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AR ENARSFSER, BTRASRT
FEEWMZEAMEMEIENORES, BSREK L
PR TENGRURARFOMEXHE, BLN
Az EREEGNESFERRNE
o HHBIMER 1 PRERDSUAA, HAHE
ot PSR AR B i AR R A A R A9 BAF A9 HE K 4 (B
1), T E B X A AR B 2 55k R X E A

MRS RER D,
XN ZBRARSHN .
B W EE & (ICP-MS WX E B A T 50x 1079) ;
Sex s = Sexprs: = 2.3492 X Secp. s + 134.06
{ECHR B2 &% (ICP-MS WX BB/ NTF 50 x 1076)
Sexx = Sexma: = 5.592 x Sexcpps +0.0554

F1 BXBRAERTHRERTRSNAEMENES T (ws/107°)
Table 1 Se content comparison between the two analyse methods for same samples from Zunyi lower-cambrian black rocks
R &
AT ZY-1 ZY-2 ZT-p ZZN-PZ XZ-p XZC-2 X7Z3-1 SG-1 SG-2
REAEWE REeWE BRE BiE Bty REIEs REREK RAKE REKE
Seymen 143.00 68.20 46.50 60.60 216.00 44.00 22.50 10.70 8.20
Seicr.ms 26.85 12.17 8.30 10.80 37.83 6.95 4.47 1.90 1.46
B W
ST B ZXZ-C ZXZ-Ni X73-3 ZN-10 ZNRP34 ZNRP3-5 ZNRP3-9 ZNRP3-10
REY REy RaEy REy ARERE SRERE APGIES HSGARS
Sesemr 1544.00 1517.00 1685.00 2860.00 305.70 402.00 395.00 875.00
Seicrus 601.12 559.72 660.71 1171.45 77.61 118.38 115.70 318.36
. 250 . 4000
2 200 ¥=5.592x+0.0554 S 3000 y=2.3492x+134.06
\‘ 150 R=0.9972 E 2000 R*=0.9989
& 100 g °
@ 50 “ 1000
0 10 20 30 40 0 500 1000 1500
Se,ae/10° Seycras/10°
a. fRWEE G b. HWHESR

A1 BRI R XN
Fig. 1. The relative between the two analyse methods for lower Se content samples (a) and higher Se content samples (b) .
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£2 AURHBE4BRATHRRASAEEHASRRERR
Table 2. Samples collection and rock strata series of the medium Niutitang group in Songlin district, Zunyi, Guizhou.

ANFTHLK 1S538 ) T o TH B B ) o
T#H  RETE RERDE BEIUE K EMTE (R AEYBLAR)
AR ,20~30 cm XZRP3-1 XZRP4-1 B
HELSM/E,0~200 cm XZRP3-2 XZRP4-2 b4
BRH&S,30 ~ 50 em XZRN-1 XZRN-2 RE
# ¥
$FTH 10~20 om s o %%
BEBEEE,30~ 50 cm XZRP3-5 XZRP4-5 BERE, KBIRK
FKHETE, KT 40 cm XZRP3-6 XZRP4-6 b4

TEH BE- KL SEERE-SRGBREEAES . 25 XM14].

T4 Hz&E ABEHRHERLE, RBEARELE

REEAKR, /DT R K B YUE AN E R R
H—EBRE 30 ~ 50 cm K% MR LA , T 7E 5%
kel T RAL, RERREE SRETE M5
TRXE X 73, 72 4 1 TR 31 11 A9 — &6 XU AL ST BB
R —Emmits  HEEHEHE,

FAvP BB 2 B Hb 3R AL 22 BF 55 BT 9 ICP-MS X
X MBEST T B STR o4, F M RARNTETE
MEBAAH#TTHESEITE R3MKR4HiE
AP TR — MR HMBE TR TS R

2.1 JRFBERRBIN S B

MEIHHERE, RBHFRBEH 5B
BIOURRFE X B YT Btk Kl iE 3 Br i,
WIS Ytk LTEBIX R B M BEHUE flaE
Fal, S EMARTUEENT .

(DWEREE EEMRY  EHBHRIIE
RIS & B4 710 473.93 x 10750
383.30x 107°, 5 7 = B (0.05 x 10°¢) # HL 3K,
BEREWMKT 7000, BERBEPH AR T
WERBIA30x1078~50x 10 S, EHMBI T RER
B ZBFREMK— RN RAEY K, = F
HHENFHESPHKANERE D, T KT
WS 300 x 1078~ 500 x 1076, LiRXTH 3
B REEHRERENFRBREEMANEE
BIBERL SRR RA L. ZEMEXEHEE N
|WESH, W ANEEREENEER
W, HEGAE L TEMGFESMTENESRE, ZLXR
WY KNSR MNARE —ENTR,

(2)LiZr Nb B FF1E . 8 B R LBt X
WESIAE Li D EE AR, 575 2 B S
APHFERRMY L AR, FESHPFEREN

=R MR R B s b FAEEKX
BHAXUREB UAERBN L SR, MEH —ER
(= BET YNGR R)NERBEREM LY
BUKEETHR. #REREUESEN Z
Nb NAFIE , V{8 5> 518 305.53 x 107%F1 80.35 x
107, EESNREPXH P TENSERK, T
¥E S 510 140.32 x 107570 28.63 x 1075, {H R &
BEENRXFFAENEN Zo/Nb HESRE, 78
fH5> 31K 3.8 1 4.9, P PRV E B EBRERE
B Zo/Nb HE(11.7~ 16 4)FE BB E R,

(3) Ni.Cu.Mo WIFFE . X =P TLRERITH
HHREREBREEHEPEREARMBENETE,
—RERRBEENHEMRS IREENERS
(ZNRP3-1), {ERR T BEEM I, IREREH BT
WEA Ni<Cu WFHE, MPHREHSRE RN
TRHRAEAMBRRE BRERE), TEEXHRY
Ni > Cuf 1 .

2.2 HRELTEERER

UM BERAPHRASRERURS
BHEEE0~200 mBHEREANRIE(F D),
R HAMFE TR EEFERENT .,

(DNi.Mo.Se WHEEEELBY . REHR
CTRELBEPENTFH TR LT 3. 8%
(1.89% ~4.97 %), HNFHEBXE 4.32%
(3.52% ~5.59 %) , W i) F 39 & B35 F 2080.68 x
1075(1517.0x 1076~ 2860.0 x 107°9), WA E &
R BCF KT 40000,

(2)LiZr Nb BYHFIE : Li AR %A 1 B R RFIE
LK, BRER MM (ZN-10, XZRP4-1) PR E
LEBEBRTHEATHFEREN KLY A,
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F3 BUBHKREFEARDHRUBEZEEERANHABETROS R (wp/1079)
Table 3. Content of the selected elements and Se of K-bentonite strata series in lower Niutitang group in Songlin, Zunyi. (wy/ 10-9)

B & Li Ni Cu Se Rb Zr Nb Mo
ZNRP1-1 7.95 45.11 225.23 33.57 12.49 22.40 7.3 35.61
ZNRP2-1 10.69 81.05 118.02 44.60 37.90 68.59 19.92 61.05
ZNRP3-1 29.08 2483.46 264.54 337.32 99.77 128.56 11.29 2643.12
ZNRP3-7 27.07 33.87 118.95 40.38 20.75 46.78 18.32 45.54
ZNRP6-1 7.31 51.59 59.44 107.01 9.29 18.41 4.54 84.25
B AT 16.42 539.02 157.24 112.57 36.04 56.95 12.28 573.91
ZNRP1-3 36.31 251.50 156.52 158.30 114.46 187.09 49.69 338.64
ZNRP2-2 87.07 66.35 91.76 186.20 136.20 254.68 66.26 138.45
ZNRP3-2 51.97 53.35 71.61 102.48 176.46 369.56 109.51 70.83
ZNRP3-3 51.29 18.29 131.96 226.05 208.19 365.63 104.76 58.56
ZNRP3-8 172.58 57.05 161.89 106.95 171.49 264.09 68.47 55.06
ZNRP1-2 78.28 141.06 153.18 319.90 112.51 209.39 54.85 114.55
ZNRP24 58.40 41.72 74.75 264.96 164.87 343.73 89.57 97.39
ZNRP34 54.33 21.91 198.02 316.39 175.42 332.74 95.29 64.39
ZNRP3-5 83.84 65.35 137.80 412.17 119.73 246.99 65.96 90.28
ZNRP3-6 81.31 13.79 216.49 590.82 178.86 369.23 95.00 30.46
ZNRP4-1 51.09 17.24 119.79 291.45 207.27 391.57 95.03 106.23
ZNRP6-2 59.46 76.03 365.09 846.91 138.32 332.89 79.78 64.26
ZNRP6-3 64.31 99.25 623.66 1160.29 134.42 304.34 70.39 117.91
BERE Ty 71.56 70.99 192.50 383.30 156.78 305.53 80.35 103.62
ZNRP14 464.94 51.76 248.36 524.26 159.31 142.02 33.51 33.83
ZNRP2-5 687.09 21.02 75.65 327.90 172.95 144.58 28.84 73.90
ZNRP3-9 506.95 10.15 28.98 405.86 155.48 149.80 45.05 2.0
ZNRP3-10 517.89 31.00 69.84 881.95 145.40 147.56 25.73 30.70
ZNRP3-11 684.96 16.28 120.77 229.69 157.62 117.64 10.03 25.34
] 572.36 26.04 108.72 473.93 158.15 140.32 28.63 41.16
ZNRP1-5 .72 24.59 139.06 89.69 25.64 53.43 6.77 39.34
ZNRP1-7 31.78 43.57 146.42 53.40 17.63 29.32 2.14 24.86
ZNRP2-6 20.35 69.58 153.90 80.58 11.74 24.52 1.12 34.86
ZNRP2-7 174.16 60.02 143.03 198.90 34.18 36.67 3.13 150.69
ZNRP3-13 278.35 10.84 133.03 265.31 62.15 59.89 6.70 49.67
ZNRP3-14 102.88 43.28 117.70 114.35 21.64 38.39 2.45 18.15
ZNRP3-12 214.00 55.69 250.78 373.58 52.44 66.22 5.59 33.15
ZNRP4-2 226.14 14.66 102.97 313.97 82.99 121.06 28.34 84.34
ZNRP6-5 345.14 74.90 219.47 1124.57 70.98 50.97 8.76 52.84
B E Ty 163.63 46.23 173.45 290.48 4.0 55.72 6.93 50.38

ZEHBRPTEAHEN Z Nb R F,FHR
REAMRESBREY ZNERREEEEE . F
BB a AT BRI I, Steiner 21 IF B4R
EREERTHFEN ZWESFEREGERESLODY
REEBHRBEREEEREIXRREY,

(3)Ni.Cu.Mo ) 1L . EE NN BRER S
B RTHAEARKEBRBRESEPTHRETER
B AR ERBETEFTHEREAREN
RETE, MER THRERESI, BIMrEHEN
HibEHESREHBER Ni>Cu S, MESSH
BHRELRF,

HATRERANE, SEREEFHEN
HRERHBSRIEFE LD, THREA RN

BE, & 4 3 K BR & BEE R P9 B BR R R BR
KB BAEE (5 e R R ER R4 AR R A A
BRI, R4PREPNBIER=B2HERN
FHE), LR ERBERRERZEMBTROT
BB, RINBES I XEFEHRAFITX
B RENMEBETRERERE,
A B AR BB A PR E R L
MHMETEESF T EOEARATFEH 2 A3
L2 B THEMSAERE ENAREEL, K
MEHBEWHERA Se> Cu WFFIE, MAEFI A H
BMURERE PENBRE EEM Cu>Se FHFE,
F 3 LiEEAKRBEERE AR NEE,Rb
EXRARARENGARRETFHREFERNS
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F4 ENBRKEBFETTBRESRESEHBRANEMHETRYE R (w,/107°)
Bble 4. Content of the selected elements and Se of Ni-Mo-rich strata series in medium Niutitang group in Songlin, Zunyi. (wg/ x 1076)

B & Li Ni Cu Se Rb Zr Nb Mo
XZRP1-1 27.83 175.26 56.25 34.47 120.77 172.12 14.31 143.92
XZRP3-1 2.2 267.85 68.98 57.22 109.77 156.51 12.95 257.71
XZRP4-1 77.32 1847.21 265.45 269.63 94.70 155.64 10.47 1966.23
BRETY 42.39 763.44 130.23 4 120.44 108.41 161.42 12.58 789.29
XZ3-3 16.61 30471.43 2362.00 1685.0 36.63 44.75 4.79 55934.56
ZN-10 155.79 49717.67 3075.32 2860.0 10.65 2.43 2.59 39416.84
ZXZ-Ni 10.21 27149.67 1698.70 1517.0 36.21 48.32 4.23 50399.56
ZXZ-C 18902.05 1094.36 1544.0 14.06 44.01 3.81 42883.40
XZRP3-2 9.17 41258.12 3381.58 2657.54 40.49 73.21 4.86 35188.14
XZRP4-2 18.23 41355.92 3212.17 2220.52 26.58 45.06 3.43 35897.57
REZ T 42.00 34809.14 2470.69 2080.68 27.44 46.30 3.95 43286.68
XZRN-1 3.61 63.12 176.19 20.64 11.59 31.81 1.95 23.57
XZRN-2 3.07 40.25 86.44 20.63 9.37 27.00 1.63 19.86
REFY 3.34 51.68 131.32 20.63 10.48 29.40 1.79 21.72
XZRP3-3 6.37 1488.19 93.52 284.30 8.20 19.24 1.15 2859.38
XZRP3-4 17.60 597.59 142.87 173.00 115.96 200.40 13.15 147.86
XZRP4-3 17.65 501.58 122.80 181.73 99.55 177.27 11.44 212.89
XZRP4-31 17.59 509.73 157.11 180.70 101.55 192.30 11.61 231.33
XZRP4-4 15.40 226.4 200.98 185.31 106.61 175.03 11.69 171.13
B_WARTY 14.92 664.71 143.46 201.01 86.37 152.85 9.81 724.52
XZRP3-5 7.67 124.02 45.64 38.48 33.60 59.70 4.10 51.62
XZRP4-5 19.67 92.50 74.29 34.61 3.7 81.52 5.41 41.76
BERLETY 13.67 108.26 59.96 36.54 38.65 70.61 4.76 46.69
XZRP3-6 18.87 301.63 87.01 40.25 119.99 210.92 12.51 103.87
XZRP4-6 16.36 211.64 100.88 59.00 108.28 182.92 12.85 101.32
B—TAR T 17.62 256.63 93.95 49.62 114.13 196.92 12.68 102.59

FERBRETTH., LM Zr ERHENRES
MEREREFHBAZRDH, B TEER
EREXLESNRGERYEGERE TER

B ARTARUYREETERETVUSEERY
WE(ZRETYRRER FHNEE). ZEFER
BAPERAEHEHE, ERATUAENGRE T

APPSR AREE BRREKREE B NOREM.
BRE sl
MERE - REE -
RIER _RER

¥ _TNEE %—ﬁfﬁ:

ERIBER i

N B—TERE -

&ﬁfﬁ BREE

== BB 1

MRS HER |

MR - BB

MRS ]
i) 5&) 1060 IS‘OO 20b0 25100 3000 (|) 16 2(')0 360 4(')0 50IO 660 700

wy/10° w,/10%

B2 MRS BIEARTBESEHESP
Cu.Se A EMFIH 4 A
Fig.2. Profile distribution figure of Cu and Se content wB/107°
in lower-medium Niutitang group in Songlin, Zunyi.

E3 HUMHFHBEAEFRLES RSP
Li.Rb.Zr & B MR 4> 1 B
Fig.3 Profile distribution figure of Li\RbZr content wh/107¢
in lower-medium Niutitang group in Songlin, Zunyi.
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WMAEKXBTEREFHNIBRBBM(ERE
BPREHYSRIO0.14x 107, EREMBEME S
ARFEHH0.13x 1078, kAP EH K 0.10 x
107%), EERMERSFARD B BRARE
HE ARERPEMEENNNESEREES
AHRFAYE RN S BERE X, TUESKF
HEAYT KPBIEE., Lh L HEAEXHE
KRR T KPR B ILT KWL R, B
BOKR B9 bR, T B H AT KR Kt R WK
FEITWREN,

MUABHHBARBHERIEBREHERE
T—HEROBEXLER FRAXA, Z4HE
RET-ERBRUEPVHEZTE HE S . WA 4H
) BUHAEEERERNEENE BR
EFNBERARBIBEEIHENTESH,
BUNRGFESHNEETOHS MM F A5
BASHHRYV Y, XET Y FEREBERREY
S, EFHEAIUMETES, MAMASRE
HRFSHER, TREISfNEL (BT AWE 55
BAWMESE)PLARENMS R, Hik, BB
HMUFRERERIIFFENBESTE, TR
HEREXUERSSEY A SEAaMEE
B ORERERMEL

1500

y=1.9252x+12.6950
R=0.8628

L 1
0 200 400 600 800
w(Cu)/10°

4 SRFRFEMLA PR Z IR B A K
Fig.4. The relativity between Cu and Se in K-bentonite.

y=0.5456x+732.73
R’=0.7341

“:c_ 3000 'S

E 2000 ./(’//“

¥

0 L i 1 —

0 1000 2000 3000 4000

w(Se)/10°

6 FESEJERE PR KA X
Fig.6. The relativity between Cu and Se
i in Ni-Mo-rich strata.

HEGNRELN T RMIEEMIF RN XA
R, HERS BTN EETKERH&NA
ot 76 ) R B 0 Xt L o B B B R R BB A R
RETEZHRHENERER, HPHBENHEZ
MRARFHMERE(R4), BRR-B. BB
AR MEERAR 2, R RFEB A FRERTH
WAl E B 5 E WA T A K,

ERAERE P RE 0 %R 6] 5]
ARIFMMEXHE(ES,6,7), RUM SR HHIR
HREREREFHXR BRTERHEERET
X=ATLREFHAMREGERR, CRAYHARH
YBRT KPP NE B BEMSNETRIRESE
T— BRI, XX RARASREFHR.
FHEEMBREE SR PRRARLYNIBESR
XREY. TRMEIER R, Pasava % 58 1 X
XEBRAEREDHHBRTRAOTREANH
FERR R ABRTRERRT EBREEL S KK
B4k, T Steiner 218V E 3t %t Zr % WA TR A BF
FEMIA KR 4H & IR R B AR YIRS etk B A 2
ERAXR, BRRASREFRBAZHARA
RFHHEXE, BRERFANSBELERFEE RN
ER,XMRRASREBEEERXBRBLEYE
TR P LR, I D A DEEY SR
ERBRABRIE, &% WU IC R B SN RIE,

&I E % PGE AR NI,
4000 y=0.0754x+152.47
< 3000 R=0.8520 ¢
3 2000
2
T 1000
0 i 1 i | 1 J
0 10000 20000 30000 40000 50000 60000
w(Ni)/%

5 HESREPREMBZREAHERE
Fig.5. The relativity between Cu and Ni in Ni-Mo-rich strata.

4000
=0.0484x+396.85
3000 R'=0.8659

2000
1000

0 i L 1 I 1 J

0 10000 20000 30000 40000 50000 60000
w(Ni)/10*

w(Se)/10°

7 HELREE PR AR
Fig.7. The relativity between Ni and Se
in Ni-Mo-rich atrata.
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B BRARBNHROHEETEEE
s ERESLE HREFEBRAKNHETRESR,
KB ER SHEKILENBER X, FEK
BEEWE R R GV BN 58 A K AR
VI EERER BEIMMERSE SRR, BR
TERERCHEIMHKB X RRFE-—ERRZN
Wit-BEE SR TUER,

4 FEEL

(1R #E ICP-MS W E MM SR, 7] L4 5i
AmTZ2RAXNBIHELSTHEALIHSR.

RSB S (ICP-MS Wi BB AT 50x 1079)

Sex s = Sewpr = 2.3492Seicp.us + 134.06

B RE & (ICP-MS W /M F 50% 1076)

Sexa = Seppn = 5.592Secp.ms + 0.0554

Q)EM X FBEARBM P REHERRT
EMYEEEERN, A RHSNRE F RRE
R & T35 B4 1R 473.93 x 107501 383.30

$ £ X W

x 1075, EEREBI AT 7000; 4L BB DT
B4 B A7 2080.68 x 107%(1517.0x 1076 ~
2860.0 x 10~°) , Wi fY E4E RPCFHKF 40000,

CGREEXARRBRERINPRENES
B TUANHERERERSEEH AR
(BB EAOHEES WS REFKHEL,

WERBEHEERBEMAE Se> Cu HHF
it , EF R S PHAMFZE R A RIFHHER
t#H, RAFRRERETRERFENEIBEES
THEMAEYA R MEFHREERMEER Cu
>Se AL, EREEEETHRA . AW ERW
ZEEEE RFHMXHE, RBR A WEEY
FHRYBSHEEEERFARRICYN I EERE
K, XFMERESRR, BRTHERERLH
XA ERFE-EE RN BE-BEEE
KBEUER,

Bt B OIR X WERES M T B IIE, BB R .
BERE ELEH SRS REERRMT LK R/,
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SUPER-ENRICHMENT OF Se IN THE BOTTOM BLACK SHALES LOWER
CAMBRIAN AT ZUNYI, GUIZHOU PROVINCE, CHINA

LUO Tai-yi!, NING Xin-xian®, LUO Yuan-liang?, LI Xiao-biao'*?,
NING Rong-xiang''*, YAO Lin-bo

(1. The Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry Chinese Academy of Science, Guiyang, 550002, China;
2. The No. 205 Geological Team, Chongqing Geology Bureau, Yongchuan 402360, China;
3. Graduate School, Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Spectral analysis is one of the traditional methods to analyze Se in rocks. However, ICP-MS can provide
qualitative Se data in a quick way. Based on the contrast between the quantitative Se contents by spectral analysis and the
qualitative Se data by ICP-MS from a batch of typical samples of Lower Cambrian black shales at Zunyi, Guizhou Province,
the authors put forward two experiential formulae to compute real Se contents in terms of the ICP-MS data; (1) for high-Se
samples (Sejcp.us > 50 % 1076) ; Se = S€ grectral analysis = 2-3492 Seicp.ps + 134.06; (2) For low-Se samples (Secpus <
50x107%); Sey = Se pectral analysis = 3- 592 Seycpms +0.0554. Se contents have been calculated by these formulae for the
profile samples from K-bentonite strata and Ni-Mo-rich strata of the Lower Cambrian Niutitang Formation at Songlin dome,
Zunyi, Guizhou Province. The results suggested that the element Se has been super-enriched in these two strata, and the
average Se contents in K-bentonite and Ni-Mo strata are 473.93 x 10~ and 2080.68 x 10~%, respectively. The excellent
correlation between Se and Cu contents in K-bentonites shows that Se occurs in Cu-sulfides, implying the initial magma of
K-bentonites should be attributed to trachyte, trachyte andesite, phonolite bearing noselite and (or) cancrinite. The good
correlations between Se and Cu, Se and Ni, Cu and Ni in the Ni-Mo-rich strata show that Se occurs in Ni-Cu-sulfides,
implying the initial mineralization sources of Ni-Mo metals are related to immiscible separation of Cu-Ni-sulfides during
ultra-mafic magmatism. In light of the spatial relationship and geochemical characters of the K-bentonite strata and Ni-Mo-
rich strata in Songlin dome, the authors suggest that some kind of complex alkaline ultra-mafic magamatism had occurred
during the Early Cambrian at Songlin dome.

Key words: Se; super-enrichment; alkaline ultra-mafic magmatism; Early Cambnian; Zunyi, Guizhou
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