W OH OB B OB

B A

F 2 B4 BE % B A Ak 3T B

WO T

Bi %

B K

—
r— illy.

B+ =+

% m
St it LR R
ﬁﬁ?%ﬁﬁﬁZ%ﬁ ........... r%ﬂﬂ
_w%ﬂﬁ%EZﬁ&uzw ........ W:%ﬂﬁ
N EEENEEEE e 8omRl
CASIONREGEE o SRR
SRONREEERE o "

FERSTBFEARLRALDRERBRE S 4



P & # &K B B % B
SRR A A

WO T

= + = B

ARZ+# Z + 7 B K

3 T R B
T B R 4 ST
% B ¥ oW F |
= /5 % A W M
X =z 2 B A K
m m w & & 8
@ w3 o om Z M = H
& A= KX W o2z &
* B B & o
& ; ; B
: ; S

: E

T #WE H O 8 @
B ZHE % 3
e W W F

FREAPGTED TR ATL KR W &




SRR |41 B

8 KEHIE R
EY} -1 P reerniarens LI TTPCIPPCTPIPPPIOPPPPS ..
11Dk 2 COTTTRPETPICPRPPIPPTPISPTRITRRERIS RO e iaraeeetaaeteaaans
GO T TP PRI AT n Tl
Q.nvﬁﬁ RALLLITTICLISIICTL P . .h?"..(;..
. ﬁ.ﬂhumﬁ.. ..... .....,........:............2........................................_... -
R E B ERERNRE
:vﬁ%,_.......n ...... ‘e viertaan v e erareaeiery raveriaa e i evaanearaeanas e aaas 11
(1 DR IEANEEE i et eereeeneraneiaaees ererneines e e reann e 1]
(1) TS B SN SR ANER 1+ lemreerereure b e a e et aaet s Eraa e T 1]
gt b g N L R L LI T IR TP PISP RIS reraanans e e :H_
(DR ENTRER oo i evvrevrrrerereecmnmranneninnes O et rrtaarinn v L
m.._nuﬁﬁ...._................ ......... S CTLTT e L TCPIPEPIPPRTRIPY PR Cedeanrmaaa. heavian eeeenns E:

Hb,uu.w@uﬁ. ...... TR R TENEEEIREE R R CEPLPRPPPPPRAPD .::__
T..Aum..ﬂ#....... ................ frasereaninean Chanreramaestarensiaanana SRR 11

R E A SRECEENREH
A:ﬁ? .......... G PR TR R~

FE®F mK |




2o oM m K H

CIDRESNHAEH - -ooreevenees e o rreeasianreaara, FETRTPERISPRRP e ettt ey as It
= 5T R R TTEeE e are.ameretasnrnraans e varaeeres et iaesaeranas e et e A e et ae it ieaataaritaacna rap ety HE
® O® ¢m@%z S R
@ 3 ETPPRIPPR S D RRICREETTELTEL LI REERELLS R T T TR TT T TR e FERTEPRRYRS :Tﬂ.,
C:mmwﬁ.:_::_ ........................... e e tebesrereianeen st earrere e e B0
:J«,ﬂﬂiﬁnﬁ ......... LR L LN AL AL AT e Saee EERERLIRETRETE resaraeaas RN B
(B> Em%ﬁ.wm .......... aeres e iareaeraany aen eareiienessenna I e, R e aatineeeran et aann W_
Aivammm ...... eervarraniiaas e emerateteriiansass e [EETTEITPTT PRI A eearearrteaa b e e i eas g1
ST TS LT LTI TP PP LTI UPPYPPYIRPPRS 2]
Akvmm#.ﬂ.ﬂhﬁtAn%ZWw. ...... SLLTCELELETEERITIREREE e et .................. ARRRRRERALEREE Em
(R)BEECEITSLEEINEE Ceeraaes Verreiaeaeeiaans ARRELEERRCIATEE e e PRRTI e B
.ﬁivﬁéﬁtﬁﬁﬂ#ﬁtﬁﬁzuﬁmmﬁ ....... R TR IREEPRRY ....... e mianaee e e g
Iluﬂus.:..::, ....... e asaeariaees e H e bt e e e et s e e e e et d e e e E et anrarae g4¢
¢ B
(1)RBfl eeens e TP et ST P PPN [RRITREITS e RERCILCPRTTTIPITLRS B0
DS BIR B e eertieraarasaraane B P 23
Q:ug,ﬁ.%*z&mg.&nﬁ ..... fesairreeeaea eraan. R D T R PR P S PO TP PP PP R YT PRI ITPPPPRPPPPPRP B
Amvﬁﬁﬁ.ﬂ%ﬁﬁmz&mﬁ LT P R CRETRRETSTTETPD L
A,nv.m%ﬁﬂ%&%&ﬁ.z%ﬂ .................... LT R RIRTITIEI, LR P LT SRR P PRI PP PIIPPPPRIRRPY wHO

i&ﬁﬁﬁé;ﬁﬂmﬁ ..... etesaisene L T u T T T T D errarecans Cemneaseaas =0



CLMBEMD o vereaom oo eee e
¥ C&ﬁ&ﬁ?ﬂ .................................................................................................................................... MY
Q:wﬂﬂu ............................................................................................................................. grmrrsen s Wiy
CUPRIL e W
miﬁﬁ ...... R W
OB e e e -
mmm - e RS
R e

ﬁﬁ.ﬁ% m R I



HE | | R A LA
Egi |
] - IR ERE BN SRRE RE o SHEER - RRG SRR B R A S - i R
RIS AP EAE | (A0 - SRR R TR ~ ST - RN - BE KM IR - DRME Wt
ERRBETRER | RICK - SRR - SRLENEE AT RN - SRR BT - RS
- 1 HEEN | EER - KEHTENG R - SRR PR - B - RSO RYE - DEER QA& ] ¥
NI (EREHEEN | ) FRSHE(RR | ¥) 2 | O)+RIHE - SLEE-DERRY - SRS - REFREN | £
_ﬂﬁﬁhﬁﬂﬁ:+ﬁ&z,%%:mvm_+:ﬁﬁﬂaa ﬂﬁ;
RREM ~dT IR TELE S | | DHEE - | E RSN - T - saeian’ |
BRERLTRE - ERE DTS - ERENIHCERNBRNGE - SKBLIQ - IR+ | Dok THEE - WK e
& - EMNRYE - TONE R - ROV | RERREERSRE - ENE T - ?£ﬁmanmaﬂ_xPMW
mRNERT | ERNYESR - HR< KRS - #EREREENGENRK - RV - SRS R R
Bl - HNDEHIEE - +IDHREMH IR ERREER - |+ DSEHIR - BUS L ENY BER - REEWS
FREENETEEF R0 - WD - BREMTE - HEICHE T - K (I ) BRI B
R - WEHEEEHEN +1(m -
P @M T - B RE - EHI Y SRR EE R MW - AR - KOS §HRC R -
BEK | HE@EHR | ERRE RN - PRCERER - FRNTRER -
2 & R P |

i



g OB K ¥
=
¢ BRI~ NS EE  SERYO T IR R R - R - SRR - TR
B - K R o |
SRR K - 3 S IR ~ B - SR ECE | § - HOHYSENRE - BRCORE - BTN
RE - $HRINHLRMRHRITEKHRER | HER - HRERY - mmaﬁmmﬁﬁtm,ﬂ%mmﬁﬁaﬁﬁm ﬁ
HEERERREE o
| ES-SEesERLn - SRENE ~ EEDERE - AWK - CH8 - S - AER SRS SR8 - B - KK
EHIM - BROH - HERE - HBEE<KEE  EORES - 2R - MSHSRER ST - O - R
MRS © R - K - DEE R BERE - 258 - MR ETR RS - FREODTREN - B2 RE
- YW ERBE ~ ERBENT D o
B
HEBK - WEESRREES - RRE!KE - (SIS - WENSEREE - LRGN - BRTK - N2
KR - SR - FERERES - | EREBER - K7 QAR -
(1) S@RE—CHERNENTEL % o
1) PRE—BEEEX W NS - BRI BN .
) BEF—REEEERSNT TN .
ﬁaumamlmamﬁﬂwmﬂﬁﬁzmm o FORRRAE | R - - BEE PEKE | ERENTE - AR -
REDRNBREERES - BRRWES - HIEDERNSRBEES - HIVBRH IR I - &mgﬁﬁﬁgmmamz



) $QZﬁﬁ%#n,mm&L o SPREE - MGG - SEE | S N - RSN R EMERE LR
B (SNSEDNE- EESECERE o ) EHER - SRSEET o P - ~ REHET - # W OTHERN S -
SRR - OHRKIRBERNG - ﬁﬁ&%ﬁm%&iﬁﬁﬁ HUESEN - 122 | REKH - KSPENELRERE
M RN - #1 Rig0 R EE S - imth%ﬁwmﬁc
(1) BER—-SRRRARHARNE - FNPILE- ~ R BIEE R - SR HEENEE - @ﬂﬁz g | AREENAE
- TR - RS TREEREREED o | RERETE - REEGRERNHE - - B EQRHE R NTRNBE -
_m*féﬁmﬁziﬁwg,nxgﬁz%%m P 5 - I R o IR FERNK AR - B ORI
B ~ 9 SRR SN - RS - BRENEY - TAERRKTHR - BER REQREDEN 03
BB o
() BHE-KRER - REKERENS - - BREERE - FCERPRREEONEL - - BB - W4 R
Lo HEREE o xg&m DR IR - &mgmﬁmM#aeﬁ%eﬁ¢z@¢ﬂ%mnm NE -
e :
wmaﬁgmmﬂm ﬁﬁﬁﬁﬁ%kﬁﬁﬁ&& RERYFEEAEBERERS ~ PRETERS - R-RERZRN -
R NRHNAER I - DR RREEEY - BREK - BEREE R - BRI RIS - BT G@)
- BB E - msx#am%gﬁgﬂﬁﬁ%zmv - REEWTICEY - KR ERE -
&) u.xxm:&m ........... ................................................................
1] u B Mo eeeereeennens reris e e reee s et aerar e TP UUPIN QHE
O Y RIEEILE G v e e,
2 BB B i



L ﬂ  &

ﬁ.mu#ﬁ%-.....o-...o:..m --------- r-.-_.......-:-.;-..-.-..-.-..v.-.r ............... Gremdsatisdasaatanerin %mﬁ .
CHE ) REMIQECE o ovevmsemsonsnmiisnsiss st et AMEE
ﬁ An vaﬁﬁﬁgvs.-v-r ----- seserenas . T T o ...................................... \
QDY ' T°EF RN edeeraeensins rereeens et re e, R
() S e [ETTTPITPIIPIPrY PSP TP T IR
(R BSIEQIGHE v tereerenrsens e ceerrraeens e ®NE
ﬁ ..T,UWﬁ.ﬁ.............:..... ,.............”...... ........................... N mﬂﬁ
W&HMNCCH =KL T
N.w. R F 5.E.
13 B mk iR $t | Maowutsion UINIE M . EL
H:.nbﬂ-m_:ﬁ. "!._Wban_\.n}mac Hu...a_\_,_atn N z_\c.__-mc_:_ _ Paéghan _\uh___h___a_..._ .m.n__a%.___nam
e e | P T i _ _ 2ty

Fr
T S S N S B

HEEE - - RE R ER R EE R - S DI - W RSCRIER SN - WY | YRR ERRENKE
B - TR RN EIRE - BN - REKERTE - RERNEERIE - TREE - 1SRN -
SREH - TREE - ELKEENNREN - TR ERECNES - CEREHE - KEKLESCUNRIRN KBSE
VEREERBES - o | BEEGKImELN - HEHEK - |

C 1) REN—CE A ES RS - RTINS - 2 - NONFRUEH ~ R @R BRI -
F R - SR A - PRSI - SR ~ SRR KA - BERREOFRN - HHUNFRR
EX-FRIREEENDES - CRTHELEER SRR o BRIN UK | B OONIKI ~ 200 5 E K8




BONRRRIE - QXL S I R KRS « QR - WEIR ~ K 0N o - ¥ DT
BRI — |
REOEBZRI— | PR
AR

T K B T CRRE<HIBNBECEEHIEFENEHT ~ BEHI FRINKIHES LR
BEHESRE - KRB EAHNE - PEXHTEREEE - SEHHEHT | £ - SRR CREEIEENS - 8 | 3
B & DD R W% E B W

oW
5 1 K #WE W o
Tsaetsialing Nangchiafsing £ b?._aﬂa;n: *nn...“.f.

o
A e o ey W
= e

FEE BT AN REEEN - S EENTEN AR B EEL - SRR - KRN - SRR - R
0 WMN QKRR - MR ERERERR -

(1) MR~ 2 R RO KR (81 [ 2RE | H) EREQHE - SR KREEN - e o
@H - ERIEWRI - £ HRKIE | IKBNGKH - FHEDRRH SN - RERLE - YRS RSO X - kR
R - R B R R IR - NS IR RNEY - DK@ Lower Arenig #1QiQHa - m4HIS
...

HENEK BRI Loc. No 1o :-

.mg_.z_cmamwﬁm anna Hall
2w R B e



B W B
- Phyllograptus ilicifolius Hall
Tetragraptus rmwm_& ‘Hall
H.mnnumn_.mw.ﬁ.sm Hvr%:.&n_mm :
.Umawgomp.mvﬁﬁm mnﬁormpm .H.H_m_.:
| UE%EombEm Enzsmo, Solter
:Didymograptus nicholsoni Lapworth
Trigonograptus ensiformis H_.Hm:
_Umoromnmvgm separatus Eller
Mastigograptus circinalis
KRR INE Loc. NO Iz
_Hmﬁ_.wwﬂmvgm __.ummm_um H.Hm_.___
.H_.h.mo_womum?ﬂm ensiformis Hall
_,Qu%v»omamwﬁ.nm
EHHIEBEEY Loc No C3
_ﬁumaw.ao_mnmw_ﬁm extensus H._Hw:
-Didymograptus hirundo Salter
M&w:ow_wmvgm .mn.mumzmc:m Halil

Trigonograptus ensiformis Hall



X ~ SRR W - - BRI RN R 1M - {3 R X S R IR | b
i B A o
1) KB R— SR RN KBRS | )RR - a0 - IR 1 RN - i
HTOEDENICKREH - BIQHA - EKEEDRRTRE - BOFHGRHFILN © 4R RGEN T ~ R~
BEREGRERKERRIE - RIERKEBSRBP L EEN- - B2 HREES - EEKEE - HTRE - SIS ~ 4
B~ B - BT ST - A - R - IR | RS RN S - MRER R o 4K
0 - NRPEDMTEN - KREHLREH ~ D E BRI - SR NIRRT ~ OB - <RI RS20 8 e
- KRB RN EHE - X B RLE RERNR - HEIRRR S REE
W EER  HERE [8) oo No It (REHEN-8)
‘Tetragraptus .E%E Hall
Didymograptus cxtensus Hall
M?wozcmﬂ%ﬁ_sm cnsiformis Hal
HASTH R4S Loc. No Trs (B MEN )
__ ___o:rowswsm rugosus
Orthograptus truncatus Lapw.
Mesograptus foliaccus Murchison
CH ) WM~ R K SR RN 4 - € X0 SRR QB QNN R - L EH T - R EEREEH -
(RN | B DR @ KRR -~ SREENQ - MR E R R ~ FERKENRRIHEN SR o
2 om B B 4



2w B =
COH) RO N E S RERTE - | (EE TR R - SEON LT HE QN - DXL
MEEHES - XREWICKI - B0 N - DR - S DERRE - R0 KIH - BT QI AN MR
B RN - R IR | DERBOES - QLN - € | WEEE RN KR T - KL
PURARE - SEFSSERSSHREMES UER - HUE | BRIVHENBIC L - BLUFRITI - FHLHK %X
MR - RREQSUNERES S - YR EEERONE - SEEEES - SENSNEED - MERCLECREOK
- ERRE - HEIEFS - MEEOS TENEENERNG Y - TS - HREK -
(1) RORRFIOK - b1l ~ IO - H<ENBIRK - H 300 - HEWEKT - EBNBBE L o
(11) BQ BRI N NE RIS - B+ o
(1) B0 HIER S REENIKER - HAHE . 2DHHE o
(&) BEelsgiame - 1 [ o
(i) BRI - B8 H iz R BRI « 21 o
() RERIIRER o o |
AERECR |2 KK EREN ~ KGR - 5 TENREUIE - SR TEREE - 10X | e
1 IR - R ERE » B8 - WEHEEE -9 - K NERRBEAENY - € | IR - B aH
W[ REEN - EECERK - HHIBTNEEE - BERSQSE SR TEHHIR | £ - $HOKR - g
HRE - aﬁmgm - SR HIEN - WEESNRE - RO BT EPIDES - 4O - S | KK
NEE R |
ﬁruﬁﬁm$;¢$umsw:g&maamﬁmﬁﬁZﬁﬁmg RN o SR - BN - B



AEMHBEPEBELL B

=
Pi———y :

=B

TRIASSIC

o SWEEIXE  Thin-bed limestone

Series

PERMIAN
Lihsien Ceoal

& B
WK F

mLaLL: W E & Pinkish sandy shale
coml. ! _

40m

FEAEXERAE
Black shale and sandy shale

e - —— —— — o

= 2077

HEMT ERX—RF
Yellowish soft sandstone with one coal-seam

] 48

EHAERWEBR_NRE
Soft sandstons and sandy shale with
iwo coal-geam

=\ 2o

EBERKEERERDYE
Black and yellowish ehale

interb sd’ad'
with sandstone »

100:9)

SREHERWYE
Coal bearing shale and sandstone

REESERLE
Yellowish white guaritzitic sandstone

iR B E 8
Browrnish white ¥ine sana’sz‘ono

WEEBEWE Soft brown sandstone

50m

BMERELE Brown soft shale

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

30m)

W2 Massive sandstone

MEEXERE

Feilaifung Limestone|

E0m,

BMERWE Conglomerate. and sandsfane

By T BIKE Siliceous cherty (imestone.

a5

RERYESE Black sandy shale

REETIE Black cherl beds

75m

IWRERERRDTRE

Stliceous Umestone mterbe:g’fed with chert {ayem

] 30m)

iﬁ?%?ﬁ?ﬂ.ﬂﬁﬁa
Sificeous {imestone " with chert nodulvs

| 20m)

Réﬁﬁhmﬁ. Grap- massive Uimestone

B SE TR b B A D
B AT | BN
EEEBBEHRE
- | RN -

“ BERNEERY - HH
R NEE T X |

i

=
ey
\‘
l
*
o

(N 7 o

i

-2

BB EENNE

ﬁMEHMﬁI

i3
o (EE|I|$&

) B{SISEREERRE R
b R N
B - KFEE - o

2
[

ﬁ S
$EFBE MRS e

B - dth - o
WO - BERDE]
TREH A - S




2 m R R 10
NRKRIHRREES - RITRKEE o B B - N B 3 o
BTN R - 4 FRESVICHN - RERHRRE-

BEEEKET LocNo Iy

Gigantopteris nicotianacfolia

wonow»oam w:.aﬁ.mmo:m

Neuropteris sp.
E%%ﬁ.ﬁm Loc. No Iro |

Alethopteris n_on::_

Taeniopteris latecostate
¥ Loc. No 16

Www&mﬁom. sp. :

(9) Bl KR — R F N RREE N - R (RIS DEK DK - EERK BRE
SN - SR R - BTN BRI - HEKERPRI - R - MR ARG RN KR
- £BEBEERKUCKANGE - EEKSRLANY FENER - |

(R) RGN RS ARSI DR ~ W R QR0 - R RN+ Y e A R s
i - EREREENE - KISUEDES - BHEE | KEEEKEN - SR 2 RGBS - KEEW o HENERE
B - | R RNSETE - BERE RN SRR KRR QR - | EK - N | RENTEE - B RER
RO - TR - (R



et

RN

B R ERD)
R DI R H

L ED

HORIK T

GEL |
Rt KB ERE) |

ZLFREERER K INGSY - RRCBHDREER - KEETRHIR - BE <Y - NERNASR L8
~ BRI KIS X R RE RN R BRI -

RS - IREEY - KEEHECR ~ YRR -~ R EEYH - EOEQTRT - TTEE RSB EURHR TR ~
S LSO R - SEHE - 2 g SE RN - SEN - BRI RN - EREH RS ~ F i
KBTI - ERBERLERL L - FQUBRS - R HIRENRHCHY ~ <R RRIN LB - QS K0
- SR - R L o KRS R BRI ~ B L T S SN EN - 8 | W
- REEHHBRENBESY - SO K SN DX QI SRS RN T o

AU A - R ~ R TR - AR - B (B RN Y ~ W R -8 - (B
S8 - WEEE - RN R ERNEN Y R R - ERE | R eSS - RERTEN S RE
I~ SRR TR o

2 W B B N

- e

N, mie?’

44 25

———

-



oo O | IRl
i - S R | %%ﬁ% ~ R | RG-S B YR ERNER N | B R - R EERER DR S ~ i
BN o - ﬁmzmm,ﬁﬁw.«,& ° |
(R)ES ﬁﬁﬁ%lh%gﬁﬁﬁz R ~ R RER e -~ E < BT TR RS - YR R O - B
o ~ EEK i B+ E,mﬁﬁﬁﬁi AR EE R (@B )

o JEAFIKDL Mo g 12
S TR ED RN JEEG%
S EURWKEN ( FINITHR) JESEEGS
< F4
S EDRA R
- BT RJIR D wa | mp+4e

R - RETETREERER - G URLE L - ~ W R A TN ~ RS RS E A B -
HHERID ~ IR SR ERE RS QU - #3  HRET » DS - S BRI HOEE - 833
_a&ﬁnimmﬁ LEH RIS - #HHIT ~ THEEX - FENEEXEYRIOT - BTIONE - N KEHE - Ry

- RN - CRHEESD
4 4]

S ERE - STEE - FEREXTE - TERRQES - KEWSELIYOEE - 0L - BERE - TR
PMEBERER LR T EREND TS - SHOERNE - EEELTHES - AP IRk -

MK B — S T [ (R B | 81 ~ REGEHE—EEE - ROHIEWIE - mECERES



RN TR T KB R R A R I R I W ~ IS 2 1]+ B ~ IR I - R0k - IR
4 REWENE - TREONEERTE - FEENE ~ RE 11 RO - SR G RN - €I BT
o VR - B RERKIEFCKR - B | 22 - 1 REBLTRRNSQ - BRES WA | LTEENTH - WEE
JECC R | H o MOWERED - XK SCEREE - EXRERINENE - SRS - BRSmNE - HE N ENER - 18
BEEE - SRHR KRN - HEKEWEHET - 04 D RREIR IR ENS - T RSN o
EAESE_EBEERYBSTEN - € | HEEE - THEEES CRERXEXBENECE - LR CERERE
BwESWAABHEMYE BHOEH

. 5 3B
F - ¥ \n..E ;i “n
ke _.c 3 .
\-\hn.-”tnuia .ﬂha&ubn..__.ﬁ‘ ~. han &bl,auﬁ___hg___ux
o _1... . \\\\. }/% ore

R T : ._....._..-.........._.............n._..-n.#v_-
e e e SSaa
Boiessit e e, ,......rf hﬁ?ﬁ%

FL Fe

e R et Ll N |
. P2 Pzl

T Fcd

Whkzoa o I0p dop EC0 oo inopem,
[ N i Sl |

- ERREE - NEEREEREEE - ¥ HRICKNR AT - YRR < SR -

1< — P RIE TR~ ERIGKRE | 1 DR - TR R RN EOREE - DEONNEE L
KB+ - @ SREKE - ZEEN - EONRNHY - STRETENERGENNER - X ERICKH ~ 4 R
FEEE | £ - GEDELNBRKRCLIEBER - ELRERYDTNKETRE - LLREESECRI AR IR IR
W ST S - R - QAT [ RN Y - KR SR SR E R GRS o

ERFEE L RERTERS |~ 56 | HESE - | R OB - ENE LR EREE - o R
CTER

E R



2 W OB OB B

WS —HE K ER RN - &R - RERY - EHIRNTREL RN EGKER ~ KR | %
M- R DIEE ~ SRS R A S S B - T I RIRE SR SN R - RN R
WA - S I R S N o

RIWEE— N RRE ~ € | A - - IR AR RS - BERTR - TEEECENER
SR EAN RN QIR - KD EINRERERES - € | SHIEE (BE—ERERE ) NEER - BEQE
o | | |

Si TREW— K IRERETEN - 5@ | LWL - REHHTEEWLHEL - MEHEREE - | RNIE (R
BRENERES - RENWQYREERNERRFER - BECHSELEENREHEE « g R EE CHEL KRR
REEHUKEE - R G TR R - EWEIEY - KEEHGEK - BECRENIOK - ERITH S - ¢
EEDEERN—RERE VN E—EEE - BREHEHEN - BRRKGENE o

WATRE R E— DRSS ~ BN ORI SR B W SR N O - - BRI - R T - 6 | N
BEREE - REEEC ORE | @ BLEHEREY - DERESEK -

PEETERGHEBEES - € | EFREH - REXRE LR —ERERE ~ 1 RPN KRR -
KRR [MRBEE K EHENK - SIQEH - ERBEECP L - R - RERMELNYE » SO0 KEEK o &
BRE<<WERI®o

E
T |
 BENHE ) PR ~ TR G - SN - B SNBSS EE - SR G S - ERE - IR - K



SR o WD R ~ R TR ~ T - Bt - RGERE RN - FHEBITRE - RKEENIER -
AT~ WM ~ AT - S - NEBREH - WS TEENETE - IR | € - A8 - <R
BT | 8~ B RERER  BAH ~ B O - IR R B R SR o RN IR - it K - MERE 1
1 MO N Y ~ 4RI B ~ o KO ) -~ RN K BB E S - RIRRRI- - |
BIEE | B
Sl — T S EANE R ~ BRI B - BEERS EEYE - e S8 - REEN - DieE - Fo - Hig

B I BBE KM B AW

N.N. W. REW B 78 $.5.€E,
. ER 1% P Shuanfangtsion FPatackang .
M.S_w 4 ou : Jaochuaniing : :
. - . ' [l e ! __..n 2 : = m e
v A A e sl A ipcg e
bt 3 K. 4 WIS, = ot e e try R Ci, LI I R
r R % g Gr * cr2

Wizee o Zoo 46¢ Gov #0¢ rooom.

~ DEIE - BIEM - BEETR - IR - DR E - WEE ) 8o
RE—EOESE - EREY - ITNEREE - SVRORER - BRVBE - DIREHEHEE - TREE - 2L
SPIEL ] ~ THEWRE ~ KE B o TR IS T - B TR 1] B - B T BN -
WA~ ERREE L E ~ MEBHRKE ST o S - BIRRR 1 8 - B - BE<R - HMACSHIE
- R T e | B - RKAERENRH - KBS (MR ) BRI - HME HE RN ) R -
K (R ) B - T RSO 1 o S - ERUR - (SN < RICE L » RIS
2 KM B |



2 E 8 B | &
R o B B SRR - RRGEE ENK - PEREHIEER ~ (BR824 ) S NN o
Bl [ R R - BB K EERS S ~ e K o BRI RSN - 1
KM - HWBE R | | QUHE R - olE | - BR SR  HTETR | & - KR LERR2 ] -
BRI I R - SR - EPEE N - BN NERER o HIT Vg REE N - 0] ~ S e i
1 1R - SAY RSN ~ SRR (1 o SIS RTH » i 090 BN ©
S N - BEPREARAERE - R EORE R - NS KRR - S - KR RN
- RELEESN - EREE - DETRBENRE - KBNS - EEDINBE - BNEE - TRHSNGHE o 40l
SENGE - DEMREEEE - KHRETH o | THIERE - BER - FOW - HIE - KEHEDH - REBRT - &
B R - SEEERE - FEE ~ RN - HEKE - R - BRERE RS AN TN RS
R - BREEENDE - KT - HEPE - MRS ERRES - FDRARR -5 | - NG - S
BB - RET | -1 - REWEENCER - | KRCREY - BECREETRN MRS - MR - D8 - K
ERE - EETNRHDHBKE S - $ DTERNREEOGK - ETPEEE | - EQE - REEEN - V411~ 000
B SEKET | N - RS - M2 E - KE - SREERRE - SRS - MR EEEER - BEE R
o - SR TPHE | - HUK - REELN - | 111]~ QOO o WS | 3 ~ Wl - KB~ # | BEKESMNE - LR
@1 o PEAE | BUSRENEE - T€ | TP - SLBUKHERRHRUK REGEHNES - B+ &N
PATENSE - REHERENDOLERE S - RETKAAE D HEE -
| SR RREE - SEIERKEERCRY - OREK - REERNE - ROERBELERNSHERE R - N



B H % & BAS EWK K & hEw

s a5 | ¥ QENE 2K
w3 UEE%%M%] -2 1950 e WKend P RED % w 2
o B EEKES® LM M KW M W0 % 8 EeB T
~ § mesDeRk 1R K ES W WX @ _mmwm_ -
- W wos @ % .00 XY KO-l €10 PR N K Mmow <
o B moEoE om0 K N el & o® R g 8

BTG [ - RESHE | SEREY - ATKLWUK - | FIE<H - SELREHEUNLQEZE - $ & RK
ERKE - S H - BERE - SHEEE  MH<HEERS - AT HRONEE - SR - MR- M HERE -
| EEAENEE 4DEmSEEEHER - BSGNE - BWEEE - S8 - SRR REH I - MRHER ~
B DL ER L o SENRIE - SENEEE - KEE - BERKERE - @aET LN - ETRHR |
i ~ R - ey - %%&%&&Eﬁ CEE - M EY - RELE R - REKE - W ERER - SR m K
TR o RITEIE | £ - VR - RN - S THERROE I o HEED | B - REESRENEE - EWEH - K
N - SRR - SRR - NN - BRI T - KRN - RO - KREREN - HR FRER
Rt - GEEK - EEYEREHEANL<H - RESFUNTHE - RARECHE o

M E R K E
ﬁﬁlimﬁgﬁtﬁﬁrZﬂEE ﬁ#f.m%.zi%ﬂ &ﬁﬁﬁﬂﬁ#:.fi ﬁﬂ%%ﬁ.ﬁﬁ HEH | BRED

iaﬁmﬁomxﬁﬁ,ﬁm@;ﬁ%m&%m ERHE TP NEY o REEDDREBENKE ~ B LR HIENEE ~.
i - R - P REIN KRR - B RERERKE - ﬁgTﬁmmgﬁmﬁx#¢m BERERXIREEM o

N E N . - 1



-l |

RE R R BmHE - PR IR IEE SRR ~ RERNE - KE <K - HRTEN ~ B o K I M | g
0 - HHINBIENE ~ RICHET ~ B E RS ~ B I K IOE - BB - B | [ T -
B I SRR I N o RN |+ KB - BN R EANIRN | © GR!0

RE—HIRER - EFRERNES - MESE<REE - WHIEE - SRR - 2R - RESHESHKEE
RE - CELREUAHDHEY - KERRHEBIRR -

SR BAET | ERKHEE - MEOEREE - BRSO - COSREREESEEQER o IR ERYE
- SRR RN LB E A B - D - KR A N - R o B SRR - RS
~ ST HEKRE LI | [ Sl | (N8 - R e R - | REREEEK - ER - #EERE
MERR - WRRESE - SieEe R NEE - YN EHEEH o

S TR E N - KRE | a0 - BN KRR K E RN KBRS - SRR IREON
N~ FE TR EENE - SRR SR - (IHIKEHESRE ) BRI o HiEm @NKE - FRI
BT | - WEERS ~ WS TR VSR TEEE - HEKREREE - T | - SHERE - SEEN - BE
MIQKI - BRKE Y ~ FEEN R - EREEEK - WESIERESE - BB - YEH<BEN - BEBE -
FESK » WRLL TN ~ Hlohe - MEHEE ~ KR T RBAO - KR~ FHRE | 8~ W=+ 1B -
NEE DG4~ RENEEEE ~ 1K< ~ OO0 - WREESE | & - HE<ERRE - FWNTLERRE
I - R - R R - BB TR » RENREE) [ RENE - W RRTE
o - SO - G IEFNREE - [EERERS ~ KR TREENE ~ ToH RS - RESEKEE - SN2
RS ~ 811 R I SO B ~ b | 11| N o R | [ B+ 2 - SRR (R RO D 1 PO -



ELKK ~ CREKEEE R - 5B RN - BB ~ R E | &~ S « HER
CESNRIGRIE | £ - Diele R - SRR IR ~ RE | - | NEE o VR - S e D+
W o

HE— R ~ REESRED - 81 RERIELH - RN BEXSE - RANSTERY BRI ~ RIS

¥ SE 2 5 % s mw5 EEBE X & HEW & ¥ SEGR  uN
= §  waneEs b0 W ok k0B e wwm FOE g
2§ HSIRERE 100 K00 R0 E-0 oW wem § B &

ﬁﬁlimﬁﬁﬁ@ﬁéﬁﬁﬁTﬁ BEg - HhRHEEhe ) < ~ H<Km 8- ﬁH&ﬁ&@ﬂEﬁ cHME
5 - B > W TR ER ~ WEHECE - BERR<R - DR E€E ~ S LMREEEE o DR S NES N
RN - R D DR - ERSEEHEER - SNHER T - 4 IREE TSR - ERMEET - G
- SRR T BN -
[Ellag
BERNEIE - SER-RE RN LS ST ~HLEWDINHK ~ MMESKEKIONED - # RFLBITENE o
BN - WRORW ~ BB QKR ~ B TERRE - 2 REERENH - WERERICKRNES - BSIRK
BHEHNELSD o N ~ HINBHEG - NEEE - S - DEIK RN ~ (TN - RS -
FERD YL 0 N El - R 2 1O - BRI Y o 4 B | R - - PREITH ~ K
BN - MRS RREDR - KELE DN HERENOEREESD o HIEEE NG » B
B owm oW R PR



R G- | 110

BRLERA SRR REER § -
&1 - EH EEE—H - 1] BER— - KE—~9R - RO
g — | 411 LE—KE RENE— L EEE B#w—k

P
d

-t

NI SRR - KB RN B R E ~ R NERW - ﬁﬁkgﬁé I._mﬁ.&%,ﬁ_.aﬁﬁﬁkﬁ.:ﬁ #H I K
IENRRE - K EFRNIQER ~ ANAE - [REREHR - - KESNRE - EREK -~ EXEDRIE - Kﬁm:ﬁﬂﬁ,xmﬁﬁﬁ
P BETHEW ERNETE ~ BRORHE - HELINR - FREH{INQIWRRER -



W BEM AP EERAE T

NS\ Gedlogical Map of the Paimen Coal Field,
27\ Kuangfung, Kiangsi.
- CHAMPEE-FCEHR
Surveyed By [ Kao 1933.
PS5 080p. —xFRA

2H500 0 500 1000 1500 2000 2500 3000m,
241 X 0 1 2 5 4 5L

REA+Z_8BERE ¥
Contours Interval Z5meters

LEGEND 1

3 W FE EALE
G ALLUVIUM CHUKIANG RED BEDS
RECENT TERTIARY

E & R EREER CEWEA SR T ¥EXR
WUY! FORMATION THIN-BED LIMESTONE LIMSIEN COAL SERIES FEILAIFENG LIMESTOKE

K|

%5 e £E - s -
CRETACEQUS TRIASSIC PERM AN PEAMIAN

5595 nE W xEL R i w
DIP FAULT LINE  FOSSIL LOCALITY  COAL MINES

L ] 3 =] L= ]



Plate T 'r.ﬁ :_'__ %

) \-._'"'-—""\

B ’git%ﬁ_ OO K & L
ﬁeologlcal Map of Yiishanhsien and Keangfunghsien, KiangSI

. !Uﬁﬂ P +HIZER
Surveyed By P Kao 1333.

1 9 8 e _ a 12Km 2
E 43 21 g b 5 %Lill

zooooo -2 2%+

LN

AN
\i

f _
i ’
o :
= ;
¥ j
u :
]
: .. \..
H )
: /

il

risgta

A

3

\
1
IS wRe
. /3;5 A zﬁ\ Ershibpatu
J - ~
X ™,
WAL \
’ /Shnngl uwn \
- / ' .\

—> 3

/-
LEGEND

LM
GRANITE

B
ALLUYIUM

i
mtsﬁsmen HEtcgrr
4‘

L-X. K% if
KIANG RED SHALE

W R
WUY| FRRMATIO
=]
CRETACEDUS

HRENMN
THIN- BED UHESTDNE

e B =
TRIASSIC
AEWN
LINSIEN COAL SERIES
LR e

o Etmm‘

H N W R
YUSHAN_SHALE

il

K m X :
© TSIAQTANG FORMATION

\

#HOM
DIP

Nrso®

AL
FABLT LINE

/"-’

-~
B
FOSSIL L[_ICAL!TY
x .

W
COAL MINES

*




Fuck W K 30 B 42 7
BENERNJZED_ cu.umm SECTION or EASTERN KiaNesy

- TERTIARY |

—
—
—

%

B &2 £ CRETACEOUS

K & B Wuyi. Formation

I»ﬁﬁmﬁ Sof¥ candstne and coqg!meraz‘e

THE Unconformity

ARER T RN
fhyolite and Quartz porpiy yry

| Agglomerate, ‘TufE Sandstone,

o BMIRE® BE WERAKE
aﬁale and rﬁ_ya!da

—

[
M

]

TRIASSIC

v 200m.
Y [300m,

kg ?fadr_yie
#IE dndesite
¥ ¥ Sandstone

—"—r'}"r"'—r'"—l—L 100:m.

L. I Unconfor'm!ty

ABERE Thin-bed limestons

£ 4 PERMIAN

——
—

i _

[
o
B oo
QE

oal Sariss

Lihsi

ﬂi’k 1o g
Feilarfung

Limestone

BHX
Tsinteun
Formaticn

E——=—————x 90m.

BEERE Fnkish sandy shale

't Coal bearing shale snd sandstone

THMEEERS S

365m.

BERME Sandstone and conglomerate

4 lvvind|weloo 18?1?!

LURERE Sficeous {imestone

Ny Fault contact—

KR E
Tananling

100m.

BERREWLEE RS
Green and yellowish shale and sandstone

oo oL Eor T v 290m.

Limestone 5

EREREL Limastone with shale psrf;?g

—— ————1 150m.

REXSETHRNSE

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

R E & ORDOVICIAN

?éflowa/z and green phyllitic shale

s e e L e Sﬂﬂm

RERBE '&m and sandstoneé

| RREXE Imoure limestons

| REENRBDE Line sanditone

WQm,

REESX2UURE  Black btuminous shale




e BTEENS 20
([ )¥Edn

) <L R -~ (R Aoowsm Qms %Emdm:._;ﬂ M 2R NT ~ BElm e (Coke) NER o %m_m%zgwm BN
B - ENELIGEN - KERERIEN » SRREE ~ KEH - BRIEREWNE ~ SEQBERE®R o LENHRKE -
FERTN<RELHENN  SRCFENES - SEKQUEEH - RRFRES - FRGBREERENERGREN -
FEEEEENSRRER TS BER - MRS RENER - HEER RS o REEH - BEEE o b BERERS SRS
th o

(D EENRE

RN - EHHEIEE © oy SR NE R -~ BRI SR -~ W] o FHE - SR RN G ES
xﬁaﬁgaggasvmm¥¥#¢ﬁ¢2ﬁﬁ&yﬁﬁﬁ EREK -

~ PR HRNRE ~ RS RENEIR S .

§ B~ ﬁiﬁﬁﬁ# fﬂ%ﬁtﬁﬁt%% 1§ 4 {15 Y (Organic Sulphur) o
_ bﬁﬂﬁ@ﬁ%ﬁﬁ:%tﬁ %ﬁﬁﬁﬁﬁﬁnw:éo ma:&ﬁv o
 SEREEREEIRLE- ﬁ&ﬁﬁ@ﬁﬁ (Ferrous Sulphate) ~ mf SR HH 3 RIS\ N 88 (Calcium Sulphate) «
TREEEK as_vgg Sulphur) o
ﬁ*zﬂm@ﬁﬁ ~ KPR » RIS R R - QG - | [ELE RN HRERK ~ KRN EH(Wash-

ing Process)- ﬁwﬁ%hﬁcaﬁcs Method ) g2 B REEN o i IR H ~ (LRH M - ﬂ&ummﬁmgﬁ | 3% (Ferrous Sulfide)
F o oR K "



Fm oy B 11
BB (Elomentary Sulphur) oSG S BHLER ~ SN (Hydrogen Sulphide) SN o # | B URBRQRE R
N1#8 (Cerbon Disulphide) ~ M BB NGB RS - WK BEHEYRENEY - EREQNEE - B
B o BNWIFERNEE - EERBERE - BRHH - RVEHER o NN P - HRERNES -
EER - KSR SRR DRI - SEEE o FESTEE - SERREAE - QEH | BIERS R icESE
~ BEHMN - PRUEHSHRD - CREHEREKBICLER BN - S5 R - PROLE - BieRgmg
o RS @RVLE - BHEERCHES - RHERRNEEENCE - BNEEEH - BR | i o B TEEREN VK
o BHE-R&HE o
H4 RS RENEE S HhmEL
& WAGER(Volatile Sulphur) o —RIFHHE ~ NHEBRKESRE ~ BNHEH - BRERHN - WXHTER/REY
PENEBRER o
5 E M (Fixed Sulphur ) —HEEREEEREENENKE | i ~ BEHESBHEMEERCERES (KEN
HE ) NR - EE SN BN EE NS SREEE ~ SR 98 o MRSuE Rl - SRNEREENIN
- NEHRLENWEBLEHRE - SEYH TR - ERXRSBEENER » SXETBEREHNEER I o
WEE D - ERWRERERSENEHBRE - RN CFHERRBE SR - SKENEEREREE
RIS -

(i % EERH N EER
HEFERNGE - EEMEEER R NERE o K0T TRE o EEHERE - BT RREE | REE L

P BN 4 - IR NRUENE o RIEISBRIN R - ~ HEHENEX -



K —HENRERERER

288 I
o4
R
e
IS
41
1114 H
R
e
VR
mE<!
B
1]
R
R
KR

B |— NI e
2wy ¥

woW oW o % oW

«

=
=
=

%
i

o

oW

=

&

& 4 X

()

B

T B & f #% 4L & X #F i

g
23
B/
g
{2
EiN Sl
HER
g3
R
L33
g
im
KE
R
ol &
#8

W =
RIS
<
1= <
CEEES

% =]
E & & ©
BHERE
A& E
g RS
B BIR
KIEHRE
il g

ERERE

ERRENE
R RE
SR BRI

R &R
W a3
R

&F
o Hl
A

*®
]
il
%
I BTN 1|

R % 3 ¥
B B =%

REES & &

B! Bc Bk Bl Bc Bl Bm Bm Bm Bm Bm Bl Bh Bm AB

IO R
JEREN R
IR R
€ W R
JLRES*
o

ol o

#%
i 3

BB S
£ kL £ £ £ £ F k k E

%h 2
#



BB E | e |
EEWEE % S ® # & E ® % X & T L E

0K 0-H1 XK1 R <=3 BRIK ({33
1R 0- 114 i11+110 3il-10 3 St VEKPH
M o._a_ ni-10 Pl 30 53 4 R1v¢ 18801
R 18 -1 B-1IK -8 g5l 11801
& 0-18 %0 ¥i-01 11+ 1M il N1R
i) 0-3K e 98 ¥0-3i 14-0¥ il TR
i< 0-80 11 - 9 X1 -0 %+%0 KOOR 1ERIK
i 0-1i -8 - 10-1iK K 11
W 0-%K il]-119 R 1111 PHON KON
53K 0-10 IR Bk 18- KIER 11RIK
i 119 i1 BK-%P 11120 KKRK BE
i 11-00 R B~ 11 B I YR 1E01R
Y O-FH 11O Y0-#K . K1 1B
42 0-% - BR B 1 10+ k1% 1111
U 041 HO-IIK. -0l 19 IR 11178
(R)GRSTNEN |

1< B O



aéﬁmwz@aﬁ ~BROUS - R#ER- E%f.ﬂ.umﬁz%tﬁ BEENA G B R i hmaurms?&ﬁcs =]

MHSRS B - R SN RN E |
Iﬁm%:;g§aageo|u%Eﬁ%mﬁﬁgﬁna:avﬁzo&z%mﬂﬁzmmﬁ@ﬁ:wzimﬁgiﬁ_

ENERRNRBLIES o
.W of ﬂﬁﬁtﬁwm {Sodium wmaoﬁnm Baﬁromv o
PUHRR A (Oxygen Bomb washing method)— MW # MINEIN HIIER - MM I SN HIDEE - ﬁﬁxﬁAuﬁmﬁ&
RO S RN - B BRI ~ K - T E IR RN e - HeAR K R MBI N o
S EEMQBENER - SELX)RH (Powell and Pam method) & K ~ L5 o o HREKEEN & - o | HEH o
g N
aéﬁQZEzJﬁuzﬁZﬂmﬁ%m_ﬁ#_ﬁﬁzﬁﬂjﬁﬁmm NI - NP GRN A BN -~ B |
B RN R R o BH<ERKLOEERE (DRITEN[ ) - NAKEBEEN « 50 - » KR Rl o 18
N B 4 ~ AR o ° MIRERNNC KL EE R - NEREKEINESR S - RLPERLENT -~ EEEN o
NN KR R o o REWH - ENESUNFERBE - LENE - REBZENNHEEN o NETNEe
B $ERVSXTEEN - BRESNEE L - AL HEENEERY ) LHRIR (cc) o B EMRT 141 B &RN
amﬁwgssaac,mzufﬁ2§@ HHBELY ~ BN o | EBEHRESY - BN HIGNBELE (ImEN+ ) -
PR < B N I ﬁ@ummaﬁawavoﬁmmmi&ﬁ ~ RSN HE AR - [ RN ~ R
BOLEN T ) ~ ENSERRRIK - ENEWEE (Chloride Radical) @i o HEEENRE ~ LTS ERNEET BN o
_m@ﬁZﬁaﬁu+ SRENENGER (J0RH ) o HEO » {4 < e - - R R o
ER N 1A



A ow BB 14
5 HEREENPN-STNESEREE RERCRARERE - WEEREGEREKRERE ~ BeE SRR - ¥
KRR H ~ ERREYUNEH -
NS TP H RN BER - BN A HORNBER ~ (BREE | RN ERON - BEBIMENEE ~
1R L EEEN o ERREERKRERRENSRARERIER - NEKRHEEEENEN « BREBET - BLXAEN
B -~ EIERCE (Water Bath) LSRN o [EREFEE ~ RER HHAGENR - XFASENBEE - ENE
W% (Ammonium hydroxide) BB NERAREREN - LK - BUESEYEEH (Potassium Permanganate
Titration) o REHES € R Nitric Acid soluble Tron) o EE BRERE - MRES - | RER o Yt HpHE BN N -
B | 1]« DI~ EERRNGERER -
S BB NER—T NS REEK R o FIEANSE - TR o IR EER SR ~ RN R
BE - MM OMINE B I o REHEERNGRE - ERNEY -
RN BRI G RN E R ERIENL T &K (Wide Mouthed Erlenmeyer Flash) & ~ ES 1A & NS B
GmENT) BRON - ERERNREHCF RN ERER - B - D CEREN - ERNECHNENSES -~ | §E
2o ENEENEEEEN [ - VEYI| - SARSNERES  AHERCHANBRHN o
B EN R —HEE NP REE -
A EMERESEHERERSE.
z.&.ﬁ@&ﬂﬁzﬁﬁ*iﬁﬁ a:gﬁ.z.i.m@ﬁ% ﬁz;d.n acid Soluble Tosv BAMBEER . (Hydrochloric acid Solu-
bl iron) REBHHK ! EVETNEN o ELHM ~ K ELENGH (FeS2) - BEEERLNEMNBE - NN

gk



S AR B E NN~ R EENER R &R -

“ EHESEHERE RN EEEERENE - BEHTRES -

SSERRH RN - INERERREIERRENSKREE - | SRENNEIET - EXUMNGED - @Ek RS
HEN ~ RNEK - BESEEFELENFESY - BT EKEN o KESREUPSREE -~ ESRE SRR BTN
Bt o MENERERS | 1] VI - SEPRBNERES -

v EEERNGER N CR R R R [ - | @RI (Phenolic or resinous sulfur) ~ BBkHKIQKR (Carbolic
acid or phenol) NIPREE ° | @NAREKIOKENICRIES - SOMERE - (Humos Organio Sulphur ) o SEHRNQH
& - ztz¢ﬁ2ﬁﬁyz+iaﬁzzﬁﬂﬁ (Erlenmeyer Flask) & ~ BN [+ H QR NEIOKE - B0 BT
885 BES REN K (Glass Tubing) » SENKBEENER o jLUELEE (Oil Bath) e (Electric Oven)
&~ HN W RIT 1 ¢ ﬁ&%ﬁgvﬁ:+1ﬁ&ma&mﬁﬁgérn;a%v%ﬁmz S BINEM - SN o
ERRHENIE | SR FIENRKEERE o EHRNEESE o fEFERENE RO R NS S BRNEER o HEH
BEEHNRES ~ BERERKIOGRENRIES - KEWTREEEHRREES - ShiE gt o

() REN fE
~ EREE—RENEK - § | HEREENGES  RRCRERDE - FREH<KE - $BETR - SAREES

NI - EREERK R -
aalga%%mgzmﬁ,mmﬁmxﬁZﬁﬁ»mﬁzmmmwﬁﬁw& o thEANFIH ~ 15 | < o
ESWEE HEEES  ERES  SNES  EREN RN SEEE  Bass  E L

2 W OB OB | | 14



R g R B e

oK 1-R0 0-TH 114 140 0+K¥, 049 111 %0-08
W2 0-11 0-01 0-08 0-1ii° 0-18 0-08 010 %00l
e 0 0-K 0-¥E 0+KK 0-1% 0-% 00 %0-08
R 0-E8 0-0K 0-8n 0-He 011 0-1iy -8l %00)
Ll 0-1H 0-01 01 0-E0 00 00 0. Mm
i} -1 0-0k  O-B OB 0w 01 0l %00
i O O 0-01 0-HH 0-Hil -01 o0 s
W 0+10 0-11 018 0-Ri 0410 0+ 111 0-18  '%0-0
PR 0-%0 019" 0- 0¥ 0+l 0-li 0-8 00
B KK 0-0 K %8 0-Ip N+ (ESTE %0
BH 108 0-0¥ 07 1-00 0: 1% 0% 0-7%  %0-0]
Wi 0-11] e 0-11 149 1+KO 0-0¥ 0-0< #0-08
Wil O 0 o 0+12 0-1% 0-01 001 #0-0)
= 1-39 0- 1 - HH W OEN feli W 0.0l
W 010 0 0-10 0- i 0-1K 0-0¥ 0-¢ 00l

HECRBEN | B - SESREREE - NEHEN - COEE - MANERN S S S E SR RSN - KSR
HEEEEENENENEREENRS © R STERRT e NS B G -
SENEBEER ~ KRR ~ B o SR - SN o SRR RN TR B R o



E AR RS EEEKENRNERNGEEES - Bsi< - HRANSREN - #N6E DECHHENHIEEES
ZEﬁﬁ$io | |
 KE-HEEES - BERERERE

BEwEE 4 mE  wEEs sews  JEEE des® ¢ oy RS
oK (S B} 0+ 1440 LK %0-01 1B
it 0-M 0-10 0-01 0-Hil Ok 00N 0-HH
iy B 0+ 0-0% O-Wd OHi &0-0il 0+
WER 0- % 0 %1 0-0K 0-11¥ 0k 00 0-IK
I 0-% 0- i 0-0l 0- il 0-HP #0-03 0-HH
W 0-8 0-1il 0-0 0-H3 O 50-01 0-Hil
1R 08 0-01 0-1ih 0-4 oWk H0Ol 0
W 0-§9 0-18 01 09 0 #0-0 0-%0
W 1 o-1 0-19 0K1 okl %00l 0-<il
BX B oK 0-04 W 1R 0GR 1HK
R }-¥% 0-% 0-0¥ 0+ 0K 0-01 0~
Wi 0-H¥ 0 O 0-ER 0-ZK 0Ol 0-K
W81 0-KH 0-01 O 0-x8 0-#it £0-01 0-%8
HEp i - gl 01l 1K1 1 ®O-O 140

IR RE . 112



AR R K o
Ko 0-K8 0-(% 0 0K 0-BK s 0-BK
ERGERES - BARH< o GRKIHTEERENER o FIEDHEHENES - EHRANSS - W8T
®o |
o EE TSN RE
KA —E B RERRNER o |
EEWMEE 4 & & oREcsEN B ¥ W ACEERGD 8 B 8

WK 1Bs3 -9 018 1-BR 1l
M2 0-# 048 0-0! 0+ KM 0-KE
Wi 5 1+l 0-01 0Hd 0 i
128 0-WH 0% 0-OH 0-1 0-1li
il 0¥ 03 0-0% 0 0-BR
WK O-<E 0-%K 0K 0-Hil 0{BH
<3 0-%2 D-KR 0-110 0-HiK O-liM
e 020 038 010 0-%0. 0-K0
19 -8 1-14 0-18 K1 0+hK
™ W3 -0l 0-E 14K 1418
BN 14K 14l 013 0¥ 0B

W 0-4¥ o o oK -



KR
We®
R

O<¥H
IR

O-%E

g
kK
0B

B QR NG TR IREN -
RN
RL—REEFRENER - HREEXTEWEENRFERENGES -

EEMBE
O
1
LA
2R
il

Bl <y
el
18
-1
BRH

SRR
DI
0-10
0-k0.
0-8I
0.1
0.
0-01)
0-18
0-E
R,
0-#%
2 BB

EEES

01K -

0-0i)
0-0<
0-0K

0-01}

0-0<
0«
011
0-13
0-04
0¥

HIZER

IR
0-K3
0-4i
01
0-38

0+ 5.

_?%

OEO |

0-HK
1-19
0-E<

0-0x
0-ER
008

R#ES
0-14
0-01
0-01
0O
0-0K
0-0K
0-10

d&p

0-13
0-B8
0-1%

BEER

i1+ K
0-+9
1-21
0-B%
- (X0
0N
3-X0

150
B
EY

0-%

0-¥8
1-¥0
0B

HE K

i

fl+RK
0%
1-8
0-%4
Q-3
0-<3
0-%
Q-89
IR
W-E9
1-%K

0K
-1
0-E0

#0-01
00l
#£0-01
£10-0]
450-0
#£0-01
#0-0)
£0-01
$0-01
Q-0
#0-0)



B ow o W | mr
Wil 0-0¢ O .0-39 0-01 0-HK 0-H9 #£0-01

R 0-01 o 0-Hk 0-0% 0-xH 0-%H gmE

HRY. Y-l 0.1 11 0-ER -3 W+ - 0.0

XM 0-(K fe, 0-E0 0-0% 0-43 0-K3 E2 2
BHRE K - BREEE o BERQREE KX DR NBER o

(K) e

—~ SEEF X ) RN ~ R o HANBERE - 1 | FR<HAR o

SRERERE | RRICHEE o RAMNMRBCHE -

HAERRSEAS A - SRR BRN HEHNERSENEEES - pas

2 BT K E RN H R € o

> BT N - GHES o m KRR -

RN - SRS RN EE RSN - S R E -

mﬁmm&ﬁﬁmm@ﬂmﬁw@zﬁmm - KEEN S HYE CESRERELSEFLOG - LMY

(&) H25g S

RESERECR) B - | EEEEELENTE - VAR - YO - ARSDHSHINT RS el
BOHSREREE - ECRERRE - ETEENEEE o REIEE - WO EE - BRHE o AT EH | [ ELHEHT
i - SREKEFECHRLBENE - RYERWSRONEEES - BEXEENEEESK - RERECEM - FEN
MR o SHRE R EEN B - N - BREX T NG o mEEEY - RN RBENENGE o SR TR



RN ] R RER R | - g o RN S BN RS NE SRS - SRENEEEE RN TEE - #NE
a&zmmmm,mﬁﬁﬁmﬁ&zo.oﬁlo.ozgoﬁﬁw%zaﬁﬁa,mﬁﬁm:ﬁmﬁmﬁﬁzﬁﬁﬁﬁ,ﬁ%
Wil ~ RS ER o

(L)

RRBER SRS SERBYNEOVER BN - LRI o SN HEER IS ENEEREK ~ & | EEE o W
B DR <R ~ SRS -

B A O AN - il



F om o R e



BT RIS =i
€1 |
S (Eschka Method) 41 | 50§54 ~ $18-+ 4 & S RIRHRH - R EHEREEIEH (Bomb Washing Method) 1
WBFLEH (Sodium Peroxide Mothod ) ~ ¥ RMi] ~ KARBRN-EMIN o NS EIIKEHMAN B2 ~ HIEG N BT
HI o PRARERE  BHERHRELERREN NS - BENER (vison) NRENHETETH o HESNQXER
BENBES - CRRKBOR - ART LDEBENGE - Shle | B - BELUBERREANGER (Fused mass ) &
R o MNR BB EUSNEINCRREN ~ DRRBENK ~ EREHLZN o
ERENCRL R - mh RSN o RN SESMCIKREE ~ HEREKREE - WSS BE KR
AN SRECEEE S
REEENEE - SNENHFEE RO B | ENTRE - EERTRE -
O DRENE
AV¢E32$ﬁkmmm§$m¢ﬁﬁﬁﬁzﬁﬁxmémwzgzmm0
(e ) MRS R e EE SRR 4 006 (Hligh- form Porcclain Crucible) » HPIER N1+ KR (Cubic Centimeter, CC.) o
L ()ERNEKEAREET RN S - WERENSERE - DRS4S REE S (Sulphate Radicle) [Sing - ¥
& ~ @i ~ BB ARG o |
() SEROEE HHE R S R B - BN ST EEN KRS HER @GN - S ECRE o
(I RENKEREKESEELE | PHCHEN - HEHERES SR NSRS - RRECHEENR GRS
BB OB F i



P2 o o R

WA N K (TR

Q-]
O-& |

O-1H
(O
<7 |
e
O-KIn
0O
e RE
K
O-1Ki]
O- 1]
SICHE
1] e-401

_Zﬁ.;_

- (RN
B &

¢

0

®

Y

o

Wm

R

HARANAE K (m & &)

O+
C-H |

O« 13
H - A
0
e nto
ORL QN
OILI®
=K
HaAK0
O-{KE
Ot
e t]11
MRS
-1

B

14¢

R mki)

®0- O
0

%0-01]
20 1K
€O | |
K0-0R
#£0-0 |
0
7 JoHoLY
%00/
%0+ O1]
O
200
O
£0.04



o i et 80-04
s e 11 114 8O- O1
0 O-1= O- R o

@ O-= K O #O-O1
] el 11-0% #0-10
= o-m¥ O-E~ O+ O]
2 O-EN 02 ®OO |
a et el E WO+ O
5 O O- 14 0. Ol

(Bl) 35
(I RRATREN ERINERE AN FEE - SRECTONEHPRBRL SO - FKUBETENKNEEEH
mENO » | R (ERETENND - EEBRNERBEERET -
()R RENHEERR B - WOBEBEERI KL - GFLERE | RIE (KEFHEREUMLEEN
) - EMNEKER . |
() REEKEREN- - RREHER
(@) REEENEERBRAN SREBEOENTRELE - BRRERE o
(o) REBENRRBOFEENHE ~ HEREBLBOFEEN - HLEENKZ ILRERE - WRDHUNK -
QBN - ERRKERIQKD o |
Fom R ¥ e



I 1



£ B EEN R R WO

()38
BENIHESHCRE - HEERE S BERSERRIE - Bt | BEVE - HFSDEREREKED o B
SRR R - BRENTEBD - X EHREEE - EXHEHENSHEL - TREEKAREE N ORI RS R T
- RNEES - NUNEHNERENTHBE o KERNEREP - EENHALK - EXNSUPLESRENTD o
RENE ELRE SN - SRR RS S (Pyridine) (Y i 5 N AREICE LSS HENER) BREMEHLRE
B -~ St E S RO RNEN BN - SEARENES LS EEEYHGELE ~ £MBENSHLED S o ERERY
R SRR 19 E-48 (Chloroform) BEREEN - #i%E | REERENREEREN -
B EE-HERRNKBRUE R
N2 ER—HEBRNRLBREKREN K B
REEE—HFBRNRH BLER - CEEEREMENRTRES -
(RER—RNGS

pugid QUL 3 _
[ i R G

%+ B
W sre—n-2as

ENEESOREE | NEE - HEXQNTES  RYLTRREE - ERUESNSPRRERK @ ~ TERELENDS
@i - SRR RES o |
RO BRI ~ N ENNE - BREHK - HEENTBY LR - BELRREENS - SENEE QR - 5
REYE HES



R & BB

RS REREFBEERNEY ~ RUEEFNDE o

2O

(1] )EK4E
EMHE TR TS - HEUEESR K - AREE Y - BREXNEERE - REEE -
R SE 1 1 £ & ® gy g o N
GiER ERWE £ H R R {1111
iR ER MY £ H & 4 RERRECIR
110 SRER r W & e NIRRT
HOR IReEI g ® A - 1E-00
i1 REACE S — & " 1= 1 i
WK ERKE % B & 4 01
HVE 'R R ¢ = 15« RK
h! ol R xOM & 3 1A
R A WY & & 4 R ]
P W Y & - 1]+ 1
R | EEER ' ® ¥ ® ]
R EHRE & & = SARRHIES
BEK i & - & = SEREEN
< HEER ¥ B % R 4B

"B WK
- P11
e[
FE LN
Y00
SIS
My
KE-OF
(1R
I YR
K1-t1H
e CE
e
CEQH
-1



MER L g il 4 1L B AT

eItL 2EKE & + 1201 1 -RR
(D) EgENES |

NI R | R—SED | SRR ESE ~ | e SR ENG 8 - 21| | RSN L ER

NORRN | O—BHMEKH MR BE o NORNGERE ~ @R - HBHRUER - 1] | ONFEEREBE o

N — S S DN - PERHE - KB - TR - SR |

N~ RS QB RAEN G - BEENGRREENEN RS - RN E - BmE i | R o

NN PR - BRIEIERE - H¥E RN SR R

N9CR—EHE - WIS ~ P EE RS - TN | [T -

I N S SR - BN A

BRI S - R - BB - o EE -

L= ERHER ~ HERDKEERLS o

HERYCHBY - B SELEHER N - BEERK -

R RS ~ WY - TS - |

(E)EERE | |
$EESEREERREER - QEARS o X | GRMICEREDSRKEE i HRRENERER ~ KB+ it
Aluhdum Thimble) & ~ S RI83 (Soxhlet Txtractor ) & - ST 1 | RGNS RBEN - RLBNEMFMEK o
2 BB Z |

-

¥rd



B W & B 21

B B - DER - RETRA o NEBEL TN o RO - L0 - S NEE | MERE - | 20
B~ EREREEY ~ RO - KRR ~ SRRES - R SR SR o R RN | 3 - BRE - @
BENE o MRETRENER M RE - SEHXE RSB o RN - B - KO0 ~ -
REQEES - BEHN - B8 QBEN | K EERERED+LE  RRMES | DEEH | DH-FSENEEE - #
WA - MO RRESEE - WRE QRN BB (Xylene) - Mt/ SR MEURE = o SRR | ORI 1 | O
NI SR LB o € RFREBHE o VEERLEENENE BEERNH o SIS REFN - $E | REFLERS
CERE - [ERHE - SHEERETKE] |ERKED -

(1) fgeg
PR~ EERRER o
% LRRER By NG o R
N1 | 198 Ry11% O-'4 1R
n R 2 R4¢-OH 1-11R 1K
1o (| R+ 1 = 1ol B3R

o=~ SN 4 R1PK O+ K4 QL



114 I K08 K1) -1
K11 Ko RN
e Y-S 301
11191 -1 AL
THER 118 K
= 11111 R R
] 3301 EHBIE
R 1< <1 11K
R [ Re11 1 R O-PR
K IR Hil-gE 34 4
e | Bt | =
CEOMT |11 R OER

- (K)fRgE |

ARALERDD - GEL-RRL o

% 2 et REEH
| JE JEES- ) neme
iR 1R R = JIBES
mio ! R & e

2B K E

1
A-¥E
| -OR
] AC =R
ﬂLHW:_:_
-0t
1R
K
RN
[RHEY AN
K-0X

10K

K o

a1
IBELIC Y
H-9R

el
B 4]

[ {enbtl

[ =
=0l
SICRIE
B P
[ O« 11
IR
R
e B
R 14K

W E oy
EE
B-RY
HeYO

B
1 «O%



2 W % R SE

mo= R 2 SRS Kot 19O | RO
HHCH IR & 1+160 K= BeRY {-Om
14 IR & oA g KK 0-RO
NWE KR & | i1 WERHY | O-#HO RN
R a5 & | -0 JERECEY R REY
S R E & PeRO R -A) RO MK
R A HE-ES- g R IRt 1110 O-RE
] 1o R & SERRT RS e | -00
R " 5 | E ReIRY SREE e 391]
RE< o R A IIE [ 1e11% SSIEY R E
KM % M R = PR 221 Re | 1 1-00
ER @ M R & 11 <.2g | O-1O 100
IRt W R 7 B #e 14 [ 1.0OH 1-00

SRERRESERSERLEHREESEGE R DR ER -
(V) EREHHEIER ~ NEE o
EWRE SERESENRNZEMRRGH - MR TSR RS NEL - SELEREGHETE - CRLDERRE
PR - HRLEHEENTEETY - (RERED)
ERWELENE - W | BT - DRENELR BRG] HRH - REENRERS 1] HXER - B



R REEBERHERERCEL - N mﬁﬁﬁmmwmp EERE 1] - Y - B R R &
HER - HRORHER | SERUNE - S E QRN RS - HEMNEEDERLER - THMN ~ KL GERREHN
EHLCER - MRS OB EEAET NG - SUESR RN - SRSEHREEL « EE QY - HE - 1
A R OR - R N - HNSREE RGN - BCH R - N - KRR SN  SRQEENG
- BRER | |
A\vﬂé&.ﬁmﬁwﬁﬁwzm%
RN B R - mzmtéwimﬁsﬁmm HCRBER T D RE L aSnANT - ZE - B
ﬁuﬁﬁa: ﬁmﬁﬁaﬁz:%ﬁﬁrugﬁﬁﬁa mﬁﬂwm%ﬁ@ﬁmﬁm7 waﬁmgzﬂ

=]

: ﬂll ks

| SMRETENE Y - HOE BN R - R RN R - 2 T - ~ G BRI RETENS -
- ECRREN E RFRUCENK - DT - | ERNEEELL Eﬂtﬁ&@ﬂx%£+¢@&gk @ﬁaa%aﬁ_
NTO- TR 1R - GECENER | RMTENE - B~ 1 RIOKRE N RBMT AN | 4 - B1[~ M EBER
- ER DN DR N | - DI [ g:Jﬁaﬁimtﬁgaﬁz#.:tﬂ,EMﬂﬁﬁﬁaﬁmﬂx
RLLENCEBRIVTRILREE |
(RN KBS T R D OENR
EXEMRNEENERERE IR ULE QSR EEER - 1 IR S| | | OB | HEL B4 B
2 KENSHEENERERTENE - 28R E R B R RS S € E SR ENEERY B - IS -
PLLEEEENSBIUNELETRERNK ¢ CHTNEE - EROE N S50 CERAK ~ Tl 0 T o
ENE N R



R B BeR <
RR2SENMMSW RN o YA - WA ~ THRAGHE - o S ESAIRER AR - S E RRR RE N AR S -

s NERENESORREEERNL O - REW - BE - BiENR - ﬁ&ﬁ%ﬁzwé% ~ REOYEEHK IS B - M
AR RN YRR - ﬁ+ﬁ&12ﬁté%%ﬁmﬂ m{ R R I ~ MR RE o KN - R IR AN - B -
Eﬁﬁx‘ammm,ﬁﬁ%ﬁ%ﬁﬂ o BREWATHK ~ BERE -~ EWRHEHPEILLER - o REE A -~ HEE N o 1 [dBIR
EZwmﬁ:_._\.n PN EBEHERETRY ~ EENED - HEHER LR KERRRED o

RN NS REER _mt%%.z;yﬁ ERERLLENGH - REREXNSMEN o ,mﬁﬁﬁ e $ L RN
~ B eR P LR IERE ﬁﬁ% o LLRMNE ~ HIZIOBEN B HRY - > REHE RN RN - SRR BN

W - H.ﬁ#ﬂmnﬁ&%ﬁ%m&ﬁﬁz °
() EE
#EENRERUBNERBRRNE- - SRR R - ([ )RS RN EER - o BENE SRR o.(1 ) B
B ERE - RRQLRE - HRE - o & TR A ST o R RN B o
YR PR AT o



FEENINSFERE HEK ENH
( [ )noiin
SNSRI BRI i R R - 2 B A 0 N ) 9 B A B 40
$E o WENE | B - HERERBHERHE - RENHHBRERIOHK - RRYYERRBERH - SPELH &S
FEIRTEN [ +H o EBERENBRELHDE - HEWE DGR 0E RON BMRER - LRYRERE -
(1 DERE |
1 HRE K ENEE (Tolfa) FRUNCEROHRHETHUNRE - HRLRANSRIUR (Bullah Delah) FHIOHIR
RUFEE - RRFEVURRE - BE (Goyot) WEEWCREH I8~ | EER<EHERES FLBEQE!| -
NEENES o [ERIRK (Schwarts) RIS H DA @BBRBNBHR o
R S RGBT (Waggaman) HEE o KEE - REHESEIEEKES (V) ENEIXEE M
rysville) | RRRERE - NASREEEHING ~ RIS BH P SRR LT RN S B o
WAEIIR  (Bdwards) R @REHHNRE ~ BKEEXRANBENFRRHEFENREY - HERQRE ]
8 RIEHTIE ~ DI | DR Do SREN R RRSRENERR - SREN TR WY
B - BEREA TG RSN H RS - WRERE Fik) $EA RERRAPTLERE - HESETED
TR - ﬁfﬁﬁmk&%zﬁy,%@ﬁmﬁmxﬁzxﬁﬁﬁﬁmﬁmxﬁmgﬁ,mﬁﬁﬁa+:ﬁﬁ§+m
ﬁmﬁamwmzﬁm:_&%mmansr9o
xmaAgﬁao&%mﬁafav:Auﬁﬁﬁa#ﬁﬁﬁﬁ&@ﬁ#w - BHEIAC F RS R - 1B o
e SRS



® ﬁ %m B B
ERRGRBERH - BEEEEEERVERRSEEHE KaS0 NIEK « (HRHmoigK )
(DB EBEENITHER
RS CE L ENEN - #h » KNXRK I - BYNBS TR HEADONDREBS ~ RENLEHNTE
RIS RN EENLHRE o
R - ENAST-

. b e
¥ (EEN¥EK) 00«1 8
%+ (g% ) 1 OO0
 ECRN 1 R.00
Wl ite 4
Wi OO H»
wrE CO-11]
BYE R H
WLE 001l
HcEShS 1R e 4
B Nelel):- |-

%@#@ﬁmﬁﬁﬁﬁtm.. PNEIQ ( REHQ K1O3AL10:450:6H,0 ) » 1] « EINEHH » | K+ BB NES
B e B - N]RNSE R E RS RN S
(E) BB RO RN R



O RN E N & ] - M_:,REi.R.ZﬁmeAﬁmﬁﬁﬂmﬁﬂZﬁvﬁﬁﬁﬁkvﬁEZ% ~ BRI <

AN R - %*ﬁﬁm_ﬁﬁ#?%z FRESOD KON ERL - @8 | WEE - ~ R RRIQ N B B T A B v -

ﬁ%ﬁﬁiﬁﬁﬁ%ﬁﬂiﬁ%(ﬂﬁﬁt ﬁmﬁﬁ#.ﬂﬁﬁ:ﬁtﬁz%ﬁ&%ﬁ%&mﬁ*émﬁ AU F I RER K o
IR eEmRRaNRE

o0 Cede® TEIFT CRNER UBUBERENY R E g E
R 0 o 0 :00 o
1 00 O-1 11 @ O« 11! - | O
10O O-1 I H O O 1 | 34110 L O 11
lele, O- 1 'R O O: 1 ER — NeTe
ROO O- 14 ® O |31 e | | 1]-HO
ftle) o 0 FRLEY — MR
EHO w1 o GERRIY - £0-00
ROO o1l | O-1i1] KRR R-1 (1 HE-00
#£00 [ ] Nt R 1 0-00 < RO RO
YO0 He 10 - . - - H-|o
$0O RIEOe | R 1 | OO <300 1O
Nele NIRRE L 111100 ReR% O HE-00
ROO  1l11-RO NIE3E ReRR L= -RO RO
RN | ZR



f K BB O
EEHIOERNEEEENABIIEY o DIRESHE R RTINS RIEERKH G - e N SR KT inr
ERERHCHREREN (SRR | MRERET) o SNRUEREIFS ) FUBNEERGKER - EESY o 28
CELLEREINHRERER M - DEBRCRASRBOENEE « BH Vo - BRFLRERHE - RiERHMN]
WEBNEE o HEEHE KRR BB RGNS - HERO NGRS .
:5?%&5%&%&%2&@

EREUBNER - IRE | REEXNEH - ﬂﬁ@fﬁ¢&mm@w&a%0xawiguxﬁﬁﬁﬁ{aﬁc@ﬁ%
EEEWNRERCRY - FEEETEE - SELFNER  SREST CBNERE- KNS ~ SNERETEH |
+EAE (KEEEYBREFENGDE ) - BURERAR 2 LB SR ERNESE - His 8 g -

BK  ERSHNER

o KOO <00

EREKHE 110700 (lm&N+) K 1RO (&N 0-R)

EEER % N ﬁﬁiﬁw&m xm

HENEW HeB1 e H-0 ( ¢ENHLEDREEY- HiH)
E<XEREREERNER —~ 207 =

K EEEE RN HEENTR AR | -

HEEHNInRE BER S HO-MO —

BN O R) ROV~ 1 RO-H—K1 1] -

WELNER 21 (R R)



- 0w
HENERR - - No«Ko

EEBENEY — — R H%ﬁ%
i b g - - -0
RERRENo&H | o o AA.MO
g g &l | [ 41RO 2100 eliittide)
HEEFLENDRE k10 Y- 1 | [QIRESLS
RO EHELENE KE-00 21 KE-00
e ns B W2 EN® M 11 MU B Ot}
o A1 [ = £¥-01
o - 2 BN A0 L4110 £¥10
N EIE RN RN — NE-E —

EEMANEHERHE T I PEN G EENE ST o S EAMEREE IR SUENE - BERRLAEL NS
EEREHUFERENTH -

(K)BEERNEE
ERCEERNEER E - #N |
K10'3A1505'4505 6H,0 -~ K,50,'AL (S0.)s + 2A1,04

(HRZI1%) ( sz t)

o

HOG\O H % SO 4

FHER-FNP

K1S0.A1{(50,)2'24H,0 + Al; (80,) s
(m%) (BERRSR)

R K8 ¥ i



# o oW W 1 |

o6 3 X RRIQ R RO N B ~ IR BB ~ MERETECR - HEUNRIPEATHEDHREF I REC GRS e
SEEREREN » BEHEBENBLLEE QR R N HE I T SR S S S o 6 8
P RO H S BRI ENEY - REMREFNEHIENFO - 115 NS SRR E< SRS e
SH - ERBRELEEH - WNFENGEREOES BELCT WS - DFEEEEXE E NSRS RS TE
T dEaaN e

RAREN FSEE RN FEEREE SR D ENREEE NG - R I FSRCRE W - R
WREBERERBENSEEREANFL % - LERETREBNTREE - HERREN K -

KRS FRE RS B 4K SIS R S S -



SR T R R R e

(] )¥En
CEEKE R - SRR R R IR0 - BRI R ~ TS R BN B o i |
£ MR - B REN B - SR O o c ERHENBRNGE - DRUEHH - SRHEBYKED - - ERE ST
HRE ~ EREEY - BERE o 1| DRARE R BE - =48 - BTSSR REEHN - $HE N - BRI
~ MR - B - B - ~ REFHIEH ~ 1 TR0 - 4 B - HHEEE - BB RG-S E R o
EENERER EEN | 0B |~ SR SR RN SE - - KERORBICSEWTNES - $E8N
HH - REEUNGELE ~ FHR R - EH LR o  HEEHRTRN ~ QRESERKE ~ B - DR F Ty
A E R
(1 1) Ehg R4 1E
CHBE ~ H< 5RO ~ " BEEHED - TINRERE - FH<ELINDTHRE - C RIRTFRL - AR
RRHNRR ~ WEE BTN ~ EE RN ENR RN - S RLIEH - LHVRE< Kt - HEMELRE
OB - BN - B - RN - DPE - 8 - " SR - BT - RESRE 00
B - RN ~ AT - AR L EE WAL RE - BREENSRTa - MG E - B - R o
" - xamma@mzaa ~ EERANG ~ B ~ R ~ BN - B - ~REE - DRYW- BERRE - o
T~ R < - Rﬁiﬁwmmﬁﬁ_ﬁaﬁ#% ~ SREFRHIED - E) |+ BE ROWIORE ~ T o o <K
R - PR ~ S RETY - BNOE - STEEQRIERD - - NETHEENG - BE<ANEHER XULB0H
omom ]




B W W R e
BE - SECFERE - CRHREH - DH2RCIE - SNQRIT - I8VL -
(1)) 8 M
Rit  DHBRERN SREREO R KRR RS RN TR R - AR ERR R QL ~ KEAR+HEW -
SHIQKREN | NER - K EWERHE - KRN - DX NRREME - RITENC KN ~ ERPERY - W
ERMEREES - BARLERGERES - RESRERXRERREHR< NER - RO - ERURNRBIL R ERE
K o BRCAREBEHERIEN - KPREYRBNRBHEQRER RN R B ~ HENER - KR o
BB R E AR NEE - EREN - LRINEN - AT BRKOY - KECRRERNRIEY - AR R
RO RBIR NI B AN IR B2 - TR DK R EY - KEIED KR - HEE G CERERNHENEE -
REEN - RRORRGERERS - BRXPLEWHER - SIEFUT ~ WEKHEDERS » BERK - DHRRBNR
- SRS - WK ~ R - SEERE B - HCRHECEY - HONTONERRESS - R ERERHE
~ el RO E R o CNRABEN - HELERUN - $XTEN +HERR IR R - SRRKRR - D
BE | BiumdomioE RNy .
GERDE  SRSRIRTEEL - KEREHORRIRNN - BERTCEH RHREICH - QRERHTEE - R
ENIEA - DI - SRFRIRN DR - TR R 0
ERRN  RRRECTHRENES - HRETNREEE TR - SRR ESYHY - B KRR ERE -
maﬁamﬁzmﬁ%mm*&ﬁoxﬁgﬁWWmmﬁﬁﬁmﬁﬁmﬁE.&Rﬂﬁ&ﬁﬁﬁz&omxﬂmﬁﬁ.aga@_
BT NG - SEH i - SR E ~ R REIED o |
(B F RN



FENFEN ~ KN - HEINROHINERRELRLXCEIRNEANER - THRRWERRE ~ XREIN
B - SERHER - THRLIE - DENZRSWORD - BIEWE - WRHONE - WERVE - EENJERS - €
R - ERERRER o INBRE | BEE - CRERGHNENE - HECTRWRSCETEGE 1) o INERES |
QI ~ B IERR | JORY ~ H T - ERERE Y ~ DNETRREIE - RR<T - BRER - BEEE - 82
NERY -~ SFE% - BREEDEERY - |

HEnr SORARER [ RENE

Ef  CHREIENEE- BEHET - KRN - BECELRENRE - THRREY | KETWNED - HERK
LH-ERE - ERITKEREEE - EREY - SUERCIEE - Yo - TIL - BREK - LAE | 900 FRE
RERE - MESHEK ~ EREHR - KEERWXDEGRVEE | B - SREANEERLETREY - KRS
RIGBINEERERY | #O#1D - SERESRNREH THRRSBERED

Bl RN~ RENEEER - DE SR EEKEREE ()RS ERNER R T RERNE -
LBENE ~ THANQKRREEN | FRRENZNEE - SIRXIWMLULES - REFREENS - WARBNER -
SRR ER AN - BRI EEEE - KELERE - HEECEER ~-RENERH S FHNG - SRUREERNE
- SECREERNER o (I DEINFERL ~ KEQRHEN ~ IRDINDWmN ~ i | WA - EIRLUXNEL
BXNTIE ~ FEFENEE - SHReR IO REN RS - S KSR - RS - RONIEE | 8
IS4 o EMENEY ~ HHEEEEE - SEHENEY ~ EERRURBNEY - KERRNEEDH - SRR
o HERENGY - RYDSNEEEMABHEERN - ERFENLE - FREHAHEN - RLIENEEHATE
&8~

I LI



1 Metamorphosed limestone

R & B B | A
L ooge STRTRALER casssesssnsesses - sumsansss
- PEo Byl CHCXRNGHED- ECREN - HHEESETRRENE
1 EE: mmm_m ¢ BEE B EKSEENEN ERATIBHENER - ERE -0
J w - m 5 CHEs i IR SENES - REEENNE - eEREN-
| TR $E855582 BE R HREER ~ KRN - S IEKEEN | -

B w S 3 - HEXSEEMER<RE - #HE<RE - SREERNE - &

b & § W 5 . g BER- PHIEERBEERIL - EERENEH - DREY

P & 3 Mm B - RN - R - SR RN - S5 8K

M @ Sl ERBECER - SREREL - HEHEREERRGEL

2 ® o RERITHREENRY - CEKRENEZEY o

2 BORENER - (nk#) GEND

]

5

8

wma

%_ . B OHKY-EO # OO E iy
g E R, < EOENGE (#HER)
X : G- g VR FRICIR
N R 2114+ UK RE  RE
4 HIEEN R EEE 1 T OOOORKLE
A HEEEEEREN N IEE - RERR CRERERE <



(L HBEELR | HFEPEIREREER I 1 FRT RECH |- i -

EMESIERIT | € - REERERERMERICE - REREH B ~ A HEH | QRO |+
sl ~ 1 SRR B o

HERE - HRREER - INENRSRE AV EN - HECEERREE <O KRS ~ DR - REH RN
NBY -

(1B BEEREENEKE | ¥~ HEE e -

(1 EH AR RISERE - B E< I - EE R - BRRCRBERE BB N -

(IDEKERECEEE - 5 DR FEVHLSLE | B R - PHRLBFERBQHIN G -

() HERRERE - 86 | BHRRRONKE - HFERCRY - SRRENE RN E HRER - LS i
N | B - SR - H R R REIOKRE - HERTRE HERHH SRR - BN YEERAREERGE
REW - BRSNS SR SN e | o

BB IS ~ R RN N R - B RN R o

(%)%

R - N - RN - L ERS o WKEERE - KRS - BRMKER - o - FleE - R
RANCERN R - SETRNEE R IRESN - HEEEY - BERECECETER ~ SREKESNS - 2y
EEEEH - PRENDY | THBRUEHR - STREKERY  BAFFEL | 2 AEAGTE - KEANKHEE TR
- | $EEDHR - f@TEC R RN SuRANER - DE<H - KL S HER B EIRERNE - ELgRE
méwmmEWﬁ%@,ﬁﬁﬁﬁgﬂﬁﬁﬂﬁ%,migxﬂﬁm%ﬁ%oﬁmﬁﬁ,m%ﬁg,%@mammﬁ@a_mm

2 mo® B | -



2R OB R =

4 - BRERVNAEIER SN - HENRK S R o | o
D RERSETHENRE | STRMBLEANIEEE] (The Pencplancs of Mongolia) o MR I¥a B
—ER BB TS

G 1) AT S0 e S e B | DR L -

&:_u&mﬁﬁﬁﬁmﬁ@m@%uﬁamwxﬁﬁgﬁmﬁa&ﬂ%maxﬁ@ﬁ%ﬁﬁ%igiiﬁ
NE .

=

E@%R%ﬁﬁ%ﬂ%%@@%Téﬁ%&ﬁﬁ ~FRE - ST o %%Eﬁﬁ&%ﬁ
H U - | HE R - BEEKRR - - ERER - ~JERR [ OUHEBEEYS cHER
”ﬁﬁﬂﬁ.ﬁﬁﬁ.%ﬁﬁ RIEERREEE | £EE - BYBEHEE - BE EREH-EMEER -
RIESEZED -  ENER



GEOLOGICAL BULLETIN

(Being the continuation of. the Bulletin of the Geological Survey of China,
to be quoted as Buill. Geol. Suyv.. china) -

NUMBER 23 DEC. 19233

CONTENTS

GEOLOGY OF YUSHAN AND KUANGFUNG  OF

EASTERN KIANGSE............... e P. KAO
THE SULPHUR FORMS IN CHINESE COALS........c...... C. H: YOUNG
THE USE OF CALCIUM HYDROXIDE AND SODIUM

NITRATE IN THE DETERMINATION OF TOTAL

'SULPHUR IN COAL............. e .. C. H. YOUNG
SOLVENT EXTRACTION OF CHINESE BITUMINOUS
(00 )\ 5TV e eae e rarararenranes . K. PING
THERMAL TREATMENT OF THE PINGYANG ALUNITE
..................................................... K. Y. KING and C. C. HSIAO"
" ON THE IRON ORE DEPOSIT OF BEIYIN OBO, |
SUIYUAN ........ I s, e T. H. TING

PUBLISHED BY

THE NATIONAL GEOLOGICAL SURVEY OF CHINA
(UNDER THE MINISTRY OF INDUSTRIES AND

AFFILIATED WITH ACADEMIA SINICA)
AND

THE SECTION OF GEQOLOGY OF THE NATIONAL ACADEMY
OF PEIPING

9 PiING MA Ssu,
WEsT CIiTY. PEIPING,



(Be’iﬁ;' the continuation of the ﬂull'otln of the Geological Survey ot China,
‘to be quoted as Bull. Geol. Surv. China)

NUMBER 23 DE_C.. 1833 -

CONTENTS

[

Page

P. KAO:— "GEOLOGY OF YUSHAN AND KUANGFUNG OF

. EASTERN KIANGSI ..ot emranas sreeeacesnaaanannns

C. H. YOUNG:— THE SULPHUR FORMS IN CHINESE COALS 5
C. H. YOUNG:—~ THE USE OF CALCIUM HYDROXIDE AND
SODIUM NITRATE IN THE DETERMINAT[ON OF TOTAL

SULPHUR IN COAL vu.ovverirereeerertseeeeesenseenssssressasssssensesens 13
K. PING:— SOLVENT EXTRACTION OF CHINESE BITUMINOUS

COALS L oot raeeseeesses e et e eaaseteeneeseeassesnsteseessatrenessen 21
K. Y. KING and C. C. HSIAO:— THERMAL TREATMENT OF

- THE PINGYANG ALUNITE ..ot e, ESURTTOUTORIRI 31
T. H. TING:— ON THE IRON ORE DEPOSIT OF BEIYIN OBO,

SUIYUAN. ..ot OO i 39

PUBLISHED EY

THE NATIONAL GEOLOGICAL SURVEY OF CHINA

(UNDER THE MINISTRY OF INDUSTRIES AND

AFFILIATED WITH ACADEMIA SINLICA)Y
AND

THE SECTION OF GEOLOGY OF THE NATIONAL ACADEMY
OF PEIPING

9 PING MA Ssu,
WEsT CIiTy, PEIPING.



GEOLOGY OF YUSHAN AND KUAN_GFUNG. OF E@STE.RN'KIANGS.I
(SummaRY}
By P.Kao.
The area surveyed covers thél two districts of Yushan and Kuangfu_ng_in east~ -
ern Kiangsi. The geological map on scale 1/200,000 {Plate 1) is based on the rather
inaccurate military map so far available. The geological map of the Paimen coal

field in Kuaﬁgfung district on 1/50,000 (Plate I) is surveyed topographically as well
by the author himself. B

STRATIGRAPHY

The stratigraphy is essentially similar to that in western Chekiang as first
worked out by C. C. Liu and Y. T. Chaol. ltis shown in the columnar section in
Plate 1 and can be summarized as follows with the formations mentioned in des-
cerding order:

ORDOVICIAN
1. Tsiaotang series: Black bituminous shale and sandstone + 700 m.
2.  Yaushan shale 300 m. _
" The following fossils of Lower Arenig have been identified:
" Phyllograptus ana Hall
P. iljcifolius Hall
Tetragraptus bigsbi Hall
T. phylloides Hall
Didymograptus extensus Hall
D. 'hirmydo Salter _
D; nicholsoni Lapworth
Trigonogreptus ensiformis Hall
Dichograptus separatus Eller
Meastigograptus circinalis
3, Tananling limestone 290 m. It probably belongs to uppes Lower Ordovician

or its upper part rﬁay include lower Middle Ordovician. The fossils
found include

i. Bull. Geol. Surv. China No. 9, 1927,
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Tetragraptus bigsbi Hall

Didymograptus extenses Hall

Trigonograptus ensiformis. Hall

Orthograptus rugosus

Orthograplus fruncatus Lapw.

Mesograptus foliaceus Murchison

4. Tsintsun shele and sandstone: Exposure incomplete upper part cut by fault

probably _equi;rélent to the Yenwashan series of western Chekiang, while
the Tsiaotang, the Yushan and the Tananling series together may cor-
respond to the Yenchapu series of Y. T. Chac.

PERMIAN

5 F eil&r'feng limestone: Lower part cut by fault, upper part rich in brachiopoda
fossils and flint.

6. Liksien coal series: Over 600 m. Conformably overlying the Feilaifeng lime-
stone coal seams chiefly in middle part. The following plants have been
recognized.

G iganiopteris ‘nicctianaefolia
Pecopteris anderssonii
Neuropteris sp.

Alethopteris norinii
Taeniopteris latecostate
Cordaites sp.

7. Thin bed limesione: Possibly in part Triassic.

CRETACEOUS
8. Wauyi formation: Theterm was first created by H. S. Wang” toinclude both
Chienteh sandstone and the interbedded and overlyin‘g volcanics. It consists
in the present area of three parts: The lower one chiefly andesite and
- trachyte, the middle part agglomerate, red twdf-sandstone and rhyolite
and the upper part mostly rhyolite and quartz-porphyry.
This formation is unconformable above all other strata.
TERTIARY ?
9. Chukiang red sandstone: Soft sandstone and shale found in thie valleys or on
the slope of hills. The rocks are often used for pavement or building,

2. Bull. Geol. Surv. China, No. 14, 1930, p. 9.
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STRUCTURE

The structure of the Paleeozoic strata conpists of &' series of antlclmal and
synclinal folding trending - NE-8W. The foldings are cut by several- faults
of generally the same trend but often cutting the strata obliquely. - All these seem
to be unconformably covered by the Wuyi formation, "thus the age of the main
tectonic movement is post-Palaeozcnc and pre—Wuyl, corresponding to the main
phase of the Yenshan movement.

PHYSIOGRAPHY
Three stages can be distinguished.
Hsiephsia Stage: Old erosicn plane at about or above 1000 m. mostly con-
stituted by the Wuyi formation.

| ngfur;g Stage: Wide valleys and plains covered by the Chukiang soft
sandstone. Stage of avanced maturite and deposition.”

Chitkiang Stage: Ravines and narrow gorges cut in the Chukiang red
sandstone. Erosion now still in progress.

'COAL FIELD
Coal occurs in the Lihsien series in various synclinal basins. Up to 9
-seams_are kndwn to the native miners of varying thickness. The composition of

coals ranges from Bm to Al Details are given in the Chinese text: The

biturninous shale of the Ordovician contains over 5% of volatile matter and 18

much used by the lime kilns.
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1. INTRODUCTION. |

Methods for the analysis of total sulphur in coal have been in use for many
years. It depends on the general principle of completc oxidation of the sulphur pre-
sent in coal,- followed by the gravimetrical estimation of the sulphate as banum
sulphate. From technical ‘stand-point a total sulphur determmatlon is useful as it
fizes the value of a parhcular coal for particular use. However in determmmg the
value of coking coals it is usually desirable to know not only the total sulphur
content, but also how the sulphur is distributed in the coal and the exact amount of
each form present. Work of this kind would be useful in indicating how much of
the sulphur-containing material can be removed from the coal by washing, what
effect the sulphur has on the coking value of the coal, how the various sulphur forms
behave during the coking processes.

Though China is well known for her enormous resources of coal, yet no work
along this line has been done, consequently no data are available so far on the exact
* forms of the sulphur present in the Chinese coals. It is the intention of this paper
to study these forms which would be useful to those who are interested in the
coking coals in the country.

2. DESCRIPTION OF COALS USED

The coals analyzed were all gathered from important and working ‘mines
located at different parts of the country. With a few exceptions, they are limited to
* good and well-known coking coals. Their total sulphur contents vary from 0.5 to
over 5 per cent. The following tables (Table | and Table 2) give a general descrip-
tion of each coal used in these experiments.



Lab. No.
306
319
321
349
362

365
369
373
374
448
485
523
591
597
655

Lab. No. Moisture Vol.Mat.

306
319
321
349
362
365
369
373
374
448
485
523
- 59j
597
655
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_TA_BLE 1. . Source oF CoALS U_ssn m‘Ex'I_’EmMENTs.

Pr_ov_incé
Shantung
Hopei
Hopei
Chahar
Hopei

Honan

Shantung

Hopei
Hopei
Anhwel
Anhwel
Shansi -
Hunan
Chekiang
Kiangsi

District
Poshan
Tzuhsian
Tzuhsian
Hsuanhwa
IChinghsing

An-yang
I-hsian

| .anhsian
Lanhsian
Hsuancheng
Hwatyuan
Tatung
Hstangtan
Changhsing
Pinghsiang

‘County

Hsiho

- Hsitsochun

Hsitsochun
Yutaishan
Kangtouchun

Liuhokou
Tsaochuang
Chackouchuang
Chackouchuang
Tawangchun
Shunkengshan
Kakata
Tanchiashan
Tameishan
An-yuan

Co. operating mine
Tunghsing Co.
Yili Co. :

Yili Co.

Houfeng Co.

" Chinghsing Mining

Adm.
Liuhokou Co.
Chunghsing Co.
Kailan Mining Adm.
Kailan Mining Adm.
Suitung Mine
Hwainan Co.

Youli Co.
Changhsing Co. -
Pinghsiang Co.

TaABLE 2. PROXIMATE ANALYSIS AND CALORIFIC VALUES OF
CoaLs UseD IN EXPERIMENTS,

0.50%

0.24%

0.32%
1.96%
0.149%
0.46%
0.40%
0.31%
0.78%
0.10%
2.11%-
2.00%
0.62%
0.48%
0.92%

F. Catbon  Ash
1681% 73.97%  8.72%
21.20%  72.10%  6.46%
21.10%  73.62%  4.96%
36.029% 48.38% 13.64%
23.70% 65.01% 11.15%
23.79% 60.73% 15.07%
31.75% 61.05%  6.80%
31.94% 57.39% 10.369%
31.27%  55.69% 12.26%
33.349%  46.68% 19.88%
36.32%  48.67% 12.90%
35.63% 58.11%  4.269
22.03% . 70.98%  6.379
33.499, 45.51% 20.529%
30.38%  53.03% 15.67%

Sulphur  Calories
2.86% 7923
0.65% 8153
1.43% 8279
0.75% 6612
0.78% 7733
0.84% 7355
0.79% 8009
0.97% 7636
1.39% 7503
5.47% 6348
C1.66% 6646
0.57% 7791
0.65% 8125
3.35% 6180
0.54% 7219

Symbol
AB
Bm -
Bh
BI
Bm

Bm
Bm
Bm
Bm
Bi

BC
Bl
Bh

BC
Bl

B.T.U.
14288
14675
14902
11902
13919
13239
14416
13745
13505
11426
11963
14029
14625
r124
12994



Young : —Sulphur Forms in Chinese Coals 7
3. METHODS USED.

_ . The :met}mc!.developed by -‘ Powell and Parr* has been well known and con-
_sd" ered as a reliable and practical procedure.. For that reason, their method was
entirely adopted for this study. The procedure is abstracted below. |

1. Total Sulphur Content.’

One gram, or, ;;referably, the factor weight, 1.3736 grams, of the coal sample
is heated with about three grams of Eschka mixture (one part of .anhydrous sodium
carbonate, two parts of calcined magnesium oxide and one-fifth part of ammionium
pitrate) in a muffle furnace and the sulphur is determined in the water extracts as
sulphates by barium chloride method. In case the sulphur content is exceedingly
hi‘_gh, say over two per cent., one half the factor weight, 0,6868 gram, is used.

2., Total Inorganic Sulphur Content.

One gré.m of the sample is digested with 80 cc. of dilute nitric acid (1 :3) with
occasional addition of bromine water for a period of 24 hours at room tetnperature.
The filtrate, after getting rid of the nitric acid by evaporating with hydrochloric acid,
is token up in dilute hydrochloric acid and treated with ammonium hydroxide to
precipitate iron and the latter is determinéd by potassium permanganate titration.
The sulphur is determined by usual method from the filtrate from which the iron is
just removed. This amount of iron, in per cent., is termed as the nitric acid soluble
ron content of the coal while that of sulphur, also in per cent., is known as the
- total inorganic sulphur content, that is, the pyritic sulphur plus sulphate sulphur.

3. Sulphate Sulphur Content.

A five-gram portion of the sample is extracted with 300 cc. of dilute hydro-
chloric acid (3%) for a period of 40 hours at a temperature ‘of about 60°C. The
extract is analyzed for iron and sulphur, the sulphur representing the sulphate sulphur
present in the coal, '

* Forms in which Sulphur Occurs in Coal. By A. R. Powell and S. W. Parr.
Bull. Am. Inst. Mining Met. Eng. 1919. 2041-9; C. A. XIV, 112,
The Analysis of Sulphur Forms in Coal. By A. W. Powell. U. 5. Bureau of
Miﬁcs. Technical Paper 254.
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4. Pritic Sulphur Content.

Ti\e per cent. .of the pyritic sulphur-in 'co@d may be found in two ways,
_ namely: . '

- & By suthracting_ the per cent of §_u]phate sulphur from the pér cent
of total inorganic sulphur. '

b. By calculating from pyritic iron content of the coal. The difference
 between nitric acid soluble iron and hydrochloric -acid soluble iron is .
the pyritic iron content and by means of the latter the pyritic sulphur

is readily computed.

5. Total Organic Sulphur Content.
The total orgahic sulphur content of the coal may be estimated as follows:

a. By difference. The per cent. representing the sulphate sulphur in

' the coal is added to the correct per cent. representing the pyritic sul-

phur, and the sum is subtracted from the per cent., representing the
total sulphur in the coal.

b. By direct Idetgrmination. The sulphur is determined by Eschka
method from the residue of the dilute nitric acid extraction.

6. Two forms of Qrganic Sulphur.

One gram, or the factor weight, 1.3736 grams, of the coal sample is extracted
with 25 cc. of phenol at a temperature of about 150°C. for twenty hours. The mass
is filtered hot and washed with alcohol and sulphur is determined from the residue by
Eschka' method. This amount of sulphur, in per cent, represents the phenol in-
‘soluble, non-phenolic, sulphur of the coal, while the per cent of the phenol soluble,
phenolic, sulpbur is obtained by subtracting the per cent of non-phenolic sulphur
from the total sulphur content of the coal. The total organic sulphur minus the
phenolic, resinous organic, sulphur both represent in per cent, gives the per cent of
humus organic sulphur. '

‘4. ANALYTICAL RESULTS OF EXPERIMENTS.

1. ‘'The first set of experiments was, of course, the determination of the total
sulphur in coal, the data of which were already given in Table 2. Now comes the
second which was performed with regard to the analysis of the sulphate and pyritic
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.fomia' of the 'sulplitir'_. alone. The data from these experiments are given in the
following table (LTable 3. .

. . : }
-TABLE 3. SULPHUR AND IRON IN COAL AND ALSQ WITH A COMPARISON
OF THE PYRITIC SULPHUR AS OBTAINED WITH THE PYRITIC

SUI.'.PHUR. AS CALCULATED FROM THE PYRITIC IRON CONTENT: —

Lab.  Inorg. SO, Pyrtic HNO; HCl Pyritic Pyritic )

"No. Sulphur  Sulphur* Sulphur  Sol. Fe Sol. Fe  lion Sulphur Differ. .
306 1.40% 0.25% 1.15%  1.83% 0.86% 0.97% 1.11% +0.04%
319 0.01% 002% 0.09% 0.23% 0.4% 0.09% 0.10% —0.01%
320 092% 0.08% 0.84% 0.88% 0.08% 0.70% 0.80% +0.04%
349 0.49% 0.06% 043% 059% 0.22% 0.37% 0.42% +0.01%
362 0.25% 0.029% 0.23% 0.40% 020% 020% 0.23%  0.00%
365  0.32% 0.08% 0.24% 0.46°% 027% 0.19% 0.229% -+0.02%
369 025% 0.23% 0.02% 055% 053% 002% 0.02%  0.00%
373 0.30% 0.12% 0.18% 0429 0.30% 0.02% 0.14% +0.04%
374 0.60% 0.17% 0.43% 0.68% 0.32% 0.36% 0.41% +0.02%
448  3.88% 0.05% 3.83% 3.64% 027%  3.37% 3.86% —0.03%
485  1.04% 0.07% 097% 1.00%  0.167% 0.84% 0.96% +0.01%
523 0.12% 0.00% 0.12% 1.577% 1.50% 0.07% 0.08% +0.04%
591 0.00% 0.00% 0.00% 0.19% 0.18% 001% 00i% —0.01%
597 1777 022% 1.55%  1.75%  0.429% 133  1.52% +0.03%
655 0.10% 0.00% 0.10% 0.35% 0.28% 007% 0.08% +0.02%

It is claimed that a small quantity of organic sulphur may have been taken
into solution by dilute nitric acid. According to the present data it seems correct
since the per cent of pyritic sulphur obtained by direct extraction method are generally
higher than those calculated from the pyritic iron content.” For this reason the latter

figures are considered as the correct per cent of the pyritic sulphur in coal.

2. Total Organic Sulphur. The following table (Table 4) gives the per
cent of total organic sulphur obtained in two ways. A comparison of the totals and

their average values are also given,
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Thau-: 4. PER CENT REPRESENTING “{OTAL ORGANIC SULPHUR: —

Lab. - Total Pyrtic = SO, Total  Organic S. __.

No.  Sulphw  Sulphuw  Sulphu Bydif. Dir. Det, Differeace  Average
306 2.86% LM% - 025%  1.50%  1.48% +0.02%  1.49%
39 065%  0.0%  0.02% 053%  0.56% -0.03%  0.55%
321 1.43%  0.80%  0.08% 0.55%  0.52% +0.03%  0.54%
349 0.75%  0.42%  0.06% 027% 028% -0.01% 0.28%
362  0.78%  0.23% 0.02% 053% 057% -0.04% -0:55%
365 0.84%  0.22%  0.08% 054% - 0.52% - +0.02%  0.53%
369 0.79%  0.02%  0.23% 0.54%  0.56% —0.02%  0.55%
373 097%  0.4%  0.12% 0.71%  0.69% +0.02%  0.70%
374 139% -041%  0.17% 081%  0.82% -0.01%  0.82%
48 547%  3.86% 0.05% 1.56%  1.60% —0.04%  1.58%
485 166%  096% 0.07% 063%  0.60% +0.03%  0.62%
523 057%  0.08% 0.00% 049% 0.46% +0.03%  0.48%
591 0.65%  0.01%  0.00% 0.64% . 0.63% +001%  0.64%
597  335%  1.52%  0.2% 161%  1.58% +0.03%  1.60%
655 054%  0.08%  0.00% 046% 0.46% 0 0.46%

3. Two Forms of Organic Sulphur.

-TaBLE 5. PuENoLIC AND Humus ORGANIC SULPHUR IN COAL :—

Lab, Total Norphenolic.' ~ Phenolic Aver, Total Humus Org,
No. Sulphur Sulphur Sulphur Org, sulphur  Sulphur
306 2.86% 2.72% 0.149% 1.499% 1.35%
319 0.65% 0.64% 0.01% 0.55% 0.54¢
321 1.439 1.42% 0.01% 0.54¢% 0.53%
349 0.75%" 0.709%, 0.05°;, 0.28% 0.23%
362 0.78% 0.72% - 0.06% 0.55% 0.499% -
365 0.84¢%, 0.76% 0.08% 0.53% 0.459%
369 0.79% 0.599% - 0.20% 0.559% 0.359%
373 0.97% 0.77% 0.209% 0.70% 0.509%
374 1.399% 1.159% 0.24°, 0.82% 0.58¢<4
448 5.479% 5.03% - 0.44% 1.58% 1.149%,
485 - 1.66% 1.529% 0.14% 0.62% 0.48%
523 0.57% 0.56% 0.01% 0.48% 0.47%,
591 0.65% 0.57% 0.06% 0.64% 0.56%
597 3.359% 2.86% 0.49% 1.60% 1.119%
655 0.54% 0.484% 0.06% 0.46% 0.40%

According to the above table the majority of organic sulphur would be of
humus type.
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4. Summary of Analyhcal Ra_;_ults.

The following table gives in condensed form the results of the analyses for
tbevarmusformsofsulphurandammpanson of the total of these with the total
sulphur in the coal.

TABLE 6. SUMMARY OF ALL ANALYSES FOR SULPHUR Forms N CoaL:—

Lab., Pyritic = SO, Humus Org. Phenolic Total Total

Ne.  Sulphur Sulphur  Sulphwr Sulphur sum - Sulphur Difference
306 1.11%  0.25%  1.35% 0.14%  2.85% 2.86% -0.01%
319 0.10% 0.02%  0.54% 0.01%  0.67% 0.65% +0.02%
321 0.80% 0.08%  0.53% 0.01% i'.42°(‘y }.43% ~-0.01%
349 0429% 0.06%  0.23% 0.05% - 0.76% - 0.75% +0.01%
362 0.23% 002%  0.49% 0.06%  0.80% 0.78% +0.02%
365 0.22% 0.08% 0.45% 0.08%  083% 0.84% -~-001%
369 0.02% 023%  0.35% 0.20%  0.80% 0.79% +0.01%
373 0.14% 0.12%  0.50% 0.20% "0.96% 097% -0.01%

374 - 041% 0.17%  0.587 0.24% - 1.40% 1.39% +0.01%
448  3.86% 0.05% 1.14% . 0.44% 5.49% 547% +0.02%

485 0.96% 0.07%  0.48% 0.14% 1.65% 1.66% —0.01%.
- 523 0.08% 0.00% 047% 0.01%  0.56% . 0.57% —0.01%
591 001% 0.00%  0.56% 0.08%  0.65% 0.65%  0.00%
597 1.52%  0.22% 1.11% 0.49% 3.34%  335% —0.01%
655 0.08% 0.00%  0.40% 0.06%  0.54% 054%  0.00%

It is evident from this table that the sum of the several analyses checks very
closely with the total sulphur content of each coal.

5. CONCLUSION.

1. The organic sulphur content of coal is generally known to be greater than
pyritic sulphur content. This statement is proved to be correct with Chinese coals.

2. The method of Powell and Parr iz well applicable to Chinese coals and

values on duplicate determinations mutually agree.

3, Dilute nitric acid will extract small amounts of organic sulphur from cer-
tain coals. In order to avoid this error in laboratory determinations, it is recommend-
ed that the pyritic sulphur be calculated from the pyritic iron content.
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4, P‘yrite in coal can bé qﬁantitatively Illextractedlby/ the same a',ci&'

5. Semibituminous - coals and the low velatile bltummous coals must be
digested for a ]onger time with concengrated nitric.acid in order to render the orgamc"

matter completely soluble in ammonia.

6. The percentages of phenolic sulphur are always lower than those of

humus organic sulphur.
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THE USE OF CALCIUM. HYDROXIDE AND SODIUM NITRATE
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.Coﬁclusion.
1." INTRODUCTION.

The Eschka method for the determination of total sulphur in coal was first
introduced as early as 1870 (1). More than three scores of years have elapsed, yet
no better method has been proposed.  Though both of the bomb washing and sodium
peroxide methods (2) were mentioned by some fuel chemists as to give results in
close agreement with the Eschka method, they are by no means better than the
Eschka's. Consequently the latter has long been universally recognized as the best
method and is adopted by many scientific institutions in the world as the standard
method for total sulphur estimation in coals. If not for its expense, Eschka method
should be accepted as the best one among all that have been proposed so far. Itis
expensive not only because of the high market price of the light. magnesium gxide but
also of the heat’_énergy consumed during the fusion. The latter factor was always
required practically for all the methods mentioned in the literature and it seems that
no better method other than fusion is available in attacking the coal hxbgtazice.
The other factor, that is, the high cost of the light magnesium oxide, can however be
replaced by using some cheaper reagent. Among the other methods, the one’
proposed by Ivison (3) seems to be most reliable. The author has tried the lvison
method for the determination of total sulphur in some Chinese coals and found that
the sintered coal and the chemical mixture are liable to form a hard cake which is
difficult te break up. A mixture consisting of calcium hydroxide and sodium nitrate
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is recommended with the prime aim of lowering the cost for sulﬁhuf determination in
coals. The results obtained from such a flux as mentioned are pretty close to those
by the Eschka method.

2. THEORETICAL BASIS.

The methods for determination of total sulphur in coal are.based upon the
principle of complete oxidation of the sulphur-bearing materials to sulphates and the
latter are estimated as barium sulphate, The process of oxidation is usually carried
out in two étages, The first stage is that the sﬁlphur ig oxidized by a suitable oxiciiz-
ing agent and then the second stage, the resultant sulphur oxides are absorbed by an
efficient absorbent, which is generally performed by a basic substance agaminst the
aéidic property of the sulphur oxides. "The methods given in the literature may be

classified as follows:

1. Air plays as an oxidizing agenf and a basic substance is employed as
an absorbent of the sulphur oxides formed. This is examplified by the Eschka
method and lvison method.

2. Oxygen gas performs the oxidation while water or caustic alkali, the
absorption. Example, bomb washing method.

3. A single suitable flux is employed both as an oxidizing agent and absor-
bent. Sodium peroxide method (2) is of this type.

4. Dil{erent chemicals are employed as oxidiz_ing agent and absorbent respec-,
tively. Potassium permanganate method (4, 5, 6) belongs to this class.

The use of the moixture of calcium hydroxide and sodium nitrate as a flux is
" of the last class, that is, sodium nitrate plays in part as an oxidizing agent while the
calcium hydroxide serves as an absorbent.

“The use of sodium nitrate in the mixture seems, for the first glance, quite
objectionable to the subsequent precipitation of the sulphates as barium sulphate;
as the latter is partislly soluble in dilute nitric acid (7). But the fact is that the
sodium nigréte is unstable at high temperature and is deﬁ:omposed during t.he fusion
into sodium nitrite with evolution of free oxygen and the sodium nitrite thus formed
is also unstable at high temperature and splits into oxides of sodium and nitrogen (8).
Since the temperature of the furnace is so high, always exceeding 900° C., that the
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" evolved nitrogen oxides are unable to ‘combine with the lime of the flux and set
free as they are, so the resultant fused mass is, not expected to contain any nitrate or
nitrite ions.

The author made tests on the fused mess for nitrate and nitrite with saturated
ferrous su]phate solution and concentrated sulphuric acid and found that there is no
detectable nitrate or nitrite ions. But he suspected that the tests were not conclusive
and made several careful determinat:ons assuming that the nitrate or nitrite is present

as follows:—

The water extracts of the fusion was treated with bromine water and con- -
siderable excess of hydrochleric acid and evaporated to dryness on water bath in
order to get rid of the nitric acid. The residue is taken up with' dilute hydro-
chloric acid and sulpbur is détermined by usual method: The results thus obtained
were just the same as those obtained from the mass without treatment of excess hydro-
chloric acid and evaporation. The absence of the nitrate or nitrite ions in the

used mass is thus confirmed.

3. PREPARATION OF THE FLUX.

The author made a number of trials in estimating the correct proportion of the
ingredients of the flux, that is, calcium hydroxide and sodium nitrate and found that
the flux is best prepared by mixing three parts of finely pulverized slaked lime
of superior quality with one part of pure sodium nitrate, also finely pulverized.
When less amount of sodium nitrate 18 used it is found that incomplete oxidation
of the sulphur resulted. And conversely, less slaked lime (or more sodium nitrate) -
is employed thef usion will cake as in the Ivison method and the results obtained

are by no means better than the proportion quoted above.

Quick lime can, of course, be used as well as the slaked lime but when
pulverized the quick lime is of a dense powdery mass which is not suitable, in the
author's opinion, for the absorption of gases.

4. DESCRIPTION OF COALS USED IN EXPERIMENTS.

The samples are collected so as to cover all classes of coals, that is, from high
rank anthracite, Ah, to lignite, C. In addition the coals are almost of all geolog_ical
ages. ““The contents of sulphur range from 0.15 to 7.41 per cent. The descriptions
of the samples are tabulated as in Table |:—
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TABLE_ |.—THE sqﬁaCEs OF COALS USED.

Sample Province  District -County Mine, Co. etc. Geol. ages Symbol:
No. '

335 Liaoning Hsian
450 Anhwei Tsinghsien  Yenkungtang
479 Hopei Wanping " Mentoukou Chung Ying Co. Jurassic " Ah
514 Yunnan Chengkiang Haipakeng

Tai Lai Mine Cretaceous Bm
. L ] .
Permian Bm

Permo-Car- Bm

boniferous
517 -,  AMi  Wukeh —— BC
531 Suiyuan - Kooyang Wehhsinhao =~ ——— Jurassic * * BC
563  Szuchuan Ya-an Kuahyinlﬁu, —_— " Am
' ' Taotzeping '
574 ve Henyuan = Niushihpo, —_— . AB
- Y angtzechiao
607  Anhwei’ Hsuancheng Ta{va{ngchun Sui Tung Mine Permo-Car- Bl
boniferous
641 Hopei Lincheng Lin Cheng'Mine ., BC

668 Hunan  Hsianghsiang Hungshantien Kuang Yu Co. Permian AB

694 Shansi Huenyuan  Tacshahchun Jurassic BC
732 Kuangtung Lochang Lochiatu — Bm
740-- - ., - Chinhsien - -~ Kuchahling . —_— Tertiary C
743 . Chiungshan  Chiatzeshih, _— Permian C
_ ' Niushihshan
763 Hunhan Hsianghsiang Ngenkou, Tien Pao Yu " Bm
Hweilungshan Co. :
813 Shéntung Ningyang Hwa Feng Co. BC
815 Kiangsu Tungshan Chiawang =~ Hwa Tung Co. Permo-Car- Bl
boniferous
820 Anhwei  Suhsien - . " Bh
841 Kiangsi  Loping Mingshan Lo Ping Mine Permian C
845 Honan Yuhsien Sanshanfeng —_— Permo-Car- Bh
. boniferous
853 Shenst Hancheng  Chiacerkou ' Bh

863 Chekiang Kiangshan  Lihsien Cheng Tang Pe;-mian Bh
886 Hupei Tsingmen Kuanmiaoping —_— Jurassic Al
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5. NOTES ON THE PROCEDURES.

_ 1. | ‘The author in performing these an;lyscs foﬂowed, with inqdiﬁgdﬁons. the
pmce&ure published by the American Society of Testing Materials (A.S.T.M.) for
“total sulphur determination in coal by Eschka method. |
- 2. During the fusion a high-form po}éelain'_cmcible of 30 cc. in capacity is
employed. '

3. In extraction the fusion is not necessarily. brought in to the beaker and
digested with boiling water. The author proceeds as follows: The fused mass is
crushed, if necessary, and transferred directly to a filter paper. The small particles
adhering to the sides of the crucible are moistened with hot water. When they are
readily detached with a glass rod and are transferred to the filter. The crucible is
washed 4 or 5 times with hot water, scrubbed with a policeman, and the washings
are poured on the filter. The paper and the contents are washed to the complete
removal of sulphates. '

4. During the digestion and washing of the fusion on the filter the present
method takes slightly longer time than the Eschka method.

5. Examine the residue for sulphur after digestion, by dissolving it in hydro-
chloric acid and treating with bromine water ja.nd bartum chloride solution. When
an appreciable amount of sulphur is found, add it to the main precipitate. If the
procedure is followed promptly there should be no detectable sulphur in the residue,
and this recovery is unnecessary.

6. The filtered extracts from the present method are always rendered ex-
tremely turbid by calcium salts, which is soluble in acid in subsequent treatment and
it does not interfere with the precipitation of sulphur as barium sulphate.

7. The addition of bromine water may be omitted when the present method
is employed, but a little is always added as a precaution.

8. Always run a blank determination with each analysis, using the same
amount of all reagents that were employed in the regular determination. Deduct the
sulphur found in the blank from the amount found in the sample.

9. Determinations of ash in coal or coke must not be made in the same
muffle at the same time with sulphur determination, since during the ashing process
sulphur compounds are more or less evolved as gases that may be in turn absorbed
by the flux for sulphur determination.
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6.  RESULTS OF EXPERIMENTS.
Lab. No. Sample Number Eschka Methed ~ Present Method Difference

I 335 0.72% 0.77%. +0.05%
2 450 0.41% 0.41% 0

3 479 0.15% 0.17% +0.02%
4 514 6.05% - - 5.87% —-0.18% .
5 517 " 7.41% 7.30% —0.41%
6 531 3.39% 3.30% -0.09%
7 563 0.63% 0.62% ~0.01%
8 574 0.60% 0.60% 0
9 607 3.94% 3.86% ~0.08%
10 64 2.66% 2.62% ~0.04%
1 I 668 0.62% 0.64% +0.02%
12 694 0.72% 0.72% 0

13 730 3.31% 3.22% ~0.09%
14 - 740 3.73% 3.73% 0
15 743 1.33% 1.26% -0.07%
16 763 3.29% 3.23% ~0.06%
17 813 5.28% 5.26% -0.02%
8 815 0.59% 0.59% 0

19 820 0.86% 0.85% ~0.01%
20 841 2.18% 2.08% -0.10%
21 845 0.46% 0.48% +0.02%
22 853 0.47% 0.48% +0.01%
23 863 1.12% 1.14% +0.02%
24 886 0.53% 0.56% - +0.03%

7. CONCLUSION:

I. The method proposed by the author is almost as good as the Eschka's
when the sulphur content of the coal is below 3 per cent.; while for coals of higher
sulphur.content the method gives generally a slightly lower result in comparison with
the Eschka method. As the mazimum difference in per cent.- is only 0.18 in 6.0
per cent. {(about 3 per cent. error) which seems allowable in the usual course of
analysis. '

2. This met}iqd is also preferable to the Eschka's for the reason that the
market price of slaked lime is much cheaper than that of light magnesium oxide.
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(MO, G. 33 50 per pound Ca (OH,;. G.81.30 per pound.) Sodium carbonate and
soditim nitrate are of the same price, approx&maiely

3. Dunng the digestion and washing of the fusion on the filter this method
takes slightly longer time than the E.schka method..

4. The volume of light magnesium oxxde i8 much looser than that of slaked
lime and this property is favorable to the absorptlon ‘of evolving gases as it gives
more surfaces and takes better care of them. It is of this reason for the author to
"use slaked lime instead of quick limef

5. Since sodium nitrate in the miixture and the resulted nitrite will complete-
ly decompose during the fusion, no nitrate ions are found in the solution from which
the barium sulphate is to be precipitated.
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1. INTRODUCTION.

Since De Marsilly systematically.studied the extraction of some of the organic -
compounds in coal by means. of benzene, alcohol, ether, carbon disulphide and
chioroform, the solvent: extraction has a.tt‘racted sufficient attention of many coal
investigators, who endeavored to find the chemical composition of coal. - However,
in.qpif.e of many theories that were deduced from the resulis of their research, the

chemical constitution of coal still remains obscure and speculative.

Among the organic solvents used for ‘the extraction pyridine, which was
first used by Bedscm,1 proved to be the best. The strong solvent -pioperties of
pyridine on coal, as stated by Hargar® is however not merely a physical action but
a chemical process which depolymerizes the polymeric compounds of coal into
simpler ones easily soluble. Wheeler® and Clark showed moreover, that the
pyridine extract can be further divided by the treatment of chloroform, and termed
the components thus separated by the two solvents as follows: ~
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& Component—The portion of coal which doss not dissolve in pyridine.
B-Component ~The portion which is soluble in pyridine but not in chloroform.
- 7-Component — The portion which is soluble in both solvents.

' The separation is shown more clearly in the following diagram.

Coal
+
. pyridine
- = =
Insoluble Soluble
portion portion
J o+
»-Component Chloroform
Insofu_ble ' SE\EI&:
portion portion
I 3
8-Component 7-Component

The alpha and beta compounds are supposed to be of the same type of substance
which was derived from the plant remains, while the gamma compounds are con-
sidered to be of resinic nature. It is generally believed that, in the carbonisation of

of coal, the gamma compounds impart the agglutinating action and play the most

important part in the coke formation.

In view of the great range of variation in the Chinese bituminous coals as to
their coking propnetles. dlfferent ‘methods have to be used in order to determine
these coking proprietes in the Iaboratory with small samples of coal porior to the
utilization on an industrial scale. It is the purpose of this study to test coals by

‘means of solvents with the aim to see how they influence on their caking properties.

7. COAL SAMPLES.

Sixteen coal samples from important mines were chosen for the test. Their

sources, geological age and proximate analysis on dry and ash free basis are herein

tabulated below: .



Ping: —Solvent Extraction of ‘Chinese Bifumr’ans Coals 23

Lab, No.  Locality Company  Geological Vol. Mat. Fixed Catbon
| | Age |
321 - Tshsien, Hopei Yiti P-C 22.28 77.72
319 oo s Yih - 22,72 77.28
310 Poshan, Shantung Potung v 25.67 74.63
309 - “Ca " ' 24.00 76.00
365  Livhokou, Honan — 28.15 71.85
362 Chinghsing, Hopei Chinghsing v 26.72 73.28
374 Lanhsien, Hopei, K. M. A. i 35.96 . 64.04
373 e v _ . 35.76 64.24
369 Ihsien, . Shantung, Chunghsing o 34,21 65.79

587  Shunkengshan, Anhui Tatung o 38.75 61.25
591 Hsiangt'an, Hunan Yiuli P 23.69 76.31
597  Changhsing, Chekiang, Changhsieng  , 42.39 57.61
448 Hsuancheng, Anhui . " 4].66 58.34 .
655  Pinghsiang, Kiangsi  Pinghsiang ] .36.42 63.58
349 Hsuanhua, Chahar, =~ Houfeng . 42.68 5732
523  Tatung, Shansi . 38.01 61.99

P-C = Permo-Carboniferous

P - =Pemmian

] =Jurassic

3. DESCRIPTION OF THE COKING PROPERTIES

Nos. 321 and 319 (Tsohsien) are oBtéined from différent seams of a
same mine. They all form coherent semi-cokes, but 319 is slightly shrinking

and 321 more or less swelling.

Nos. 309 and 310 {Poshan) are used for coke production by native
method as well as by modern coke oven process. *No. 309 produces a highly
swelling semi-coke, lustrous, hard and poréus'. No. 310 produces a slightly
sweliing- hard semi-coke. '

Ne. 365 (Liuhokou) is used to produce coke with a production of more
than 10,000 tons annually. The semi-coke is swollen, hard and lustrous.

No. 362 (Chinghsing) on heating shrinks to a very hard and compact
semi-coke. It is used in by-product coke ovens of Chinghsing Mining Admi-
nistration with a maximum daily capacity of about 110 tons.
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'No. 373 and 374 .('K'ailan) yield slightly swollen semi-coke, hard and
lustrous, and have been used to produce coke in be?-hive ovens.

No. 369 (Chuhghsiﬂ:g of lhsien) gives a highly aWelling_ cok@e. porous
but friable. This coal is carbonized in native coke ovens with a monthly
production of about 3200 tons.

* No 587 (Shunkengshan) - The semi-coke from it is hard, compact and
slightly shrinking, considered as not good coking. -

No. 591 (Hsiangtan)_ gives a non-swelling coherent semi-coke, and
cokes produch in native ovens are said to be of good quality.

| No. 597 (Changhsing) produces a very highly swelling coke, lustrous
andl porous. '

No. 448 (Hsuancheng) gives a highlly swelling semi-coke, porous
and friable, but it suffers the disadvantage of very high sulphur content.

No. ..655 (Pinghsiang) gives a coherent and moderatelf hard semi-
coke, with a slight shrinkage. It had been used on a large scale for the

manufacture of metallurgical coke.

No. 523 (Tatung) is rich in fusain content which probably renders the
coal unsuitable for the production of coke.” However, it cakes slightly, and

yield a loosely bound semi-coke which crumbles easily into powder.

No. 349 (Hsuanhua) is entirely non-coking bt rich in volatile matter.
4. EXPERIMENTAL

A procedure for carrying out the extraction of coal by pyridine was described

by lllingworth®. He used a five-gram sample in an all-glass joint Soxhlet apparatus.

The extraction however requires a long time of about one week or two. Moreover,

owing to the prolonged heating the compounds in the extract tend to polymerize again

to form a film of gummy substance which adheres firmly on the inner surface of the
flask and is hard to remove even with fresh pyridine. A modified method employed
by U. S. Bureau of Mines is consequently adopted.

The samples were made to pass through a 60-mesh sieve and dried at 105°C

for two hours. A one-gram portion of each was mixed with four to five volumes of

clean sand in an alundum thimble, and was extracted with 125 cc. of pyridine in

an all-glass joint Soxhlet extracter in an atmosphere of nitrogen. The extraction was
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80 regulated that the syphon of extract occurred once in about ten minutes, and was
continued for 48 hours. hi order to remove the coal particles which might be carried
over by pyridine, the extract was filtered into a tared 150 cc. pyrex florence’ ﬂask
" The filtered extract was then concentrated by distilling off the pyridine until the con-
tent tends to splash up. The pyridine remaining in the flask was removed by
repeated evapbration with po;tic:ns of 15 cc. of xylene. After the removal of pyri-
‘dine, the flask was heated in a vacuum oven at 105°-110°C to drive. out xylene.
Then the flask was cooled in a desicator, and ‘weighed. The increase in weight -
represents the amount of beta and | gamma compounds in the coal.

The dried pyridine extract which contained the beta and gamma compounds
was broken up with a glass rod, washed with chloroform and poured into the thimble
already in the Soxhlet extractor. The adhering particles on the flask were removed
with a policeman and rinsed out again with chloroform into the thimble. Fresh
chloroform was added to the .éxtractor to a volume of about 125 cc. The extraction
was proceeded in the same way as that with pyridine, until the descending solvent
was colorless. The extract was filtered into a flask previously weighed and distilled
off the major portion of chloroform. Then it was dried in vacuo at 105°C to constant

weight. The amount of gamma compounds is obtained by difference again.

5. RESULTS.

‘The following results were recorded on ash-free basis:

—
Coal IE{: tlrc;l:élte Alpha Compd. Beta Compd Gamma Compd.
321 - 2.74 97.26 1 0.46 2.28

319 3.95 96.05 - }.29 2.66

310 6.82 93.18 2.03 4.79

309 7.24 92.76 0.66 6.58

365 6.07 93.93 2.39 3.68

362 6.37 93.63 1.74 4.63

374 29.4| 70.59 18.09 11.32

373 32.72 67.28 16.95 15.77
369 32.75 67.25 16.33 16.42

587 1.2 88.88 4.85 6.27

591 7.73 92.27 2.97 4.76

597 18.75 81.25 - 8.63 10.12

448 19.21 80.79 7.93 11.28

655 23.44 76.56 13.52 9.92

349 14.51 88.4% 6.07 8.44

523 19.52 80.48 10.36 9.16
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6. DISCUSSION OF RESULTS.

In order to facilitate the discussion of the results certain factors listed below
must be taken into consideration.

Coul e Moisture® , .
o e Mot conlh o Oflvieds Siene
321 P-C Bh 3.44 2.28 5.73 1.06
319 . Bh 3.37 2.66 4.97 —_
310 i Bm 2.88 4.79 570 1.04
309 . Bh 3.16 6.58 5.05 1.40
365 . Bm 2.50 3.68 5.92 .04
362 . Bm - 2.72 4.63 6.65 0.90
374 Bm 1.73 11.32 10.50 - 1.14
373 . Bm 1.78 15.77 9.76 1.96
369 , Bm 1.90 16.42 . 8.05 2.56
587 . Bl 1.51 6.27 12.10 0.94
591 P ‘Bh 3.12 4.76 4.65 1.00
597 N Bl .34 10.12 7.59 2.72
448 ., Bl 1.39 11.28 8.37 2.64
655 j Bl 1.69 9.92 9.15 1.00
349 . Bl 1.27 8.44 10.50 1.00
523 " Bl 1.55 9.16 11.05 1.00

7. THE RELATION BETWEEN MOISTURE COMBINED
RATIO AND THE GAMMA CONTENT.

By moisture combined ratio is meant the ratio of fixed carbon to the sum
of moisture and volatile matter. - It is the common opinion that this ratio shows
the degree of coalification of coals in that it increases with the increase of the
latter. Two curves obtained by plotting the gamma content and pyridine extract

" against the moisture combined ratioc are shown herewith.

 The curves though appearing in a zigzag manner seem to show. that the
degree of coalification has a striking influence on the pyridine and chloroform
extract. Of course, there seems to be no definite i'elationsh'ip existing ;between each
~other but it is evident that as the moisture combined ratio is higher, that is the
coalification is increased, the difference among the gamma contents is very
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much smaller. Among the coals- studied, Nos. 523, 587 and 349 have been
known to be of very poor caking quality, Nos. 448, 597 and 59! are-of doubtful
.cakmg quality, while the rest of them are all good coking coals and have acmaﬂy
producing cokes in the market. It is therefore quite probable that among the bitu-
minous coals of lower coahhcation, the gamma content is very important to the

caking quality.

Percentage of Pyridine Extract and Gamma Component
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Moreover, it is interesting to note that those coals which locate on the
paramount points of the gamma curve, swells greatly on heating. The coals of that
category are: —Nos. 597, 448, 373, 369 and 309. On the contrary, the coals that lie
on the lower part of the curve are not greatly swelling, o_f non-swelling or even
shrinking on heat treatment. Thus, it seems that there is a natural grouping of the
coals. In each group the coal which gives a higher gamma content is comparatively
more swelling on heating.

8. THE RELATION BETWEEN THE GEOLOGICAL
- AGE AND THE GAMMA CONTENT.

Without considering the coalification as measured by the moisture combined
ratic, the gamma contents of the cqal seem to bear no rel_afion to the caking property .
atall. A non-coking coal like No. 349 gives 8.44% of gamma but & good coking
coal like No. 321 gives only 2.28% of the chloroform extract. However, the result
is also of interest if the coals are assorted into groups according to their geologica!
“age, and gives evidence that the gamma coﬁxpounds really impart ‘their cementing

‘influence in the formation of coke.

Thus, among the Jurassic coals, No. 655 which is good coking and has been -
used for coke producing, contains 9.92% of gamma. No. 523 which is poor coking
contains 9.16% and No. 349 which is non-coking contains still. less, only 8.44%.
In the Permian coals, the relation holds true too. No. 597 and 448 which yield very
highly swelling semi-cokes have gamma contents of 10.12% and 11.28% respective-
ly. And, No. 591 contains 4.76% of gamma yield a non-swelling semi-coke. Among
the coals of Permo-Carboniferous age, No. 369 which forms a highly swelling coke,
- contains 16.42% of gamma compound. Next to it are No. 373 and 374 which con-
tain 15.77% and 11.32% of gamma respectively. The rest of the coals except No.
587 6.27%. all form coke on heating with little swelling, and contain much less
gamnma compounds than Nos. 374 & 369. |

9. THE GEOLOGICAL AGE AND THE COALIFICATION OF COALS AS
INFLUENCES ON THEIR COMPOUNDS.

Now the problem arises: why Jurassic coals like No. 349 and 523 which are
rich in gamma component have poorly coking properties, but Permo-carboniféfous
coals such as Nos. 320 and 321 contain much less gamma compounds and are good
coking? It seems that the gamma contents of various coals are different in composi-
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tion. The gammap compounds are provedbc; be of resinic nature and are supposed
to be derived from the resin in wood or plant remains, as a result of polymerlsanon
Asa rule, thepolymensahonofacompmnd depends on aging, temperature, pres-
‘sure or catalyt:c action of foreign materials. It is se]f-explanatory. that the polymers
are greater in molecular weight than the original compounds, and consequently their
melﬁng point and boiling point are higher. It is the same case with the gamma
compounds.  The more they were aged and the h-igher the degree of coalification;
the more they polymerize and hence the higher their boiling point.

In the process of carbonisation the - gamma compounds are decomposed into
simpler compounds ‘as gases, oils, tars and also m7pmnds of still higher carbon
content which cement the coal particles to form coke.” lt is obvious that the gamma
compounds of lower molecular weight volatiles more easily and escape from serious
decomposition before a high temperature is reached. On the contrary, those of higher
molecular weight are hard to volatile until at high temperature, at which decomposi-
tion and cracking set in. From the present expe‘rimeﬁt it is clear that the Jurassic
coals are rich in gamma compounds which do not help cokmg but give a higher yield
of oil. The coals of Permo-Carboniferous ags, like Nos. 369 and 373 etc., though

containing much gamma compound yield less tar which show* that the major portion

of gamma compounds is left as cementing material.

In conclusion, the coking property of coal depends not only on the amount
of gamma compounds but also on the nature and the decomposition products of
these compounds. As this experiment shows, the coals of younger age though rich
in gamma compounds are poorly coking, but that of older age, though less rich in
gamma -component, are good coking. So in the examination of coal the geological
age, and the degree of coalification must be considered. As a matter of fact, they

influence greatly the nature of gamma compounds.

10.  SUMMARY.

Sixteen bituminous coals collected from different districts in this country,
were examined by means of solvent extraction. The results are, however, not
very promising, if the amount of gamma component were taken alone as a criterion
of coking properties. Since the coals are of different origin, age and degree of
coalification, due consideration should be paid to these factors in the examination

of coal by solvent extraction.
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1. INTRODUCTION -

“Alunite deposits along the south-eastern Coast of China were discovered
about three hundred years ago. The total reserve and its potential possibility as a
source of raw material for alum and potash industry were pointed out by Yih! when
he published the results of his investigation of the geological nature of Pingyang
deposit.  Yih estimated the total reserve of Alunite to be 1,020,937,500 tons. Yet'
this figure is only limited to the coastal district of Chekiang; if other provinces nearby
are included; the reserve will be still increased. The sole use of the ore so far has
been for the manufacture of alum. The local practice® is to roast the stone in kilns
and to leach out the alum in water.. The maximum yield from the purest ore is only
25%. For average samples the yield is considerably less. Attempt to determine the
mechanism of the roasting process with the objects of increasing the efficiency of alum

production and of effecting a more profitable utilization of the alumstone constitute
the purpose of this investigation.

2. PREVIOUS WORK.

Potash alum has been extracted from alunite as early as the thirteenth century.
at Tolfa, Italy.” At Ballah Delah, Australia, the mineral was calcined in rever-
beratory furnaces and treated witha weak solution of sulfuric acid. Guyot® recom-
‘mended the addition of sulturic acid and potassium sulfate after igniting the alunite
at 800°C for three hours. He claimed that the total yield of alum was about 2.3 times

the original weight of the ore. Schwartz, however, suggested that the best tempera-
ture for roasting was 500°C.

* Chiet chemist of the National Geological Survey of China, Peiping.

#* Research fellow of the China Foundation for the prometion of Culture and Educa-
tion.
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- . .. ' .
The direct recovery of potasium sulfate from alunite was proposed by Wag-
~gaman®. During the World War, potassium sulfate was mm_merciauy extracted 'fr‘orn
* alunite in America in the vicinity of Marysville, Utah, where the largest deposits in

the United States are located. The mineral was heated at about 1,000°C to produce

A number of methods proposed for the production of pure alumina have been -
described by Edwards?, Frary, and Jetfies. Most of the methods involved a prelimi-
nary r_dastihg treatment to increase the rate of solution in acid. The temperatures
suggested can be classified into three groups—500-750°C, 750-1,000°C, 1,000-
1,600°C. In the first range, acid-soluble sulfates were probably formed; in the second,
AlyOs and K,SO;; and in the third éith_er alumina. and K;SO, vapor or potassium
aluminate. Fink®, Van Horn, and Pazour verified this decomposition by X-ray
diffraction methods. They showed that by heating at 500-600°C alunite was trans-
formed into submiéroscoPic crystallites of dehydrated alum which decomposed into
corundum and K¢SO, at 700-800°C. At 1,200-1,400°C. K,O - 10A1;05 was
synthesized. _

Ogburn’ and Stere observed two stages of the thermal decomposition of alunite.
Combined water was liberated at 460°C, while complete decomposition of aluminum
sulfate to alumina resulted at 800°C. K!SO., was not affected at the latter temperature,

and was recovered as such.

Table 1
CHEMICAL ANALYSIS OF PINGYANG ALUNITE SAMPLE
Samples Hsihua Hsihua 5 Hsthua E;  Tathu  Tahua
*H.O— A4% 0.30%5  0.24%  0.18% 0.23%
*H.O + 10.00,, 13.80,, 1286, 695, 9.9,,
Si0. 18.00°,, 1.52,, 830, 5230, 2722,
AlG, 33.65,, 38.24,, 33.71,, 19.09,, 26.04,,
Fe,O, 57 ., 1.35.. 1.99,, 1.it,, 3.83,,
MgO - 008, 008, 008, —
CaO 22, 0.84,, 05t,. 030, - 0.20,,
K.O 8.64 ,, 8.18,, 860, 400, 6.63,,
Na,O 36 ,, 0.22,, 041, 090, 090,
SO, 28.86 ,, 36.10,, 3383, 16.00,, 2573,
Total 100.44 100.63 10053 10091 100.68

*  H,O—refers to hygroscopic moisture.
H,O + refers to combined water.
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3. CHEMICAL NATURE OF ALUNITE SAMPLE.

Four 'samples of alunite from ngyang, Chekiang (locally known as
Hsihua (#a1E), ‘Suntze (2ZEF), Tahua (j(?f,) and Hupan (BZEE) were rece.lved
The sample Hsihua, having the smallest percentage of silica, was chosen fér the
experiment. Jts chemical composition is shown in column 2, Table I. Columns 3, 4.
5 & 6 are analyses made by -Li-huang! of the National Research Institute of
Geology, Nanking on four tfp&specimens. The first sémp]e is calculated to contain
74.70% of pure alunite (formula: KyO.3Al1:0,.450,.6H,0), It.lme: rest being kaolin

(2.84%), free silica (16.68%), free alumina (4.93%) and other impurities ‘as listed
‘above..

4. EFFECT OF TEMPERATURE ON ALUNITE DECOMPOSITION.

To show the extent of decomposition at different temperature, three to five
grams of the sample (ground to pass through a 40-mesh sieve) were weighed into a
sillmanite boat which was placed in a silica tube inserted in an electrically heated
tubular furnace. The temperature was controlled by an alumel-chromel thermo-
couple; and was raised 100°C for every new sample introduced. At regular intervals,
the boat was removed fr_oin the furnace and weighed. After constant weight had
been reached, the sample was analyzed for its SOy content and the solubility of AlyO,

in 10% HsSO, was determined. The results are tabulated below and are graphically
represented in Figure 1: —

Table 11
ALUNITE DECOMPOSITION AT DIFFERENT TEMPERATURES
Temp. Total loss  Loss of SO, Loss of H{O  Solubility ~ Duration of
(°C) Of wit. (%) (?é ] ’ I'Of AIng iIl heating
t (%) 109 H.S0, (hrs.)
no
heated 0 0 0 Z.OO 0
100 113 0 d13 — 10.75
200 15 0 A15 7.20 10.25
300 148 0 .148 — 8.00
400 071 0 A71 7.51 12.50
450 2.57 0 2.57 —_ 25.25
450 5.13 0 513 — 60.00
500 10.32 .33 9.99 97.25 24.00
600 11.53 1.53 10.00 §9.50 26.50
700 28.10 — —_ — 23.50
700 29.20 19.15 10.05 87.00 41.50
ROO 3108 22.00 9,98 73.60 24.00

900 32.80 22.81 9.99 68.80 24.50
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—i"wo_ distinct stages of the decomposition of alunite are _ discernible. Up_to
400°C the s‘amplé undergoes no intrinsic change other than the loss of hy'g'roscopic"'
moisture. The hberatlon of combined water begins at 450°C and rapidly goes to
completlon at 500°C. (indicated by the first- steep portion of curve D) the complete
removal of water is simultaneous with a sudden increase in solu_bdlty of the AlOs
-conténtTi-acid. This is probably due to the formation of crystals of dehydrated alum.
as pointed out by Fink®, and is thought to be the best condition for producing alum.
The'seeeﬁd stage occurs at 700°C where aluminum sulfate decompose to a consider-
able extent as shown by the copious evolution of 50, K,SO, is thus set free from
corundum w}uch being insoluble, decreases the solubility of the sample by its
presence.

Table 1l
ReEsuLTs oF EXTRACTION AFTER THERMAL TREATMENT
Temperature 500°C _ 800°C
Loss of wt. after heating - 20.0 gm. {10.0%) 61.8 gm. (30.9%)
Solvent used for extraction H,C 10% H.SO, ’H,;O
Yield of alum 30.2 gm. 86.0 gm. 4.0 gm. {impure %
: AlO;=17.55)

Additional yield after. adding .

K50, _ 40.1 gm. _
Theoretical yield without adding '

K,SO, _ i71 gm. S
% vield 17.65 50.30 _ -
m. p. of alum 90.7-91.5°C 90.5-9].25(: _—
Theoretical m. p. 92°C
Yield of K50k —_— —_— 30.6 gm.
Purity of K.SO, J— —_ 92,9 %
Theoretical yield {calculated :

from K.O content} - _— — 32.0 gm.
o4 K80, extracted _ _— 88.8
Residue after extraction 163.8 gm. 71.0 gm. 103.6 gm,
% AlO; in residue 39.10 27.14 61.78
wt. of ALQO; in residue 64.00 19.25 64.00
wt. of Al,G; in product 3.25 13.57 3.02

Total 67.25 32.82 67.02

. of AlO; in original sample 67.30 67.30 67.30

£

. Of Alea as A]s(so‘)a
(By diff.) — 34.48 —_—
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5. EXTRACTION OF ALUM AND K:SO
AFTER THERMAL TREATMENT

To venfy the above reaults, expenments on a comparatively larger scale at
the two selected temperatures for the respective production of alum and potassium
sulfate were considered necessary.' In .t‘l'xe latter case, 800°C was chosen instead
of 700°C, because the decomposition of Al (SO,)s would be more 'comp1ete and
because the heating tock much shorter time. which, in practical experience would
mean' the economy of fuel. In each case, 200 grams of the same sample were placed
in a muffle furnace for 24 hours (being average amount of time for each reaction to
be complete). The heated -mass was extracted for the product desired, and the
results, together with an AlyOs balance, are shown in Table III,

The alum produced was quite pure as shown by its crystalline structure and
the melting point tests. The slight impurity was due to the use of top water for ex-~ -
traction, . The KySO, obtained evidently contained a slight amount of alum not yet
decomposed by roasting. '

6. DISCUSSION OF RESULTS
The reaction by which alunite is converted to alum can be represented thus:-

heat
KQO. 3A1;Og-4503-6H30 ——> K;SO‘.AI,(SO.), ’ ZAIgO,s
'(:Alunite) : . (dehydrated alum) (acid soluble alumina)
J10% H,S0,
KsSO,AL (8O, - 24H,0 + Al (SO,
(alum)

Just how the removal of water changes the nature of alunite is not known. It
is probable that the water molecules hold up those of dehydrated alum and aluminum
oxide in such a way as to form a hard and insoluble mass which decomposes only
on heating. The slight solubility of dehydrated alum in ‘water accounts for the poor
yleld in this experiment and also in local practice. The increase in yleld by the use
of acid medium is remarkable. !f the effect of varying the acid strength is studied to
determine the optimum concentration that should be uee'd, ‘the yiéld can possibly be
improved to more than 50.3%. It is interesting to note frpm the aluminum balance
that all the acid-soluble alumina are extracted though not all of the Al{SO,) can
form alum by the addition of KySO,. This is probably due to the physical effect of
concentration K;S‘C); and Aly(SO)s and the condition of alum crystallization, conse-
_quently a phase rule study should be investigated to clarify this point.
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The direct extraction of K;SO.. by heating at 800° C seems to. be not econo-
mical unless use can be made of the evolved SO; and the remaining ALO,.
Owing to the high percentage of SiOy in the alunite sample, it is more adwaable to
recover the product in the form of alum and subsequently roast the alum to get K,SO,
and AlO, or precipitate the Al in form of AKOH), 'by NHj to obtain ALO; and
(NH,)s SO.. The advantage lies in the ease with which alum can be purified and
the consequent purity of the final products.
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ON THE IRON ORE DEPOSIT OF BEIYIN OBO, SUIYUAN
By T. H. Tina!
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| | f. INTRODUCTION.

Beiyin Obo is also called Beiyin Bogdo, which means in Mongolian languege
*“Rich spirit’’, but the former name is more commonly used in that region owing to
the attractive Obo. It has been regarded as the most powerful ““Sacred Mountain’’
in Beile region.

While [ was a2 member of the north section of the Sino-Swedish Expedition?,
I had the occasion to climb up to the Beiyin Obo from our camp at Beiyin Bulak
about 5 Kilometers south of the Obo, and fortunately 1 discovered a secret which is
more profound than the religious belief and important for the geological science. This -
was the iron deposit which I am now going to describe.

The whole sﬁmmit of Beiyin Obo was occupied 'by iron deposit which has an
area of about 300,000 square meters in the main body. Scattered pockets of iron
ore are also found in the surrounding rocks of limestone extending about 3 Kilometers
to the ‘east and west respectively from the principal body and ore sands resulted from
weathering and erosion of the deposit also occur in several valleys.

I would take this opportunity to thank Dr. V. K. Ting, Prof. P. L. Yuan and
Prof. C. Y. Hsieh and Mr. T. L. Ho for their valuable suggestions and criticisms.

‘2. SITUATION AND COMMUNICATION.

Beiyin Obeo is in Beile region (I E§1) about 100 li from Beile Miao (5 #}5i
B E M) end is bordered with eastern part of Momin An Djasak (FERAZENE) re-
gion; it is situated between two rivers: Chanhantologay Gol and Chananchelo Gol.
It is about 400 }i from Suiyuan and about 300 li from Paoto.

1. Member :)f the Sino-Swedish North-west E:_(peditioﬁ under the lead of Dr. Sven
Hedin and Piof. P. C. Hsu.
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~ The roads to that region are cbmparatively even, besides horses and camé]s,
travelling may be even made on cart. Grass ‘and streams are’ usually abundant in -
many places and villages and Mongol-tents may be found neat the road.

There is an automobile road of 300 ki between Suiyuan and Beile Miao, which -
takes only 5 hours to cover the whole trip.” From Beile Miao to Beiyin Obo, it can-
‘be reached on horse back in 6 or 7 hours, so that the whole journey can be covered -
in one day, if no interruption occurred on road.

3. STRATIGRAPHY-.

In Beiyin Obo the following formations are present:

The Sinian: This is composed of quartzite and limestone, shale and slate, the
former occurs at the valley bottom of the eastern slopes, varying in colour from
white to dark gray. It is the lowest part of this formation. Upon the quartzite is
laid a series of massive metamorphosed siliceous limestone showing no clear bedding.

This limestone often forming high mountain is developed in the northern part
of Beiyin Obé, its thickness judging from the elevation of the mountain is estimated
at least 600 meters.

At the southern rock terraces, a series of slate and shale is found in fault con-
tact with the siliceous limestone. It is intensely'. metamorphosed showing distinct
schistosity. Under microscope many inclusions of yellowish opal and black car-
bonaceous-substances are found, and in some specimens later filling of Guarfz in forms
of veinlets are also seen. Lithologically this series bears close resemblances to the
series of Amuser which lies concordantly upon the same limestone, therefore it is
tentatively refered to this period.

Quaternary and allwiuvm: The latest sediment are composed of loess, sands _
and gravels occurring in the valleys and slopes.

Igneous rock: Along the south slope of the Obo mountain (Pl. ) there occurs
a diorite which occupies an area of about 200 meters wide, in the form of a small
laccolith. The mass is of dark greenish colour, holocrystalline and medium grained.
Under microscope it is composed of albite, oligoclase and some hornblende. It cut
through the series of limestone and slates which are metamorphosed. The age of
the intrusion is post-Sinian, but it cannot be more exacty determined, owing to the
absence of later sediments in that region. -
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Quaitz veins are very common in that region, always forming salient points
in the desert due to their resistance to weathering. They cut across the above
mentioned rocks.

4, STRUCTURAL GEOLOGY.

The range of Beiyin-Obo is a part of the divide between Langshan and
Gelobai, and is probably formed by the warping during post-Oligocene time.
Structurally ‘it forms a gentle anticline running NW-SE, with a series of close fold
and a few faults; the northern limb of the anticline extends northeastward to & far
as one can see from the Obo, while the southern limb is suddenly terminated by
igneous rocks near the alope of the mountains.

Faults in Beiyin Obo may be refered to the diagonal type as they have cut the
strata diagonally. One fault occurs along the south slope in the south limb of the
main anticline, indicated by sudden change of strikes and dips of two different kinds
of rocks. Another fault occurs in the northern broad valley, following more or less
the course of a dry river and in which several quartz veins parallel to the river are
‘also seen.

5. IRON ORE DEPOSIT.

The iron ore deposits ustial_ly ‘occur in veins and fillings in limestone {orming
irregular but diéti:i&ly_bedded or banded masses. Beginning from the middle part
of the north escarpment of the range the ore body curves down to the south slope
where terminated by a fault so as to bring the deposit in contact with the upper slate.

Both -western and | gastern parts of strata were eroded away, so that the foot wall of

the ore formed a roof of the range.

Basing on a few field observations, it is concluded that the ore body could
“not be terminated suddenly and might extend downward further than its exposure,
but the actual depth cannot be ascertained unless by drilling.

Several minor iron deposits are also found-on the north side, just in the center
of the northernanticline; they have the same characteristics as the main deposit, but
they are too scattered to be of any economic importance.

The iron ore was deposited as a result of the action of gas and hydrothermal
‘solution emanated from the dioritic magma conrected with the iron deposits.

This conclusion is.based upon.the following facts from field observations as
well as from laboratory study.
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2.

'Bullct'_r'n' of the Geological Survey of China

The ore is not directly in contact with the diorite or other igneous rocks, :though
' they are very close together.
The ore is composed principally of hematite, specularite, pyrite, limonite and
" - magnetite, the last one is always assdciated_ with fluorite and quartz, and
‘sometimes with epidote, and diopside indicating that a part of the ore
“was formed under high temperature.

The alteration of the country rocks has been very extensive, large part of lime-
stone changed,into a kind of hard, porous aud sometimes chalcedony-like
mass, and its intensity becomes stronger near the ore than away from it.
In colour the altered rock varies from gray to dark brown according to
different content of iron. Under microscope, it is composed largely of
calcite, quartz, barite and fluorite with little amount of epidote, diopside
and some iron ore.

The phenomena of replacement are distinctly shown in the thin sections of the
rock, thus calcite has been replaced by flucrite, hematite, specularite or
limonite and still preserving some c}iaraq:teristics_ of original mineral.
All these features proved that metasomatic process is very extensive in
that region. '

The cavities of the altered limestone are filled up by agate showing a typical and
beautiful structure under microscope.

The rocks .are_ certainly- metamorphosed and much altered, but ne minerals of

contact zone such as garnet have been found.
6. SUMMARY

To compare the ore with other iron deposits of China, it is closely . similar

‘to that of Liuhsiang, Southeastern Hupeh® and that of Tawashan and Nanshan,
southern Anhui® |

In type and genesis, these three localities strongly resemble one another.

2. Yih, L. F. and Chao, K. P., The Lingsiné iton ore deposits. Memoir Nat. Res.

Inst, of Geology. No. 5, 1928.

3. Hsieh, C. Y., Iron Ore of southem Anhui. Bull. Geol. Soc. China, Vol. 19,

- p 317,
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PLATE II

A. Diorite:

Plagioclase (PI) and common hornblende (H) showing cleavage lines.
Cross nicol, ¥ 40. ~“South range of Obo. '

B. " Epidote rock: _
Prismatic crystals of Epidote (a), diopside & biotite flakes (J), Fluorite
_(Fl). % 100. Western cliff of Obo.

C. Iron Ore: | .
Magnetite aud hematite (black) associated with fluorite (F1), barite (T).. East
side of Obo.

D. Iron Ore: .
Magnetite, hematite, flum_'ite (F1) and quartz (Qu) inter-grown together.
Cross nicol, x 40. East side of Obo.






