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Provenance and Tectonic Settings of Triassic Xujiahe Formation in
Qiyueshan Area, Southwest Hubei: Evidences from Petrology,
Geochemistry and Zircon U-Pb Ages of Clastic Rocks
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Abstract: For revealing provenance and tectonic settings of Triassic Xujiahe Formation in Qiyueshan area, Southwest Hubei,
detrital compositions, major, trace and rare earth elements, and zircon isotope ages of clastic rocks from Zhoujiawan and Yan-
jlagou sections were tested and analyzed. All sandstone samples are rich in quartz (Q), poor in lithic fragments (L) and feld-
spar (F), with an average of 76.15% , 8.90% and 3.45% respectively, Q/(Q-+F+1L) being averaged at 0.86, featuring with
heavy mineral assemblage of zircon-brookite-magnetite-sphene-tourmaline, which suggests an acidic or low-grade metamorphic
source. Dickinson discrimination diagrams show provenance mainly from recycled orogen. The sandstones are characterized by
low (TFe; O; +MgO) " (1.3%, 1.5%, average for Zhoujiawan and Yanjiagou sections respectively), low TiO, " (0.37%,
0.39%) . low Al, O;/Si0,(0.10, 0.12) and high K, O/Na, O(4.89, 40.01), which are most similar to the characteristics of pas-

sive continental margin. The index of compositional variation (ICV: 0.32~0.79, average: 0.56) for mudstones implies the
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source materials are mainly recycled sediments. The REE patterns, contents and ratios of specific trace elements indicate pas-

sive and active continental margin settings during Late Triassic. Detrital zircons can be divided into rounded and euhedral cate-

gories. As recycled zircons mostly, rounded zircons (=500 Ma,n = 133) are characterized by “core-edge” or “core-mantle-

edge” structure. Three prominent age peaks, i.e. 2 480 Ma, 1880 Ma and 832 Ma are obtained, suggesting fingerprint of Yan-

gtze craton. Having two prominent age peaks 435 Ma and 217 Ma, cylindrical euhedral zircons (<500 Ma,n=42) with typical

oscillatory zoning possess the characteristics of Xuefeng and Qinling orogens. Combined with provenance and tectonic discrimi-

nation diagrams, these characteristics all above suggest that Xujiahe Formation deposited in passive (main) and active continen-

tal margin, and its provenances were from Xuefeng orogenic belt (main source) and Qinling orogen.

Key words: provenance; tectonic setting; geochemistry; clastic composition; detrital zircon; Xujiahe Formation; Southwest Hubei.
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Fig.1 The distribution pattern of sedimentary basin for the Late Triassic Rhaetian in the research area and its adjacent areas

(a) and geological sketch and section location of study area (b)
1) 5 H A S92 B )y () 5 2. it R 0 4 bR B 1) 5 3Lt KR 1 s 4R =8 T AT A A DX 5. o = S T I A A DX K 5 6.3 AR I T
A R DX 5 7. B T U0 i A 2 5 8. 3 A G U0 i A M 5 O i 2 L A0 i A Ml T 5 10 B R IR R AR AL T A 11 B 12 B R — Ak
R13. /A 14 SR 15K R 163054 5 17 102 Sk 5 18. W7 J2 285 19. 0 4% 5 20, 5 T 437 5 5 P81 a HR MR XA (2010) A1 41 4246 (2009)

025 R 8 0 B8 T 7 i o' 8 U T SR AT 4R
#: (Dickinson, 1985) 5& il , &1 N & R « A 22 Ok =
QWA Q. HEMAK Q,: KA Pk
B F A A PR KA K R Re a8 Bk
L Aufi kA a8 L, SR ASAETAAE L.,
BT8R AR KRCE SIS, Hk L=L; i A A E A
BL=L+Q,. ni B TFTHWKAWHE L. Ba
R A (ENTIB I R P VT 2 e N 37 N
K ok B L B AVTRVA A S

JE) RV ) v 2 kT 3R A b R L R 2 (RO A=
Py b 55 PR b ) 5% R A SE 56 % R L XRF-1800
PR X GHER T TEAL AT I E 2 Iy Fr e 5
1 ARl HIL AR T A 0 O RS R R A T
3% 5 SCiE T 3 A T L K 2 RO Hb T B S
PR R E K SL 8 % (GPMR) R ICP-MS (Y 2%
HEAT IR, il A K ik 3 2 B Liu ez al. (2008b)
HEAT RS BT 3 %6 B 3 i T A b 11 o6 2 00K L
M 745 (2015).

BTk Bk A T IR B IX R AT 5 T S 6 3 R
58 8 WG 4y 3k ik 58 B B AR OB OO L AT
It B % ot B B AR B R T 3K A A S AR 3 7
GPMR 5¢ i J s 1 58 47 5 it o6 & 40 B R
LA-ICP-MS [a] i 43 87 58 5, WOG # il R 58 8 Geo-
Las 2005,1CP-MS & Agilent 7500a, i i 3806 3R
BERH 32 pm, BE N 45 m] R Ky 6 Hz, Wik 72

Frdl 20~30 s B2 FAE 5 F1 50 s BYFE & (5 5
HEAT R A o3 i B b B EAT 6 YRR A Y U-Pb [R] {2
K B BE 2 A PRERS AR Y 91500 23 B A A
f4 [ o2 3R HE {8 0 o8 2% B0 Ak 3R AR ICPMS-
DataCal (Liu ez al., 2008c), 3 W FH Andersen
(2002) % 5 19 #x A Excel ) CompbCoor # 315G
T e SR R A7 0 38 5 A% 1E , X T AR I <T1 000 Ma [ 4
11 R P Ph/* PhAE#E ; X TAE #1000 Ma i £
A7+ 8 BT Ph/* Ph AR Iy L I i BR 3 A BE <290 00 4F
%, 5% J5 % ISOPLOT (2.49 ) (Ludwig, 2001)
A T B A 4 W MR8 DT 18] 5 4 I 1 N 1

3 iR

3.1 WEREBALEHE

MG LD E R A b a5 KA A0
2 B UKL 22 52 Uk b IR — WRIBRLIR 43 S 547
A URL S SRR SO R B R 1 R A KT
55 5% 1 #1120 2 ) R S B AR R R S 2 R
fEEEAES ARQEFTESE . AEODKZ. K
A1 (F) B s ARAR, JUH 2 B 5 00 & 3 A & RH A
WP & o 88.50 %, A ML HE Sl 5420 ~90%,
Sl 76.15%, Q/(Q +FF 4+ L) F¥HMH N
0.86 , Horv B A7 3 (Q, ) 59 45 dn , P i



2024

HoBR A} A —— i [ B A R 4R

B

Gl

R AERAAWEREFHNESES T (%)

Table 1 The detrital mineral compositions of sandstones in the Xujiahe Formation (%)

i Q Q Q F K P L, L QFfF+L Qu/Q Q/(QFF+L) K/F HRY
ZJW-21-1b 77 70 7 5 3 2 9 16 91 0.91 0.85 0.60 9
ZJW-22-1b 90 77 13 ) 3 2 0 13 95 0.86 0.95 0.60 )
ZIJW-27-1b 77 72 5 8 6 2 5 10 90 0.94 0.86 0.75 10
ZJW-27-2b 85 78 7 5 3 2 5 12 95 0.92 0.89 0.60 5
ZJW-30-1b 88 75 13 5 3 2 0 13 93 0.85 0.95 0.60 7
ZJW-31-1b 80 70 10 3 2 1 5 15 88 0.88 0.91 0.67 12
ZJW-35-1b 77 57 20 5 3 2 8 28 90 0.74 0.86 0.60 10
ZJW-40-1b 64 58 6 2 1 1 9 15 75 0.91 0.85 0.50 25
ZJW-44-1b 65 60 5 2 1 1 19 24 86 0.92 0.76 0.50 14
ZJW-48-1b 87 83 4 6 3 3 2 6 95 0.95 0.92 0.50 5
ZJW-48-2b 54 46 8 2 1 1 21 29 77 0.85 0.70 0.50 23
ZJW-53-1b 62 55 7 2 1 1 12 19 76 0.89 0.82 0.50 24
ZJW-54-1b 68 54 14 4 2 2 20 34 92 0.79 0.74 0.50 8
YJG-3-1b 78 68 10 8 4 4 6 16 92 0.87 0.85 0.50 8
YJG -4-1b 80 67 13 1 0 1 8 21 89 0.84 0.90 0.00 11
YJG -5-1b 73 70 3 1 1 0 14 17 88 0.96 0.83 1.00 12
YJG -7-1b 70 65 5 2 2 0 14 19 86 0.93 0.81 1.00 14
YIG -9-1b 83 70 13 0 0 0 10 23 93 0.84 0.89 — 7
YJG -10-2b 78 70 8 2 2 0 7 15 87 0.90 0.90 1.00 13
YJG -12-1b 87 62 25 1 1 0 4 29 92 0.71 0.95 1.00 8
FeamF¥ME 76.15 66.35 9.80 3.45 2.10 1.35 8.90 18.70 88.50 0.87 0.86 0.63 11.50

ZIW V¥ 74.92 65.77 9.15 4.15 2.46 1.69 8.85 18.00 87.92 0.88 0.85 0.57 12.08
YJGE¥IME 78.43 67.43 11.00 2.14 1.43 0.71  9.00 20.00 89.57 0.86 0.87 0.75 10.43
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Fig.2 Normalized diagram of trace elements for Xujiahe

Formation clastic rocks at Zhoujiawan section

FRUEALME HE Rudnick and Gao(2003)

O RE &/ BR BB AT

10° L 1 1 1 1 1 1 1 1 1 1 1 1 1

—>— 16-1h —#—17-1h
—{— 20-1h —O0—37-1h
—+— 44-3h
—e— bt

TR RE T/ BRRLBR AT

v
E 352

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
P38 G0 B A S ALY 4 Ca) L B (b) B i REE 2R
L B AR o A TE A =X
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Formation at Zhoujiawan section (a) and the youn-
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YR 45 0 1 U-Pb 3 RAE I LT 42 3607 T 18 Fn 4%
- (E 5a) , F B BTN £ A #E 8 WU U-Pb A7 % 4
RN, AR U M Pb BIMASKE R, F i
Bh AR R ] FE W (Wang et al., 2005a; Ding
et al.,2006).
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HER A A Cox $i H 1 37 B O i Al B iy i 4 AR Y A
FERER 9 DNV ERES ICV H 04 T 0.32~0.79
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Fig.7 Discrimination function diagram (F2-F1) for illus-
trating sedimentary provenance of Xujiahe Formation

clastic rocks
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4.1.3 BBEHEAERSWIE KI5 R
HEFEIE 5 A U-Pb 1§ FAE IS G B 58, A T
214~2 654 Ma Z [6] , Hif %€ X 20 W 8 #5 A1 A 133 KL,
digs A BB 76% . A 2 480 Ma, 1 880 Ma,
832 Ma =~ i (Y 0 (B (18] 6a) , HAEAR 5 454
i 5 4 7 Bl e g W+ o0 AL 600, L HE B
FBEELER A ) 830 Ma 4 I (E (Liu et al.,2008a) ,
B 548 5 e CFEZE RS MROBZR 129 1000 Ma Y 411
W E , TR 55, 2006) ML il B (FF 75 =3 000 Ma
F R AE(E  Liu ez al..2008a) Ay AH W 4% AE X 590 B &2,
FR X BEEE A B 3 1 Bl P JE kL FSCHE R B
AR (B O 405 T K BE B iz, [7) B e &
URL 4 43 B 32 it 0 2 RHAIE 26 BH 20 5 ] 21 0 U5 2 R
€ T RR A, DR 0 JHE B W] e 2 ok F 45 1 Rl B
P 15

WA LIRS A A 42 R, 5 MR 24% . A
A 435 Ma.217 Ma Wi~ W 5 AF i W, AR 08 43 A1
S22 M (S0 55, 2012) o 55 16 iy X 2R N 1ot
F5 R AE 5 S AR I 0 AR R E (Zhang er al.,2013) 38K
AL CE 6c) . [A] B DL Gk 2 320 ~ 400 Ma 4 % )
360 Mafy 4 i 16 {8 B & X 51 F 4 52 M e O 37 AL
45,2013). M =& A B 5 K 45 A (220.3+£3 Ma,
WA 217 Ma) VR 22 19 55 1 WO Bl (4 TTCAR ), %
WIRAEHZENREAE LTRSS PR AR
18 25 W i ity B A b 1) T 2 0 i DX ) B S 1A AR AT 1
AH— 20, an W R Sl Pt BT AR A (Ding
et al.,2006; Chen et al.,2007; Chu et al., 2012;
Wang et al.,2012) ,BEVEAFEK 2R VL0 PG 3145 4
A (1%, 2009 KL%, 20093 Ping ez al.,2013) 4%
AR AT 213~222 Ma 2 [0]. B = & 1 i 99 0F 5%
X R AR X HLAT AU 5 e A 0 2 s v (IR A oty e 2
8 5 A 52 8 FIF 500 1994 5 B8 A 45 ,2012) , I B
Aok H 08 b XA e b 2 e 5ok B3 e XY R
AR AL TR 2 A J7 R K B Ta, JE 20 S,
2009) , PRI o 35 04 3 11T 5 2% 04 3 1l B O %) R ok
Wy L4 B 3 4R 55 0 = St 22 H A 25 A0 3] Bl
SR X IR AL 4 25 R B B A B B R
T A A T o L e s O IR N DL T R LD
A o W = S RS A 1 DR IR A A K] 2 T
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et al.,1983) XL BRI AT | i A QF-L Kl
([ 8a) , Bk 2 A JEI SRV 51 1 it 9 A A it A e 4 D
DX B 5 i Y AR A, AR i 2 Vi T E ] 3 1
HE2H0 B %Mo T Q M BT s Q.-F-L, &l
B 8e), AT 2 AN JE ZR T ) I AR R TR A SR P
6, FLARE S X FE % T E R 1L A S T E [l 4 IR
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Wi RS 0 TR X Sy T Pk A — e RS A 2R TR
FF D B A (e ML AR U 7 A RS W] B

Dickinson and Suc-

T A FE AP 1 ik 2 b PN L R A 2 b A 5 37 T b Y
e b 4 it 1) 14 T 40 S o R T S %) SR A A X
— 6 (Dickinson and Suczek,1979) N F M AW =4
OB B i A S A Y E R R A (IR
AR O VIRE BUE E A& KA 8 S R JE 5
TR A 2 ARS8 R T 58 S Y U X s
A 5 B 200 5% 1T 2H 40 08 DX 0 A T s o A 0 R UK
422 FETEE5MELTSE Bhatia(1983)F5 M
TSN K Bl & 9K 36 2 K B i 2 3 8 2 oK i ik
Y J 4 (TFe, Oy +MgO) " . TiO, " . AL O, /SiO,
A, T K, O/Na, O 5 Al, O, /(CaO~+ Na, O) {f 1
IR .25 B N — S 200 A T 210 5 i 1
Y 50 9% o (k4 5 Ak £, 2007 £L R 18 S
2011). Jil & ¥ # W 5 (TFe,O; + MgO) ™ .
0.78%~2.73%, ¥ 1.30%; TiO," : 0.10% ~
0.62% 7 0.37% 3 Al, O, /Si0, :0.07~0.15, )
0.11:K,0/Na, 0:1.21~9.55, ¥ 4.89, Bl %K i
T A S B E 43 50 1.50%,0.39 % ,0.12 5 40.01,
VR ) TR 35 e 422 30 4 B0 Rl i % O REAIE L (3R ).
Roser and Korsch (1986) #| H#F. & & K,O/
Na,O 5 SiO, 1y 728 16 #L A, $2 it T K, O/Na, O-
SiO, A4 15 B 58 J1 9] 1l gt 1 9)) o 200 5% 3T 41 1 4 1) T
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Fig.8 Tectonic discrimination of Q-F-L (a). Q,-P-K (b) and Q,-F-L,(¢) for Triassic sandstones from Xujiahe Formation

#i# Dickinson et al.(1983)
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Table 4 Comparison major, trace and rare earth elements characteristics of Xujiahe Formation sandstones with graywackes in

different tectonic settings

) 15 R B KM NG T Bl K B i 2% LTI PNBUE JHAREHRE BRI
(TFe; 05 +MgO) *  8.00~14.00  5.00~8.00 2.00~5.00 7 Si02 . % Nap, 0.Ca0. TiO, 1.30 1.50
TiO; * 0.80~1.40 0.50~0.70 0.25~0.45 0.37 0.39
Al O3/Si0; 0.24~0.33 0.15~0.22 0.11 0.12
K;0O/Nay O 0.20~0.40 0.40~0.80 =1.00 4.89 40.01
Zn 89.00+£18.60  74.00-£9.80 52.00+8.60 26.00+12.00 26.12 16.05
Co 18.0046.30 12.0042.70 10.0041.70 5.00£2.40 4.05 2.68
Sc 19.5045.20  14.80+1.70 8.0041.10 6.0041.40 5.32 6.61
Nb 2.00£0.40 8.5040.80 0.701.40 7.9041.90 7.68 —
\% 131.00440.00  89.00-£13.70 18.00+5.90 31.00+9.90 18.78 34.52
Zr 96.00+20.00 229.00+27.00 179.00433.00 298.00+80.00 183.26 —
Hf 2.10+0.60 6.30+2.00 6.80 10.10 5.05
Nd 11.3642.90  20.80+1.60 25.40+3.40 29.00+5.03 20.26 28.73
La/Sc 0.5540.22 1.82240.30 4.5540.80 6.2541.35 5.69 6.34
Rb/Sr 0.0540.05 0.6540.33 0.8940.24 1.1940.40 2.21 2.76
Sc/Cr 0.57+0.16 0.3240.06 0.30£0.02 0.1640.02 0.029 0.30
Th/U 2.1040.78 4.640.45 4.8040.38 5.6040.70 5.09 5.90
e ERICET RN R 10 2,85 Bhatia(1983) ; fltim i 0 E & R AV A8 10 %, ¥% Bhatia and Crook(1986) ; B 5 14 1 11 * 44 4% 4%
[H V%5 (2015).
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Fig.9 Tectonic discrimination of the Xujiahe Formation
clastic rocks base on K, O/Na, O-SiO,
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Table 5 Comparison REE characteristics of Xujiahe Formation sandstones with graywackes in different tectonic settings

4 18 F 455 K5I NGTET 1 8 i 1 %% I PNG RIS b F 1
YIRS EIE R 2 UIEES 48 R T 1) JE e L PN R 3 b FREHE BF s
La 8.041.7 27.044.5 37 39 26.49 41.12
Ce 19.043.7 59.04£8.2 78 85 48.70 65.01
Eu/Eu” 1.04+0.11 0.7940.13 0.60 0.56 0.71 0.61
Y REE 58410 14620 186 210 114.49 159.98
> LREE/X HREE 3.840.9 7.7+1.7 9.1 8.5 11.73 13.79
La/Yb 4.241.3 11.043.6 12.5 15.9 20.42 25.57
(La/Yb)n 2.840.9 7.542.5 8.5 10.8 13.80 17.28
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