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Fig. 1 Sketch map sﬁow'mg stratigraphical distribution of samples
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Table 1 Dfermined resnlts of different kinds of samples by INAA
wal B | xn x x % & (ppm)
.gﬁ!ﬂulalm|wl£nln]¥:ruUsols:lnlc:lmlblalslrd]&lwlun no| v
=

Ln-3] Cla | ¥ |70.2]153.4|60.4]18.3]| 2.2 1.9 }5.8f 1.0 0.7 0.4D| 2.3 } 85.0 - 22.1| 514.4 - 23.2] 3.1 |15.9(4.2| 18.2 1034.0] 3.6
6200 | Cia | S5BF | 59.7|126.0|63.2f11. 4| 1.3 2.2 |5.5] 0.8 |8.8 - 2.6 {89.7| 5.1 | 21.5( 608.0 - 21.6| 3.4 | 13.8|3.0 - 1526.0| 4.8
6€203] Cla | 33X | 87.6 |228.0] 91.7 | 22.1| 3.9 4.6 [11.941.90 15. 8 0.70| 2.2 | 84.1]0.55|22.3| 840.0 | 1.3 | 24.5| 3.2 | 17.3}3.8] 74.7 3289.0 | 12.0
S101 | Ca | &M | 42.4]61.0(30.2| 8.8 |0.86| 1.2 |3.1]/0.53]4.7|0.80) 4.0 | 46.9| 18.8 | 211.5| 409.0 | 0.8 8.7 2.2 {23.8|1.1| 25.1 1284.0| 6.8
a202f Qb | K% (87.0(68.0)20.6| 3.6 {0.13|0.64({2.6] 0.43}9.11 0.54) 0.28{51.1| 6.3 §11.8| 102.9 | 1.4 |14.9] 3.9 | 4.8 |2.9| 8.8 - 6.5
LM-8) Cb | Md [ 35.2|7).4|28.4) 5.3 [0.24]0.83(3.2]0.57|5.7| 0.31 - 52.0| 3.0 8.8 180.0 | D. 4 [ 13.1} 4.2 8.8 |6.1] 47.8 1332.0 -
G206| b | ¥R [27.7(57.2|22.4| 3.8 |0.84|0.82[2.8| 0.50(6.8| 0.50]| 0.89|01.2]|26.2|21.9| 263.0 | 1.8 [22.8] 3.0 |17.3)5.8| 26.2 {1351.0|11.2
LM-10| Clc | K | 38.5179.131.6| 7.4 |1.05|1.61|7.5| 1.35 [12.80.41-| 75.0| 12.7 ) 23.0|565.0} 1.2 1221 4.2 |12.0] 9.2 |56. 3 2330.'0 18.1

o214 |C2+ 1| ¥4 | 75.5}187.1)52.5[18.7|1.09 | 2.1 [4.9|0.83]0.1{1.14| 7.9 [86.3) 5.2 |18.1| §7%.0 - 12.4| 5.2 | 10.6|2.6| 19.4 - -
G207 [C2+ 1| 5 | 57.3|114.6/ 48.8 | 9.1 | 0.58 | 1.4 [5.0}0.91 9.8/ 0.52| 5.6 {77.1| 7.0 | 15.7| 473.0 - M4 4.3 |18.32.1| 41.4 508. 0 -
DG-2| C4b | &S | 25.3|54.3[23.6] 5.4 |1.21) 1.1 [4.0}0.7311.1 0.30 - 47.4| 6.0 | 10.0| 3940 | 8.2 j12.8 1.7 2.8 - 934.0 | 1548.0 | 10.0
G208 C7a | KM |21.2|42.9|17.4} 1.9 | 0.2 [(0.46 0.5/ 0.45(8.0| 0.58| 4.8 | 50.5| 6.1 | 9.7 | 225.0 | 1.5 | 10.5| 2.4 | 7.2 |4.1] 26.8 | 1356.0| 11.4
G211| C7o | T | 8.4 88.5 | 37.5| 9.5 | 0.60 | 0.82 |1.3| 0.23 7.4/ 0.21| 2.4 |[96.6] 0.4 9.0 226.0 3.4 5.6 3.6 |01 - 27.5 923.0 -

12 CTo [ 19| 68.8(187.6{70.1]|17.6]| 2.4 2.2 |1.9/0.29]9.5/0.50] 4.5 | 33.1|11.8| 8.6 221.0 | 0.73[ 5.3 4.0 | 31.501.33 65.5 451.0 8.0
G210) C7v | [KZ | 69.9(128.0{43.4( 9.8 | 1.01 [ 1.3 12.2/0.368.4]0.80) 4.6 [ 51.2]|10.5]13.6| 459.0 |0.69 | 10.5| 2.4 | 15.7[3.0] 50.5 | 3036.0 | 23.9
G218 CTo | s [ 57.1[111. 0] 36.1| 5.7 }0.38 | 0.84|1.7]0.27(7.9] 0.83| 3.9 | 44.8[20.3| 7.6 - 1.9 | 12.7| 3.1 {26.8|4.0 - - 7.0

01 C7b | ¥ [ 56.0198.3(44.0)12.7( 1.8 | 1.7 2.5/ 0.4712.4 0.39| 8.9 | 56.8)20.0[,11.7| 420.0 | 1.3 | 11.0] & 0 ]21-6|3.1| 36.6 | 4105.0|130.8
G2 €9 | B | 74.7(144.8/ 46.7 [ 8,.1(0.00| 1.1 |2.0| 0.327.4]| 0.56 | 20.5| 42.9| 16.6| 10.4} 271.3 | 20.5] 11.0] 2.8 7.0 }2.3 - 3242.0 | 21.¢

lozns C16 | K= | 53.8|96.0|28.6| 3.0 |0.28]0.51 |1.1]| 0.21 6.0/ 0.40|0.81 26,2 7.5 | 8.1 | 311.0 [ 0. 98| 6.8 ) 2.4 | 2.6 |6.5 - 8.0.0 |2 ~|[
Lc-18) @9 | g7 | 61.2(138.0[69.3]|17.8| 2.0 | 2.5 |4.2[/0.74[17.31.04 | 1.5 | 93.6| 3.0 | 7.9 | 253.0 | 8.0 | 12.5) 1.5 | 6.2
'YH-16| K3« | 3 | 30.7 [ 66.6 | 24.4§ 5.0 1.2 1.1 |2.5[ 0.42 9.4 - 2.3 | 46.4] 4.2 | 31,8 898.0 | 3.9 3.7]19.9 - 8.4 - 3410.0 ) 2.4
'YH-16) K3a | (M| 33.7]62.2]20.7} 3.9 |0.78] 0.67[1.6[ 0.28 (9.0)0.17] 2.8 |41.0}| 4.1 | 23.8)| 605.1 | 1.7 | 9.6 | 28.0( 0.51 [4. 8 - 4000. 0 -
'YH-11{ K1c | X | 80.8[163.61 67.0 6.3 0.6 1.4 .04 1.1610.4 1.6 | 25.7 [106. 4} 3.5 | 43.9 | 954.8 1.8 3.0 126.9| 3.2 |[2.0] 43.5 2880.01 3.4
YH-12| Kle | AR |591. 0[109. 0]450.2] 64.6 | 5.1 6.9 P1. 9 3.36 3.7 0.6¢ -~ |109.0} - 109.0| 3576.0 | 0.97 | 8.0 {32.4] 4.4 {5.4| 17.8 | 4484.0 -
ERUIBNLS
LMR | C1 #3 |111.00222.5/ 86.6 | 19.6 | 4.20{ 2.9 |6.1|1.14 3.9 - 0.08 | 14.7 |113.4¢ 15.4 | 544.7 1.2 [ 43.81 4.2 | 26.1[2.4| 1089. 0 |16114. 0157. 6
LM18| €3 | #5322 |138.4/248.5[106.3(23.3|0.03 | 2.4 [4.7[ 0.70|4.4[ 0. 48 1.3 | 20.2 |161.6] 19.7 79.8 1.5 | 35.2] 4.4 | 24.62.9]| 162.7 |24393. 0(340.8
DG-1) Cda | 8| 13.9(245.8] 94.1]19.8 | .48 | 3.7 |6.9) 1.12)7.0{ L.17| 1.2 | 21.8|58.1 | 11. 6| 357.1 | 6.4 | 17.7 2.5 | 4.4 | | 728. 6 9199.0 ] 99.4
ERDIEMLH (A HEER-TRNN)
TZ-7| €9 | #7 {148.1|306.2(122.6( 19.7 | 2.80 | 2.2 (6.4} 1.08{5.6| 5.9 | 11.8|21.7 | 96.2| 18.8 | 1018.0 | 46.4 ] 33. 0| 4.6 |118.4]6.2| 43.8 16588.0]723. 4
DP-1| ¢5 | &M |12.9]27.4|10.6] 2.7 | 2.25|0.50 [1.1] 0. 19 |1. 6| 8.7 1.6 | 2.8 |67.2| 1.9 - 1.2 ] 5.0 |0.21135.6] - | 1765.0 1422.0 [888.0
Q2 [+ 4% |58.1]118.8]38.2| 6.2 | 0.47 | 0.60 |1. 4| 0.26 4.2 0.88 7 28.4 6.2 [122.1] 3.6 - 1.9 9.7 |9.85|77.2| - 681. 8 | 3848.0}632.0
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2.1 Sc.V.Ti.Th, U.Zr Hf Nb 0 Ta

HL(So), BRAMARTTE . NERFHLNRHIMN. HEBRETRAY ERXELTP,
SR N 24~ 40ppm; FHEMBAEE PREZE 4ppm 24 EREE TS BB, B 2~
3ppm (XK %5,1984) , FAEFHH A ,Sc B HBIER S, REBIHEREEF WEHHK
K YR . B, KT Sc S RE M. BT RFETRY S Sc i & BAE 7 HETTILR
IR R R —RhikiE . B 2 XU, ESHER TR @ D EEFF,Sc FERMK, K
EWP EBC:. ) BEBREHCEBDIHEFRERTIEN L EZHHE, SRKK
% 3~6ppm 5~ 15ppm,10~25ppm FI 18~44ppm, HBEHME,C. KIFPScHERSH
FE % (1988) FEAR X VU )1 Bl B B4 P/Tr RRBHERE LA+ Sc S BPEBHEC. WEZ R
R R R AL AR iE B Se RURBA, EH R EEERERSHHFHTHANESR,
R AT AR R A BUE R IR KOO R (R B ED . ME(E SR MERE K.
3732 B, 7O R X B — B 1 0F B DU R A4 3 B2 I TR R 22 3t v OO oty B 9 JXL £ 7= 4 (U s L
ZRAE) HEERY Sc FBRERIFHENE Po KEFHH Sc TR, BB SE K BFE, T
C, XFF 5 P/Tr REMER LB Sc FBBHRF —ANEFYROLEELN, Kk 8

@ 42 Turekian, K.K. and Wedepoul, K. H. (1961, FE R S5 R B 4L 35 1, Sc & &Y 14ppm, 5 BHER
¥E 8 Topm
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THRBAA-P/Tr R LR R K LTS S 1E R AT .
OO (TH ERRRTENER T S RERRK EREERFPREE, IRYE

Bk ESRT BEEM SRS
7E V. Ti HXE L (E 3),P. KM EREU LR REE—F. 458 HEMBITR

B B E 2107, AT BE R A KM B RAE R BAT (CaTiIoO MR, EREK P Ti F R
BN, 1984), EFTER AP, V.Ti FREEFHHE—NMRER, L 5HEHY
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B (ZoOME HO) TR B TR ZZEMREESEROHEL, EERF PUEY
FXRMTEX A EBR. EREESMERES . Zr Hf SR EHEZFHAK BERLEE+
Zr HE SRARME . ERAEFEAFN, A TRNARENRER. 7 Zr—Hf #HiXEE P,
JeRFE Ze HE SR BEF T Po.ovs T, HHIFEH 504 X, H R BHF B IEA XK
S ERUIBK L EBIEATE Pooors RETH AT X H M 24, B Zr —HE A CHERE, X[
R A XA WERE . FIREB Ze M HE RET —EBENS B, ATKET
FEHAXRE D,

B A B BB R SRS H Zr H B (Zhou, et. al. , 1992) ,%Eé@é,%o A,
P, JERFHRY Zr #1 Hf ERARBETHA T, THRE U BRSEE T RLBHEF

P& (No) FI4H (Ta)  INAA FER{UME T Ta &8, ICP HEFGE T No.Ta T E . AET
W, SCRSITE T B AR T E 2RI (I )1 B ERD A ICP R B9 R4 HE AR Y Nb S BEE .
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BROERULERF TiNFEAERERRE N Ta FBRHEERER. AEEEHAR
HAMBEAERE No.Ta SERESHME  EBAEEA D N SRMGEERT Ta SEAH
BE . Ni/Ta WA B E M BRYEE WU EEBAE S P K. RAEERR N, No . Ta ARFERH
PUARRISMERKE TR, ERETRALTTF.

YER R, W R R B TIERA JEFF o, Nb. Ta & B A No/Ta WIHER AR BILHF
SERABRELAEHBARFE ., 7 P... 5+ No. Ta S B Po.ors KT HH — M HERER T
Nb/Ta HERIE N 7~12,/5& R 4~7. EHTIFER I ET Nt FERAWEZIR,Ta 5 &
55 &6, T No/Ta HENFE 23 £47. Nb.Ta B L3RS R, BN MA T HEE.
B EMBEEENE S FERARELIRPBIFRLESR. SHNKT YR Nb.Ta BE
Ky, ENURRRGEFRXSBTFHP. NLBP, i F No. Ta WEFHAS T Ml
it FE EE T KBARYAE LT Y, £ Ta—Ti HXE L, P, KEF P20y REFMIER
B L EREHCRHEN EAREX M MIXE, BRI T RIREWREREES.

4 Nb.Ta B H TR X4k, 7EE No.Ta REK Po.. 25, UL B # 40 F BL ) 85
ABKABAAMBERA, REHEES No. Ta g 9, AHRKXILKEERREBE
R YE N — BB EBR AR LA, LR R RS OS8R R EUR. 38N
P,., JeRF R IR G590 I 4 K 3R 41 2 B B 5 4 e T 28 ) WA oK L S A R

FMOME W, EEEET Th.U FESHHN 450 lopm, EBRES TN 17T A
3ppm™; Th/U WAH 5 & BE B T AlH . EREAEHT N, Ul Th ik, B ETRY &
ERMSHEEKXR,Th/U WEHHNZEREBHEBE KX,

ETh—UMXEALEF@U.Th SREEBETES IR LE. P TS Poors K
B BUE T TR E 8 X ), HAT# EF Th.

2.2 L5t HREE)

Po.y JHF Py s REFHIEH VIR L&+ REE SR RO UXSHERKHEL, B
PIIE L& B A,

P:.. (T E BB (SREE, A Y)7E 140~2500ppm, ¥ 3£ 700ppm ;5Eu 4 0. 05
~0.65;5Ce 2RBEFMIE. AR H ;2Ce/ZLa 7 3~18 Z [8], IFH SREE # i ¥, LAY 2
AHAERES, EERAH L H Lo ER o AR 55404 b 3e et a2 Ra e,

P,. .13 JERFA] ZREE # 150~ 540ppm 334 200ppm,5Eu 3§ 0. 11~0. 62, 8Ce i 0. 73~
1.31, =Ce/ZLa ¥ 4~18.4, SR G P,., LML,

EETIRIR 428 =REE 7F 210~ 600ppm, -+ 400ppm,8Eu 24 0. 63~0. 93,88 B. i R
W, BEBF IR oEu {f;5Ce 39 0. 95~1. 04;3Ce/SLa FE 7. 5~ 1. T, (REH W4 /. 5
Fph X % R AW LW e, 5 BN 1A SREE B fh X 8458 2~3 4%, 5Eu {HN
AR 1. 01~ 1. 24 F B F MR, TR B AR GRS BER, WEENS K,
B AT, X R E K ALTE R K £ 4 REE L% B4 £ XUL VTRV L& YR Rl ik B+, Eu
FHRRA RER IR ETRSERIFRETE.

2.3 Co.Cr #INi

BREGETR EEEAPH TR REREES MRS ERESP . B TH
Ca.Co & RKTRMME . LS MBHE P, Cr FRAE 200m AT REEHFHNFFHE
EEEERAFER, Co.cr YRBRE, HELMIBHERABRYHELIE. IR TSEY
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SEHE® ., E Co—Cr FRMXE L, EHVIBK AN Co.Cr TRBE, LATH & BB,
T P2.1 FHFEL Ps. 240 EHFEH Co,

INAA FERTNE Ni S B . RIEAFELSRH ICP A & R R i g4t
BB QCP 2 5D O, EIEH TTBR 224 4, Ni B h 25~67ppm, Py .45 S5 PR 1K
F 15ppm,P;., REFHET Sppm.

2.4 Li,Be.As.Se Mo f1W

EEH TIPS L EMARZ BB LTS, B8 BB BES A E R, 3

HAWA R CREE EEEATE NS EEYWRAMLEE —EHBER.

3 M A B RE JT R FROEZE KA TLAR R 8640 BRAE R R B AL
GOPNAE

EREEATHN EFRE—PENCERXEG T TR BEAXRERAE, IR +HH
Al Ti,W B,Li,Sc,Nb,Ta,Zr ,Hf ,Co.Cr,Th,REE %if 30 e R IESIEIR S BB R
¥ TF,V.U ,Te,Ni,As,Sb Mo FLEWEWHMMBH Y. LRTREREMEBAFHITER
B EE T 5 A LT R R i, TR SR E R PARNRYNMETE SR R4
BRIE, AMUAFTRER E LBRUR SR R E R JE R, 38 o] i F a5 200 3 24 X e
“ERHSEERPARNTYNMBTERTRRH: EH BN L ERBYR I ZRER
L 7=9, LA V. Ti.Se.Co,Cr Ni B & &, KH Th/U HE (<4, FKH sEu fa R ¥ (0. 6~
LONFIE, R THEAERBRTESRNAGHENSAE, SERIRMRE /Y
H. MEEEFETEENEERE - EBEFN AR 15 32 (Zhou, 1992) , B I i Xt 5
SRE TN R, B EX V.As Mo, Se Sb S5 B TR R, Xt
U.Th SEEATENMMN R, BELCEARNSEER LNBETFEXBRKE LS.

TP RAY BT E NI LAMEAY V. Ti Sc,Co,Cr Ni & B, #—&# REE,Nb,Ta Hf  Zr U,
Th FEMEH Th/U AEMU R B oEu A RH NRFIE. HE ARERBF LTI T
REBMAGXAXERBXE], XS P..o FFEE Be,Li.Ti.Zr Hf BEFH Nb,
Ta,REE, B Fi#) Ga/Al.Nb/Ta FIRMKAY Zr/Nb WAETT A BT Pr.ovs FhF. £ HE—Ta Ti—
Ta,Ti—V ,Hf —Sc,Lu—Hf ,Lu—Th MK L ,P,. . KEFHE — N MIZH H T Prores H
HHamiE. RBRTESERASHERY.P.. LN EEYFRAOMEE R, T P.. 24
FHF HBRIEE K .

BHEREAWAXTRSETHE FHEREZETE 4 L, oI AER S8 8K E 5%
#HMR A,

H—BHRRA A EEENNEE LT . EEA—EENNE BT, B &
BRAFEPEEBRENMEBECESERMAGERNAERY. EILTUHEL EHENS L,
B KWEZEM KK R RARAR , B TR M A Z AT, A g F a4
BT IR B AR BRES TN CHEE EET KL EESE ERFE R, &

© E/HNIS,1991, W)I[EH L RENRFREREIARBFRRE, KT,
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Cia——C,b——Cic ¥AF, U, Th Hf Zr . REE B EH —E— OB 51 ,Sc.Se FRZ BB
&, Ta FEB AN FEMMAFEHEBEECHIFREGE D, REERKFLESH
BIE. B, ZEX —ERENESETERINENER L RVEEE LTS H
R, A THERAIERURTITH.
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Fig. 4 Cuves showing the mean content of microelemehts in different rochs
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Abstract

Over 30 trace elements (with concentration lower than 1%,) from 46 samples have been
determined during the study by various techniques, including INAA and ICP. These samples were
collected from the synsedimentary volcanic ash derived tonsteins, non—cineritic claystones, and the
coal seams within the coal — bearing formation of the eastern Yunqan and western Guizhou
Provinces. The analytical results demonstrate the fact that the concentrations of various trace
elements source materials. The terrigenous non—cineritic claystones are characterized by their high
contents in V,Ti.Sc.Cr,.Co, and Ni, medium contents in Nb,Ta . Hf.Zr and REE, and low in Th,
U and Th/U ratio, with an indistinct negative anomaly of 8Eu(0. 63~0. 93), which is ,in overall,
consistent with the properties of the basalt from the erosional region. On the other hand, tonsteins
are low in V,Ti,Sc.Cr.Co, and Ni, contents, medium to high in REE,Nb,Ta Hf Zr, Th and U,
and high in Th/U ratio, with a distinct 3Eu anomaly (normally in the range of 0. 2~0. 4). The
characteristics of tonstein geochemistry of trace elements can be distinguished from those of the non
—cineritic claystones, as indicative of their unique volcanic ash—fall origin.

As far as the tonsteins are concerned, those from the lower section (P,.,) of the coal —bearing
formation are high in Li,Be ,Ti,Zr Hf Nb,Ta and REE contents, as compated to those from the
middle and upper sections (P;.,43). As shown on the plots of correlations between Hf —Ta, Ti—
Ta.Ti— V,Hf —Sc,Lu— Hf and Lu—Th, tonsteins from P,., horizon always fall in an isolated
distribution area, separating from the tonsteins of P,.;4;horizon. These results suggest that from
the tonsteins from the two different horizons were probably derived comparison of the concentration
and assemblage of trace elements between various magmatic rocks, the source materials of tonsteins
from P;., horizon were mostly compased of alkalene volcanic ash, whereas those from P,. .3 were
apparently acidic.

Based on a convergence of evidence obtained from different approaches, including the
analytical results of the distribution and assemblage of trace elements in tonsteins, it is discovered
that the tonsteins from different horizons are ofter characterized by their unique properties, which
remain quite consistent over a great lateral extent. An integrated and customized use of these
properties makes possible the establishment of tonstein stratigraphy, thus facilitating the more precise

and reliable coal seam correlation.



