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Abstract: The Hefeng area is located in the stratabound-type Pb-Zn polymetallic metallogenic belt in the junctional zone
between western Hunan and western Hubei. It is not only one of the important producers of “Yangtze-type” Pb-Zn deposits,
but also an important prospecting area of shale gas resources in China. In order to discuss the provenance, paleoweathering,
sedimentary environment and tectonic setting of the Niutitang Formation, the petrology and petrochemistry of the black rock
series in the middle and lower part of the Niutitang Formation in Zouma Town of Hefeng County are analyzed. The contents of
major elements in the rock vary significantly, and the chemical composition of the samples from different layers is quite
different. Except for SiO, and P,O;, most of the compositions in the lower layer are lower than the PAAS value. The rocks are
strongly enriched in U and Cr, but depleted in Th. They have high Ni/Co ratios and low V/Cr ratios. The total amount of
REE is slightly higher than that of PAAS, with obvious Ce negative anomaly, weak Eu negative anomaly, and slightly larger
Y/Ho ratio. The content of Al,O, in the upper stratum is significantly higher than that in the lower strata. Compared with
PAAS, most of the components are depleted except SiO, and Na,O. The rocks are strongly enriched in V, U, and Ba,
obviously depleted in Zn, Th, Ni, and Rb, with low Ni/Co ratios and high V/Cr ratios. The content of the total amount of
REE is similar to that of the lower strata with the weak negative anomalies of Ce and Eu, and the Y/Ho ratios are similar to
the values of igneous and terrigenous clastic rocks. It is considered that the Niutitang Formation were originated from
terrigenous clastic rocks and neutral volcanic rocks, which have undergone strong weathering under humid to semi-arid climatic
conditions, and were deposited in the palacogeographic anoxic/dysoxic environment in the passive continental margin setting.

Key words: Niutitang Formation; petrology; geochemistry; provenance; sedimentary environment; tectonic setting; Hefeng
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5 0 (A8 25 55 WAL S W B X 2 B S L34 7 MO R AL 2 AT -
®3 4ABHEAEZESEARITESITER(107)
Table 3 Rare earth elements compositions for the study samples (10°)
L OFER Y/ Lay/
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y 3=REE LREE HREE O0Eu 8Ce
=) " Ho  Yby
BGP-
1 26.2 274 5.6922.8 4.400.88 5.520.88 5.84 1.46 4.43 0.62 3.65 0.57 57 167.34 87.37 79.97 39 4.84 0.550.52
BGP-
Lo 40.9 43.6 10.00 44.4 9.852.34 12.55 1.84 10.75 2.49 7.09 0.91 5.42 0.81 95 287.55151.09 136.46 38 5.09 0.64 0.50
BGP-
13 45.3 43.3 10.4044.3 8.86 1.88 11.50 1.86 12.15 3.02 9.13 1.23 7.29 1.08 121 321.80 154.04 167.76 40 4.19 0.57 0.46
BGP-
G 14 36.5 39.2 8.9536.4 7.421.53 8.96 1.39 9.06 2.21 6.49 0.96 5.44 0.83 87 252.35130.00 122.35 39 4.52 0.57 0.51
1 BGP-
L5 26.2 38.6 5.3720.0 3.580.68 3.630.59 3.76 0.94 2.69 0.40 2.39 0.37 34 142.80 94.43 48.37 36 7.39 0.57 0.74
BGP-
L6 31.8 50.6 6.9327.1 5.041.09 5.130.80 5.021.20 3.54 0.51 3.22 0.49 40 181.97 122.56 59.41 33 6.66 0.650.79
BGP-
7 314 52.2 6.6924.6 3.870.72 3.200.49 3.150.74 2.27 0.33 2.02 0.30 29 160.78 119.48 41.30 39 10.48 0.61 0.83
BGP-
18 21.0 36.8 4.5117.5 3.24 0.60 3.54 0.54 3.290.74 2.06 0.29 1.77 0.27 26 121.65 83.65 38.00 34 8.00 0.54 0.87
T _
i 32.4141.46 7.3229.645.78 1.22 6.751.05 6.63 1.60 4.71 0.66 3.90 0.59 60.81 204.53 117.83 86.70 37.29 6.40 0.59 0.65
BGP-
1 51.8 85.7 9.74 34.3 5.710.82 5.50 0.94 5.96 1.40 4.29 0.59 3.60 0.54 51 262.19 188.07 74.12 37 9.70 0.44 0.86
BGP-
> 32.2 61.6 7.0124.8 4.140.59 3.270.53 3.300.77 2.41 0.39 2.37 0.37 25 168.75130.34 38.41 32 9.16 0.47 0.95
BGP-
s 28.3 51.8 6.2021.1 3.550.59 2.780.51 3.130.74 2.26 0.36 2.32 0.36 22 145.80 111.54 34.26 29 8.22 0.550.90
BGP-
i1 42.9 81.2 8.87 31.0 4.520.72 3.58 0.58 3.67 0.84 2.41 0.38 2.28 0.33 24 207.38 169.21 38.17 29 12.69 0.53 0.95
BGP-
Qo 40 37.3 70.7 7.7326.5 4.200.66 3.200.55 3.410.77 2.22 0.33 2.08 0.32 23 182.77 147.09 35.68 30 12.09 0.53 0.95
243 BGP-
L3 39.9 74.2 8.0727.6 4.220.61 3.190.57 3.520.76 2.24 0.35 2.03 0.31 22 189.87 154.60 35.27 29 13.25 0.49 0.94
BGP-
" 32.2 62.1 6.8224.1 3.810.64 3.340.55 3.330.782.29 0.331.980.30 22 164.77 129.67 35.10 28 10.96 0.54 0.96
BGP-
s 44.0 89.1 10.2040.6 8.631.86 8.451.28 7.391.554.230.62 3.740.55 45 267.40194.39 73.01 29 7.93 0.66 0.98
BGP-
6 43.4 83.0 9.58 354 6.171.03 4.740.74 4.170.922.620.38 2.450.34 25 219.94 178.58 41.36 27 11.94 0.56 0.94
1
i 39.11 73.27 8.2529.494.99 0.84 4.23 0.69 4.21 0.952.77 0.41 2.54 0.38 28.86 200.99 155.94 45.04 30.11 10.66 0.53 0.94

20 i M RUAR AR, Moosavirad et al. (2011) #F 5%
KR, 0 R B R A Y R D B
J& W 1 iz ik AR bl A2 T s ZURARE T L IR 4
FA AT Ok 22 B Na,O L CaO 19 75 48t 5 [A] FE,
FEE )G 2R Bk R ER AR BE B M > I A
A Fok 2 L K,0 L TiO, Al Fe,O," 1 75 1 . A IR BiF

RSP BRT R ZE ST Na,O i 5
PAAS A S A H 24 41, CaO \K,O  TiO, fl Fe,0," ¥
RN 5 B, U b 2 o 2R i R R Ak B
FLw & R O H2 D B B XUAR AR T

Wronkiewicz and Condie (1987) % g JE Witwa-
tersrand Supergroup K BUA T T sk 1k 27 i o1
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Fig.5 PAAS-normalized REE patterns for the study samples
PAAS € 5 T McLennan ez a/.(1989)
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Bivariate SiO,/Al,0O, vs. K,0/Na,O age discrimina-
tion diagram for shales
Ji§ 3 Wronkiewicz and Condie(1987)

Fig.6

k5%, % BA F Si0,/ALO,-K,0/Na,0O X 2¢ H [#
Al A 0 A AR R AR SI0,/ALOK,0/Na,O 1 %
A 0 B CEL6) , AR SCRE b s 4 A L 38 41
[P N LR O o i e o i 2 AT A
P2 SN A1 = 6 B w3 = = O A o
SN BE B R SIOL/ALO, H E BOIR H AR, A
SRR SR A R K.O/Na,O e .
AR, HERTEN S EEAF LT
Proe e, Ak AR B 4 ak IR Eh 0 4 6 Lk A 1 5
i B 2 /N8 22 (Moosavirad et al., 2011).Cox et al.
(1995)# T H A A1 Ak 2 4 AR b F8 B (IC V) Sk g
PR A AP R YA ik, KRR R

ICV=(Fe,0,+K,0+Na,0+CaO+MgO+MnO)/
ALO,, I HIA M IR ICV<<1,Fm a0 FE i mie
A RRA R s B ER T ALk, ICV>1, )
REAAFEHFKA FRKA AINAREGT
WA A RBE G, T EAE AL (R4 DICV (H f S
b3 L AR BT 8 L b (S 2k 2 3) R S E 2K, 4%
B 4 0.97~1.83 F1 0.65~0.80, 3 ¥4 43 5 Jy 1.08 Fil
0.65, BBl F&#A A FHEMARKA WA . MAN
ARMEAEAERE L RERR SR W AL K, T A
FEE B A R AR S SR T AR
Cox et al. (1995) N K, 6 + 2K 85" % KO/
ALO, e H B/, — & <<0.3, i K A7 229 ¥ v K,0/
ALO, FE (B H 8 R, — M 0.3~0.9. 78 Y ik 9
AN [R]85 KE T K,O/ALO, M 22 A8 K, 725 4k 3
BN AT 0.22~0.32, A K 027, Hd 1
PR R T 03, LW A A h & -0 9 & &
HELSHTY(HEO s8R EZHRL .
4.2 nERMYiR

— MR, IEE KA T Al ERAE TR AR
Wy T T AR RO A VA AN A
BB DL R A R B W b TR R BT K AR
 CA A Si0,=45%~52%) H A1,0,/TiO, H {H
g 3~8, H ik kA (S10,=53%~66% ) Hh A1,0,/
TiO, b fH 2 8~21, & 3% BT k il # (Si0,=66 %~
76%0) 1 A1,0,/TiO, lWAA 2 21~70. HXf T — 2L
BERR T A ok Ul R BT SIO A E L HA A
KA ALO,/TIO, L AH , 4 T 78 B 3 Ff 5% w2 201 %
BEREATRCIE T ALR TIBI Mo R R E TR



%9

(RTS8 55 LS W G X 2 B S L4 7 MO R AL 2 R 1 3980

FAb 0 A AL, B AT A AL B A B L S 1o AR
W R RS AR e AT DLAR 4l ALO,/TIO, L
B, Rl H T3 A Lok & OE A A SO, 1 & e
Si0, (%) =39.34+1.257 8(A1,0,/Ti0,) —0.010 9
(A1,0,/TiO,)*(Hayashi ez al., 1997) , 3£ # #& # 1E
J& 1 SIO, 7 & ok F) W H A 9 E A 2R A AR
IF 5% FF b o 4 88 OE J5 19 S10, & 5 748 R 3 B G A
AN, E B T 54.12%~60.62%, F ¥ R
58.1% , XML E A A M A Kb MKk A .
FIRE A ERITE R ITE M 50 E T L
P — 2 W R A A A 2550 (Roser and Korsch, 19885
Floyd ez al., 1989, 1990; McLennan, 1993). Roser
and Korsch(1988) M #i& & A1 h A2 & M by B s R 1Y
T a A T AR B R I R, A ] ) R L D=
0.607 X ALO,—1.773 X TiO,+0.76 X Fe,0," — 1.5 X
MgO+0.616 X CaO+0.509 X Na,0—1.22 X K,O—
9.09; ¥ % p& %t D,=0.445X T10,+0.07 X ALO,—
0.25XFe,0,"—1.142XMgO+0.432 X Na,O —
1.426 XK,0—6.861, 7 WA & H & - (& 7), &
TS JZE AL RE B S R, 2 IE R A
Y T PORRE IX, 8 AR i U5 A e B AR
WA B R W, A 7Sk IR U0 S10,/
ALO, A BB 5 1 22 5], Si0,/ALO,<<3.6, & 1]
PR 2 R IR AR AL, Rz MR AT A AW
sl K AE M T . A OB 58 B i v, S10,/ALO,fH
AFBK T 3.6, FHXT I F , T #2009 AE &b L B2
A7 B RE i ELA T Y SI0,/ALOA , F ¥ 4> 51 M

T K A

-10

@ 41 @ F4k2+3

-14 1 | |
-6 =2 2 6 10

7 O A ) 1
Fig.7 Provenance discrimination diagram for shales
JiE 4 Roser and Korsch (1988)
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Fig.8 Y-Ho covariant diagram for study samples

9.78 M1 5.48, Ui W] 4+ B B 4 W IR F E ok A B
LT REA YK YN S S .

Y il Ho & P9 Fi iy 3R 4 2 1 50 3E 5 AH L)
+ R, EMERZ MR EA -2 E %
FUAE, I, Y/Ho W R . — M A A i 8
W8 UL Y b i Y/Ho {8 e & 84 @ (40 26~
28) , i ¥ /K 1 Y/Ho LAE A fb th 8 K, % A T
A4~74, JF H B % 1 K O BE 0 s/ LB R R T
49 384 0T R0 L BT L, Y /Ho By FE A8 AT LA 3K 2R B
YR AR R AWESERE T Y /Ho A T 27~40, ¥l
33, B A TR RS Y 5K Z W (E8)
T EB b 2 R Y /Ho FfH B B M 2 s (OF
{8 430 R 37.25 F1 30) , i WA 4 B 3 41 9 R 2
ok A Rk R E B, A0 0B G AR P RT A I S AR
WY B2 5 (Bau, 1996 Jiang ez al., 2006) ,
T R R M 2 2 0 K BGRAE F R m EK

AT BIF 5 340 22 B, DN i 2 2% B KPR TR AL L 0T
W ALO, (1 8 5 32 W B A, OF B 21036 7 o ik
F £ /N (Bostrom ez al., 1973) , B it , Ut 1 9
ALO, [ F5 AR 5 B2 1 5 R B 1 4y, 2 AR
Y UURR I B 0 TR K K R AR L AR IR G BT I 17 R
Aty ALO, 2 1 35 i #I%, fIK T° PAAS B (18.9%).
JoHJE TR R ALO, & A% T L )2, & &3
Rl 43 51 0 6.01%6~9.38% M1 11.28%~14.63% , V-1
H 5514 7.09% M 12.58% . A4 H ALO,/TiO, HfH
AT 13.28~20.59, F¥ R 17.64, I F AR 207 1 )2
AHZEAR K UL B T8 BT 38 2 e v 38 ) oty b A7
R, AT E A T 11.7%~18.17% , F ¥ 1A
R 15.57% , bR AN [A] 3 A b 2 (A A 25 A8 KL X
SRR AR B S A8 s A W B A JF BB AR
T KR8 9K J5 % # (Fyffe and Pickerill, 1993).
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4.3 HRXLYFE

U5 Ak 2 AR 8 2 A2 5 b 2 o KUk
R S 18] A0 2% 1 LA B oK Hb A 3 6 T R A R 3R
i, b s 75% BANER A B4 & B KA ATk
B R, E AT A AR IS T BB 09 (Nes-
bitt and Young, 1984, 1989; Taylor and MclLen-
nan, 1985; Fedo et al., 1995). 1 I ‘A KAk i 72
Ca.Na 1 K JC F B K i Bl ok . Bk, B A4 K
Ak 5E 5T R v Y R B R R Ak 2 XU AL 5 O
Hr 0 S FR (Nesbitt ez al., 1997) , — Bk g, a0
TV WA T AR B I AR 1 E L IR 4 (K0 +
Na,O) F1 K,O/Na,O # A 52 PF A 95 8 KU AR 5 2 1Y
A §E$5 FR (Lindsey, 1999; Roy and Smykatz-Kloss,
2007) AR Z 238 R A A T G s AR g ST R A
(Na,0,CaO .K,O fl ALO,) {7 & ¥ J'é i 4 1 KAk
T FE € & AL PE A 0 58, 20 Nesbitt and Young(1982)
1 Ak 27 il AR $8 %10 CIA 1% (CIA= [ AL,O,/(ALO,+
CaO"+Na,0+K,0) ] X100) .Fedo ez al. (1995) 1%
BHE A b A8 35 %k (PIA) (PIA=[ (ALO,—K,0)/
( (ALO,—K,O) +CaO" +Na,O) ] X100) . Harnois
(1988) 1k 2% K 4k #5 % % (CIW) (CIW= [ ALO,/
(ALO,+CaO"+Na,0) ] X100) A K Cullers (2000)
BT B TRk 1 A AR T AT S A A 2 KUAE A
Bk (CIW) (CIW' = [ALO,/(ALO,+Na,0) ] X
100). I ik 2 X CaO" hy CaO 75 1k W2 £ b 19 %
AR IR AR B R S P 1) CaO o i, AR
B33 7 1, 2 W McLennan (1993) |, B 47 %8 16 )
o 35 O BE R B WF 59X R B CIA L CIW Fi PIA
/NT 50 RORE A K & KL, CIA=50~60, PIA=
50~69 f8 78 A A & I T W XA s CIA=60~80,
PIA=69~86 48 7~ 7+ A1 & Ji 1 v 45 5 B2 19 XUk
CIA=80~100, PIA=86~100 4§ 7~ # f1 & i T 5
FURAL T K e WAL B b AR A 8 oy 5 2%, B
A B bk U, o AT AR XL B B ) R A ROk IR,
ANAF R CIA 338 J& CIW 32 #8 ME DL i & AE 7
) RUAL B8 B3 R 6 O 156 PIA 5 WT B B o A L

AR G, S A CIA fH R 61.78~
72.58 , F ¥ Jy 67.37, PIA {fi }9 69.54~96.06 ,
YA K 78.90, CIW fi Jg 77.10~97.41 , F M K
83.86, JF H A [\ 2 i # i iIX 3 > = B HH 2 K
K, W T AT BT A B B BRI T 22 D5 Y o R R
A A Y25 A X S P SRR AR, 2 H N AR
XA G B AL U8 A & D7 T - R Y KU AL

CIA(%) A

100

o0l WEAM

80 [ EIpe

70r XA
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Fig.9 A-CN-K ternary diagram showing weathering trend
JiE K i Fedo ez al. (1995) | Nesbitt ez al. (1984) ; A. ALO,; CN.
Ca0O*+Na,0;K. K,0

ALO,~(CaO*+Na,0)-K,O(A-CN-K) = ffi K
fift AT LA FE SR VE A kR e R IR TR A i XAk T s
(Nesbitt and Young, 1982; Fedo et al., 1995), 7 A-
CN-K & I (K 9), 4 PR 58 K il 48 o550 A Lb 3 4R
IR HEE S A SR A+ KRR g, B
A BRI AT T A-CN &R R0, B 2R
B I 2 A R B o R v O R 32 BB 22 AR
f9 52w, O ELRE S 552 RO A6 5 N A 1 UK
Ak, T8 R JL IR A AT RE AR R N R R
FE A-CN-K Bl I 1 425 25 5L 38 0T LA SCHE AR & L9010
CIAH , DA 8 40 7 U525 1 AUk i B, EL A g ik J2
3 K G 5 R S LAY 1) SE K 2R 5 X R
R oK K& A 22 ARAE i XU AR B i 32 (B
JIe X5k 0 B CIA B B R 4 & B 55 1) CIA {H, AL 9
AL DL R Y S A AR AL T R R X,
Uk B A R AR A 4 DT T 5R 2R KAk
44 TRYRBRESTRRE

AR BT R, TR I RAR $8 BT DLl TR S
M X 4G 1 16 s DL R SR R A AR —
M ok Uk, M AR B AR B R R R A
F) T Ak 2% XAk B9 #F 47 . Suttner and Dutta ( 1986 )
T Si0, 5 (ALO,+K,0+Na,0) = JC ¥ fi
K F AL GE BT E B R B S A1

T S (R 10) , A IR BIF 58 4E i 3% 5%
SUBH L r R TRE T b 2 R R R A R E A
A X, 2D F8 o Vi A 2 T R B, T b b )
i AR 52 T A R P A o T SR X, 8 ] A
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Ji 4 Suttner and Dutta (1986)

Hrp T E RO TR - T RN
f S5 A0, 0 B B U0 AT R T R A A X
Pl AR & F 5 R A KA RE SR 2L A W) A

TURR R B # 7 NiLCo . V  Cr %5 4 Ak —if [ 50k
TG F 5 a2 AT DL R VE A TR B 1) 4k 30 TR 3R 05
Jones and Manning (1994) i\l , 7E B AL IR IE T, 7
A Ni/Co<<5 Jf H V/Cr<<2. it &/ # 55 F , Ni/
Co>7,V/Cr>4.25,Ni/Co=5~7 1t % & # & -k
S ¥ Bs . [F]#E , Hatch and Leventhal (1992)3A 4,
HATV/(VENDTEZR AT IEA T 0.46~
0.60, Bt E 3 85 T 2 0.54~0.72 Z [a] . AW BF5E
TR E LA NI/ Co OB B 2 b b3 2 A0 R i 2R
(7% Ak 30 BBl 43 91 R 0.58~12.31 #10.13~2.43; - 1A
H6.625 1.01) ;1 A JE AR V/Cr U R R
JE LA TR (R A 1 4300y 0.10~3.13 5 2.45~
63.75; FBIME 43 58 10.7 5 18.51) s [ ke, | #BJE Az
FE S V/ (VNI HCAE EL R 382074 & 220 K (A8 b
0 43 510 0.39~0.71 15 0.87~0.99; F ¥ {8 53 51 N
0.5550.96). LaRg5 R Won , 24 W5 4T 32 07 b2
AR R R/ €= R b N A s =X e L) P~ SR N
BE RS 78 Ni/Co-V/ (VAN iy & Ak i J5 2R 855 4]
S 1 (1L, 3 2 A B i B0 i 4 vh B S X
B, TR HB 2 AL AE B AR X R A3 R, R A BT
AR AR B A, R R T R A AR
45 HMEES

AN ) 4 15 PR 58 R T B0 B i 2 B A R [R] A b
BRAL 2R PE G, T DLSE S 6 A H Bk Ak 2 AR
3 BT 28 0 W7 LI 1 st 11 440 2 75 5% (Bhatia, 1983;

FI11 Ni/Co- V/(V+Ni) & Akid 5 5% 14 50 Pl
Fig.11 Paleo redox conditions by Ni/Co vs. V/(V+Ni)
JEEHE Awan ez al.(2020)
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Bhatia and Crook, 1986; Roser and Korsch, 1986).
TE Roser and Korsch (1986) B K,0/Na,0-SiO, X 4§
Al BB T 12a) , BT A RE a3 i AR T vk
16 8% 3h Kk i 4% X 3, [A] B, £E Bhatia and Crook
(1986) ) CaO-Na,0-K,O = #5 1&# I (& 12b), I
)2 AL it B T TE B B Rl 2 5 DX, TR #R 2
AL i T A V& T2 Bl 3l K i Zk X, A ) 9% A A
il 28 6 on 4 B 98 A DU TR s KL & A 5% .
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