,
the sccondary oxides as valentinite or cervantite which are not unfre-
quently found in the Ch’ang-Tung-Hua antimony mining ficld of
Hsi-Kuan-Shan, Hsin-Hua, bheing entirely absent here. Stibnite chiefly
occurs eithor as very small acicular erystals or as medium grained
massos interlocked with quartz. Besides, it also sometimes occurs as
voinlets cutting through the quartz, The latter is tho only gangue
mineral, . generally occurring as whito to grayish white densive masses;
its crystals have so far not been found. Except some pyrites that occur
as small grains scattered in the quartz, indoed no other associated min-
erals such as gold and cinnabar have so far been observed.

Occurrenco and Origin: - The ore doposits, as already mentioned,
all occur in the form of well-defined veins and are practically con-
fined to the folding part of the slaty or phyllitic shales and phyllites
( Plate 1, Sec. A-B in Chinese text ). Up to the prosent time,
two main ore veins callel Hsi-Pei-Mei and Tung-Hsi-Mei respec-
tively, have so far been discovered. Hsi-Pei-Mei is about 2,000 feet
long by 1-20 feet wide, tronding N 54°-83° E with a general dip to-
ward NW at an angle of 15°-75°., Tung-Hsi-Mei is about 1,600 foet
long by O.5-5 feot wide, running N 41°-61°>E with a goneral dip
also toward NW but at an angle ranging from 692 to 90°. Tho dis-
~tanee betweon the two veins is about 1,500 feet apart. Up to tho pres-
ent time, they both in many places have beon mined downward to a
dopth of 300 foet and have produced as a total not-less than 22,000
tons of antimony, equal to about 140,909 tons of raw ore. In general,

the ore mined form Tung-Hsi-Meci is rather better in quality than that
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from Hsi-Poi-Mei ( In average, the former contains about 25%, and
the latter about 20%, of antimony ).

At last, somo facts regarding the origin of the &oposits may bo
noted as follows:

1. The country rocks such as phyllites or phyllitic shales near
the contact with the ore veins ofton show the appearance of tale,

2. The ore stibnito also occasionally occurs as small grains scat-
tered in the small quartz veins which cut through the said country
rocks sometimes in form of veinlets.

3. The ore stibnite generally occupies the inner and lower part,
while the gangue quartz occupies the outer and upper part, of the veins,

In viow of these named respects, apparcntly the antimony deposits
of tho Pan-Hsi mining ficld can not be taken only as fissure filling
as what A, S, Whelor and others have referred to. However, it scoms
very likely that the deposits in question would be connected to the
granite or pegmatito granito activity occurring at Chuan-Ticn-Ou, which
took place probably accompanying the tectonic movements of the Latar
~ Crotaceous or the Early Tertairy.

Ore Roserve: - According to tho calculation on page 15, Chinose
text the total quantity of ore in the two main voins amonnts to about
172,000 tons of antimony, cqual to about 1,070,000 tons of raw ore.
Of the figure 172,000, only about 22 000 tons of the pure metal,
equal to about 140,900 tons of ore, have been removed, leaving a quan-
tity of about 151,900 tons of metal for futurc exploition,

MINING,

The mine has thus far altogothor threo tunnels, named Tung-Hsi-
Tao, (W) Ju-Sha-Tao ( ARPiH) and Ju-Shan-Tao (A lIiK), and
two shafts of which one is vertical called Tung-Ta (ifi i) and the other
inclinod called Li-Ta (F5#) respectively ( Fig 2 in Chinese text ). Tung-
Hsi-Tao, laid out for exploiting the ores of Wan-Chia-Shan ( Bl )
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and A-Po-Kong, (Rj#f) is located 120 feet higher than Ju-Sha-Tzo
which is the short cut for extracting the ores of Hei-Wang-Tzo! B#8 T ).
Ju-Shan-Tao is now being driven by compressed air drills for the pur-
poso of connezting Ju-Sha-Tao to Tung-Hsi-Tao and will be finished
in a short timo., It is of primo importance to the whole mine in re-
gard to vontilation, pamping, and underground transportation. Henco
its position is vory low, being about 109 feot lower than Ju-Sha-Tao.
Between Ju-Sha-Tao and Jn-Shan-Tao there lies tho vertical shaft that
will be the main outlet of ores after connections of the tunnels shall
have been made. The inclined shaft is located at the summit of A-
Po-Keng, about 303 feot higher than Tung-Hsi-Tao, serving as a venti-
Iation winze, Below Ju-Sha-Tao there are three lovels ealied “st, 2nd,
and 3rd level at depths of 100, 200, and 300 feet respectively. Midway
between Ju-Sha-Tao and the first level and between the levels them-
selves sub-levels have been driven which are connceted to the levols by
inclined raises and winzes., There are four sub-levels altogether up to
the present.

The ore is mined by open stoping. Drilling is entirely done by
hand, Timbers-are little usod, most of thom being fir wood. In 1927, '
the total cost of timber amounted to aliout ¢27,700. Two kinds of
oxplosives, imported and native, are used there, the latter consisting of
76)4 potassium nitrate, 1594 charcoal, and 104 sulphur, but used only
in a very small amount, In 1927, more than $18,930 were paid for
the imported explosive and about §170 for the native one; hence the
annual consumption of the former is over ten times that of tho latter,
One or two drill holes whichis about the work done by a miner in an
ei_ht-hour shift, is fired or are fired at the same time, pro ucing 80
to 100 cattics of raw ore. As a rule, ores coming from Tung-Hsi-Tao
are botter in grade than those from Ju-Sha-Tac and Ju-Shan-Tao, though
Ju-Bhan-Tao yoilds tho groatest "production, In all the levels and
. tunnels a 16-lb ‘'rail track was laid or built, The ore mined in the



Report on tho Pap-Hsi Antimony Mine 7

stopes is loaded by shovelling into baskets which are carried on shoul-
ders to the tunncls whero it is transfered into cars and then pushed
out, Daily production of raw ore rcaches 30 to 40 tons at present,

Ventilation is conducted by natural draft, Li-Ta shaft sorving as
tho up or down cast of tho whole mine. Underground reservoirs were
constructed in the 2nd level wherefrom wator is pumped to the surface
by two steam pumps,

Formorly underground workings were lighted by clectricity, but
on account of the frequency of breaking lamps through the carelessnoss
of the miners a kind of native oil called ‘“Cha-Yu’’ is now used in-
stead,

SMELTING

So far as the metallurgical process is concerned, there are two
successive steps, i.c., tho proparation of volatile antimony trioxido and
the extraction of antimony from the trioxide,

In the first step, antimony trioxide is prepared by Forronschmidt
process. Tho plant (sce fig. 3 in Chineso toxt ) employed for this
process comprises two furnaces in which the oxidizing roasting is car-
riod on, five collecting chambers, one fan, and finally a sorios of
waoden gollecting chambers,

The furnace A or A’ is a square shaft of fire brick with a step
grate of 12 iron bars B, arranged as shown, and with an opening on
the top, for recelving charges and another one an the front, near the
tgp, to which is fitted a pipe C for conducting the gases to the con-
densipg and collocting system.

o The condensing apparatus consists of two transverse chambers D
and E and threo longitudinal chambers I, G, and H of which the last
two ayc sot over with cight inverted, v-shaped tubes, as illustrated in
the figure. At tho ond of these chambers is a fan I, which is rotated
hy an olectric motor so as tp draw the gases throngh the system and
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force them through the underground flee into the last collect ' ng cham-
bers.  Moreovor the air takes the chance to enter the furnace much
casily as soon as the fan is set in motion.

As for the operation, the ore coming from the mine is transported
to a shed heside the plant, in which it is hammered to from L inch
to 2 inches in size from which the dust and fine particles are sepa-
rated hy shifting,  These are all done by laborers.  The broken ore is
flien earried to the charging platform of the furnace, and an amount
of 700 pounds of it is charged at one time into the furnaces A and A’,
mixed with 8 percent charcoal and G percent coke.

The atmosphere in the furnace is not oxcessively oxidizing, due to
the carbon in the fuel, hence the antimony sulphide is oxidized to tri-
oxide, Sh20 a0 and not to totroxide, Sl)2 0*. The trioxide volati-
lizes and passes out of the furnace together with the gases from the
fuel throngh the pipe C to the condensing and colleeting chambers D,
E, and I in an wp and down way. The oxide which is collected in
these chambers, as the temperature falls, is generally contaminated
with about 25 percent of impurities, chiefly dust from the ore and
ashes from the fuel in the furnace. Irom these chambers the gases
traverse successively the inverted v-shaped tubes and chambers G and
H still in an up and down manner, in which the oxide is condensed
and deposited in a pure form. Tinally the gases enter the fan T and
are forced through the underground flue into the series of wooden
chambers wherein the last portion of the oxide is collected,

About ono hour and half after the first charge has been made,
oxidation, condensation, and deposition are successively completed and
another chargee is made. Hence in 24 lours, 16 charges can be made,
that is, 5 tons of raw orc ean he roasted in two furnaces, The anti-
mony trioxide thus obtained in the eollecting chambers and flue a-
mounts to 1. 15 tons of which 0.5 ton is pure and called the *“‘white

oxide’’.  Thore are 12 furnaces in operation, so that #,9 tons of anti-
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mony trioxide can be obtained from 30 tons of raw ore per 24 hours
and 3 tons of the oxide is relatively pure which can be sold separately
without furthor treatment.

In the second step, the other part, 3.9 tons, of the oxide which
is not so pure should be smelted and reduced for the extraction of
metallie antimony. The plant (see fig, 4 in Chinese text) consists of
a reverberatory furnace with natural draft; A being the fire box, B the
grate of 30 iron bars, C the hearth, and D the flue,

At one time about one ton of antimeny oxide is charged into the
furnace, mixed with 20 percent charcoal and 4 pereent sodium carbon-
ate, charcoal being the reducing agent and soda the flux. The fuel
used s bituminous coal and pine wood, As soon as the flame enters
the furnace, it refleets from the arched roof to the charge which then
becomes melted, The charcoal reduces the oxide to metallic antimony
in a molten condition settling to the bottom with the evolution of
carbon dioxide while the soda fluxes the gangue to form a very fusible
slag floating on top, which not only protects the molten antimony
from heing reoxidized and refines it by dissolving any sualphides of
antimony and of forcign metals left in the oxide, but also prevents the
volatilization of the oxides. In the meantime carbon dioxide passes out
of the furnace together with a small amount of volatilized oxide,

2 bout 12 hows after charging, redvction is completed and the
workmen open the doors, skim off the slag, and pat a proper amount
( about 10 percent of the original weight ) of fresh soda and white
oxide onto the melting antimony lefore it is poured into iren molds.
Since the antimony is covered with a coating of soda and oxide, the
time is quite enough for it to erystallize slowly that it presents a cha-
racteristic fern-like pattern, which is called the “star”, A distinet
and well formed “‘star’ is gonerally considered to be an indication of
the purity of the motal,

As an average, 0,7 ten of metallic antimony ean be extracted out



10 Bulletin of the Goological Survey of Hunan

of one ton of oxide. Since two charges can be made in 24 hours, the
metal produced in one furnace is therefore 1.4 tons, There are two
furnaces in operation, so that the total daily production is 2,3 tons of
metallic antimony extracted from 4 tons of oxide, The metal thus
produced is called commercially “‘Antimony Regulus’,

Ag 5 tons of ore gives 1.15 tons of oxide { Sb 2 0 3 ), the ore
contains 19. 16 percent antimony, if loss is neglected. On the other
hand 1 ton of oxide gives only 0.7 ton of metallic antimony, so the
percentage of the latter in the ore should be reduced to 16. 12. It is
ovident that the 3.0%4 (19.16 - 16.12) percent of the metal is entire-
ly lost during the sccond step. If the loss during the first step of
roasting is also taken into consideration, the total loss would reach
probably G or 7 percent, that is, 6 or 7 touns of metallic antimony are
lost for every 100 tons of raw ore smelted. Hence we dare say that
1 ton of metallic antimony can be produced from at most 5.5 tons of raw

ore, if the motallurgical process is well manipulated,
MECHANICAL EQUJPMENT

The mine is equipped with a boiler house, a power house, a smelt-
ing plant and a work shop. The boiler plant consists of two 150-h.p.
Hoine wator tube boilers of which only one is kept running all the
time, bituminovs coal serving as the fuel. The monthly consumption
of coal in 1927 avoeraged about 1?0 tons, The power houso is equipped
with an air comprossor and an clectric gonerator; the former supplics
power to the comprossed air drills used in tho drifting of Ju-Shan-Tao
and the latter sapllies clectricity to the motors in the semlting plant
and work shop and for lighting as well. In the smelting plant wero
built sixteon thaft furnaces for oxidizing voasting with only twelve
running at one time and four reverberatory farnaces for roducing smelt-
ing with only two running at onc time, DBoth kinds of furnaces wore

construoted with nataral draft and their operations in general have al-
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ready been bricfly deseribed in the former section, The work shop
is cquipped with a set of mechanical appliances such as lathe, drilling
machine, planer, grinder, drill-press, ete., most of them being driven

by electric motors,
TRANSPORTATION

There are five loading stations at Ju-Shan-Tao, Wan-San-Chou,
Chan-Hsi, Tac-Hua-Kiang, and Yi-Yang respectively for the transpor-
tation of mine products and supplies. Among them Ju-Shan-Tao is
the conter of distribution for the products from, and supplies to, the
different parts of the mine; materials being carried by coolies at a cost
of about $0.20 per ton, From Ju-Shan-Tao to Wan-San-Chou was
built a 24-1b rail track on which wagons arc pushed by men at a cost
of about §1.00 per ton. On the return trips coal and general supplies
arc brought back. When the load reaches Wan-San-Chou, it is tipped
from tho track, shovelled into baskets and carried down the river bank
by coolies to Chinese junks in order to sail for Chan-Hsi; bamboo or
timber rafts are used instead of junks during low waters, The transe
portation cost from Wan-San-Chou to Chan-Hsi amounts to §1.70 per
ton, Between Chan-Hsi and Changsha junks are available throughout
the whole year which are wsually dragged by steam boats, The portage
for this part averages £€3.60 per ton, If stecam boats are available at
Yi-Yang, transportation from Chan-Hsi to Changsha costs only ¢ 2.50
per ton, Thus it can bo shown that the total cost of transportation

from the mine to Changsha ranges from ¢ 5,50 to (.50 per ton,
MANAGEMENT
As mentioned above, Weiyi-Chintung Company was organized by

the partners of Chiutung and the creditors of Huachang. The head

office is at Changsha where sales are carried on, At Pan-Hsi the
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genceral office consists of only two departments, i, e., mining and smolt-
ing. There is a head officer in cach of these department — that of
the mining department in charge of general affairs as well, Up to
this time stoping, drifting and ore-preparation are all done by contract
work while in the smelting plant and other works the day’s pay sys-
tem is adopted. The table Lelow shows the number of laborers in tho

differcnt works and their monthly wages paid at present time,

Kinds of works No, of laborers Monthly wages
Underground Mining........... 360 ¢ 0.60 - 21.00
Puamping...eceeieieiricncenennns 240 10.80-12.90
Ore-preparation..ueeveveeeseenss 25 18.00- 21,00
SMCIENG. evrerveersveerrennrnnns 158 15.00 - 18.0)
Transportation....eevevees vennee. ¢85 9.60 - 27.90
Power house, workshop, ete, 29 12.00 - 60.00
All others.iieceiieenrarencnnnns 145 9.00-15.00

PRODUCTION AND OPERATING EXPENSE

The production of the mine, befors 192¢, was all raw ore, after
- which the company had ever stopped operation until 1924, In the
mean time all the records about production were lost, In 1924 work
was resumed and the smelting plant was built. Raw ore could then
be converted into white oxide and antimony regulus, and was no longer
for sale. At present more than 30 tons of raw ore can be produced
daily, from which 3 tons of white oxide and 2.9 tons of regulus may
be extracted, thus the annual production of cach of them reaching
about 1,700 tons The following table shows the yearly preductions
from 1925 to 1927 of raw ore, white oxide, and regulus, and the cost

per ton of each of them produced,
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Table of Annual Production and their Cost per ton
1025 — 1927
| @
Year Raw Ore,|White ﬂxi(lcl Regulus Uost per bon
tons tons fONS | Raw Ore White Oxide Regulus
i
1925 —— | —— | 700 | e | —— | ——
1026 6,747 530 | 699 | €33.00 | ¢180.00 | $287.00
1927| 10,346 540 534 37.00 107.00 310.00

For reference, the distribution of the operating expenses during the

second half year of 1927 is also shown in the following table,

Distribution of Operating Expenses

during second half year of

1027

l July Augustl Sept. l Oct. | Nov, | Dec. | Total
falaries........ & 706| 717 708 798 798 798 4,615
Wages.... v, Y95, 070 26,497 | 20,719/33,685(32,692(33,013| 181,415
Supplies........ | 10,620 12,126 | 13,685 14,485/13,048/16,013| 79,977
Transportation @ 3,731 4,035 4,133 5,800, 2,681 5,042 26,428
Smelting...... 1,033 971 1,204 1,249 1,355| 1,652 7,464
Mech, Ling, 910 519 510, 502|485 520] 3,446
Miscellaneous
Total 47,463 16,923 54,861;59,302'155,375:61,320 325,354







