





WESMRE KRR

AA A+ & E

Eﬁéxmﬁmm%

8B m-

1 ﬁ_ﬁiﬁﬁﬁm .............................

K GRS -2 e ek i Bl

FH S
ﬁﬁﬂm =54

E Ry E:m

| ,_,mm#‘u_ﬁ LU, © Eﬁﬁn%ﬂgﬂ #ﬁ

.....................

! tnﬂhﬁﬁ O S ¥ TS R




T RERR 111488
m |4

HEm mresss

RKER R RS EREREE

KR B¢ SR E R TR AR R I B R R S
R D RRES | 1 R R »
B 3 Py mEbESEE N u

—_—
—

e w|ur ok



BEwE m K



FSmHREEEE
1

@ﬁﬁ%kﬁ%&ﬁﬁﬁ@ﬁﬁwms
aﬁzﬁ%Zﬁwmﬁ%aﬁ:

.u,ﬁ:_ﬁagﬂml_

b P i ¢ e gﬁﬂ%ﬂ&ﬁaamﬁzﬁ
._im ﬂmmmamgaﬁwﬁaﬁmmg%a

Wﬂﬁﬁﬁwziﬁ$ aﬂﬁwﬁﬁZ@tgﬁﬁ"x»,
ﬂﬁi&ﬁﬁﬁﬁ ﬁ+$ﬁ£ﬁﬁﬁ-m.ﬁMﬁ Y
mmwn+ga@ emameed KEERIEEE
m_$mmzﬁaﬁma$aﬁﬁmmzwaﬁLgﬁﬁ

ﬁﬁﬁﬁnﬁmwﬂ:ﬂmﬂﬁ.ﬁﬁgﬂﬁf&ﬁﬂ .__“_”_ﬁm.zﬁm nm_ W.mmﬁ *Enuﬁ .ﬁﬁ
femsited |




b e mﬁz_
zifa%ﬁ

<smm ____ﬁ

_ ﬂﬁ SRS (DR R %ﬁw

ELimﬁmﬁﬂz+gﬁa: m@m _____ mu$1ﬁﬂﬁﬁ$m
_%zmmgaﬁf% &ﬁxmﬁm : _

HBE SN R R IR | €

_.

-l
[EEESN BEETEN @&xﬁﬂﬁ R R DERRELE
«w:_uﬁfﬂx%ﬂm RIK SHEE R e B SR K < R
_ ;ﬁkﬁﬁﬁﬂﬁ@imﬁngyg ER DR N R el
| HEE SRR R s R e S S
WﬂnaxaﬁﬁumﬁMmﬁ,ﬁﬁm myﬁ;w ﬁkﬂ#ﬁ T

I L

_I,imﬁﬁammzimﬁmamﬁwx i R R
$-4 iﬁZiﬁ%ﬁeﬁﬁg_ﬁﬂiﬁ -




ﬁ;ﬁaﬁ ﬁﬁ%@zmﬁ%ﬁwz mm\awmmmmma g%ﬁ %ﬁmwwum@
R & T SRR ke Nl g K

cieb

ﬁﬁn BEK).A, p%@ LA85. G E?mﬁ <.ﬁ_= 5B, 4 mﬁmmmg i

F EHN H%%.mﬁ 1, MRS 32, T R A5, 06 AR 4,

B R
| %Eﬂﬁmhﬁ@wﬂmmﬁwﬁa i <
%szaJ LT ﬁﬁﬁ RS Eﬁﬁﬁ NsriEg

i e R RES R E N S ERE N TR
b R S e W | BT

AR SR AT K ST S e - N R
B W i

%Ziﬁﬁﬁ Lok EME

k __.



ﬁ@z e R S ERET N m ﬁz&
sﬁmg¢waﬁm 4TI B KRR ﬁ@ %gz

af

Eny:_ﬁu

| {

Podozamries lanceolal F:.Eo ﬁ msﬁo
” MQE@ (8 3 zﬁu

“

?i% . .E.ws ( ,i,

.@@@5::5 nordenskivldi &8& zpm..

wuﬁ_&%:mﬁwigm1Mﬁﬁﬁ¢ﬁumﬁﬁ zmﬂﬁzaﬁwni_uﬂgu
L L e e

_bswosﬁ aeaﬁﬂas mas. |

_____

w&os_ na§ g

H.E#_ow_& Hutton|

BRI FH PR 8o % ) Tetor $RNIE SR



%ma;+ﬁﬁmwimgzmﬁﬁaﬁx¢a%ixﬁlzmﬁ

£ mmﬁ.&&ﬁmsxaiiz ) !
RIFER | RIZIEE N RS R T S 50 mamHHxﬁifﬁﬁ
AR 47 21K 489 iwi_ﬁﬁaﬂt+gim$ﬁmﬂ RS R T
I RIS R -]
ilﬂaa“ta. zvaunaEﬁinﬁiﬁaa*s
RO HIB T R T e e W ¢

™ &:smmaéEHEZﬁ%ﬁxxaaxﬁﬁxag%v

naug\anﬁzz_ n&mijaxuuﬁmw IR ITRARK
M- CHERERENK SRR ROTERE
,w?gwwﬁmis;ﬁfiﬁamwﬁaﬁﬁimmﬁuﬁﬁtmﬁ,iﬁ_

euaégﬁﬂnaﬂaaﬁargzx sau Hxa 4ﬁaxmﬁﬁ

xaxaagm EREEEtime ﬁmﬂ o 280 e ) S B
Ilti_ ) W



o «
Eneaany

~mfﬁf%@ﬁ&@%&i&iﬁﬁﬁAk@ﬁMﬁ%ﬁ

ilhikate amaicee ﬁ%ﬁgmﬁzﬁﬁaaﬂﬂEZﬁéyﬁﬁﬁﬁg%ﬁg%zﬁﬁ
R e A i 2 R B S SIS e S R E 4t
MT@FEgaEmﬁﬁ¢m ﬂﬁﬁﬁﬁ%%z@ﬁx?%zﬁzg%ﬁafﬁ%ﬁﬁﬁﬁﬁuﬁ
Yg..ﬁazuzgﬁﬁkmmmﬁﬁm@ﬁﬁﬁgwam@ﬁwﬁmmﬁ 2 RERE
B R NS S ESERG SR ER R R ERE SRR R &
_mﬁ;=,wxﬁﬁﬁ%%gm&%&xg%_%ﬂﬁagzﬁﬁﬁiﬁﬁx%@%ﬁﬁﬁﬁﬁﬁ

H) i ﬁ%ﬁﬁ%ﬁﬁm ﬁ@@ﬁ&g%ﬁmﬁﬂéﬁﬁfﬁﬁEKM@ﬁmﬁﬁmﬁﬁ
zgxﬁmaﬁﬁiiaaM@ AERHRNETICE R
_gﬁﬁég%kt@Amﬁ

(DR ORI SR REd R e RN
s a;mmmaﬁﬁm SRR R T

e N R R B - @%mﬁﬁngﬁﬁﬁzmagwﬁ%iT_%&iﬁ&&ga
habag 6 f 1 1R B QS T R 2T < A R R R I S IR T




il < e

&5
SREE SIS N 0 8 B A R 1R B 2 2 o S D R R B -
iﬁzﬁwﬁﬁm%aaﬁﬁﬁmkﬁgﬁﬁﬁgﬁﬁﬁﬁﬁﬁﬁ%Li:ﬂ+Eﬂ&$ﬁ%ﬁﬁ
H bR, gwﬁﬁﬁﬂﬂmﬁmmﬁmﬁ%%ﬁsﬁﬁ% )

cnﬁ_a §$ iﬁ mwkﬁ;ﬁa _ hmmm@qﬁstaﬁ n amnma ﬁ@ﬂﬁﬁ msms%ﬁx
"5, _am mwmmmaw H #mmaﬂ.q 8, Nl RIG, m.ax.am A, 3.%%. R W,

ok B B L < e TN ﬁ%mﬁﬁ mxxﬁﬁﬂ@ﬁmZﬁﬁE_@aﬁﬁmﬁﬁﬁﬁ@
ﬁ%ﬁgmzz&% I R T R S I R AR s O M
SRR O B e 4 L%ﬂ?ﬁiﬁﬁ%ﬁiéﬁﬁ@ﬁ@ﬁﬁ&ﬁ;T?z@ﬁﬁmu
Eﬁ#mﬁmm%mﬁﬁaﬁxkﬁ@zﬁmﬁatwmﬁﬁ =2k e S o B R e ) P B

WNRESEE
A ¥ W ¥



N %
Cw Eﬁfﬁﬂﬁﬁzﬁ%m_@% 53 NEEHE ﬂ
.ﬁmﬁ_ﬁegﬁﬁ&mﬁ&m I e R
U B W K NS ﬂma\ﬁw\
xm mmﬁﬁﬁ&mﬁﬁmﬁmﬁﬁﬁz S8 T e
2 (migiE)

EE R SR ENE B R e e K 3
amwz ﬁmﬁm§$ S NI M
eENmEE %ﬁﬁ:ﬁﬁﬁﬁmﬁ@@mﬁ&ﬁ

A+ﬁﬁm
xﬁﬁZﬁﬁ

agﬁﬁﬁa

N .-
R . . Ce— =

mm.zsnt Gorbiowla anderssons; Q, 4,

ﬁm aam&xﬁﬁﬁﬁmmﬁﬁmmx@ﬁﬁﬂﬂ
®E §~$aﬁui£

tEAR- ﬁgz%ﬁﬁn¢zﬁgz_aﬁﬁﬁzﬁm$
PSR REE N K ﬁﬂﬁ_ﬁﬁﬁﬁ &Em..
4 naamﬁtmm N R RE 92 ﬂﬁﬁa .
REE | S A R N E R B s

e CHAe 3 e LI TE R e -2 70
it ley ot oty Pu L g = T e L T T 3
L ol - > o 3ot . Sy AR S T g i LI
I Pl Pl AT = A e A T
'0.09..‘0 “‘_,'..'t"O,"'o’-,\, it Y o = = = . * A R P Fia,
e PP e A SR LI AN, g N e = N T S R T
el d . : A Sy S O e : Sy
L ol * - L ey, i : . . . 1 ’ ; R
. - - ) -.T : = i .
T i - b ¥ y - > iy
IR AU L 2R R TR 3, M L 5 b SR O, e (A A



40 7 N0 O b 0 - ) N S H i A R L G EE G M
atﬁﬁexaﬁﬁﬁégﬁﬁﬁgazggﬁimtagEﬁ&ﬁi%ggaxﬁrgﬁegﬁm
EZiﬁmﬁﬁﬁﬁﬁﬂﬂtaaﬂui\ o
Eﬂﬂg%ﬁﬁﬁgﬁggﬁzmxgﬁaﬁwgt@ﬁﬁmﬁgmﬁwﬁﬁgaﬁﬁ%wsﬁg
SO g G | SR

o HE

zamiﬁﬁézgﬁgfﬁagigisgstk a:ggazeizx%%fggav
L&ggﬁz Eéﬂ¢érﬁeﬁzéi§gb_ | 1040 MR ) - f&%?égr:.
40 e 0 B KR 1+ :za¢§;?§§aagE§ggp:.nzmﬁgzg
W< . ﬁﬂﬁ*r&ﬁﬁzsigg¥_ :zﬁzégﬁf _:&£§§i%:§ £ 0 S0t 53y
| )72 Ll L B ~3n¢§§?iﬁb3£§359: _zﬂrg
o |- tza;aﬁﬁﬁgisgr; YA e ] 9+ AR IR ;ezjgg;,
ﬁﬁaiegzszgééyxvzﬁzaifE:Eﬁé%:_s;ﬁéﬁ:%ﬁg oy,
EEﬁET:gitiSﬁﬁixﬁﬁﬁgazgiaa_§§¥E;aiﬁﬁH:+Eﬁ§§2
_EZ§§e:iégﬁzip?§_#z E:F%E536%§§2ﬁg€:zﬁ | 1§ 0
ngZEQEEgﬁgﬁzgééﬁﬁ*EggngsggiggaE_QEF\QQS?E

o e °



W Moo *

&E?ﬂ_qﬁaézﬁ_ir. :;r.: W o 24 n\:\_.:ﬁ Eu_i_m b g_%s ﬁn%i__gfé |+ ol 4 e
_Igsab ! | S
aggﬁﬁﬁzzgigggzgﬁézgég%ﬁazaégegf? O )
Rﬁ?ﬁg«eﬁ knggcgzﬁzgﬁg

R, | %é%_gﬁ LI .xiaég_%é_ﬁg | K- __H____a..&__iaﬁ: E,f LSRR AT N E A
It i%:_ftx,ﬁ_z, e} EF He b Pk 3.?5,._5 E&_ NHE 1 4 8 i:w WAL ) _g.;:\ __
zi§§$x3ﬁa2525§§§araéaf:gizz

I i.. 7 s oo | n_; ..L t;“g ;., _cv ” ~ ."_i_ .F\. ] ,;_,, S —— +.__.._L__ 2:. *!_, Lw *m

{ | RS ) | R TR IR . _f ey

.L ) s " LRI o :_,_*___ IR IRS A i | 7 SOl

j !:_ _é.,_i o mhtescr LT E ..,_W.I:._ 0" L R KN

! i.,m.m:_;;t. N i.w_,tq._n,i : :._K ..:E - r::.: | ___ .;_ _: %H ; L ;.:_wi
. S W Lot

mﬁii_ B %.%e? o xZiZﬁ_g. 1 OR W g,.laé__ A Z%T:_ ENNE ﬁ ol 41
O 00 AR NI RGO TR LA ] T B AR Yo Y
“gﬁrgﬁﬁﬁagsﬁgavngﬁzaygzﬁg gﬁa;iﬁﬁgggas el
_;gﬁamggszigzaég_Ezazi;fsgaﬁﬁggxﬁz



0s00]|

| ik i : )
i’ i Lo 1 s : R . . | i ) .
. . ._; . % . S I P L Y L y | .
. b o o, i ik IR i L PR | VSO SN SRS SO RN PV PRS- P UFY SO g Y .
. Y o R Vo . ' . . - LN e
T ..m.._ . . S ,..r. 1 "y R ) - ) .
ot . 7 N : :
o a [ . .. .
. . 3 . -4 A o TPLITEY _.F.uIL- rl L __hv .._.-h...
L " ™ ! v *

e

ﬁ?Zﬁamﬁiﬁﬁﬁﬁ@

" W

.E

___x ____

_
r

m&:z_

___.m V.l I

_,,M_H B~y .._._n.n _.

T

%ﬂgatgﬁZQﬁz;ﬁﬁa;
o

| .#7@

?

Hi
N ..nﬁ .

N

(RO |

m;_
*u¢i

B

Enmxaaﬁmrﬁix
e ENEteEEl
ek i A I
ﬁﬁﬁﬁﬁﬁ A AR ol e 2 %mﬁ
e\ S 1 A T W SR e e

VA o

ﬂaizﬁﬁgmwrfzm%gﬁﬁ

ﬁg_ ety

S AT
i_

;m¢z%ﬁz ﬁﬁ@%ﬁﬂﬁ+iE@ﬂﬁiiﬁﬁfﬂ%gﬁﬁ%&ﬁii@Rﬁﬁ

+ )




AR S 1
OO OODE |- |

2 %zmﬁgﬁﬂﬁﬁzﬁﬂaﬁ$ﬂ@ﬁmm+ﬁ$Egmﬁamtiiﬁa&
ik %9 1P @Qﬁﬁ

.ng_M@ﬁ E%&ﬁﬁﬁﬁﬁgﬁ;ﬁamﬁaﬁﬁﬁaﬁﬁ;aﬁ$ﬁﬁﬂﬁ:igaﬁ
| _EﬁnxL:AOOG - SR
¥ _,u__M;__,eﬁweaomﬁéziﬁﬁmﬁi¢¢§EW$ﬁ§mm§£

1k 3 Nl i I T | 3 MR e i ﬁﬁamz
,»u_\ax&mgﬂmammﬁﬂﬁﬁwﬁ#;m,,,., iR
2 | RN 1)) 1

%% ﬁﬁmmiﬁﬂgzmiwﬁﬁﬁaﬂxﬁ_m%ﬁgﬁ@ﬁm Mwﬁﬁmmﬁmﬂﬁ
RN | _ [ =2k B S i o 4




%&ﬁﬁﬂ&kﬁ PRI | SO | R ISR R T A
< ﬁﬁﬁ%ﬁ@mmﬁ%mi&%ﬂ_zﬁﬁéﬁgﬁxn_ngﬁ##zﬂﬁ
gaﬁﬁxaaﬁ#&j_gﬁamﬁﬁﬁagﬁﬁ5aﬂaﬁﬁﬂ%_§*:ﬂ@ﬁaﬁ#ﬁ#;
f ﬁﬁﬁﬁ*mﬁﬁ%ZﬁgﬁartiﬁmmﬁﬂmiAiﬂ@&#niﬁgﬁm N
ﬁmﬁﬁZﬁﬁﬁéﬁ HEKEKH<E | 31 1<k 1. 18tk ) < Rtk e
_1§¢uﬁﬂmkﬂmmz %1A¢§HTﬁ§nfaﬁI¢ﬁmﬁxﬁﬁmsmﬂﬁA@%m
‘ﬁx SR 1ol G | ) <SR R T 4 W S St <
g PO %ﬁmuxnﬁmﬁﬁﬁgmﬁﬁi+ﬁﬁEﬁiTﬁﬁ%@mma
mﬁaQHQEW§:@a ﬁﬁ@ﬁ&ﬁmir+ma¢gmﬁzguxmﬁﬁ&gﬁghaw
ﬁﬁﬁﬂﬁﬁﬂﬁﬁﬁﬁ#uﬁmﬁaﬁﬁmxmu@§m$ﬁm§sf7ﬁmz+ﬁzﬁﬁ@
¢ NBME RIS o o 4 A R M XA A I N SR B R G
ﬂ lE A ekt xammmﬁﬁﬁﬁﬁﬁaﬁﬁu@mmﬁ&ﬁﬁxﬂ%ﬁﬁ_ﬁaazgﬁ
gﬁ&ﬁxgﬁ@ i IR PO N B e e

)

L TR



- j
—
i
|
4
!
!
fia. o - Wy *
PP a9 ®IT 33125 Whitish Congloments
.» F B £ o=
Lo 7 ®is  EegE Gray Bandmone
4 520 1365 WEKE®E  Dark gray sandetove
€390 . 77550 EREEE (Gray manddv shale -
8. 200 Ta 5% Cwl ey
a1rn i = S&ﬂ T Wisek shade
i (1% .61 1) —__ Coal wam :
S L8 85815 EXELEE Dok gray moiy shale i
- O3 LA EEEE Carbonaerons ghaje ‘-
- D3 365 ABEEE Dk grav soly shadw
N I XETEE Carbormorone shale +
1A% 505 &N ot v !
L 1luw 255 XERE Catfrufloons whate
S Fp 91 30 ReEE _Finck shade
R 2 103,840 AT ¢ Gray mandy sbale .
0B WS FEAR Elark shale B
X% oD REE Sandy shate ,-
e LEN O 550G FEHE PR dale 4
CENGE-— WY T AR Fandy shtis !
% S FER Y =5 131 Plack stwle |
1815 112579 KABESE - Gray sandy shale
i esh . HaL . EbhEm Biwck shale - o
1 AT R 38— W Coal sam
aS—————— L eaw Ry eSS (X3¢ __Blatk alisle
=¥ 0513 RENE S Conl ceam . 4
1875 TS RN Gray sund¥ ahmle. S
B I _ BEERE . Facksele oo b
25 I3STIE . mRAREE Dk sray sendy shale .
D200 13815 PRl Gray mandwione g
s IE%—F : 3.1t Gray ommzicmerate !
: — ;
oS e Eﬁtxﬁ“‘m_ﬁm‘m@xwmm,}
— i

43% 151500+ EOBE ~  Grar sanistane

MBS

T+



RSB B RTER P

LI i K R ORGSR A RO 5 AR
aﬁm&xg»ﬁxmaﬁﬁ¢ﬁzgaam@;ggza§asp¢wﬁﬁﬁgiagﬁzg
ROV IR - R 1 R s e
¢¢aaﬁgxgagagﬁix§§:ﬂ:paﬁﬁﬁgaggZEﬁﬁﬁgfﬁmﬁﬁgﬁ
| _ _ ariméuﬁrnﬁﬁﬁaﬁz

EE&EE
ﬁwaaﬁ»xagzasémangx¢aﬁm¢mﬁﬁmmgﬁx#ﬁsamz¢%m*§§

ﬁit&gﬁx+gxa%zagmﬁﬁﬁnm+gﬁiﬁ¢aara+@&ﬁmgxﬁﬁgﬁﬁ
G | B O R M R R O e e S i o B R T U
b

R o
S 1 e 04 5T 0o 4 o £ 0 K B P AR e R B W
fﬁgzExﬁmﬁﬁﬁaﬁgﬁaﬁmmﬁxi@@zmﬁﬁgm&ﬁmmgxmﬁak%m&

NV T | M TR R E 4 3 N TE gﬁxﬁ_ﬁaﬁ¢mzaaimﬁfgﬁa
R R +H



.20 2% 2 3 .I\
%xﬁazmﬁ$ﬁx$maﬁmmﬁ zmmamﬁiﬁﬁxk$%m BN S
'Y m#m@a&aﬁai@a%g@¢ R M E A N R ﬁm@ﬁ=$m
I R D BN B R K S s

i

a$a§¢ﬁﬁ@k@ﬁﬁ%ﬁﬁ@%mXﬁﬁﬁ@@ﬁmm R R BT e
RIS SRR Y n@@ﬁﬁazﬂﬁﬁkmﬂ&ﬁg@m%&mzﬂﬁﬁwgaﬁm
_ﬂﬁﬁam Eﬂﬁﬁgzxmﬁﬁﬁﬁ@axmﬁﬁmm%ﬁ;mz%ﬁ ammxamaﬁﬁ
B+ B N E R AR R G MR N R R | S bds PR
ﬁ&ﬁZixﬁmﬁﬁmﬁﬁﬁ_iawiﬁﬁﬁﬁEﬁmxﬂﬁﬁﬁ@mz%ﬁﬁ?ﬂ@ﬁﬁg
WIS AR Mo N

S5 50 o A0 SRR N G 52t 1) TR TN (IR R BT (- a8m
aauﬁ&ﬁﬁmﬁwaﬁﬁﬁﬁmﬁmﬁﬁmﬁMxEzﬁﬁﬁa$%uﬁﬁﬁzmaﬁ@&m
R T %ﬁmﬁgﬁ O K 531 - S0 ol R A1 KA TR e R
- R R A S mﬁaﬁﬁ@ﬁE@#%F@%@Tmé$ﬁmmﬁﬁgxﬁ:ﬁ,
%&xmaﬁm@mmxa KB E - B¢ e I R RS B T I e N
IR T S S 4




20

KON ﬁﬁﬁ_ﬁﬁﬁﬁmmzaﬂﬁxgzﬁgmﬁm&ﬁfﬁmmﬁauﬁaaWﬁE
mﬁﬁxaaﬁmﬁmﬁﬁﬂz+g§¢¢aﬁxaamﬁﬁgagxﬁmﬁmzam&;mmﬁ
R R R | REEE B E E S RN R Kl S E N
i = F R F R E | R B RAR MO RN M ERE SR N EE RS 2R
B TR RREY tﬁﬁm_ﬁ@znﬂm@mnﬁ&ﬂﬁm |
ﬁﬁmmgﬁgﬂﬁmwwﬁxﬁﬁﬁ&@ﬁﬁﬁﬁﬁﬁmﬁnxﬁﬁiaamz@ﬂma;ﬁ&
1o et SR M K EEE R R ENE £ | TR R E e MR TN &
S R RS RE R | SRR 0 B e ey Wﬁ o
AR EREE EH S 260 ST KRR T | I O m_ﬁ_ﬁmxﬂz
4 MR g My e oS | R M e T R B SR

mimujﬁﬁ$mmax%$ﬁxﬁHgﬁzﬁﬁm%ﬁﬁﬁﬁﬁgﬁ:@ﬁmg%ﬁ%mﬁ%

i | % i

ﬁbmmwﬁmﬁﬁm@mt@ﬁﬁsﬁiﬁﬁxﬁmmﬁfﬂﬁﬁﬂﬁﬁlﬁs_ﬁmmaa%
ﬁ&%ﬁﬁz@%ﬂmgwmﬁEﬁgmﬁﬁmﬁsﬁﬁmmﬁsﬁmﬁmﬂmmﬁﬂﬂaﬁma,

@ﬁﬁﬂﬁﬂﬁm
u_n:n_ o9




+

_ﬁr_; E R MR b e 1 wﬁﬁ%ﬁmﬁ BRI
.mam@waaﬁewﬁ¢%§$@ 1)+ el N :ﬁT.W, ;_=_
.uga el B @ i mbﬂ$ - xwﬁm%gmq |
AT SR SN SR T (A EATEROR | SRR
E bﬁﬁﬁzﬁ %ﬁi&ﬁi mﬁﬁ%mZﬁﬁQﬁmi ﬁuﬁﬁmz_ﬁﬁ
el B kit o1 Eamﬁaamuaﬁam_%wﬁaﬁm.
%w:nammgmﬁﬁmﬁm . _




ﬁgﬁ_ﬁ%mﬁﬁﬁﬁmﬁiﬁﬁmﬁﬁ%ﬁ%ﬁ%ﬁ
W

—— |.J.| ———

mmﬁﬁ% ﬁ maﬁmmg Eﬁ

Nad p O ‘%magmﬁﬁmaﬁ E%ﬁmimﬁ%mﬁ
ECEROK! Bz | I sl B S e pEmE
ws%swA3.%aﬁEZHWﬁi%amzﬁMﬁwm
S I ) EERNEHERK

..
LR

wr;m_ah wsﬁ ﬁﬁxm g2 %mmmﬁ K ﬂ %#ﬁﬁ Ll
b g _, _xﬁ:ax7 TR AR R G e




RS i+

LLp

*ﬂmﬁz b ﬂﬁwﬁﬁm~ME -
\#\%ﬂ* “. K b mmmz 1, ._._ﬂ -_ ek m._.___w =\ L ___,nf i .___.__,_.

_

;ﬁkﬁagx aﬁﬁi &ﬁ@ﬁﬁzaﬁ,ﬁ <@_f_=?c
;@gﬁﬁﬁ%aﬁm ﬁ,ﬁa@.%ﬁﬁ_xmngmﬁﬁﬁﬁﬂﬁ%
b e y sﬂﬁZﬁEﬂ.ﬂ 3 .._.E.m enl s W

RS R ¢ IR
ot bl e 2 e i 1 h
o i,

SN0 v
__ _,_ _"_ ___.wm”_,__._ .rp@ =S [




SR

it e e
IR

g -ﬁﬁ st ﬁmz&amaxgp

HEERRAAELTUS

_L%?E

L T k .
. O N L e 3 ~ . R & K
: gt ; I - e :
s e g ol s o O o un PRI S s SholS). Sy i A o
PR T ARSI SN a e P ' : -
EOA e 1t Minaa s - 1
;

e

REL_O - “"‘ i “._ " ."."'___'."- - _'__ ,_,:f >
O B Ry T T R AN R AN
T Z AR T RN
N .
=]

| ,;m%W¢#ﬁﬁﬁﬁf%% , %ﬁZﬂﬁﬁkmmﬁﬁﬂﬂf&

* Lo




ﬂ_a&mﬁ :+:
| E%, m$L%zﬁﬁﬁmwﬁf+fﬂmﬂmmﬁﬁﬁﬁaﬁ@ﬁﬁ_ﬁﬁ%ﬁ

Mﬁ%ﬁy&mzmﬁﬁaaﬁgﬁfgﬁﬁ.
RN E |

A F

__wﬁm&ﬁz mmmgz R
:saw N ;am_éﬁ% Lt mﬁ%ﬁﬁﬁﬁmﬁgﬁaxﬁau%umﬁ.
_rz@?hnrvaaw o R SRR e < R A N

N i 1L

Wﬁ%#%%&?@%ﬁ%ﬁl«

ﬁﬁg%@&ﬁgiﬁﬁa_

[y | .
e

mn_@m»ﬁﬁ <aJmm a@mW%mf.w‘nga&%um%ﬁﬂ@:_



Mﬁ&ﬁﬁmﬁzamﬁmxaﬁm@xﬁ;mﬁmm:mﬁ#mz@mmaﬁﬁﬁz

AR | BN R < e T_,f_aaﬁamaﬁﬁna_ﬁéﬁgafm@_-
EP Sl N (JRORT P L Rill o RN BRI PN ) ANEERNRIR [
.5  &;eJ;;gﬁ;;gy umvfa fwﬁammawﬂﬁ s |

o s b ol A 0 e S i %ﬂﬁﬁ z.ﬁﬁ &m&&ﬁ n

W##Eﬁ+:5‘wﬁﬁﬁzﬁ;
BFREERS NS HNEES

R




fxﬁﬁm
ity
_aszwu_
wggsm

%ﬁﬂ |

ﬁzﬁtﬁlﬁ T

ﬁu

.aﬁmgﬁ%amawxﬁ,=ﬁ
| B ENL IR R

.,fw_ n w_ﬂ@mmﬂﬁams$\ﬁﬁ%ﬂzmuagf&§&r¢¥ﬁﬁ
AR | CERBE RS N NS R R




Lo m-mm T
wf;#a

gﬁ#zﬁaﬁaﬂﬁaﬁ%ﬁﬁﬁ%@%ﬁﬁ%ﬁ@%ﬁﬁﬁzgg_

e
__R

n%&xz&s&xﬁ$&a§ﬁ

. _Rmh_
A 1
" __._R |

el s et i O

i 4o N i K R G



i
g e
ARG

I 40 A

| $Pndu i

Emzxﬁﬁﬁmﬁﬁﬁﬁﬁﬁﬁ

R NEE HIRE R ¢ REGRRE R R [ R N———




ol

@ﬁuqﬁﬁ@uﬁ@maﬁ__
ve ﬁ%_g., _ﬂa%%ﬁ
i %rﬂ_. i

.m_ |_ ' ’ ' . \ ‘ ."
_.m ok 1 = ._.J__L

] [ ) 6 .
S & N i e L . . C
- . . ! F.. . . _4. i .. N ._ _ ] . ] [

1 h d P _ ) h S ”~ r » .\
i B it (R A AN G I : h Lr.ﬂ .ﬂﬂ

Mdg.. ’




P ]
s 1T
H CE
. ¥ ' o . _ V- P .
ol . Py i deldar - l
: Eg RN : S Uz y W \e. %?:
' G ML) N Ll - __ !l i
L. L B A a3 . | LA it : ) g2
i S ..”..L.‘.. TR SR LR L ,.._. \..._"”_. Ty ! 1..... - .“.«
. A 4 : b g ."_u £ - At
| " . ¥ gt ) 1 Y Al ¥ 41, ] Jeiac ke Tt { . . s

£
'JL

=

L stk = e i
T W BT 2 W

ﬁwmmxaﬁ&ag_
ﬁxﬁxﬁmﬁwms;.

A

- il § S A WS

X
P P s N T
R T~ G R (] - S Wi ) & okl
4 ) = W = R = 4 | A
Oy TH =T TR S —Se A e :

2o
* .







@%a

.__ .:._..... “

aazﬁmm a Fﬁ_,ﬁ,ﬁzﬁaﬁ R N R N e s e



=7 ~"] TBLUE COMPACT SHAL

L REESSd

ERER NZp e on
IR SANDSTON

o e e N s R R

(UL 4



HEREE

" I . R hoE e L I L1
: Pt ; ;
J C ofm aY
~ i
- e
. o o Lo
g =Vt ey
! : ;
N v

T2 AL
; BASALT

o3
BLACK

LN

iy A e ' : "
! o ; ol _ m \4
T : s Ay BRI o o | B I ] : ’ .
_ X . varg gk NG TR A I I L. ¥i
E - A i g Tt o e Y % s E 7 Sk
- . g 1y B { Aot ﬁ ¥ N
e e SR . . e . T
A k4 . TR RSSO S T O I ] Lo _ _— _
L WL RS P g ks gl S A
YRR A . RGOS . U L Y S O
’ ad o A L LA J i fhdar
" I - T 1 Tl 3 seud T4
o ; L N L 3 Wi T




SR T I 1SR Lo {9

o AR _o_:_%t,; eI _z_:j VO A e
:;_- __:__.:_ :.:.4 _::E_:_L_:z { Fdnglo ol ::_:. :_:_.z: W)l _EJ ._:i __._... Jit a_* :_T

e _{5 t :v_:_ga _;:_;_:_.,_ it Het g z.__L::z_. _:._: {ens

4 _.i._._ __m_ }:1 #;:* E‘aca;___ Wil ggp et b :__:_._ :A ;_:__z__ gl i g__
:&sgﬁ I naH i e %££§1§2:ﬁ3:§%ﬁw§§f
e i1 .____._L E% 45 Mt -t ﬁ?___.,.__s_ Jt 1 i igi%&? §.§_§:_:
Ui .! %ggssiiiézsgggg ;ngésziizgi:v

Wt Iy Wit E_Eéﬁt?ﬁ_c .;i_:g*_g L@_,_pé%iiwiii&iiE_iz
VO G W

GLARRE LR Gl L ___%_ fl4 éé. ii?._:isz I__zé_%_._____:i__j i
IS TISTaAIE T _E%_ér :..___ o Al D101 T f_._s;gis_ i W1 1 SR fribld g 11
CEEETTT _,i T ol _E_Z

L1 évigzg_:ziﬁgjézgigﬁii‘%gj 0 ]
1 ::;§I;Ea:igﬁzgg,fﬁgﬁizaﬁﬁgﬁ

&_;x ;_:&
:E..r_ __ i;-_
W i _2_,_ ‘
LRa BT

-v,-—




W fw w o
BN S R __;_,:_z iy o o e 1 i v W
)ik
RN
iziﬁi,_
s. b f gé ,_:_“

“.__:__m_._u__% Wi (o 4 i ___ﬂ__m.__.q__;w____.r.v __g,;_m_i. %.;.__ _&__m_f_ ;i; LI I _3 2:“ ____ _;:_ . |
ST L VURAAILTE T R TUR | f,_:“:__ 1 _:::___._T i Z,. __; 1y 40t Bt
_ﬁ ;_::“ *: gz, _:_._.: _ f__ :%_ Tw : gf_gi_: zf._ﬁ E i ;_fgf }4
A i aé Ik Wi _ t:,:z i __.____é Iy . 190 t_; Al ﬁ.__ |
_gf:izzii:ggg zgﬁﬁigggézzi igﬁétgggiégﬁsiiz: fh
ARy L0 ._i\ 4 Tk _;_, R kg _,___ A9 1 i A R ST i f
%ngiégziazéeﬁ
.xéizﬁé;zaaa %zx%_??izségiiﬁﬁnggéfggﬁags_
k_:_g :{t%_,%_ I A e £ i 1 e Iiéﬁ_
§_3¥§§,3i " §§§;§~;;Tiﬂ,é:§%_a¢§%:§zz?,
I o 4 4 :,_i i :%;__ _:%:.;___1,_ ___é_ (- %x e _%_ #mfi_*_?_g_____ _:;%____m
ISR :% ?&%%2_, T IR T RIL YT ﬂ___j,f__?_;z ALE! U b gﬁr
A i%hﬁiizﬁgﬁﬁaégfﬁ Eﬁeiiiiﬁ?ég%i;_

igﬁgﬁg ziﬁsﬁaiz:gikﬁrﬁﬁia




..... i

-k i m g sk o

@h.ﬁw.J._»ﬁxxﬁw4 xw»ngyw+«w¢: aﬁﬁﬁcﬁfﬁﬁ.a

.x. ““. .‘

] | AR aNE pe [E i |
: - (K o s B il _ i Ry ‘wlu.._a.um
e Pl B A s ST i o b L ol ot SRR I . I
- m Bl ¥ e | ST e Iy
it t iy B i -t . mi ;. N i lires i
. .- . = TR , Tyl =& " p
s HS M S i B I S Rt
! i e ) | I S :

NIERR R
1 R :_:_._. N e EO HeEE K @ KREK
A B

NEE S e s N R b e S
BE g



K- 8 1)
gﬁ,ﬂi&u#@%

xno k¥

wikwe || e

T e w__%_, s o0

If...ummw .

mf _. | B .; ;. .,3._:..,_. ., i ,... ol l\l.::ﬂ“ R

w_ nm“_




T_.. -

i, " | sl ) e . "
| N . | ] h A b ") .
PR A . 19 H B LY TN Y =5, ! i
4 i el s . o B B [ s e TEN T i
Pl I T AT B | B A ; ] . oy
Lo B I ! co T e T I I I WO B A
” I i H ! | - " .
. . Ry = 4 e R | _u_.,_. i = | ' REiE AAzﬂ_. .
. | 4 p——y
i R ) . - h : i 1 . ] ] ! i [ : —=_ in
_ : kP . _ .- o ’ ' [3 N - ] i __ ' - . i L ._ m". ® - ) i - v .
SEFE AU PR SR RS T T i FE
K . . bl A BT LI &t 4t . po i |
.. N 1 il Rk = Ry e - el b T _mm-Em_..B Al\r A
L S T Y T I A I, / + ] H ~ ERE ; il | h ” Bl b
: L R B e e e [ P S . R
Ccal'vh AP i : LA S e ey o SPEE KRR NI IO SN ST ORI N N LT R ..‘ e
1. 2l ¥ | ; . P A . Pt
| | T 1
L]

.: 1 .._ . ot | d . ” w. it : ._ B . M B SR "_...... ...., e . Yo
TR o e R A B [ . . J B 1. A RYE T Tt e s FIEEE A URE /TR AR T Ty
<Lzl ied A} AL AT o e | [ Lot i T IO, SRR N |
. i 1R s 1 L S 2 b . . - ._
N W i . A h ™ o W IE 3 1] o X =ty 3 1 B 1 gL . | e | e
A A S B L T | I T A B B i i N TN PN ; 4 e ‘ -
. gl 4 e ¥ SRR T IR S e § AN i - : Y i C | B . LY E R 4 L . Y H A
A3 iR Y 45 h MSEMEME R IGA wot L oSt i) «.._.~ - __.. M A ] . . . ._ H]
. N b 11 1 -3 Y L1 Y TYIER : L. 5 \ o ] . i
. L] 4 ! L de 1 u i - P St i . _- | ;
2= iy g L ! [ ally R iaartdn 7 prapizan MPoy Im R K Y WA 1 ._ _ i
e A ) 1 kS CO : AT AT 1 RS AT R M A ) e 2 i
_ NIV R . 2 WERERCIC STy Lo ) T IR SRS : . q4
: . R BT & R Y Y A . ¥ B ..
; : u N el . Py il (i, A | |
. I

_i _w H

g P s L el 3 A - .
nl _- .. - e 3 :r.n. . - _ K 3 3 [ e A
N rat. = °F Vil — LT o : =il : 3 R b - o |
E o R j . B E . .I“ ' _..”” ._._.m __T. 5 .._ o iy e b _ St _ . .—._
. . ; . P .... W] _ - . B VLN I L R e I 1 O} ..
L tal ¥ ! AL Y LI e - ! . L & ATy
) ~m et §1- Moy L S e 100S ! AT A ] __L ﬂ * E ERE H E
[ e ] T et T B T MR i B O 4] - . | ) o e : ..
N R L ‘_”.\..."..,v..»,...,._”w., .m,...axq ' .nl. T ) e b 3t et . b . Al ] A
L5 . . P & IS s ho bR b e f ke A P S LA R -tk .._..
Fary o 2 - T d Y r ! WFRVWWE A N ? -
) | m_" | P ) ' T " (- - S e & . .., ..... R
' , . Iy il - i ir {3t~ by . o Q A

mw

ek




_.h..._..:
P : . - H L E . T AT &

i X AN T, g iR ing E =t 118 v
| ... ..... 1 ___._....._. .. _Eu.
. .. .__ .._. .‘. .. L_ ._“._, _ f.
r . . , . . . ..\...\....:.\.L .u....l\. ._ 1_._. _.. .._ ._..._I
. . ... .. \...“.\...\.\.a.:... _ _ ..... _

.__* _.

. 1] - - : 4 - b ¥.] E Tt - 3 - N
; | | -4 7 ey ] PO . Y S, i el \ ] : " e
' 1] el L ¥ Ry ’ it 3 144 ! i :
- ke 1 bl Mg e i . By | 2 bk h ' ’ . gy | . !
I Hi j i B il i Ehl Al o L St R ' Bl e
- ! L | . co - ! . ol : : B e ]
[ IR SIS oo by . 5 ol 3 4 . _m ¥ e : Cood
i FY i b i LA <137 S PN ’ : . . IE : ..__ A1
: \rH NN el _ N [N s TN ¢ k] Sl §R, ) LMy ﬁ el 8-y N
P i IR ol AN S X A N ! _._ < D ____ A1 0
" ;s . Y ORI . .w“_ o ) ! : i iR . I i ..
; pd ¢ o ! '™ ; hsf 2 I ua
$EET IS o _ f;aﬁﬁ nﬁﬁ%gﬁﬁﬁsﬁﬁg
W 3 R . ] S . S ok s o} - A .
i 4. It ... : _




Y — . Gt Pl ] Lt : ey
. . mw s |- I )
vl o o L A bt I . (S R 8 i H - - Y .
iy 1 " P ...;.._.. o b . _. bbb L ! T
. g1 [ i J . Ly S E — ’ ad]
: = N y {} G e JUT LT ko Aeie i J E :
- g i v i) E Ar by g ). \. [] & .
..Q...). ' ) J - - k r R I . F e X
. Al e u..n_ﬂw. g3 S R 5 A PR L) 4 : _ ' - P !
- A Ly =R T il o el 4
¥ ot R R e S 1 a.“E Y
- X -~ K ™ L L gl Ll . L ! i T T p
"y ; S I R TR Y Lt 4 [ . : S ' ]
i __._ R I L B ..w.....\__._ Ay | TR S 3 : i i [
s W [FRyn. At R I it . e L T Y iie o Him
; ! : - T A BN s . -
) i : e e E e o . ) Al |
. 1HEY ' i . . i

Amf wmmﬁ

Li,_o Enmumwgﬁiw 3

urﬁﬁﬁﬁay

ﬁ%ﬁﬁﬁmﬁﬁﬁﬁ#xﬁﬁt
i ol

» ﬁ el
M.A ! %ﬁﬂ;—.
il ,

:amﬁmﬁaimmﬁiw

_ﬁ F
| “

3 ___WEQ ite £




‘EF R AR

b ol
oA
BLACK SHALE ooy

s
a‘f"p

)
o
.

- ~ﬁ,’..~’s

le

CHAY ZANISTGHE

2

Ty

¥ YHE LOWFR CONG_OMEASTS _
: OF CDAL SiRIES




;__ﬁflay;rs
(SR NS T <A S T O
K m

{0}

...._m._,._..,.,._".__.___
._..._. _...__...__.__.
. i _. . 4 . _ .. _..“_ .

MRS < s N e
Loy by ) ! R AN \_Iw..._ | ’ L T .
A i A X b : v | . | 5.
. g it g i o iy %l-l.. ! oY, [ H
el Sl St U J..._I | .:m. ol irﬁ. %B ﬁﬁ —”“ o %.ﬁ”:
T | iy 1 IRy I R 1 ST R T [ - e

] ! D A ___

it

N R : i N PR T 1 AP .
. 3 ) | . el 4 I ..u
e ! LN r 1, ' Toe u-._.r_ E N1 -
T 1_ | S ! P T t o T et ’ v
: } : | oot : R e |
3 i " F Bt AIPNY .
¥ 1t . .._ ] Al % L o
: T i - s




B & W A =

LOWER  CONGLOMERATE ~ T ————

s
REMATT

NES 2 B3R R o o i







| __m Ty 2+
”;:j..ﬁm_.mﬁ ﬁ@,,t zgﬁﬁgﬁﬁg@ﬁ%xﬁﬁgﬁﬁﬁﬁ FANE

B Ecuﬁawn. ﬁﬁaAﬁ% % i %&ﬁm“ ﬁ 5

¥

T

FEAE
#

e %]
oy
HiE=
P
AN



»

; ¥
o, | - .
_ A .
3
[ )
;m "
T i
S e AT
: B [
v al
L
-’
k (1]
i 3
ot I .
¥

v
L2

W




&, ¥ f a

___.__ _._\.\.f :

38 e i LN AL ﬂﬂ@ﬁﬁﬁ ﬁ

b - H _.‘ A
= L [tE st by T\ an = ol i : - ’
N . : b 1 - 1 - W 2 4. 00 il - At . .
Al s, |..7F | i ! . LR ; [P AT B SR I SRY It I S (T I A I ' ! t
L I - p ! [ ] L I g B . Vi e T S -k e . e
J i it 1} Y i AL . - Ry B b - B
; ! i I u T RS e .-._ ] TR i ﬂ EWWE .
e . _. . . ... ._._.."... i _ H o T -l 1 S B o e T il .... gt
. s
o) e

AN g . . )
T oty 4T | PP S NS A S 1 2l It _ _ __ _ .r_ .
; . . o 55 HH g =it Sl BN nE EE N ..E gt w a .
G A SRR 1) SO N is ' S e LT R v A R R
R | SNl i % . S AE AP 3Pt D o ! cediy fobhietod ..._... y !

_wwﬁwg_sm_ .rum o | A B R N R R R



12 | s
(T

. w g _
_. I

il ek

. . Ar P
..,...m o o “ .
DA JE . L ! T i - _ | : IR
\ PR . N . i " : L] ey + —3 — . . 1 s
A\ ade B g ' ; gl g Ly b e 157 St afh L ne
) cer RAET .. : e, : x o) N 3
1Y Ia ) 1 " TN : - g : . . 1ERY it
ot N R ..__ 2l I A S A S i ¥ T ' b )w A .J”._. g
! | [ o9 - . ! t o PR 3 i L | ! : ol [ [
. Lo L d 3 : Lo ) . . . B !
- ' Ay i i ! alin 1 o -
. e fER 4m ' ;  PEH e 2T 4
sy ] " " 1 " . p Al auc B0 "
’ [ A L IR : . P c».__ i)

Sy

mmmmz,,wﬁm#ﬁmﬁfm@ﬁﬁfﬁ%ﬁ%&%ﬁ%ﬁ%mﬁf
ﬁ_ﬁ.ﬁ_

NI LI 1 . e b,
. -l " o i Con .. roE S R R e nnw Bt o .m.
I . “__ F il L T B X ! 1 p i i ! - 1 . d . N
d ) ol £ TR i L ", ; i - ; L ; ]
) I nm.-.vu I N Y " B [ - n ’ L . ! .
b TR . e ! " - LEE. b raalt g LR ek iy
TR Pk - . I . | b N T )
) i ' . SN P i S SR L A _r .
] - pi 5 by Pph L dd . o el k| md y -.- r : 1 | i it
X et l_“.. o h . role _v.l i h . _ - _... » - L IRy
L T b AR L R B 'O 2 N A AL A A SR 1 B I b
L il B AN B A ; T AN . VL . K [T T E
" i 4 i g ' vyl K B g SRR PRy L &Y ot
g THIGELE S st X1 WA Tl 3 & . Ay -
], FURRRIN, TN 4 fim g kT ! o 2! =, o
_— b | I I Nl ol " d v o ] s L T (LI E
H Ny, I K :
’ i K




LT e . ., 1
' ‘el B ! i - I LA \ ]
17 [ A Bl SRR - A SR B | TR IR e IR ﬁ it iﬁmﬂmﬁ ..ﬁﬁ.fﬁ e
Vo o bt ._r.an.. © B ! O] a ol | H TR AR A . ! b B s
Wi A i 1 & N A . | P R P i Q. . * T T g A
Wy _ _ | : H RS SRR RPNy : . i : i fi L
i ; . Fe 5 UL TI= of S ! i, 1 - . s d . " Sy L4
= & _ IR A e IR TR T T RIR § L0 E R 5T %#ﬂ%ﬁﬁ ﬁﬁ wﬂ i
i TR T - R IR P 7 R SO T v TR S B G : __._ Ly : e _. L .,
g | \ X U 1 - - Y [ G T B qd i - <o) ) B - | e oo
A T % [ TYRETI it 2peel Ty LI ] 4 b hadl: T ] f L REA. fent Stelid semtil e 1 ! 14
e ol B R T 1 il AP o2 b Ry Lot S THARES Phe R M e G TN 5 _ . w ng . )
P TR T ) PR S O A NI F3 o S JUNT o 3! SR ISR KR N A . ..__ J ? k) i
‘ ; Y 4 . Y - Ry A N [ P, 1
- "™ | E ‘N 1 AN 55 e SR e 4 %&ﬂﬁim Y
AL A ] | ot ke TR e e, ol UM BRI b ok [
Fl R - ; ; Goofe o PP . oL Ly qw o :
o ot | " ’ Tt LRI T Rt wo S ) e S LR7IS 3 P RN m B = _q . B IR 3 W ...‘._...“ - - Al
F it : Pt UL A 1.7 T ey ML e B0 ATEY ] L ettt (LA (7 | ooy 4 . 4+
._...mi el kX 1R - § el 4 g .p.m.- B-CNE RETIN a .- 1 3 -4 1»!.. b ' | g o ..," -1y .. . et el

E _._ _._ m_ : __,__‘ “ \ __... ‘.u “_ _.:_ 4 . r U».k ~ H“"‘" .‘ __ M \vpuy,\ _MH ,v, .. \. _~.” _.. .. _ v . e ..\ \_‘dw f _u__w ”l._n_v ; J_ S ..EE ﬁﬁ% *.{*%ﬁ%i%ﬁ . v
) _. .A_ N - . | & ; | ] . ._...f.”._. __..”..v\. _.:_. _,m_:_ _ . ,_.“ . ._.. n.. _ __ w : _. u.u__ .r E{ ; h . _ | ” . _.. )
. i : _ . BRSO %Jy‘.

h A1l

i NS A =10 o 3 i, 1L T oo NIRRT = T :
AT BE i M ; e ¥ oy - L35 L P PR L 3 T B
d_,_ (N < ,_ P R L B | ,_ . ...“".”... LUEYE O ka . T o+
lareri i L R N AL i [ : - - ) ST ST N oady [ . - TR - ' e
h - T ;! ¥ . % | pd AT wy ey ; 3 "y iy B E n.. d
e [ , A I 2 Lt |y Y E )i il NG| "_."U._. A ﬂ \ _. ’ :
o N e ki 2 it " il Pl B H baiy P ! | [ etk o 1o 3 0 M u N : k




_ublﬁmﬁeﬁqag.m%ﬁﬁgj

g i e 7 IEE NI W Ve N NN e ; R » _.______ i
BEEEENERGR | SRS e A e ma&pﬁ&ﬁq m;

Rﬂﬁaﬁﬁﬁ*

” THT _ " .:.w o _._ - .. et . " A

e :_"" bl e ] =

3 TN 2, matind) ‘ i 8 N2 Y a....Z 3
: : I I ' i

ST
I

,fqmn;:auywbm;ﬁwﬁmmp%f\

B Ok R HHR



|

# oo o=



e Lt BT S LS il

& (o
ol %ﬁgﬁ%mﬁ§2$ﬁ mggﬁﬁwq e E R R -BHERUE
LERE L aﬂ%ﬁ__m;@% B e B ﬁaﬁmggmLﬁﬁaﬁxvﬁ.;
I AR BRI M NS o R R R R R
IR N AR A %Bgﬁm@iﬁﬂﬁagﬁEWH%ﬁﬁggﬁ25EWﬁmﬁﬁﬁﬂ
1M

. )
aa xgaaﬁ%Z%ﬁgﬁtvuﬂﬁﬁgﬁﬁ aegﬁﬂEﬁW%%gmﬁﬁxﬁu

A5 o 190 A 3 o o L+ 0 o T ﬁ¢§4‘§¢ W ) o &)

IR A AL < SERN L =L KL f%aa:p}?:_ﬁ:i*@

LR TN ﬁg R 0 1 - o RS o -4 R 10

E LIS i agﬁﬁssy%ﬂmgéﬁ:giggsagﬁﬁ _

ELERDSS 20 n7j1ﬁ$;ﬁ% A T ugaa&aﬁeﬂegg_sgaf

P e o et e gz;gg;:fggﬁﬁ oo R 1
P CTYR ™ dd




el | wi Wk

P _d_.;__E,n}_.m_,_q_ﬁ_“_. R M:_: 0 e a_:_:_:g ____: 32 ! ;?_ N AT T% GTRTE Y 1)
TR (R w_:__f o il 1) R4 e K
z__:;, W i:. | _gi_%_ %_E___g E_:_:_ i éé_%_e Sm_raﬁ_at - i
_____E}z A O Lt ] WMl _A__;_%E_m,_%

LR o ?i;z;§&§ ,ig%:ﬁ Lﬁzztﬁzgqé %iﬁgﬁgr
mn Egg_; 5 ﬁ_.._._s; W1 Mt Sl e o %z ;z,g v Wi fo i Ez I .__E_iL
*m_*.,rﬂ_ﬁr_._ ™ _;_i_cﬁa._m n_:ﬁ e m;_,ﬁ_i% wﬁ ;ﬁ%?;éﬂ}w .__: _I_E;m;...i@
?*.‘_a_%ﬂ,, 8- f__: .ﬁ {) TE_?_ IR #:i3 __3_; E ACEU Al :,_ _g o w___m%; @,
l;_:_____%__i:_ ki _aﬁzr __; ::: y__iw i Lﬁ_g; _..ng il _32 _‘;ﬁm .._EEEEﬁ
e } g i E.x%s, O L E e e B i it _ﬁ f
WV 1 e e e a9 f?::_:ﬁﬁ.f,u_z; e S ) )5 &_J
1E§ﬁﬁ:n+f{g§?néz:atﬁgggiﬁ,ézzéiﬁifzﬁgg?,zgﬂ
!.iam:__.: 111] i _i___‘_,,m__.%.rﬁﬁ s N G ) o :+ 3_,“_%_5_14%:‘& _%_ﬁ TE___%.T {8l S_.,
o ) ;.E AEE S o T S STV R V' ; i :x;%__ Ry gl _w%_gi i a N
g_Eﬁ:%_Bigggﬁﬁﬂ_$§;§ﬁ~£i~?{3%r£ Ez:ié%ég_,g
NS r,__aﬁz B AR R e T a1 S et ol 07 gt A




4 ._ il

. ] . . u.. - m i ._._F H
i . _.“ “ T ’ “ iy iper
v g ol ol
. "

. LI 1]
.. L
: A o ! A - R o e NI B e .
- | T g Al g _. i o g EE '}
- [ . I . ) LB b b H . b 1 HelEa 11 Y X )
. S -, - B Lt L K : 1 A H I ¢ [ - . H . i " ]
. 1 I - i A . ] 1k . R G A L LR [ I L - "
. ol 4y e ' ._ h " [ A ! " : I 17 T A P Y
3 ‘. B - Ak wgg el . , .
e 1. o N & 1. p __. i " ' . _ .

IX™ e ‘ __m _. _T “ ..“"_M q
] __ ..__ n K ,.._..”_._. 1 H ;.. .. \. 4 [ER _“. \ .. | _ m i o _ o b “. _
NIRRT IR o< 46 o SO o < B
AL T ot i et g A4 o B ¢4 e 1] 1 s b b gk ® g L o R
b . A R | 3T i ‘. R -.."n.ﬂ.._. . iR iy S Lt e 1ot o ) {
- . . . . 1 . oz ' . A B I

A i " _‘__ .

(L O
: Tyt

b . o 0oy ' = e \JH oaH :
1 | E | 4 B i R W A1 ol IR ) # B ;
A et : : N Bk 3 agl | ! 1 AT, L B -
g @ o N 4 | L3 LA 1 -
. ’ ) X ] i Iz i 3
! Rt M & i i AR e o " T 4
] . ¥ 130 .
! ik il e ] . B & d
f . [ o




L
T

e

3

1R

T

4

A . !
SR I
S
|

| (+)e |

._._ [ ‘
.;
. ”_w

3

! m“ :

SO !

' i
. : ; i
. i ’ \ I
- L . : _ I
i N ] 1.
I : i 1 |-
T - : g T
i : .... [ _

- (+ )*i'

S

b e e o

PR ——— T
b roms et g




oW oM E

ik

Coiopteris sp.

-

J_;..Z' ] 1

“PlagioPhyl-I_ﬁm s;p

[Cladophlebis d

iR |

| Pityophyllum nordenskoids - (+) |

;@mgbigs?}_;

- ._‘_ (+)

-. 1 .".-._ -3 N — ___ ==
T S A _ 2 ¥
- 'I"i p—— K] 3
it e~ - T — -
b duingeamariyh:apwich i ~ Bk . -
EE. i - - = S




,;;/z,:/f/ /ﬁw

,/IIIII!I/

2w s



i
‘Wiﬂ St ¢ ) M M e R R

¥

H.

H Kl 5 1 e e ek Rt D o Ao
RRRN

A el < sl i A M R
N oM 38 ik




ENE.

WSW.

T e G

T L

AN

2, Section at Chiupikou JRNEN;

g

Fi

b bomslt ZRW;

¢, foldspathjc mandstone REBH; .

B

|

HE|
:J.ﬁ O
i |
&
. 6

e
D () R
el ¥ .ﬁuﬁ n ﬁamnﬂauﬁ\fﬂ _

R O o] ﬁﬁimaﬁ*ﬁu%ﬁ :Eﬁ.




\eHb e
R |

R

_ u X oA _V_Q.w... %ﬁ@ﬂ&m%wu%ﬁﬂﬂm
i < S SRR N R 1 TR

o <30

E s IR e e R R TR R b
i TRt i i S b G TGl
_ | s Aﬁ_ _ﬁ%w i

&)

e [
. " b ) : = ' te -
Nl = h Y I
e 5o - = _l . L4 1] f.. B - I
. 1 :
14 i s ik _:. a | < i) fo ¥ :.n. T . % .
n o . s B e - ulll .._-l. o A ar ) ™, .
L ! B Ak 1] Col Ch b P
: H . N |
. P ] R e (R N R R B AR
' ) . k ] . N " o .. ! : 3 Ll Mk N
| - . [ *p [ L R A . ' -
§ bR . 1 . n ] ’ il i : .
\ s A T [t A | FRET d, ]
- K LN [ 1afi : ! M .
. 1 . | : k ] ke B ' ! -

4




_;HMZHQﬂzxww‘wg
(T R Rt S SN i
KT kB R

R SRR e N I IR RER AN
i S DS T
- ﬁ%z$ﬁa.aﬁ,?uﬁg
M SR KT R N
T P g 2 PR

'
"
-



o I T X | m ﬁﬁﬁﬁ%&ﬁﬁ%ﬂﬁﬁ RO " B
mdenlatarie || 5 | S N i )|
w0 SRS 1 LR | 191 1<OOF R Snly;
_ .z gega® | |

B * i@¢ﬁﬁﬂ¢@x@ﬁﬁﬁkﬁmﬁﬁAE

_mzﬁvzﬁﬁﬁﬁ&ﬁxﬂ w SRR R | B Bt (O i
T E R S S i | mﬁzgﬁﬁrﬂ¢am¢@mm@x FE e
mﬁmﬁmﬁ&mﬁﬁﬁwxgwmamaﬁ mﬁﬁuﬁmﬁi O T S A L
HREERRER | R IRKO0

Q1 N aﬁ_ﬁ?:m\OOWEﬁmuﬁﬁmﬁﬁag_:tzﬁ:ooomm
I E I R S I s B K R _OOOOQO©ooa§%wxa%z&%mg

weEEAd

| ﬁ&ﬁﬁﬁ o | | )

. a_.agm ¥ cmmdlx =€ & & [#amek
mwmwwﬂm&»,_ﬁ _m.:m.:ﬂ1m__£:.zz._E.Ao__ﬂxm_ xk:%:f_

R TR Kt |




N EN S K11

L - - _ .
_wLm o ﬁ.___.__\,__.,.w_ AR eqn] KOwRN| Renr|  Oeitg] LR,
e | | 11a%g MOeN _£¢JOA,~@ ] Oemi| e
cmEen] . [ QeaW mO-BQ KO0 K00  O-E<| ¥IIH
LWEES | Lo i) 119 R Ko NeOR| - _.._.:o IR
CREENS mﬁ%ﬁ Heny rmewy| wvems wendl ] =000 4

aﬁwaﬁ#ﬁi%ﬁﬁ¢ﬁ%¥mzm&%¢T@ﬁﬁﬁﬁ%Emﬁﬁﬁgma?ﬁa:ﬁmﬁ
_mﬁﬁxﬁaiﬁtfﬁﬁ;ﬁﬁﬁ%ﬁﬁ@%ﬂZﬁ%ﬁﬁﬁﬁ@ﬁ@ﬁﬁ4%@%&kﬁ$ﬁ,
A0 KRS S
xﬁﬁﬁaaﬂaﬁﬁmﬁmﬂﬁﬁ¢ﬁmﬁWﬁm_%mm§%wg2ﬁxmmm@maagﬁﬁ
HEEREE | HICRGEERZY | BERYEE | QBT NERE KB RRERRE
ERNEELHTERSERENEE




B TR N -
i
Em+mma%ﬁﬂmzm&%gmﬁaﬁﬂﬂi&mﬁiz%ﬂﬁzgw_ﬁmtm+maa
mﬁi.f%ﬁﬁm_ﬁﬁ@ﬂ@%@ﬁﬁﬂﬁﬁ,%ﬁmfﬁﬁ&ﬁgxﬁzem‘ﬁﬂﬁ%
R R S R el B (40
i) W EERE KR K RS NEE K SRR i RERE RS
ﬁmﬁﬁﬂﬂmﬁ@ﬁ%ﬁﬁﬁﬂ@ﬁﬁﬁ#xﬁﬁﬁﬁa%e,ﬁszﬁgﬁﬁmmﬂﬂm% 
x%ﬂ#ﬁw&ﬁm%zwggﬁmizxﬁﬁmﬁxagﬁ%;E%,amaﬁmﬁ»ﬁﬁiﬁ

__._S_ m@% ﬁﬂﬁ%ﬁﬁﬁ &%:ﬁﬁﬁ%jw =21 e _Mﬁm.mﬁi E&ﬁﬂ
£ B EAKSE NEBE R KRR RN EFSRERCEHRNERPENIREFHRKNE
EENRERE .

Wake ) 14 | m i 6 |+ BT I S e B e A R 8 8

A | SRR | ) |+ KO RS R W SN (i

Vi) KR S BN KRS R E R SRR kR SR R
+A ﬁm_ o
Y B K




" ﬂ_f " _____l_.\,tn

R |
B RN z%&a&au:g%@@&ngm&%@n%amﬁﬁuxaﬁﬁm
=0 g@ﬂﬁ@mﬁmz azxﬁAM%tiﬁﬁgﬁx g B E RS D R A
A R A R O R R R I S E R zmﬁﬁﬁmﬁm#mﬁm@agm%
(RmEErEE) EEF EEE R E AR e R ol OB EER SRk R
m AE%%%%T% I ﬁmﬁ:ﬁﬁ¢ﬁ%zfﬁamﬁ%ﬂﬁgu@ﬁ@%ﬁ$ﬁ%
mﬁ%)m$x$ﬁWﬁE mzw@mﬁﬁﬁwéﬁﬁﬁuﬁmmgﬁﬁaﬁ:#ﬁmﬁ
¥ NSRBI RS e SRR E N IR TR N R TR R
ﬁ ﬁmxﬁﬁﬁ%& 4§@=,ﬁﬁﬁﬁﬁmﬁmmzﬁﬂﬁaﬁﬁmﬂﬁm mﬁﬁ_ﬁA
+ W BRI %y@zﬁatmﬁ#mﬁﬁﬁmﬁmﬁmﬁmLamEamuﬁE#
zﬁ%ﬁ%ﬂﬁ#ﬁaa@:+aﬁﬂ ERALR SRR %ﬁ_zméﬁm:
R+ R R B - AU E I R O R e R S
m%m$ﬁyﬁmﬁm4¢.mﬁm$%a+amgz+aﬁmm5?mmﬂ 1 141
L ﬂﬁﬁ@%ﬁ@iamf_;zﬂamﬁmﬁﬁayﬁﬁﬁz+aﬁmgg+aﬁﬁﬁamﬁ
e ﬁymw%mz+zxﬁm,ﬁa+anif+aﬂé%xﬂﬁWﬁ§,ﬁﬁﬁg:ﬁmﬁﬁ
=t mztmﬁzﬁﬁmﬂﬁwﬁmﬁgkﬁjﬁmﬁﬂzmﬁmﬁmmzaﬁﬁ&%ﬁﬁﬁzm




,mmw%&mgﬁgﬁ&1#1%%Mﬁaﬁﬁ SE BRI N |- SR E R R IER |
Wﬁﬁiﬁmﬁwzx&mﬁﬁi _ z%ﬁ Eﬁ@z%mﬁ%&:_anﬁi::E G+
,aﬁzﬁﬁ%zﬁaﬂﬁxaﬁ S S IR T N T S i R | B SRR AR g |
_e-iﬁzﬁ%x%lm B N (o S 0e ) ‘mmz%ﬁmﬁmmﬁ%

ﬁmﬁw\¥anaxﬁ%ﬁ ﬁﬁxn.ﬁﬁmiﬁ%ﬁ:+\ﬁ#i R HUR DK
L = R L X T Pt Y ety

SR KB e e R v
Wﬁm+£aﬁxﬁ+ﬁaﬁa,ﬁﬁ%ﬁ.%m:+aﬂaaaﬁﬁ%ﬁ_+5£§@mnﬁ?
BT 14 I B R g S I 01 S < M B N S
BHRE K ES

EXR RENNKESRERREE | eas e e s

ﬁﬁmu AN K SN @fﬁzau_miaﬁam FES G T
zeﬁﬂﬁﬁﬁaﬁﬁaﬁm__zmm RESEBARMNL | RN NA | BN |

eI S 1) TN 1 R D e N e rwm@aﬁ

_ﬂmaﬁ%mﬁﬁﬁﬁamﬁﬁ IO ESR TR R e R S | Ko

N xmmzaaaﬂﬁﬁ&#mﬁ@ IR K SO N TR X T 0 NS

ﬁmﬁ RE M BER | KRy R BRI N KRR AN ENTIRE
2o oW R A



BN N | K 4C
zﬁxmtémmﬁﬂzﬁﬁ
__ | iR e CialE e R R TR | s
¢_a&ywmﬁ = aﬂamgﬁaazﬁmfmmﬁgﬁmﬁzae
,;gﬁ"%aﬁ Egm:ﬁ +amﬁmﬁ _

1| sl (DR
SEIERN S | HREN [
‘i yzwmﬁﬁﬁ@aﬁg

Fig. 1. Section to the*cast of Chinng Chia Tnﬁ', HR T 1, Gueiss 15 z,s;'

2, Grey shale._of Nengkxang Form. BUTHBEYG S I"ebh];r he;l'\_cqnsia_t.'ing o{.larggly

 Gneisic gravels nzsmm#ﬁ%&.



ENORERNE B R R SR ﬁiZﬁﬁﬁﬁﬁﬂﬁiﬁZﬁﬂ&&&ﬁ
SN K SE N Bt R e N AR KR SRR £ (KRR
LmﬁKWHgﬁﬁmﬁzﬁﬁmmﬂﬁ SURL ﬁ%ﬁi&ﬂ@@ﬁ?Z&&Emgﬁ%ﬁ
ERER e N I N SR N i B R R

mﬁm

EENER ﬁm%ﬁﬂz& (AR R g
_E&m%m aammrmﬁaﬁm@ ﬁmm
”gﬁEX§_@ﬁﬂma¢ﬁ ﬁsm,m ﬁ.

gElEREIR e N aE R

= mnﬁﬁ%ﬁﬁw;ma%mmﬁﬂgmﬁ
R R e B R
<t Kale ) s au B K es

mmﬁxa B B HE JngmaﬁTTﬁﬁmmﬁﬁmﬂﬁ_ag

wﬁwﬁmﬁZiﬁmﬁyxgaﬁz HE i ﬁg@zmﬁxﬂ&&%%ﬁﬁﬁm% £
SEREYREKEESE | BEE Coent g_gaﬁﬁwamyﬁmﬁ.mﬁmmm =

ﬁ%ﬁﬁ%ﬁ%ﬁiﬁzﬁuuﬂ%: | AR M"mzﬁ%ﬁﬁﬁﬁﬁﬁi | e R
BE e LN



. 2ma R __¢A |
@pEg EEENEREE || RN N R E R R B G | SRR
B RPN RE B S ﬁ%&azmgm%@wﬁﬁ%ﬁ S

KRR

(R R R TS N _.aaﬁ@%ﬁ@ﬁgxﬁ

FEENEL L E RN HE MRS R

ENSRES R PRSI RS ST RS RE Y TR
amnz& Ehﬁﬁﬁﬁﬁ

xamgz aﬁﬂﬁﬂ%_,mﬁ$ xﬁﬁ:ggaﬁgxﬁiamzmnaﬁ%ETa£m 

[#]

. m:E%@%ﬁEﬁ#@§a
w"m;mﬁ%xﬁkﬁﬁmmﬁﬁﬁ
__.&ﬁ&yexﬁﬁﬁﬁﬁn%

.mwé%ﬁ ﬁ$z£ﬂﬁ
HEE KR R R




ﬁﬂﬁg _ﬁxﬁzmmﬁwi mupﬁ ..... %&

Aoieio R o e e #ik#%

__mmﬁm 2 N R (2 -m%m _+% RN
.a&ﬁﬁhﬁaamaﬁzﬁ EE RIS E B B
1 H e e I B R e BTG
WNQIC - -5 (1 |
.mxmagmgzﬁzmﬁ
B m.ﬂﬁ |

- - _m&.ss cf. aa%&o%

o Hawﬁ&g Sp.

- ”Oow:_ﬁ_oﬁmmm&m sp.

. fmuw i+

_zﬁﬁnaw+ R a R
K e RS Sk
P EHEE | | R

:@ W E Eiﬁ%t mag%m%mﬁ_ -+

v ﬁE?ﬂﬂ_: B0 |
i



4 o | 24
_ I __ . hi m.oﬂamro: m..L ! ﬂE&HA.n.Eu
A W: draban) _q”zf%w xi ay&ﬂﬁ%@%zaaﬁ

: Mef&mﬁu@ﬁﬁ+gﬁz
.. g 7] BN .M_,. _ﬁﬁﬁﬁ\ mﬂﬁﬁmx&ﬁ.ma

ety

and Shale SREIH; B, Greenish white toff 11 SBMAESH; C, Andesith
taff, dark and deuse ZIMEFS% TN D, White toff and breoois ¢S #ER

HEHES B Bgmlt ZRE,

| Fig. 2, Section to the west of Samoohieh @ES&TH#EM: A, Sandsioue

i Vi

H ﬁzaﬁﬁm%_ EY =
NI B p%ﬂ%ﬁmﬁ&i&ﬂﬁﬂua



ﬁﬁﬁaﬁﬂ@gu&ﬁaa_
mﬁmmmg%zﬁamma
EEELINEE ECTSE L T
e RN e R TR

nﬁxmﬁaﬁﬁaamﬁﬁa
2o R NI LK 8

paaruidh Rl S QR deda i
xanaéfm@wﬁﬁaﬁﬁzxngmﬁﬁﬂ
5 ?&_h?smﬁzﬂgﬁﬁﬂ &k o 3

i ._M_c LT__Q [ | EEE ﬁw AN
o Sl NEREET fodg

with ocal seam BNEAEM; B, Whith sandstone J3g¥} C, Greea

 sod grey toff EKBERE; Dy Andesite ZlIE,

'mz.'a mmhemﬂm “SNRBAMER: A, Black snale
%&ﬂﬂﬁ@&ékﬁii:ﬁji

axmOEEERR N gt
RN E RS EEE< ﬁﬁmﬁAaz“

+ﬁmx¢m_@imﬁ@ﬁ REMEE SR | RS GRS SR
PR SRRV RTINS SRR EIEE

EEEET et 1



H
A PR
v I
. 7

. ___cw;rp:_om skin 8ps

m&waxm%ixﬁmﬁﬁz
N BB RR IS
ot - gl -
RS N @%Eﬁm
10

ORI | GRHBOR K RIS
HER) - dde R o | @

&

N EEKIHE - SRR
| | S qRRIE B IR I
L@ﬁm NS0 B R D R 6 12 SRR 2 e K

;:_“_ & ‘:‘:‘-‘l;:i ry > ;.--' £ -‘«-'. px ‘.. = Ir- - mt-. o ' S R TN S _
T T . Yol . - ’ . . . - . )
Fig. 4. Section {mm Shiblichin to Kanho B._ Y 2eEHwaaEl: 1, Gl!-, ﬂ gomite

(Archastn) AKIEEMBREMY; 2, Sandstone and toff HRRMKE; 3, Andesite RE;

45 Trachyts and rhyolits RECERMMS; 5, Basalt XK ; 2-5 Upper Cretaceoon,2-5 L3

RS [ BEEE AR R R K S B TR



_ﬁﬁ_ﬁﬁmxmﬁﬁﬁ‘%@+gﬁm£.§ﬁ%ﬁ il 1 nﬁ@ﬁmﬂaﬁs%p
) 15 mﬂﬂmﬁﬁz¢ugagﬁ§maﬁw_ﬁ | e mﬁﬁﬁ$mmﬁ_

agﬁ %ﬁm%m@nﬁ R R g

P el s Eenaniag

\“ﬁ%MEﬁﬁEﬁﬁﬁwwﬁﬁ
. .aﬁﬂﬁxyﬁmx:%

& i & AR :_ = N KB &3 _ m"_.“ LS ”M_,.m_.n___. S . ﬂ Eiam
VRN :_m_,h e B wwnﬁﬁﬁw
" ] s FN Y jEp AL . : TP . R K jgﬁﬁ%mﬁ | _

auﬁé &ﬁvagmzﬁ
Baif zxmgma_&_
.f.___



_ﬁﬁ ¥ ® o @
| &mm&ﬁgm&m&m_: _ fﬁ.aavwﬁwﬁ@%@g?a@mw&@@ﬁ?
ﬁﬂmﬁma&maﬁgﬁfag‘ «@ ﬁafa§m@$z@%§%A¢
i) RS SNl w?mﬁ_%gﬁmgﬁuﬁﬁm&%
4R T K 2 e R R g mibe] H m | 4% eI | w&@m\@wﬂﬁﬁ
NEEx R e gy mmuw_.“$wﬁzm%§wéﬁwﬁm%
e | R E i R R R o &m@i&%&g@@ﬁg

dgmx.fﬁ wﬁﬁ#wﬁﬁm%$ﬁiﬁﬁ%ﬁﬁ%ﬁ&fﬁﬁﬁ%ﬁﬁmmm

;aﬁﬁﬂﬁm%§3+£wﬁg



bl @
1

Tam

-
B

SCALE 1

¢ —

W

Gm”“¢ﬁﬁﬁf®fmdﬂmmmﬂmrﬁ

4 e v r i
1£$&ﬂ §$ﬁﬁﬁﬁ ) |

J.-L_,

Hﬁgiﬁﬁ,ﬁ?

0w o



______ Egmmﬁm;”
W nbﬁmmf W COAL FIELD

. . . I 2 LN - - -
= ¥ - ) i . .
- R e P 7 L] R i :'-l:.. -
N ', -y K \‘_—. R -_.__. e\ R S
Y VX i - 3

‘ﬂmﬂm

b

QO lfo e

Bhel |+ | BE(EH8)

Dhoker

:Ei& ti#? —

UETINE AEA mn(aauc

»ﬁumHﬁW@#M$mMMﬂHWszh

Emapa _a_z Fﬂﬁ' ﬁaf §iﬁ£ Emf &aﬁﬂxmﬁs;ami_g

s '_B_ 7S - SN

g

v’



ST AR EEE © CUNES
3¢ 40 [l AT @ BHR
7 A N A 8

| __;___aﬁf
R R
R 3N




@mmmw'n{mmu@ FIELC

- w

'?'j;

RBER

s
34 ’ ' Y
3 ;
+
Y
3
<
;S
-
>
-
/
!
d

S S hlem =
5% ﬁabﬁﬁwﬁi

,
T/f
e

Ik P
R J\'?.&“u-ﬁ_ﬁ!w-i—rﬁn_.

|z T (Y T la

Q%gugggi“‘L
J

i3

o

— : — - —— —

{ >_ ' ' 1 - +F + + AAAA] : -
i | +4 KAN Y IIHI hl { /-...f},{._‘/‘ .

CTWEARA ASALT ““955”5 %nﬂsm ; .-GNEié‘;S

RN mﬁm LR TN ﬁﬁgﬂyM% m&gﬁ%ﬁ#

AWESXHRE WR LT L SR U




1R-ge {,@&?ﬁ%ﬁﬁ%w@% m}.&
] N MBS e R SR K K T
e =)

wﬁ hﬂE ﬁ@ﬁﬁﬁ
_ mmrﬁﬁ E%E&MT

et
WERSR | B ﬂﬁmﬁ & ERE
MO A S O R R S RS AN
i | O i B 1 O - N R AR
el (s | ) B R e EER E SRRt R

_ ﬁ?_” B4 (i B <) B ORR 6
,wﬁﬁﬁ@ﬁ.ﬁi&& WS AU

&a ﬁﬁﬁ %m&ﬁ_ B4R . BT L & IRE
® .f,.n




. : : P e : S H Th ! : i ; .
e R e B T | B LI *rrim s Iy o o | RSRPI S| SN SRR ¥ (TRt ' P v i [ ol 3 ~
] . | w : . ¥ ") H ] - e N3
1 | . i ) : 1 : . 1 ' _ :
. .. i : \ : . ! | | .
N H . k ; _ .
) _ o _ ; j ! : - . L T
. ' ; : S ! y - . . _.
L [ . N . . ) 5. -

_:zaﬁm ot (1.
BIE | ms) ey ﬁﬁmnﬂ e
2  ;rmﬁagx+mg_azh
FUE ﬁﬁiﬁf@ﬁﬁ,ﬁéf
B AR R i ﬁ&% g
OB B B )

m___.afﬂﬁﬁmim

%mﬁm




e e e e

o Al



¥ ow e =11



BULLETIN
“OF
THE GEOLOGICAL SURVEY OF CHINA

- Number. 13 - ~ June, 1929,

CONTENTS
GEOLOGY OF THE COAL FIELD OF FUHSINHSIEN |
JEI—IOL PR@V‘ICNC —— C. C. WANG & T. K. HU}xNG

SHAOSHIH COAL FIELI),, P,ENCHIHSIEN ‘FENG-

TIEN PROVINGE.. . -T. K. HUANG
GEOLOGY OFVSQME COAL FIELDS IN LIAONING -
AND. KIRIN- PROVINCES: - C: C WANG
.THE GEOLOGY AND MINERAL RESOURCES OF.MI,
. SHANG-AND MULENG, KIRIN - H“’g W;&Nt: -
GE(ifJGY ALONG 'THE VALLEY OF: THE NENG-. .
KIANG RFVER, HEILUNGKIANG H. C. TAN & W: S:WANG

p—

- MINISTRY OF AGRICULTURE AND MINES»
| - ’I‘HE GEOLOGICAL SURVEY OF CHINA
AFFILIATED WITH THE NATIONAL RESEARCH INSTITUTE

‘Péiping. (Reking).



BULLETIN
OF

THE GEOLOGICAL SURVEY OF CHINA

Nﬁ.mbedr__'_ll 3 June, 1929,

CONTENTS

'GEOLOGY OF THE COAL _FIELD OF FUHSINHSIEN, -

~ JEHOL PROVINCE .. .. .. .. .. C.C.WANG&T. K. HUANG.
A PRELIMINARY REPORT ON THE GEOLOGY OF

HSTAOSHIH COAI. FIELD, PENCHIHSIEN FENG-

TIEN PROVINCE .. .. .. .. T. K. HUANG.
GEOLOGY OF SOME COAL FIEL DS IN LIAO'\IING AND )

KIRIN PROVINCES .. . .. .. C. C. WANG.
THE GEOLOGY AND MINERAL RESOURCES OF MI- L

SHANG AND MULENG, KIRIN . —. .. .. H. 8. WANG,
CEOLOGY ALONG THE VALLEY OF—'PHE NENGKIANG

RIVER, HEILUNGKIANG.. .. .. .. .. HHC.TAN& W, S WANG,

——— —
—— -
. —

- MINISTRY OF AGRICULTURE AND MINES

- THE GEOLOGICAL" SURVEY OF' CHINA
AFFILIA TL.D WITH THE NATIONAL RESEARCH INSTITUTE

Peiping (Peking),



- BULLETIN

_THE GI::OLOGICAL SURVEY. OF CHINA“
_ Nﬂmbor 13 " dune, 1940.
CONTENTS

PAGE
GEOLOGY OF THE: COAL FIELD OF FUHSINGHSIEN
JEHOL PROVINCE v wr we . C.C, WANr‘ & T, K. HUAN’G X
A PRELIMINARY REPORT ON THE GEOLOGY OF
THE HSIAOSHIH COAL FIELD, PENCHIHSIEN

- FENGTIEN PROVINCE « w T. K, HUANG 13
GEOLOGY OF SOME COAL FIELDS m LIAONING AND a
. KIRIN'PROVINCES .. .. .. e ECOFWANG 17
THE GEOLOGY AND MINERAL- RESOURCES OF MI- ... |
' SHAN AND MULENG, KIRIN .. .. w .. .. .. H.S. WANG 25
GEOLOGY- ALONG THE VALLEY OF THE NENGKIANG | .
RIVER, HEILUNGKIANG .. .. .. H.C.TAN & H. S. WANG 32

MINISTRY" OF AGRICULTURE AND MINES

THE GEOLOG!CAL SURVEY OF CHINA.
AFFILIATED WITH THE NATIONAL RESEARCH INSTITUTE

Peiping (Peking).



—-GEOLOG\LOF ~THE COAL-FIELD OFW!BIN HSIEN

BY C. C. Vumacm___
_.m.tmnunAm‘.'

Introducﬁoa

.The coal field of Fuhsmhswn. Jebgl hasbeenmted'bysevem!prevnN'
investigators; notably Molle;' and Anﬂexsson. Moller spoke of the Tertiary age of
“the coal series, but a muu:ng engmeer he reasoned wrongly in the geological -
problems. Tt was Dy. Andersson who first &mlgned the J__umssxc age to theooal
lenes Concemmg the economw a_spects- both of them made but a few vague
" stateinents, In Novﬂ&TﬁhS we had the cppertenity to carry out a compara-
' twely Rtailed survey of the coal ﬁeld, in'which we found plenty of plant remains.
proving the Middle Jurassic age of the coal series. Much ﬁt@@i&m—
"paid to the distribution of the onal seams and the samplmg therefrom. The .
folhwmg:safullmnntoiourobmatnns. o

Position and Cmmunintiu

The coal—ﬁeld is situated near the mth-eastemlmder of Jehol. Inmits  center
lies the city of Fuhsmhslenwheme radiate three main roads. One foad runs in
a south-eastern direction for 6o i to Pataohao, which is crossed by the Tat'ung
-railway and in 60 i fiom Tahushan the terminus station of this line- and 2
station on the l’ehng-Mukden lice, Another road connects the district city with
'thetownostmghtunmthe east-in the chstance of 9011 the latter town be!ng_r
also 2 station on the Tatung railway. A third road leads southwestwa.rd for 140
- i, via Temghomen to Yiksien, which is a station on the Chmghs:emPe:pm |
railway. Communication is more difficult on the first road than on the other two
‘roads since. the first runs across a range of ancient goeiss w!ule the other two
passes through levelling counties ar broad xa]leys At present alktransportation
is bandled by mule carts; this is not ‘only slow-ami-’ﬂ_“ umsy buf-is ‘constantly
threatened by day-light robbery on account of the unsett}ed conditions in these-
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parfs of the ‘country.  Since the topography offers no difficulty it is hoped that
railways will soon Le built to connest the coal-field with commercial wMM-
in so far as the richness of the coal reserves in cons.ldered such an undértakmg is
---urgently needed.

Topography and Physmgraphy

" "We approached the coal-ﬁeld from its south-eastem sidesa. At Pataohao-ths
couniry appears to be flat or gently rolling.  As one looks towa.rd the west from

Pataohao station, one sees long and hxgh ranges with rugged peaks. Thus we
expected to climb precipitous chﬁs amongst these very mountams ‘But-as We
appmached them we found them with rather gentle slopes, mtercepted by. wide
and mamneys The sky-line, more-over, is even instead of being irregular
1t was ‘only at Chanyiikou (278, halfway between: Pataochao and Fubsin-

hsien, that we began to see steep hills and narrow ravines. Seven to 8 li further
west we reached a range which, though of reasonable helght can be crossed by
mule carts—of course with - -difficuity.— Standing on. this range one—eveﬂeel;s the
coal field of Fuhsinhsien w1th its wide, plain-like valley of the Hsikio,

"~ The coal-field trends from north-east to south- west, It is bounded onboth
'SIdes by more or less parallel ranges of .ancient’ gneiss with a general he:ght of 300

'meters above the valley bottom.. It is about 30 li acros, te the north—east it ends
m a maze of low hills but to the sduth-west it extends for an unseen ‘and unknown '
..length._In_the_mlddle_of_the_coal_ﬁeId_runs_the river. Hsiho. in »meandering
COurses, which opens: tg the river Talmgho south-of Tsmghomen
The physiographic features are very Interesting. . The catliest stage ascertain-
able is a stage of peneplanatmn . The penep!ane is rei:nresentetibj:i the demdedly.
even sky-litic of the tanges, and is spec1ﬁcally marked by a flattopped range ]nst
south-east of the VIIIage Ch'ichiatze (& % F). It extends for nearly 1o.li and
_basa helght of some 400 meters above the valley bottom The broad valley of the
"H51ho and the fine-dissected hills of ‘the gnelss complet undoubtedly represeng
another stage-a stage of matmmldes these mature valleys there are V-
“shaped valleys, or gulthes rather, developed on i}le *gentle slopes qf_ the ranges.
GOOd-EX'lm;-ﬂLS of them car be observed south of Changhata (& % ,@) and Sun-
chiawan (Z§% i), and north of the hill Pachiatzehopshan (A 3% °F % [l!)
In the Peipiao coal field, whichis fess than Top kilometers further west, cafions
are re markakty develqped in the Hungtu or r,ed;clay formation. | The deep gullics

in this coal field bave the same characters .é"{mose i the Pegipiao region, but they .
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—8F€_ROC_so_deep ‘and so extensive suany beca.use ‘the red clay here is gencrally
'absent\ Thus we ha.ve three physzograplnc stages one followmg another: I, a~
. stage of peneplanxtmn. 2, a etage of maturxty and 3, a stage of vcrt:cal cutting,
e, a young stage

- Stratigraphy -

. Al the older formations including the whole Paleozoic and early Mesozoic are
-totally absent froth the coatﬁeld only part of the ]ux:ass:c and’ of the Cretaceous
being: represented by sedimentary rocks which lie unmnformab]y on gnerss complex.
The stratlgraphlc succession is tabulated a follows
Fossrhferouc yroéla.tlcs of Tuhui*u—f:crv_v'er‘ﬁrttaccous’

' Red conglomerate =Lower Cretaceous

= CoalSenes of Fuhsinhsien —M1ddle J urasszc

 Andesitic lavas —age undetemmed :

-=#ncient gneiss complex.

’IHE GNEISS coupnpg -—Thxs consiSts chxeﬂy of medxan-grmnTgranxte-gnem
with intrusions-of -coarse gramte and pegmat:ﬁ:s and of numeruus basic rocks.
The granité accurs mostly in massive formr while the basic mtruswes are in the
fgrm of dikes or sheets, Apart from these rocks there are hornblende and mica
schists which can be clearly . observed in the pelghborhood of Ta.pa.kou and in the
south-east of- Yangkou. The schistosity is very distinct with a genera dip toward
the north-west, the dip angle ranging—from 45° to'_gtb" The contact betwéen the.
schist and the gneiss is everywhere unconformable. Quartzite has been found in
the ~north-we=t of Tuhuly, it is so much distroted and ]omted as to obliterate the
bedding.

The gneiss complex hasa wide distribution. Tt eiﬁbodies all the ranges on
_both s:des af the coal- ﬁeld and in fact all the mountamous reglon betwgen the Fu-
hsm coal field an'd the- Patzmhao coal-field is composed of nothing but gneiss,
schist and qu‘artzue with later intrusions; ~1he isolated hill Pachla.tzehoushan.“

north.west of the district city, is also made up of gneiss which bas hgen thrusted
from the north-west a8 will be explained later. E . |

The age of these rocks cannot be determimed’ but-cad be- crm]ectured The

'gnebs is undoubtedly the oldest and scems to be comparable w1th the Taishan
Complex of Bailey Willis, The schist and quartzite are much younger and can be
corre]ated with part of the Wirpai System of the same author. - |
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Tm— ANDESITIC :.Avas.--Between the north-western boundary-renge and the
‘oual field proper thexe is a belt of low-hill country entirely composed”of andesitic
roc]ns Ihwe rocks vary wxdely in cmnposmon and are generally mtensely altered
_“I‘heu‘contact wlth the gnem eomplex has not been observed bnt an unconform:ty
‘is to be mferred “With the overlying coal series they are in apparent confm-mny
| but the existence of a disconformity is highly piobable since the coal series begins.
wit" a basal conglomerate consisting of abdesite pebbles (see Fig: 2 in Chinese text).

) The age of the andesite cannct even be éonjectnred. It may be Palxozoic as"._
well as early Mesozoic, but it cannpt be younger than Middle Jurassic. Similar
rocks- has. been .found in the Pataochao coal field and in the Peipiao coal-field, ]
Since these reglons are mlose to one another and since the andésites occur in-
variably below a J urassxc—ccal series, it is not thhout reascn to suppose t that these
xocks are contefiporaneons. |

THE COAL SERIES.—This consists of shales, sandstones, conglomerates, and coal
-Searns with a prevailing yellow or yellowish green color. ‘I‘he total thickness of
the coal series is difficult to determine : owing to the. emg_g_elcovermg by detritus
and alluvium, it may be roughly 1,000 meters. The presence of the conglomerate
in the formation_is a._consplcuous s feature; It occurs both in the basal and in the
_upper part; the b lomerate can be seen at Pacl,uatzehonshan and in
the north-east o:amngtze. this bemg comp?syl lnrgely. of pebbles of :
volcanic rock with a2 maximam diameter of I foot. The conglomerate in the upper
part is typically developed in the hills south of Sunchiawan, the pebbles are
usually of gne:ss and occasionally of quartz:te with a diameter ranging from 2 feet
to 1 inch.
The distribution of the coal series is very regular, occupying a long and con-
tinucus belt from Chaotajymgtze to ‘I‘uhuln, a distance of approximately 70 h. It
is interrupted by a fault in the north east 'while-in the south-west the boundary
is not known' for we had not enough time to make investigations in that direction.
Fossils have been found at Sunchiawan. From a yellowish shale alterating
with mdstone in a gully south of the village seven species have been obtained,
they are:
Dicksonta gracilis ("’) Heer—Most abundent.
~ The specimens at hand agrees with Heer’s species in every respect,
only that the venation in general is not clearly shown.
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Podozamites lanceolatys Lindley and Hutton—-Very common.
'-Gmiw & digitata (Brongniart)-A singlk leaf.
*ﬁwﬁﬂm nordenakisldé {Hear) Nath. -—Represented by fumercus scat-
. - ‘tered leaves, _
Prevophyilum sp.—Not uncommen.
Eladocladiy sp.—Several foliage shoots.'
. Pagiophylium sp.—Crowded foliage shéots,
From the dump near a native mining p:t the following spec:ea haVe been
collected :

" Podosaniiles lanceolatus Lmdley mdhuttm
Ginkgo of. sibirica. I-Ieer
Pityophyllum nordenskisldi (Heer) Nath.

Judgmg from the above lists we can see that our flora, though a Tatherf poor
ane, is closely related to that of the Middle _furassic {Brown-Jura) of Amurland of
Russia.! Disksonia gracilis, Podozamites laneeolatua Ginkgo sibirica, andl’ztvophyi- :
;m nordenskivldi are-typical fossils Tfrom Amiarland and E. Siberia. Though
Ginkgo digitata does not occur there, @, huttoni is present which bas been made a
variety of Q. dwﬂata by the d:stmgumhed palzobotanist A, C, Seward. Only
Rladocladus ap. a0d Pagwphyuum sp. are decidedly absent in the Russian localities,
With the 'I‘e{tm flora of Japan the present flora also has five species ie comman,
which are the ones specifically 1dent1ﬁed ie., oweo:’ga gracilis, Podozamites lanceo-

{atus, G’mbﬁo dipitalk; G-gibmm. and Pityophyllum nordenskioldi. The Tetori
fiora,? as is-wel} known, has been correlated with that frem Amurland. Thus we °

are forced bo oonclude that the F;uhsmg cBal series is of dedle Jurassic age.

Now let us correlate the coal serieg of Fuhsmhs:en with formatxom occuring in
neighbouring reg:ons At fataohao there is a coal senes fram which are obtained
-the followmg spemes

_ Dwomta kotoi Y okoyama

Ginkgo digitata Brongniart -

Phoenicopsis spacioss Heer

Pityophyllum nordenskiildi (Heer) Nath,

Czekanowskia Sp.

Podozmites p.
7. Mem-delscad. imp. des Sci,'de St.—Petersbourg, Setie VII, Tome XXII, No, 13, 1876,
7. Journ. of the College of Sci. Imp. Univ., Tokyo, Japan, Volume ITT, Pt, #;.
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Nageirpeis sp.

'Thzod'fum sp.

The first four species gre according to Kryshtofovich,! the rest are quoted by

' H. C. T'an? Most of these species are typmal in the Tetori Series of ]apan, eveR

though some of -then_t are not found iy the Fubsinig coal field. Since the Stratigra-

phic_spccession in the Pataohao coal feld is thé' same as that in the Fuhsing

coal field, which is only 6o li or 30 kllometers from the former, 1t s strongly
believed that the coal senes in both places are contemporanqgus - :

. Here dlsharmony arises :- Mr. H..C. I an, who ha§_gpod expenence in Mesozotc.
straugraphy of northern Chmg,_b,gld the opinion that the Patachao coal series is
of Cretaceous age and he went further to state that all the coal series- lmmedlately
below the wide-spread tu-ﬁconglomerate are no older than the Cretaceous.® It
must be remembered that the sole pa]aecmtologxcal evidence of such a correlation
lies in a species of Pelecypoda, Corbmula anderssoni Grabau, and some species of
~gastropoda of the genus Campeloma, which, according to Dr. Grabau,* ha\! similar
but not identical forms in the Laramie Series of western—North An*enca It is
~ doubtfiil whether correlation based on similar- iorms “from w1de1y separated coun-
" tries can have much scientific value. Furt_hermore the occurrence of Cyrbicula
anderssoni in the coal series itself is questionable, since we have found it in the
rhyolite breccias which He diséonformably on the Fuhsing coal series.‘. At any
rate correlation by molluscan shells cannot, in this casg;. at Jeast, be relied upoa.
Here one must naturally raise the objection that plant fossils are in general more .
‘nnreliable than animal fossils= This ‘may be true in other -instances but cannot be
applied, to the present case, smce we are dealing with floras, not with separate
species, of adjacent countries. Who can deny the possibility, and mdeed the prob-
ability, that species nati_;é_ to the forests of Angaraland migrated sonthward into_

~ northern China in Middle Jurassic times ?

- -clay, shales with occauonal thm ‘conglomerates. In the upper part conglomemte
- predommates though red clay-shale is present at mtervals The pebbles of these ,
conglomerates are ent;rely of gneiss and quartzlte with variable diameterg: Best
exposures of the formation .can be seen in the nelghborhood of Yangkou and Wa-.
1. Bull Geol, Soc, of China, Vol, III, No. 2 ‘p_p.iqg-ms_

Z Bull. Geol, Surv, of China, No. §, p. 33.

Bull. Geol. Soc. of China, Vol VI, No. I, pp. 53-59,
4. Ball. Geol. Surv. of China, No. 5. pt. 2, p. 183,
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‘ It has the same strike as _the coal series but the existence of a dxsconformxty
is poslble In the south-east it is interrupted by a fanlt S0 that its total th:ckness
canhot be calculated No fossﬂs have been obtained from it since it occupies the
same stratxgraphlc posmon as the weli-known tuﬁ-conglomemte, it ma;y“be rough.!y
corrciated with that formatmn. The pomt to be noted is that volcamc -rocks. seem' :
to be rare inthis case,

" THE FOSSILIFEROUS PYROCLASTICS, —West of Tubulu Brewery (Shao Kuo) there .
“occurs a prominent_circular hill surrounded by ouic_fopg of the coal 'séri'es.;j'éﬁic‘ﬁ )
‘has a gentle dip toward the soutbeast. Near the top of this hill th‘eré isa bed of
rhyolite breccia “about 6 m. thick (see Flg 3), above wl:uch isa foss:‘lﬂerous bed,
swarmed with C'orbwula anderssons Graban and numerous gastropod shells. These
fossils are poorly preserved but the occurrence of Corbicula andérasoni capnot be
quest:oned The mterestmg circumstance to be noted is that they are embedded'
in exactly ‘the same rhyolite breccxa as that*from the under!ymg bed.  No explam
ation for this i is more natural than that they lived in rivers or lakaa at a time wheh
volcanic outbursts were ~viclent in adjacent regions, and consequently volcanic
fragments of all sizes were time™after time ‘hutled by explesions or washed by
heavy showers of rain into the waters which were made home by these unfortunate
'crea{ureis;
 The age of the formations in which was found Corbicula anderxms was fixed
by Dr. Graban as probably Upper Cretaceous.! . The ob]ectlons to Sach an assum-
ption have been stated in the foregomg paragraphs, we shall only mention here,
that ‘the fossiliferous_ bed of “Tihulu is undoubtedly- higher in stratigraphm
position than~th”/coa1 series, and that pos.v,lbly it rests on the latter with a slight
unconformity. At any rate, it cannot be oider than the red conglomerate
formation, but it may be younger. Thus its Cretaceous age becomes appai'ant if
not real C

Igneous Rocks

Igneous"r?cks play an import;nt role in the coal field of Fuhsinhsien The .
types aiready known are diabase, andesite, trachyte, and - rhyollte breccia, We
shall treat them briefly in.the following descriptions.
| ~ DraRAsE.~The rock is dark i in color, weathering greyish brown or green. Itis
holocrystalhnemth crystals of rather coarse size. The predominent minerals are

1. Loc. cit.
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part of the_mal._sanm. _Ancordmgio_the_columnar_semnn_(Mevealetf lgy_
dmmnd-bormg at. the J apanese eoa]-mme, the coa.l senﬁ oontam three prmc:.pal

ud-&hém&dkﬂ:mmpﬂated by some 6o meters of shales and candstonm
‘while the middle and the lower horizqns, by 24 meters of similar rocks, 12 li-south-
west of the J apanese mine is the village Mlchlawopu where according to the—Feﬁgf
tien Mining Bureau, only onte seam about 4 meters tt thms been worked. ‘l‘wenty
Ii further sonth-west is Sunchiawan., At thi : tvy - s
Lhem 4 meters, are being worked by native methods Between the seams
there is a | partmg of sendstone and sbhale about 2 meters in th1ckne$, it sometimes
thins out <o that the two Seams coalésce. Five 1i South-west of Sufichiawan is

anothtmlspre&ucmg—lae&hty— Weiungkae—wbere the—eae:stenee of a eoalseamof :
8 meters has@ reported. |

From the above it can-be seen fhat—the thickness of the ® workzrble coa‘l seams:
already known_vanes_Immﬁo_-B_mete:s.-_Ihe.seama_aLpLesent worked in the
different localities seem to belong to the sameprmclpal zore. South of Wulung-
kao the seams rapxdi—dmease in—thickness.— At Tuhulu, a seam of merely I
_meter_m_thmkness_ma._ﬂ:mred' The coal from this Seam contams el aﬁi'r-
and has a very Iow heatmg ;alue Mmmg on large scale cannot be recommended
at this place.

UALITY OF THE COAL.—It was stated by Moller that the coal from the Fu-
hsing" coal field is of poor quality. Andersson was also of the opinion that the coal
seams contain too many stbny partmgs These mvestxgators did not do justice to the
coal seams. Awordmg to our observations, partmgs appeat to be rare while the
coej from the native p:ts is largely ir lumps somehmes of unusual size, “The samples
‘from the different localities have been analysed, the restilts béing tabulated below :

Locality ~ Moisture V.M. F.C.  Ash - Colorof Ash Heating Value
Hsingchiou©~  9.60 28.32  52.08 ~Y0.00 Tght pink . f930
Michiawopu  3.64 30.32  52.54 .I3.50 brown * . 7045

‘Sunckiawan (1) 9.69 32.6r 500  7.54 Hgl;'t-yél!ow "~ 6650
Sunchiawan {2) ~ 9.96° 31.64 55.27 3.13  silver grey 9385
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1t ‘can be seem,from the above table that the coal, from Sunc!uaw:m is- “the

mqthod 1 the coa.l ftom Sunchmwan w:ll be called h:gh:g!sde___llggl_tg__mmmﬁg_
(BC,}and_ve:y h&gb—gmde low~ranl'rbxtnnﬂte (BJI) respectivelys —The eeal—imm_
Hsmgclnon will receive tM—nmmdemank bitumite (Bl,y, while
—lew:gra_gf 4, low-rank—bitumite (Bl )may be: asmgned fo the coal fro;mawopu.
The samples from _LbLe_ast twg, }ocﬂltles were~taken from coal heaps,m

‘months. - If thez were taken in m’ﬁf— results might be- 0_

‘ :M of Hsmg Cluou accorﬂmg tq sotne Tapam;;e records, is-
a5 follows |
Moisture  Volatile Matter  F.C.  Ash _;'-Heating Value
1200 3500 .. 4250 "~ “Towo . 6ogo

The name-wﬂl be .medlum grade hgmtlc bltumlte (BC )
:' On the whoie—the coa:ls—fromherFuhsmg coal ﬁeld are

g fen

3 rovmct - Examples of these’ coals are gwen in

_ Locallty B Mcusture Volatlle hfatter F.C. Ash  Heating = . Source of
R e T = S Nale  Analysis,

f'f‘!g_-@{]__. - _ﬁ37 T 3. 35 315 5587 —___Jaranese . _
CHsian 447 7 age8 o &%M Y

from Hsingchiﬁu. |

e gumwoﬂm} CoaL.—Though-the area of the:coal field is very extensive,
yet the important coal seams are confined to a. beltoialgmt 40 li from Chingwatze
to Hanchiatien, Beyond these localities thie coal-seams thm ‘out” rapidly_and
become poor_m quality so that they may be- excluded from calc'niatlon ~For con-
\__;_‘*emﬂl.lﬂ!‘-...?o‘.e‘.dl. 'Eh:_thc: _coal-field. into three. pa.tts according to the change in
thickness of the seams. If 6oo meters be assumed as the maximumt depth of
: mmmg. the coal r&serv&s will be as follow :

“(I) Between Chingchzawatze and Laochfinmiao, the dip of the seams is x'5'

1. Bull. Geol. Sar. of China, No, 8, p. 33.
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. 5,000 meters. mmﬁlhmmmmm ) ' -

{2) Bdwmlm&mm?m&m&s 2"
thickpess beine takne a 4+ metrrs  Thie seans Zave ; Tohaée Xo=wory & - e

(3) Between Kunchiawatze @mé Samcirarie &mg&uﬁ;
L«M*ommmammz m?-aa:;ma**_a
i-l‘k&mm t0 236,372,000 metr s

lem af t‘:em e = m = I =

— e — — —

_rouzh}vzfoommm'ms. :m:-;___.em:a_mx::en
field are Incicded m tle caliczarion i m e Ewr s Se Tl tmEve e
vhole coai-geld. '

For cescriptions oo the Tmg mRCTSITY ThE Tiies ¥ ooarmed = othe roees

text.
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A PRELIMI‘NARY REPORT ON THE GEOLOGY OF THE
HSIAOLSHIH‘ COAL FIELD, PEN-CHI-HSIEN
FENGTTEN PROVINCE.

!n- 'P—K. Hmma—
: ‘Iml 1 Pu'l‘z

In October, 1028 Mr C C Wang and I tookinmml)f&tﬁr Wong
. to xnvestlgate some coal ﬁelds in Fengt:en and Jehol, Arnvmg in Multden, aftet a
conférence with the Ioca] authontles. we decided that, for the saving of valuable
.time, Mr, Wang was_to go to Kn‘m alone while I took the task to makt.ra’”topogra- .
phic survey of the Hsiaoshih coal field mPench:hszen On the {outﬂ: day of my -
arrival at the latter place I was suddenly recalled to-go back to Mukden, so that I
had little opportumty to thoroughly mvestlgatg the geology, both theoretlt_:a.l and
economic.” The ioliowmg-m‘m:ﬂy £y vrief report of a prehmma.ry nature; " I do not
pretend that it is free from’ posible eITOrS,
The Hsiaoshih coal ﬁeld has ﬁrst been ws:.ted by von Richthofen dnnng his
extens]_ve ang 0 .2 r_exnl ne  im e s £ he log
Institute of the S. Manchnna leway Co. has sent sclentL.ts to investigate the coal
field and its neighboring mmeral—producmg regions. Their report? tells little about
the geologmal aspects though the nature of the coal resources has been adguately .
accounted for, Since I bave not obtained reliable detash the latter it is pertinent

to devotc more space dn thg__fon__ﬁ

Posmon and Cdmmumcatxon

~ The coa.! ﬁeld ls’§ituated in the eastem miountainous. region of the” Penchi -
district. _In its center is the large village Hsiaoshih, which is 8o'li east of Penchi-
hsien, - It costs one day and a half for pack- animals to go from Hsiagshih to Pen~
cluhsxen, for the road is of the worst nature and ru_n_s_aaofs prec:prtous ranges.
" As has been rightly stated by Richthofen, the correct apallmg is sot Hsiaoshib bot

. Hmusorr, which is exactly the local propunciation.
2.  Fenghnapgcheng; Explan. Text to the Geol, Map of Nu:—churia. Geol. Tost,, S; Man,

Rail, Co,, Dauen.
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i Canoes can be. seep on. the 'I‘mtzeho whxch flows thmugh the’ coal field but the
" 'water is shallow and the current is rapld 50 that only rafts ¢an be used during the '
wmter mop‘ths

 Topography
_I&f_y mountams and rocky cliffs are'the. predommen ric-featy 1505 i
the south-eastern part of the Penchz d:stWtW‘ﬁs:mhth—eeaLﬁdd_ls

no exception. Eut. since fﬁe.’stmta of the caal series are generaliy composed f‘

_soft material,-and thos suifer rapld denudifio_n ﬂat countnes are not wanting.
- Roughly speaking the coal field is surrounded by high limestone mountams amaongst
which is a stretch of alluvial plain. Through this plain- meanders the Taitzcho
from east to west while a tnbutary, the T angho, comes from the southern moun-
tams and opens into the main river north of Laomukuor “The physmgraplnc

| features are most strlkmg The meanders of Taitzeho frequently assume the shape
~of an oxbow at the convex mde of ‘which rise tvpical limestoiie cliffs but at the
- n:om:zrve szde—thereﬁ usuaHya fiew-moot shap“@:belt—e{ ﬂood—pia‘rtr-—'llhe cliffs are
~high and rocky but gorges are absent;the river hasa swu't currentand a clear w ater
but cataracts or rapids are unseen. ‘*T he physwgraphrc stage has gone beyond carIy
“youth but: has not rea.ched matunty, ‘it is most probably in the Iate youth.

_ 'St'ta_tl;'gr"aphy_-

It was déscribed by Richthofen! that the strata exposed near Hsiaoshih (Hsjau-
sorT) ¢ consist of coal series lymg upon Ordovxctan—(-unterslur) limestone, which are
succeeded downward by wurmkalk "dnd globulmc limestones. So far as my obser-

m go his” statement is right, only that the globulmc (oolitic) hmestones seem -
to be very rare The coal series is psedommated by grey shales in the lower part,
‘but'in the apper part grey or greyish yellow sandstones become MoTe COTRMOR; —
Conglomerate is rare. Thin limestones occur in the lower part not infrequently.
There is always-a bed of red shale about 2o meters thick, appearing near the contact
with Ordovician limestone. The fotal thickness of the coal series is Iess than 200
meters, It may be correlated with the coa} ser:e:. of Pench1hu, the lower part’
being the Penchi Series and the upper, the Shansx Series. Rocks younger than the

Shansi Series are comp]etely eroded.

1. ‘China’ Vol, 1, p. 98..
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Structural Geolegy

Generally speakmg thecoal series near Haiaoshih. form & basin, cut by npmes-
om_s_faults The basin is jonger-in a E-W direction which is.the direction of the
_i;ult-lmes Surrounding this. basin are iiéstories all dipping inward with a-dip of
“frgm 30° to 70°. The rocks of the coa:lsenes he dlseonformably oh these lunestunes.
so they assume the same strike and d1p as the latter.- For oonv'eim:ncé in deécnp-_
tion we dw1de the coa1~bas;rnnto two pa.rts “The western part lies in the west of.

th&allmnal plam it.3 8. a—amiarmly_eastwar&p;tahmg—ssmchne mth an axis trendmgi

¥ Ih‘e”tﬁin“ﬁ_"nﬁe_"f of

*ﬂm alluwal plmn, a.ﬁd—:s—bordered by a promment llmesttme range Tt is also .w'iﬁ'é
form of a synclmc but_has been dlsto;ted by faulting, Thrtwo pa.rts are undour
btedly connected beiow the alluvmm covering which'is 50 meters. deep at most;

_Faults are~numetous mfthe coal-field, but “in general they have only a small
‘displacement and moderate Tength, while fhmr strike is in an approxig el E.W i
d:rectmn ‘Only the’ 1mportant ones. vﬂl be mentzoned Liere. Alo:ig a ravine south-

separates the coal series {mm the&dﬁw&xan I:meqtone glhe Tormer dips” north at-
30° and forms the range north of the ravine, while the latter dlps south at 30°~407
-and forms andther range south of the ravine.” L1me‘=tore outcrops alqo fqund.on—the:
slope of the northern range but they have the same dip as The coa:’(—se:iea,—_mm
that they are part of the downthrow. North-east of stehchla.wmtze along the left
side-of the Taitzehe, Ordovman limestones form vertical chﬁs with a dip toward

South by east. If therg be no change of structure the rocks formmg the hills west
of the river- ox-bow will still be limestones, but instead of such one finds yellow'
shales, ‘The existence of a fault i ls to be inferred. Agam in that stretch of rolhng
coulftry cast of the v:llage Shangshanchengchm ted shales, typu:al in the basa]
‘part ﬂf—EE—_EeEHertes—canfbe cleariynﬁemm*?pért ofthe coal series,
is exposed here, its relation with that of Mapingkon being best explmned by a

fault following approximately the course of the Taltzeho Fmally south of Ma-

pingkou, the coal series -ends abrupt]y into a limestone hill-spur, a small fault is
thought to be the cause.

The nature of the faults can hardly be determmed in the coal field itself.
Before my arrszI_t Hsmo.-,hxh I have tound an extensive thrust tauit along the
ropte Irom Penchihsien to Hsiaoshih. - The fault trends from west, to easf for an_
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observed 1ength of 30 i At acertam p]ace it was posnt;vel} determmedf that Sxmacn_;--
quartzxte had been thmsted Irom the south agamst Cambnan strata Since the stnke :
of tl;e faults ul--the coal field is also E.W., they are _P_l'obi-_tbly tbm"-t faults too.

_ Ecoriomic’ Goology
CoaL'seams.—AlL the tlme of my mvest:gatmn no actual mining of coal could-be
seen ouly abaudoned natwe p1t§w1th dumpsoi black shale are scattorod.here a.nd
of the coal seams. Accordmg to the verbal statemeﬁt of»the native mmers there are
ot 3 Chinese, feet_lg_ghxcknesa The Geological Instltnte
nill:uren also reports the thn.knees of coal seams as from 0.3:to I meter. ‘Ihe
seams are confined to the middle part of the coal series below the thick sandstone.
QUALITY OF COAL. --Ths coal generally belong to the anthracite vanety ofa
peor. quality. 'I‘hey contain a large percentage of-ash and are obta.med | _usually
in the form of small prices, termed *Cha-tze? by the Villagers. Occa..lonally they
a?pear"—_"ﬁ'lumps much prized in-this region.
THE COAL RESERVES, —Suvaai ‘the. tl:ucknﬁs of the coal seams is not definitely
| known it is difficult to calculate the coal reaerve "Tobe optlmlstlc we may assumeé 1

meter as the thickness of the workable seams, while the length and the width of the

. voal field are taken as 3 .and 1.5 kilometers respectwely__‘.[hg_ammge_dap_of_the_
seams is assumed 3o the specific gravity of coal being prqbab]y 1.5. Thus we get

a maximum reserve of ; 7,000,000 metric tons. Since the seams are very rarely I
meter in thickness and since the middle part of the coal field has been eroded and is.
covered with aIIuvmm, the actual resetve is pmbabh less_than one half of thls'

Ch'uanshuihotze, but time did not permlt me to make invés{ieationé there.
‘Summing up We may state-that the coal of the Hsiaoshih coal field is poor m
quality and tnﬂmg m quantity. There can be no gain to apply modern method oi
mining.
" Besides coal, iron ore, probably hematite,_has been found in the red shale near
the contact betw een the ceal series and the Ordovician limestone. Formerly the
ore has been smelted by nat;ve methods but with no success: It seems that 1t is
insignificant both quahtatwely and quantltatwely
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(FENGTIEN)-AND-KIRIN PROVINCES -

 BYC.C Wam

Tmhﬂ:ﬁhnsahﬁuhydtaﬂzn!mmmmiﬁm

_m_mmatmhinmmmmﬁemﬂm
Raliways
_____%MWW
. Cmmﬂmmﬁ—ﬂsn&m%dwm
. mxnmabmtmgon - .

whmhfhezndandgthmnspumelyﬁﬂ4&etﬂn:kmﬁnhst. M
_Kungdnapntmthgml:hntﬁmfhmimd

m
Pm(m) mﬂr-:-

Thecualmsavu‘hﬂbyammmﬂi
_..‘.3:_ junssxccmm——ﬁmsmmhnslymbrfm
prekuswntezslas(:arbmfmas. mjumagesm-ﬂmw
_-mm md:ﬁmltydm‘isnﬁehctﬁuﬁnlm
Beﬂverywh&emthnﬁeldmhn!m__ ith th nﬂﬁt—tmt
'ptﬁhhmmtharmlsm Mmtuath]mhm—.
tmsmdmmthemhm

Y

Chinm Mising Journal Ko, 65.



guishied. " The lower part cou of&looieett.luck
nﬂmﬂmmfﬁﬁﬂ. Themchmtnmfcmedti'? qimmtemhme
- Leip i _.zn.lﬁonnﬂ o

Pdmw
MMH&
andmthem N

oy mwmdth]mmagmnmts of ‘2 conglomerate similar,
totheh-u' part. bat at"its basal | part tlm'e sdgenathnrbeddedsmdmke-
:pe:tlysbuwmg];nnlsoi \_'__""nppersandstonexsoftenmucﬁ“zﬁ_-
dﬂmmmm&qmmm@_hﬂbmm

o m]wmmmmtheptmpechngworkasaof'
T: it thick. _Fm%hgﬁmmemzsau
gnndanthncibebeﬂsmta,bhfmhouﬁehmhng Thesamsfromtheythtothe

thethctnﬂ:rqvectnelysfeetmdz;betthmk.
‘__ﬁeld i nmm by- aﬁnmbe:ofnm'nn‘l faults as shown in the geoi-,f
cgmlmq: .«-the_]mc wa; bwrmg seneshowever—formsn*ﬂnt—syndmc—m—

tehe s.nun;mo‘th} md—43.mn;mo togr(anﬂnaﬁteanﬂfmwhm—
On!ymemmgoumpanys operating with an annual production- of 6,000
, hy,motm

I, Hsian Coal Ficld, Distning Province

Thlsmalﬁeldhﬁatasbwtd:stanéefmmtheﬂorthgateofthedxsmct city
of Hsian on the porthwest oiHaﬂnng ‘I'hecoalﬁeldxsmwconnectedbyat'
derancthnedafootmohtotheFmgha(Fenhmatﬁkdmto‘Haﬂnng)Raﬂ-
way, Thehtturai}hnestobepohmgedmrthmdmhxm AP



The gaologxcal formations are :
ARCBEAN GNEIss -Extendmg on the south-west of the coal ﬁeld

Tmcnw-wnssms.—-.& gray compact rock someumes amy .showing -
_trachytic texture under t.he mlcroscope. The. a.ndesxtic rqck_ constltute lnw hllis
formmg the south east a.nd north border of the t_:oai field. . . e

Besu.'r —This isa bla:ck and compact rock‘ whmh occgi at_T aheishan on.

theN’w omner of the coal-feld. - . - T

Both andemte and ba_alt_ueﬁnpted before the' deposxtlon of th_ﬁﬁﬂm

sedxments. There area,mpleev:dences ‘that —ﬂ;e Mesozo;c coal Sgnes_mtethesathese—

dlscussed :;\ the followmg,__thgse volcamcé lavas “are probablzpost Jurassmm

.........

mﬁﬁﬁeteewmgrmmmfom does not-believed the intrusive origin
of the rocks as were pre‘tended by Japanese geoiogists 1_

Mzsozoxc COAL szxms ——Theooal bearm,g senes of I-Is:an field-is unconformably
lymg the ‘above mentioned three formatlons and- pmbably separa{,ed ffonﬁhe
sic mass on the-west. h;u:jault — This series bas u thickness of over m_gi_ete_ri,_

mbut' the exposure is not complete As far as is known by the boring of the Hsian
y ~“The following table shows

55 M the dlﬂeqent borings :

__...;"'-

. Seam:z o Sea.mz_'_. o "'_"Seatgg—
No-2 05 35 T2
No. 3. X 35 2.5

No T Mm

The coal seams are therefore vary variable in thickness. M
smular in composmon andmntamabeutw% ,gg_glsture 34% volatlle matte _,_51{
fix. carbon and " only 4%-ash. = This-shorld | ed-“lignitie-bitumit -
acc_oﬁm—to Dr. Wor:ngsmassdicatn:m’l Tmsmcodm—chmdmﬁhe
ooal«senes Speelally developed in the North-Eastern Provinces and were beheved to_
be_ of Lewer—efetaeeons —‘Phe—age—determmmmuzr“wm Based upon fossil
ipsects, agd pelecypodas mostly in comparatxon mth Shantnng and Szech ‘_g_an
fossils-—Stratigrapbically it i clear that there is in the north eastern provinces -

1, China Mining Journal No, 40 & 67,
2. W. H. Wong, Classification of Chinese coals. Buu. Geol, Surv, China. No, 8,

3. A W. Grabau, Cxetnceous fossils from S]:u:.m:ungF Cretaceons moliusca from XNorth China,
Bull Geol. Surv, China, No, 5, part 2, ’
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_Eastem lehol an@ the Tnenshzh{ukou coaI seriés in an.onmg for mstanc& Whether,

5 _ﬂpﬁl—}w L‘Qwer Cretaceons is of of

:pmiﬁ-fossii B'ich have not ye\-.t beén well systematxcally' stu@_i_gd, A numbet o{
-plant f fosslls of-this younger senes in stm have”bee cnﬂ@e?kmd provmnaﬂy

1d‘entlﬁed as foIlom
“WWH&
' ‘Gmkoo spe

. :Tﬁﬂxﬁfmt_—plaees, and. the
Proadly speaking, the Mesozbic coal
forans 5 5y i - L ATYAICT ,! __ synm—cnt—br
xirtant {2 t;;#?he SW e s Fu y T ﬂetaﬂed‘—mac%gfe"*“q'ende:ed:

' ing o - s0il and zﬁnvrum& ’-Ihe‘&rpeg

was taken frmh ..hf- zmmngm of-the - - any-whichis
—.,—,__.-—-H—-——'-—'-'-—“'-—""./‘
one_ﬂﬁ'h; gounﬂtourmve&aLui_imeters only._ The rehef is in reaﬁty very*gmﬂ&

T s i ——

an Mmmg Cnmpa@at_ is-a senn-govemment enterpme hnd has at the time of the
visit 2 daxlg productmn of 300 tons making about go,000 tons a year. “The coal i 1s_.
chiefly used by the Fenghai Railway, the arsenal, spinsing 1 mﬂl an?.l electncal plants

'hrﬁukden.—'

. The coal has, acqonhng © tea tire &mrvey 5 labqratary, “the
follong compos:ltlon moisture 768 Vol.. mat 28158 ~F1x ‘carb; 47 3 Ash 18.4T, .
This corresponds to Bl, of low carbon bztunnte svcording to Dr. Wong’s coal

classification.
While she Pala‘ébzom slate and quartz:te are much disturbed, the latc Mesozoic

‘coal series s clearly ungoﬁmable with_ them and shiows only broad and gentle
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Eoldmg Broadgpeaking the. coal sefies ﬁrrms a flat synnhne striking IiNE—SS‘W

The NW lisb of the syncline Jies af Chinshan ‘I‘atnn;pl'.onehnankon Sanchiakim
etc w!nle its SE Jifb passesﬁy Wuhﬁﬁm, Hextz _
tung At Sanchxskou however, the coal series, ‘Bas’ been obsetved to be in fau}t
t:ontac:!A with the old Sht§ and quaztnté It is probable therefm-e that the NW
Limb of the synchne has beeqeut by an important fault takmg away part of the
coal ‘bearing stgata:

Thg, distrophic lustory -may be snrﬁﬁmueim follows LAt ﬁrstpehod pembabl? '
_at the end of the Jntasmc (J.E“the upper ooalseries is consld ered-as |

A
The Cl'naoho coal ﬁeld is not warked until recenﬂy Although severl.l

essmns have béen~a.lready taken since mlxzcame Rpown that the Knm-'l‘tmhua

zaﬂsmyshallmbr ery-little mk hasbeen done in theway of p!@echng_
aod expfoxﬂtwn except perhaps “the Neit mx_;nlgmf Ebmpany which bas

opened three tunnels each deep 350-360., feet producing every day about 3otons.
*I'He—tetakm is estmmted—ar gso;uuo,ow tons on ‘the basic of the average
‘thickness of 2 meters oTcwfseams '

: t byfﬁ"ﬁte«-mnat 1mportant coal ﬁeld! m thJs rznlway zone.
There‘iﬁ@ﬁw the rof the K1 way to the Korean
frontler to bwmrean & h |

'—'Ph?imnczpakgeobgcaﬁormtms are:

LATE PALZOZOIC SLATE AND QUARTZITE. —These much - metamphozed mch
occur on the border of the coal field often strongly foided with steep—d@—'fhr
_'outcrops are chiefly. found along the area of Mitzushan and Walintun én the east
and Sanchzakou on the West.: The age is unknown. Itis tentanvely correlated
with the Permo-Carbomfe?us age because the black slate sometimes eonm
.graphlge_a__s_oﬁ the-east .of Whalintun, which is probably due to the mpm"
o coal.-
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-mdnwﬂathnﬂsnnmlsmes) Tbe;xanﬁespubaﬂyolduthanthecoal
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' of the-coal basin but does penetrates into it.© On the other hand it scems that the .
mm“nmtbewddasthemm:mmm
Itnpdn&thﬂ&___mspﬂ]mandmmmhthepo&t
.._.}WWMMaMWWMmHQ—
"""“The]mmlserlsoffa@ihhkmsabmdedbygmmm

The granite here is much more extensive. It extends over themmeregmn
ﬁmNW.dChmmtnthevmnythm.adshmeafwuzph. The.
well knows: . mw&mmmm Kmn-'l‘unhm mﬂnyhstocnta
mmwmbythsganie.

WWWan%&Mmmm
ah-er;nttmnmhng ofeaaglmhcathmandstoneassfonndat,m
- tatwm and Neitxusban occurs at Tengchinmitza; Shansung eic.”* The -coal bearing
pctnnﬂﬁlym&sbasala:ghmam The upper part, as is observed

Km:h:ggndﬁnndmkmetc. consists at the. base, of palegmj'samistom
mmwwimmm@mmm@mmb)

‘ thﬁmmanmiﬁm-bedﬂedbhckshahandmdsmm- The
tmlm&th-hﬂesmsdrﬁmhmmmngmtheMe
Jﬁ;ﬁl‘ﬁ afb mwmmw ameters. From Neitzu-

—sh.thgm{asﬁ;ﬂnshawhemﬂbtamd

Adicwtites 5. |
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Theﬁrsttwospocmarethamostcommoﬂly found. is-the- This 10 coal field,
‘which is also the fact in the stparooal ﬁeld 'I'he two coal ﬁelds are: there of the.:
.'samq_age and what has been said gbout the stan coal Serlea may well be apphed._l
he:eandmmrepetetmn_ I At P e

| Acoordmg to the observntxons made inthe outcmps and in the rmnmg works.
there ‘are six. ooal seants af Ne:tzusha.n the thickest of wlnch attmns 9 feet, ‘the
total thickness of all seams is 21 feet. The coal ;seams are reduced to 2z onlyat |
'.:Tnngchmwextzu respectively I 5 andgﬁ feet thick.

IV Physmgrgphy of .the Regron traversed by theé South” Manc,huna.
Mukden-Antung, Mukden-HaJ.lung, Kmn-Changchun
and Klrm-Tunhga Railways

_“1. FroM MUEKDEN TO T]ENSH!HFUKOU.-——The route goes frdm a. flat Plain .
nchly covered by cultxvated field, -into' a mature hll!y reglon The hllls attain -
conspicuous height pear Penchibu which the railways has to pass “by several
’;iﬁnels bt there still the yalleys are widely opened and slopes gengg, From:
Penchihu to Tienshitfukou the journéy was made on mule across the Taitzuho
river and contmued further SE-ward over 120 li, crossing several ranges of
moderate he:ght and gentle slope.. As.is shown’ by the geclogical map of Tienshih-
fukou tHe erosion is already very advanced resultmg in rolling. hills ,gxtensxVely
cultwated Only the. mosg resmtmg rogk as: the upper conglomerate of the lower
Jurassxc 'coal sefies leaves a few abmpt chﬁs such as Le:pxtzu 50 meters lngh _

' 2 Fnou MUKDEN T0-HSIAN AND FROM Hsian To Karvuan.—The Mukden-
Hallung Ra.llway runs on a gently hilly reglon _The Hanho valley is still broader
_ than the va.lley -of ‘I'suyuho _All the tributaries also have wide valleys. .From
Hﬁuhmg northwaxd to T ungfeng. the topography is very genmtle. In ihe'
“Hsian coal ] ﬁeld aII the ndge.s | are only a few. tené of meters high above the w1de
“valley bottom., FromH?mn westward to stfeng a_distance of go 11 the route
_ CTosses a small ridge which can be easily passed by cars Hsﬁeng is ‘now connected
by-a-light railway with Ka:yoan a station on the- South Manchuria Railway.
Logkmg back astwarq theiopogra_phy is chamcterz;ed by gently relling -hills like
waves on a sea.
3. FrRoM KAIYUAN THROUGH Cnmccnun 170 KIRIN AND FROM KIRIN TOo -
Criraol¥ —From Kaiyuan to Changchun the railways runs on a rolling plain. On .
the Changchun-Kirin Railways one-can see isolated hills separated by broad plains,
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me Klrm toCh:anho I..aoyehln:lg xs'____'__ ~most conspleuous ridge across which-
a long_tunnel was cut fo_rthe*rallwa& Bat even in the Chiaoho regwn ‘the
advancedly matm:e topography prevatls The granitic. hills around the coal basin
range from z.oo to 400 meters in hetght above the Laiahtzﬂvemueyt;ﬁ’c"iﬂﬁﬂ-‘
the—eoal basm, low hﬂls on]y '30-40 meters h:gh are scatferéd ‘in broad and flat
-plam still more levelled than in the Hsian basm _

From the above descnptlons four topographlc types may be recogmzed* (1) A
rol.lmg plain bet.ween htukden and Changchun; (2): Low and gentle htlls as in Tung-
_feng Hsian, Ch:aoho etc. ; (3) Scattered xsolated hills and ridges as between

Changchun aad’ between Mukden and - ‘Penchihu and (4). More rugged and
mountamotts reg;on as between ?enduhu and Tienshibfukon, and the Laoyehling
-_r_ange.

The seoond type 1s usually constltuted by the easnly eroded rock. formation.
The thn‘d type is often found ‘betwéen regions of the first and fourth types ‘The
_'mond type may be also. mtermedmtly between the latter two,. Even in- the
regions. of the fouth type, the erosion JS ahia:iz 50 advanced as to well compare
with the Tanghsien stage established by B. Willis in the submat‘tu-e region between
the Hopei (Chihli) and Shansi.’ The plain of the ﬁ:st type is all eovered by soil
‘___(and-alluvmm, under the cover there is most p_robably the mature topography as
" observable in the mere Ailly- region on. the east. The relation between these
topograph;cally different regxtms may be found in .the gradual sinking of the Liaos
~ ho valley on-the west ’m companson with the reglon dast of \Iukden—Changchun '
ratlway so that the advanced mature topography is gradually buried in the smki‘ng- -
Tegion, In other words the author’s observation ‘leads to the conclusxon that the
relatwe relief between the Liaoho plain on the west and- the eastem Manchuna
Inﬂs o:}.he west is. due to the smkmg of the former rather -than to the uphtt of
}atter The absence of theany mew down cuttmg is.a conspmudus “Feaftire-of all
ﬂle. region traversed. An exceptxon should be made however with hié regiom
hetween Kalyuan and’ Changehun where small gullies have been recently opened
on the plam mdlcatmg a recent uphft of this I‘egIOIl This 'i$ probably a local -
couliter‘movement of the gradial sinking of the Liao plgin.
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THEGEOLOGY AND MINERAL RESOURCES OF MI SHAN

.o.v :r. chreng 0 Ty - th ..;‘_‘ X, : .
north-eastw@ to yet httle known hmit havmg an approxxmat\,/EJBLmdth of
201t aﬁa”ﬂ-ﬂength M\oo 4. . The atihor Bas not Blen able to study the cotnplete
extonsibn-obthe-£ pte Hsturbed-ComAHSI-prev: :""'n'.”"'
at gh% time of - hls wsxt Tt s known for*mstance that 1mportant coal field exzsts.
north «of Mtﬂe_ng nvar at. Tx-taé ho, Peilien Hsien probabfy extendmg further
northward trll Sa.ng yellshan in'the dmtnct*o?F“‘hmg squth of Sungari.

The accompanymgmap is reduced, so fa.r as Ftomgaphy is ctjncerneﬂ_—frmr
thé-Tussian map on x)84,ooo _H._VLhmh the hexg are expressed in sagen approx:;
mately t;qmvalent to ‘two meters. - The _'“iogy was. surveyed by the author
3928,

Iﬁgghn nnder study. isan aﬂva.n&edly_dlssected plateau widely covered by-
Tertrary basa!t -Under the ba.salt there occuf dmerent rock ,formatmns_as

gramte conglnmerate—wa:l—beamg wm_m_‘m WEre alﬂdy

resu.j,ts in a renewed vertlca.l cuttlng to whlch is due the formatmn of the presentﬂ
Eﬂ@ugﬂf-?va—vﬂ?}ey '200-300 meters deep. The valley is however usually flat
ang‘ often wide—with fertile alluvlal ground wheré agncplture is: bemg qmckly
M by the immigrafité “fromi China Proper. The lughest summits attain
zbout,gmm'tm abové the Sea lerel_a.nd_;zoa abiove the Valley bottom.
Hetg‘hts of ﬁoo-ooo ‘meters are of common qceu’r:;%::; while the greater part of
‘the countr_v is constituted by rollmg hills of xoo-zoq meters.-above the—g:oﬁnd
surface,

Summdry by W. H. Wong.
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.underlymg mngknnemte oiten form rough ndges. the arkosn: sandstonem quest:on
oaly gives rise to lower and rollmg slopes It, is dlmost horlzontal near Huclnatnen
north of Liangtzuho and dips 36° S ih Chupikou south of “that nver

- Igneous: Rocks:

- ‘BIOTITE GRANITE: As can. be _easily seen from. the' accompanying map, a
hrge am of granite geeurs. north of nglmchen extendmg from west of Mulug
nver in its. S—R oourse. toxts east il the upper sourceof I-Iuangmhotzu. In this
area, the coalbunng sandstoneai—Upper Jmssi?f‘ﬁge has been observedto be
clea.rly 'rneta.morphoaed by the intrusion. Another large area occurs on the two
snde.-;of the lower | eonmeof Mauleng ziver. below Hataho extendmg mde‘y north
eastward tll the eastern Inlls of Mishan district.— The rock is often«used far
bnildmg stone. - The gramte often canstltntes high and roogh hills uncovered and
probably having never been: covered’ by the basalt. There exlst however Tower
points topped with basalt. asN and W of Laotatzukon,

. The granite intrusion-is.post-Upper Jurassic as testified by its .metamorphic_
eﬁg:ts upon the coal senes but-no cont?cﬂias been observed with the Houshihkon
eonglomerate_ As however the Iatter seems to. be coniormably folded\wzth the

little doubt tha,t the gramte is post-JureLsm or probably Cretaceous in age.
m,pet:gaphjc character of the gramtc varies at“Hifferent places. North

d\@nchen 1t 1s 'hltew rather fine grained shghﬂy porphyritic with orthoi:_fése
tthan and much- qnartz South of Chuliuho it is of

coarse:t&twnebmqnartz but with less mica and magnetite. Banded structuré

‘EsbeenobsmdmrthofSamotnng =

petis preeent. The rock is usually fine gramed cﬁ‘mposed “of
nncrjdthe_plagfthse olivine often m phenocrysts and magnetite grains, IL.IS_

batd-and compact but sometimes amygo.almd The lava flow shows often a small

dipping aqg}e 3—4 It is sometimes faulted with a yertical throw as much as
200 meters.

MnioR’ Im‘a‘smm Small all bodies of gramte are found at severalplaces. The
granite may be intruded into the supposed Permo-Carboniferons roeks -as NE of
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Hmachengtzu or mto th.e\ Jumasm coancnes#SE.gi Huswgnibotza, - Wheﬁ» iy

meorkablc deposit has been :

féfu'ﬁ:&""
Diabase dyke becurs i the acal series ahléushan -nedt Changchiachieh, - The
rock is shown by the mtcroscope “ta be ho!oqg%a,ume. composad’t’v‘f polggynthetis:“

E X
plagtoc"!ase, mag_nente and hornb]egdemWﬁmount of apatite, Ihe*phetﬁo
‘orysts are augite and-feldspar,

Structure’
It i 15,,_Very dlﬂieult fo h‘:’!‘% an exact uiea of” the geberal structnre of théreglon
under gtudy because of tmdecxded and mthercompﬁcatedqhara&er of fold.mg and
fa.ultmg and thc extenswo covermg of-the. basalt - The followtﬂg"i% mentloned only

as. record oE the scattemdrsohservatzons 0 far*made, with o claun to general
understandmg or-deﬁ,mte conclﬂszon

'FoLbING: . Local ioldmgs are very frequent alrthorugh the strata are.generally
in flat positioni. * The dip of stmﬁa changa very qmckiy w1t1nn restncted area.
A far as can be mferred frogéhe scaftered oBservaaons, there is an ant:chne'
structure north of Hstaochlenchanokou i the valley the*sandstone d:ps to
SWW at 10 - 14°, wlnle north- on ‘the hills the d}p turns ‘to NE& - From Hsiao
cluenchangkou westward' to Tachieochangkou and still furiher to Talhuashan
there can be observed still two.smali antmlmes and two small synclmcs (Pl 1.
Sect GG).—From the geucral distribution of the Mesozoic formatione, it seems
—Lat the gencral strike is E-W with the dxp to the ~South, so Lh%t younger iocks
gradually appear south of the’ Muleng <oal mmcs till Liangtzaho valleywhere the
‘arkosic -Saudstone | _ ST, owever north’ of Lishy kou the dip-
secm to show some tcndancy of turning eas;ward thus we have observed dip to..
SEE at Hao_peikou, SE at Hsmohu,gngmhotzu and again due S at SE of thc_
Whe passibilty of observing any clear foldmg It was Dr. Wong’s

that there may be a- genera.l dome-hke structire with the gramtc masumrﬂl

ml j'_ []

aWay irom it, This would oxplam the's reappearance of coal ﬁeld at Titaoho north
of Muleng river. * Muach more extensive. and more dccurate observatwn ls‘ still

needed to'justi{y any gerera) conclusxon
FAULTING:. Two more important faults can be recogmzed from the geological
’F—@ne fault occurs southmcntung Bringing the Permo-Carbomfemus
rocks in contact with the younger Mesozoic arkosic sandstone {Pl 11G.G, E.F,



Bufltioe-of the Geoliglonl Suréey of Cliina

€C). Thn direction of the fault is NWW.-SEE. - Another fault oécurs along the
river Shlbtc‘ﬁhotm with® the: down-throw mwmmmmmwm_3
“the’ tvvo sides of the nverés wertically displaced one with respect to the othes (PL.
.'_II. CC) Sma.ller faults are. ﬁrqﬁenﬂ'}encounteréa‘
& =

DA‘!‘ES or Dmsmopmsu‘ ' 'ﬂn—faldmg W Mmc fornntm bat
‘not the basaltw and t.here must haw been-a long time past before “the ponrmg out.
- of the Iava. flow Since. the latter covers an advanceu mature topographv. The_
fold:ﬁg is tpﬂafore post }unssm and pre-Tertiary, therefare probably Cretauons
Houementnf faultifg may have played at two- different penods 'I‘be fault sonth’
of 'Pémxentung cuts through the’Mesozmc rocks but does mot aﬁect the basalt
which remain at the same level. QIt” is therefore pre-basa.lt probabiy of the same’
period s the Cfetaceous folding. - The Shmtouh?;zu fault clearly cuts across the
basalt. In the assumptmn of Ohgooene ‘age of the basalt, this fanlt is probably
Mmcene.—nnhassamemwemenu&pmhaﬂm the slight txh‘ing of the basalt
flow,

" Mineral Resources

Coat: Coal is the prmcxpal ‘mineral richess in-this region, , There are two
areas where mining industry i js already started, (1) - ﬁeﬁﬂm
pany bas its concession in Hsmochxenchangkbu south of Llshuchen. Only. one
seam is wo:ked tl:uck of 510 6 feet with a thin ‘intercalation of shale, The coal’
_reserve of this area mcludmg Hmaopelkou totals at about” 64 300,000 tons. There
may be lower. coal seams which are now not yet known. The éompany bas now two
vertical schafts produmng abont 800 tons a day.’ The mines are dxcretl}' connect-
Maﬂ&Chmese eastern raﬂway&y a branch line constructed operated by
the com;fa.ny itself. (z) NW of Hsiao huangniho tﬁere are . known:! Brml seams.
Iﬁlﬂ_}l 3. 6, 6 feet thick.” Only a small rmne, the Yupzen. company, ‘is opet-

total reserve of th:s ared is mughlv esﬂmated#ﬁim

the detalled stmcture. these estnnatm can but be considered as very preliminary,
As atraady q:entxoned above extensive coal field. further north and east are not
mcl_uded.

The icomposition of coal is. variable. The Hsiao huang ni-ho coal is.good
coking while the Muleng coal i 15 non caking bituminous,
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GEOLOGY ALQNG THE VALLEY QF THE NENGKIANG

The area’ under study was’ 'vasit—n"d by the authors. in the winter of 1928 to
study the' mmeral Tesources, espemally the coal, akmg the two pfo]ected rallway
lines, one from the cap:taj Lungkmng{mﬁ) lothecnde i

orh{ergene andtheotherfmmthesamecap:tauothatd Kashan (‘ﬁm} mHex—
_lunghang provmce. It is s:tua.ted approxnnately between Iahtude 47 to 49 40

R1vER,-—The area is mainly dwi_xjh_eﬂgmng&mmhmm

from the Ilkun Alin mountain (ﬁ'ﬁﬂ_m) and flows sout.hward 5 the he east oti

“!'alm“—(ffﬁvhere it empties itself to the Snngari ] River (BIL). Its dramed

——— g e

mﬁ three principal ) ranges, whwm in' order fran
the northeast to north and then southward ‘are the Hsiac 2 1%

irhe—nkm A}m ‘. e . Riﬁ}’ e f_ e g

two. separate __imm_theAmuLRwer (ﬂm) while the last acts as 4 water shed
with the Argunsk River. There are pumerous tn'butanes among thietf, we' may
mention the Kueschi R.: (ﬁﬁ-ﬁ-ﬂ) the Oto R. (agﬂ) theCupa R. {‘EE
), the Molo R. (aaﬁ), the Kolo R. (ﬂﬁﬂ'} the Namuerh R. (FEaW) and
the Wuyuerh R. (S E M) on the east, the Nayao R. lﬂﬂr the Yissuken R.
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n!m. theOKmR. mthe Ka.n R,. (m theHuajlth maﬁm

the Namm R mmmk (ﬁﬁiirmevma (-'Eﬂ') £heYa.luR

meet theur tmnk. el -_ '__.Nenghang Rwer mcute angles. . Evmmm
smnnu thewater oi tbe“Ne.nghang Rives: msometlmes one foot deep_and there-
ﬁnte s mmgable oIy for smal boat:

MounTaNs —Al the mountaing. in this country are tidges or branches of the
fameus Hsingan- “Range whick fs i fact- characterized- mostlybyoom
hw,_apd htoad ndgea, the ‘lﬁfg‘ﬁest hi'ﬂ-tops of whxch seldom excead'430 m abave

vh:ch i foﬂowed by tbe tzibntanee of the Nenghang Rwer However, ihe the Jatter;
ﬁnws]nst transversely to them, resultmg ina oompamvely steep but’ broad valley_
m;:

They are ‘mostly confined to-the western side of the Nengbang River,-commen- _
_cmg from- the crtyd tbé Pubsi dlstnct and extendmg thence northward dxrecﬂy to

the bank of the Kanho R Oacasmnally. eastward ctossmg the tlvet,,they show theu

othar band, the most mpoﬁant factor whzch underha  their farmatmn seems to be
the resistence of them composed rocks, ‘I‘herefore, itis hlg__hilgrob;t_ﬂe;ﬁ;ﬁﬂ;;
mﬁﬁ‘ﬁi—tﬁﬁ& 'ihéﬁ'b?_eonsﬁﬁw‘ 3 .

Pramv, It extends from the capital Lungkiang both notthward to ahachas™

(ﬂ%ﬂj} aad fmtwazﬁ to Taaanchen {iiﬁ), of the Yian district. It is formed

———— — -

mmmmwmmﬁmmlyw
soils, No marked ndges are found except some very slow and  gentle ondulations.
just near the bank of some rivers, It givestall the characteristics of a constructive
la.m, ora ph.m formed by depoanon

Rlnens.--ﬁetwaen the woustain tegion and the plain, there stretches a zone:
whu:h is characterized by low sidges, most of their tops seldom rising to 360° m*
abwe the sea level. _They are in general slow i undulat:on and precipitous walls
or cliffs are, if eves pte-sent ot very tare ecmr:ewé:ﬁt :fhey COVET the region from
LAhac.han both northward to Nenghang city or Mergene and eﬁtward to Taianchen
of the Yian district. Most of the rocks composing them, are largely gravels or




the - vxctmty of Tazanchen and’ the gray shale of the Nenékxang formation in j.l;e
‘ntighbourheod of Mergenp Archwangneim is only encountered in t;? snn’oundmgs' '
of -Pokeah—(ﬁiﬁg)s where the ridges tend to rise"in h_xght, giving the:g way to

ansrosmrmc DEVELOPMENT. —As a. resnlt of studying the topographlcal.
features as well.as the' geologxcal struﬁum. three "distinct physiographit
have been reeogmzed namely, ‘the Pujsi pamplam, the Chiangehiatun. stage and _
the Nengkiang cutting in this area. ‘They will be described in a moderate detail
in “The Physmgraphy along the Nengkzang River, Heﬂm@gggmnnce_on_the

'blﬂ]etul oi the Geologlcal Society, Chma The followmg descnptmn is only a brief
s_ummary

penep]_ane row rises to about 320 m. or.

more above the sea level and is abont 140 m. higher: than the water level of the
rzvers nﬂts nerghbourhtJOd Although it has been deepfy dissected, yet its &mal

iook‘dan upon from them, he would hardly feel that he has ]ust been ona moun-
tainous district like this, if wot for the deep. dissection of th.e_ta.llest\BLlH,Sec:uo}

A, B).
W _mell recognized are found on the round and smooth

m&%rw Mokoh (gﬁ:gr (P!. V, Fig.. A)
and the hlghest hills along the southern ba,nk of, the Ka.nho R, jmm Sa.maclneh

by the 320 contour on Pl III It covers all the rocks from _lﬁa:_ﬁmﬂpbeL
Cretaceous and seemns to be independent to the geo!oglcal structure (Fig. 4). It is.

therefore, undoubtedly an ergsive peneplane which was formed by a .long ercsion
from the Upper Cretaceous time to a past of Tertiary.

. The Chiangchiatun siage.—This. stage is charaeterized by both low ridges
which are about roo m. lower than the surface of the Pubsi peneplane but yo m
higher thanthe present rrver bed;and & “layer of graveT (Fig. I) on the top
fidge just to the east of Chiangchiatun, It-is highly probable that the latter was a
refinant-of ‘an ancient river deposit, its prosent position being uplifted after its




E ) Bulletin of the, Gedlogical. Surbey.of China.

deposlt:on Tahngﬂ:le bottom of this very gtnwelasthemerbedoi.thettune
and. c¢ g the tdp of the ridges with the highest sum¥its of the mopntaifis,

-namely the surface  of the Pubsi penépﬁe. we may con;ectnre the orlgmal topo-
mnatmﬁwmm thetefore was characterized
bybroad open flat valleys and low, smooth™ ridges (Pl. IIT Section A, B): beds of
‘the rivers were all graded and Ehen' sediments ‘were ®schgrged at- favourabl”
“Places—the. Chian«chmtun gravel Thereiore» this stage was partla.lly d’estruct\e
and partizlly cobstruftive. Its other W the gravel bed, surrounding
Labachan and the area, encheed by,the aﬁo eontou; on FL I, -

bordered hy fau‘lz ste_ep wa.lls wh:ghﬂ&e from the | the bdttOm about 70 mhgh and are"
qﬁtg—_oongrast. with- :h“ese-._jnst. abo\nejhem .a.s_t --

_‘__El' Often si0pe gently upward

_gggm in. quesuon subsequent to the Chmngchmtun stage and m consequence
reopened a*cycle of amthererosmn—theNe&hangcuttmg Th:reﬁenipheﬂﬂe
farther substantmted by fmdmg the “Tn-grows meander valley” (PL IV) of J. L.

vhl along one of its aries, namme Kanho River Itmeandersupontheup-
eristic steep bluff, along the conchE

of the loope As expressed by €. F. Marbut.? “The average wldth of any upland

he time

when meandermg was commenced” The elevatwn of the stream a.bOVe grade is,

evidently, a result of an uplift of the Tegion or some other eqmvalent such as.the
lowering of the local base level of the stream,

the present river cha.nnel (about as 15 to o times w1de) n the valley, 'occurs_
el_i'&dy fiood plain apon which, ‘the Nengkiang River meandets now impinging one
side of the rocky wall and then the other (P). VI, Fig. A). Tt undoubtedly cairies
its erosion-beyond the’ canyon-stage and produces a valley, indicating that the uplift
of the Nengkiang cuttmg has ceased for some time, during which, down-cutting of
the river gave its. way to lattera.l cuttmg The. ﬁnal result was that the valley
was widened, and- the bed was graded and in consequence flood plain came into
existence,

1. The Jour. of Geology Vol. XTI (1914), pp. 470-474.
2z, Missouri Geol. Survey Buil. Vol. X (186}, p. 102,
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- Stratigraphy

“The regioh surveyed is-partly occupied by rocks of Upper Mescioic, nuwsely
the Cretaceous, with alluvium and partly by theoldﬁtrochs.tht Amhmgm_

"Tﬁete m_oﬁlf‘ one beif. ;ust to mmmd&m'hueocmsaqm

summanzed mtheoolnmnar eeemnof PI II mmw::r.ﬂs
h{owm‘partoftheﬂmc mmmwmﬁmmmm

fﬂé&mmﬂ—ﬁmss,—ﬁﬂ—ﬁ‘fm—rmm are-s mwbths Ieﬂ

expose’a (PL I); tney are the southern patt of the P_uhsl dstn:tmgfmm
J;he Pnhsicity nommard to 1akuma ___:

brownash—yaﬂow—or—bmwn:sh—wh;ttiFe‘EErmmmBmiy

oneofwh:ch ]tlstbehmdthevmgeof Temnhuchn,encknesdaﬂ:mmwbxh
ﬂe—especmﬂymmte and is rarely sporadic with phenocrysts of feldspays.
I:M.jmmmrmmmm&mﬁym

general 1txso{agraylsh whltq ookxandveryrwstanttoweathermg M
ne&xsest:maxedtobeaboqt zoom.andiromboth ztspetrographnl chms:teras

well as its stratigraphical posltlan it is very likely equivalent to the basal qmrtnta'
of sinian age,

“THE NENGKIANG SHALE FORMATION. ~This is either a gzay, bisckish gray
or bluish gray shale of a rather ﬂneandumfomtexture, oammllyltbecm
calcareous, for example, as that occttl:nng_a.tWeschmwopu mm‘xntmﬁ
north of Pokenli. 1t is typxcally devebped in the vicimity of ]!.ergene or the
Nengklang c:ty and so derives its name. Thetwoothetphceswhere ztuntctups
are one about 20 li to the southwest of Pokenli, and one at ijbut 20
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d 3 mmmlsrmehdngbuth auglgeandtﬁ.gnehtr_ﬁé
Mmmnypuﬂleﬂyamnged,gningaﬂowstmctm
Thexre ave two kinds of pyroclasti :

greenish color. l[nstaitbemamveryﬁne on]yafewmfaxrlymatse.mntammg
h&agnh’ﬁagmﬂxmymc ongman:lquartz sanidine. ‘The matrix js
Iargely glassy, Myshowmgapethncstmctum.

. In regard .to the distribation of thnﬁnmmtherearethreemundntncts
m

- coars -—and-taff fig {tTnbhonshnn(ﬂﬁ[l]}-
mmmmmmmwmmmmm 3

W o the west of the last mentioned locality it widertis the
t:aﬂ:yl:eas"idlastherhyohte, bothbemgmmallyoonﬁnedtothe northwest of

I’aymtﬁeli;_'—'l‘ b basalt “frequently forms the topmost layer of the three sacces-

swe hﬂ—ﬂﬂ‘s, and; = uccmaﬂy—mdﬁzlamT la.ye'i_oi oonglomerate, for

at Paymchleh L 11)

3. Between Taianchen and the city of Koshan, it forms low-ridges or small
hilkand!smmtnﬂy ‘composed of tuff. The tuﬁlsnsuallyveryﬁneanﬂofav
freshvhxsecdm' Ahout 15 htothemtth—eastof‘l‘manchen ooalsmmoceurs

1t is-usaally very poas tin fossil which, when present, is often poorly preserved,
There are, howeyer, three places whetetheyyleldphnt fossils namely Tiebkoushan,
- Chiangchauwoli and Snngshn.lmg (&ﬁﬁ) about 3°H to the south of Yissukdn
respectively. They include the following genera:—
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‘Cephalotaxepeis Sp.
~Zamites-Sp-
 Osckanowskia, 5P,

Besides, both fossil wood just beiofﬁ%coﬁmmm
remams in the sandstone of T1ehkoushan were found. As revealed by th
~as ‘well as its .strat1graph1¢al pos1t1on and the petrographrc'_ shafacter, it is pro-
_MWumhnfm theEhaoyangsenmﬁijﬁhol whicti Bas been assigned by Mr.

Tan as an-upper Cretaceous age.
nmuw ob?ﬁ;issedmainlytf sand and- gmvels—thﬁattermchd-
ing largely 1gneous pebbles such as agate, tra.chyte, porphyry, andesite, a_md rarely
gneiss. - The pebbles rangein_ folm one cm. t0 4 cm: mummeta'—mdﬁarfnr'
genera.l Waterworn Its d:stnbutlon _commences from Lungkla.ng on the South to
3 the north As all of it are unconsohdated it forras the
; : e vicinity of Lahachan Its

age probably ranges from Mate ;entim’y to Quatematy

Geological  Structuré

Tﬁough the geologncal strictures of this reg:on are not Very simple, as revealed

. T‘_' "l.u'l -‘I*Il- akar lﬂll‘

'to dwcnbe thektmlly ftom such a l.'a.pld reconnalssance hke tlns However,

~some Tjor tectonic-featnres have—beenmegaued.—wm—_mee described as.
Sollows :-
'FOLDING.—There are one major syncline (Fig. 4) and orie ant:clme “The

former Lies }ﬁtween Sh:hchm and Payenchieh while the latter occupies the regmn
from- the_lastmentmncd_kzczlrliy, namelv Payerichieh: to Nengkiang city. -The axis
of the synchnr‘gmeraﬂy“trends—m— SW—NE—du*echon—and;—sa—the—strata—en—tt&
southern limb near Shihlichin dip northeastward while those on the northern-limb
at Payenclneh dip south-westward. The antxclma.l axis generalty trends in a SE-
NW directiom; - nearly perpend:culax-...to that of the synclme just above mentioned.
Its” western lxmb is formed by rocks belongs .to the Kanbo formation, while the
eastern limb, by the Nengkla.ng shale. There are still more folds, but all of them
are very local in occurrence and theretore no special description will be gwen
FAuLTING.—Two major faults bave been recpgmzed in the filed, one near
'I‘emuh,uchu, the other in the v1c1n1ty of Pokenli. “The fault line of thvformu’
nearly coincides with the sourse of the Huojili River (Fig. 4) while that of the
latter is followed by the Kolo River (Fig. 7). As 3 result of these faults, the rocks




lihlates on. the np-throw side:
'I‘ns nhmom&mwms “AND FAULTING, =A% Mﬂm we

_______ '—_ﬁﬂm iﬁi‘_y_"&a almxﬁmedbythndﬁtnrhance The dateoi the
faultmg may beoontmnpommous to t]:atofthﬁoldmgorstﬂlyeunger Regard-
mgthe:rnpperhmxt xtlsmtheruncertamforno formatlmsare yetfonndmthzs
mwhmhamMMﬁ. Hmudwrmpuew_ﬁﬁ_
mmrwwmmtmmudmw
dlstnrbanceuewellestabhshedandwemycatchsomeduetodetmmzt,
thoughmtexactly AssmdmdhyDt ng,thmfold\gg_mﬁgmh]ghnlr

mwhmm mu_safveyee}—rhv—fumad tobefound).n_a
well whﬂeitsdastnhuhonasweﬁasnsihwkness:srerymaﬁam

Chiunfengshas; Puhsi district (5,262,000, 1238 m89 5373 | 1300 | 6480-.| Bl
370 | 3884 | 5002 r3j {.6714 | Bl
Tiekikotshay Pubsi district ’6954.000 514 | 4434 | 4130 916 | Cs
Pokenli Koalian district 3,563,200 3.54 453 5283 | 00 e Bl

Besides, there ayve also- flurvite and fipe clay wh:ch has beenmntannnatedby :
—liroonite. ‘The latter occurs at Kotamha;ust‘besxde the road ﬁam:ﬁihnatyh
Mergene,"'apd is mmed for pigment, ‘The former is reparted occurring in the
Archipan goeiss not very‘far from P«ﬁbchl (ISWEX). Unfortunately . the authors
had nio time to visttit.
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