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Fig. 1 Simplified geological map in the North Daba Mountains

(a)—tectonic location, modified from Mattauer et al. , 1985; (b)—division of tectonic units, modified from
Wang Zongqi et al. , 2009; (c)—simplified geological map, modified from the 1/50 000 regional geological report
of Donghe, Zuolong and Langao Mapsheet
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1—section location; 2—fault; 3—diabase; 4—Jurassic; 5—Wuxiahe Formation; 6—Doushangou Formation; 7—Banjiuguan Formation;

8—Quanhekou Formation; 9—Gaoqiao Formation; 10—Cambrian; 11—Donghe Group; 12— Yaolinghe Group
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Fig. 2 Sedimentary successions of Banjiuguan Formation in the North Dabashan area (Location of section are indicated in Fig.

m-—mudstone; s

siltstone; fs

*MX15

AMX13

08 <+« «

*GP18

- | kGP14

Gro | B B
sample location
NS KR
paleocurrent
£h
graptolite
=
flute cast
- K i
~ A
flame structure
TR
parallel bedding
A2 R B
cross bedding

1E KL 7

normal grading
e
[— — — | mudstone

[~ _—|siltstone
[~ - -|fine-grained sandstone

[S-o- 1 & Bk b A
pebbly medium-grained sandstone

(=) o @ G g
medium-grained sandstone
GikUES]

[+« « «|coarse-grained sandstone

SXeXe iy
[ © O |
& S o conglomerate

2 AEIREL Lyt DX BE NS ¢ 2 b o T BRI 47 1] Gl i 2 2 WL P 1D

Ca)— ¥ 52 B T 5 (o) — S R 0TI 5 (o) — A4 5751 i
m—RE s WA s AP sms— b sos M E s o BRA
(a)—Yujiaya Section; (b)— Touqgiao Section; (¢)— Gouping Section

fine-grained sandstone; ms

medium-grained sandstone; cs

coarse-grained sandstone; c—conglomerate

D



wooB

1196 http://www. geojournals. cn/dzxb/ch/index. aspx

s
2020 4§

JRAS R — R A AD IR R AR R s R s (]
3ab), WA RBRR. K F VAT R BARL 2 B A
30) o JRETH LA AR AL i (B 3d) . AR Sk K A R R
AR (0. 70m)  BE X . Bk A BRAE 2~30cm, Ji
gy BEONRKBAAN DB IR KO E . Al LB
B BRI O 2 A s R KR 6k
R AP S R R E 2 15~ 20em, By b a5~
6em, [{ I [ Tk B 5 B W A2 IR . b a K F AT
JE B R R B AR 3 . MY e R IR R
PRt 79 T RD S R B IR 2 B AR i AT R
HE R R TR i b R B KR Z B LU R B
RN E, a5 adRfmaads BrE
TR IR AL BB A AN Th Td Be, o
S BT S PR A A L TR 2 L BR A B AR
AL & W) 46 7 558 8 U U0 AE F (Nardin et al.
1979;Lowe,1982; Talling et al. ,2004,2012),

Sk 7 50 187 (&1 2b) JEEBE 3. 99m, LA K (8 A0 4
N F R I IR R SRR R e D
MWDK T KIS 3e) F-17 2 B 38 48 2 7
(1 30, Jai 8 & & 380KE e 1 () D0 AR OE 7 2 (& 3D,
JIG 8 DL o ) T CIL 36D o KL IS AR AT WL AR AT L B )
kb /P s bl WA ik . PR Sk T A
RH WKLY KA 3 AT R B R R DO B
WaERBKFZE DT REFIENE., &5 H
Wb 2N a0 A A LB IS P 51 AR [R) Te, Td
B, b E RS R, HILPFA K IR I, o]
AE 85 B Yo it B O A 5 T it T AR (Talling
et al. ,2012;Shanmugam,2015),

M PE 5 TH (& 20) JEJE 17, 05m, T 22 K
a0 )RR AN A I R AR s A A
REVATIZE, thif K g @2 e s, K E KF-
EEL WK EEAMA, EEEE KA )E A
Wb R 5 (0 2 0y D o F e o L2 (18] 32D, JRy
NERR A . M ERE TR, WK 5
Z. ur)Zm oA, WREE A4 (B 3h), ik,
Wb aKEKFZH, UHE REFIUR £, KHE
FHAL 5 1B B G2 A a FIOR 0 8 o 1 o et 35
JFAI ThTd B

PRI IHG o SRS O 2H AR i 2 = 5 Dy e R 8 S
B 5 A 32 B O B A 58 B R B R 81 R
PRAD A5 FHE T SCHE R o U K R W D /e R R
JE LI 3. 29 Sk W A 0 /Je 5 R Ay 3. 61,
1717 R 350 TR A/ 0 2 )R BE LA AR X B/ . 2 1. 58,
L5 0 [ IR 98 5% 2 ) T A Sk A ) T SRE N O 4 A ) b

HE I O — B O — R B B R A, X R
T A Vi I B9 DUBUY) A K 4l (MeCaffrey
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Fig. 3 Typical photographs of Banjiuguan sandstone in the North Dabashan Mountain
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(a)—Yujiaya section; (b)—fine-grained sandstone and siltstone developed in the Yujiaya secton; (c)—grading bedding of
sandstone developed in the Yujiaya section; (d)—flute structure of sandstone developed in the Yujiaya section; (e)—flame
structure of sandstone in the Touqiao section; (f)—parallel bedding, grading bedding and erosional surface in the Touqiao
section; (g)—fine-grained sandstone and siltstone developed in the Gouping secton; (h)—graptolite in sandstone of

Gouping section
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Fig. 4 Post-Archaean Average Shale (PAAS) (a) and chondrite-normalized (b) REE diagrams for the

Banjiuguan Formation sandstones in the North Dabashan Mountain
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Normalized values are from McLennan (1989) and Taylor and McLennan (1985)
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Fig. 5 Chemical classification of samples from Banjiuguan sandstones in the North Dabashan Mountain

(a)—log (Si03 /Al O3) vs. log (Fe;O3/K;0) (4l Herron,1988) ; (h)—log (SiO;/Al;O3) vs. log (Na;O/K,0) (# Pettijohn et al. ,1972)

(a)

log (Si0,/Al;O3) vs. log (Fe;O3/K,0) diagram of Herron(1988);

(b)—log (Si0,/Al; O3) vs. log (Na,O/K,0) diagram of Pettijohn et al. (1972)

& WACAE F iz 1 DL B ns o 1 P 45 e 8 0 HG g
Sr AR K (Johnson, 1993) A I, 0 5 1 1k 2 1
s RE A R AR A X AL IR B . s ZUXAR A
FH I8 H 5 U B A AT O, T T AU 2 A
Bt FE AL . HR4E Nesbit et al. (1984) # H 181k
i Ar 78 # CIA (Chemical Index of Alteration)
CIAfHAF 51~67(F 2), A 5 J5 Kl 014 1
V- 25 CIA B AH S (& 6a) » & W5 X XUAR A F o R
HEAT B0 4 JE AR 1 4 R K A 4 b bk gk B B
(Taylor and McLennan,1985), T H , X fbid B H,
AR IuE R Al % (AL Ga) , Ti & (Ti, Zr . HD Al
REECf4% Sc.Y) Je Hofth i fr 5 (Th . Nb) A %
S . T Fedo et al. (1995) 2 HY J& B A7 1l A8 45
PIA (Plagioclase of Index) B %({E N 52~72,F8
SEACFE L o B b A AR B B2 ) AL O5-(Na, O
+Ca0)-K, O [ fift (B 62) , 5 FLA T H e 5 B
Bodli SO AE R A 5 5 R a0 8o 1Y i 2R
FHIR DX A2 AL 32 22 R A 1 R 9 (B
FAT S W R g B . R BIAE A T b 2 AR B B
H XA HIE TR N KA RIPTRY £ 20k A
FRIEFIF S . ALO,/Na, O Ho s J2& 5 & XAk 5
FERIZ M2 — (Ali et al. ,2014) , BEM G 4 b &
AL O;/Na, O FAE 8 /N (3. 60 ~7.29) , 3 W] rf 25 X
AR .

AR T S ) XA A S KA Y R
] o 5 53 JSE s B A A e I AR W R AL SR R AE . T
PR 8 25 1 843 1 2 8 T LA ] 2 i ICV (Index of
Compositional

al. .2015) 7w, & WRVE A2 M ) (K A1 A

Variability, Armstrong-Altrin et

N FTHE D B RE & ICV 3 # KT 0. 84, 1 44 % ik
AR CAn e A B R R s B AE) B RE A ICV
/NT 0. 84(Cox et al. ,1995) , [H Il ICV {i Y AR
HH B SIS 20 358 R R AL R B A 5 . B S 4
A ICV fH=>0. 99, F8 /8 A . i H . #0 # FF 5
LR L w4 CaO 2), # CIA-ICV Ef# (F 6b),
REh ARG Kl w0l IOV ¥k > LR H
A, X5 A-CN-K B 145183,

T URESR. Th/U H M Rl 5 XA L B Y 35
g, Th/U>4 5 XALFEEF 5 (McLennan et
al. ,1995), & 2 BoR, BR#E M MX13 Z4b, Th/U
FOAR (4. 09~7.02), B & 7 F 52 1) Th/U -3y
B 3. 8CEl 7a) R UG X AL F P 55 KUALRE B . WA
WA Th/U WA ] B8 5 U8 X 5 A o8 K 38 i 2
A X,

Zr/Sc Fl Th/Sc HLAE AT LA BT R P 19 158 47 A
b 1 Bl LA K EE ) i 5% (McLennan et al. ,
1993) o Ho AR Y T AH G 06 3 S B T 9 1 X1 1 43 A8
fa%, BEM KA AWM Zr RN 163X10 ° ~
697X 10 ° (44 332X 10 %), 4> 4 7€ - H 5% J&] [
(F37190X10 %, McLennan, 2001) , |fij Zr/Sc H{EH
B i) FE R Sc Bk B AR T B 5E i Ty
{8 14 X 10 ° (McLennan, 2001), Zr/Sc #1 Th/Sc
LA 2 B 46 K 2 BORE i 1 14 08 4 T A 4 7 T e
[, R B (8 7). Si0, /AL O, He Al FH T 20 b7
TUR W 1) 45 A0 RS EE & EUAE > 10 3R 7 388 /8 1Y) T [l
I T (Wang Wei et al. ,2013), R 2 NFES
Z AN 43R 1392 F1 10, 30) , BEMY ELH 7D 2+ Si0,/
AL O, Hofl 2 5085 A% (4. 62~8.92) , 32 B AR (9 AR
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Fig. 6

(a) A-CN-K plots showing the weathering trend (after Nesbitt and Young,1984) (b) CIA versus ICV plot show the

intensity of weathering and maturity of the siliciclastic sediments of the Banjiuguan Formation in the North Dabashan

Mountain (after Long Xiaoping et al. , 2012) , PAAS— Post-Archaean Average Shale.

8.0[Ca) i
« WF -
= MX YLARY) T T [l
¢ GP (f%ﬁ‘%/»
[ ) —
6.0k 1L 3t FE e
[ )
D = 4 o
340_ J:ﬂhﬁ L] —[‘,\:)01_
= =
| |
201 T B8 G:0LE e
. OFFEZRE
O 1 1 1 llllll 1 1 lllllll 1 1 L1 1111 0‘001 1 1 IIIIII| 1 1 IIIIII| K 1 IIIIIII 1 L1l
0.1 1 10 100 0.1 1 10 100 1000

Th(x10%)

K 7 dbRE BN SCH A Th/U-Th Ef# (a) (J& McLennan et al. ,1993) F1 Zr/Sc-Th/Sc Ef# (b) (#&# McLennan et al. ,2003)
Fig. 7 Plots of Th/U ration vs. Th abundances (a) (McLennan et al. ,1993) and Zr/Sc ratio vs. Th/Sc ratio

(b) (McLennan et al. ,2003) for the Banjiuguan Formation sandstones in the North Dabashan Mountain

5.3 EXERAEE

M £ IOC R B TC o3 455 2 s e 1 AR B D S
(Taylor et al. ,1985; McLennan et al. ,1995), H
1S ZH D A B R M AR E M O SR B
W LT R i & (B 4, R UTR B S F %
pIRNE YD

Hf-La/Th K 7, BEMS SCH 0 & BA BN

— 31 La/Th HfH (3. 05~6.12) Ffl HI &8 (5. 94
~17.3) R HWIE E 2k A FRM N0 A
1, HARZDORY B m A (K 8a), La/Sc-Co/
Th Bl f# (Gu et al. ,2002) , #b & 5 AR H 52 & #Y
Co/Th HA# (0. 86) ,La/Sc WAl L& /N 8% T
LK IR 3 (] 8b) . Zr/TiO,-Nb/Y &l it B .
b W5 TR TH 22 LA 28 R I B3k 2 2 2R (&
8c) o [AlH , BEMG S LH A A ) Th/Sc(0. 57~2. 36) Fil
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Fig. 8 Discrimination diagrams illustrating sedimentary provenance of the Banjiuguan Formation sandstones

in the North Dabashan Mountain
(a)—La/Th-Hf Ef# (3% Floyd and Leveridge,1987) ; (b)—La/Sc-Co/ Th Ef# (## Gu et al. ,2002) ;
(c)—Nb/Y-Zr/TiO, &l f# (it Winchester and Floyd,1977) , A—{ A 4645 (1992) ; A— F NI (2014) ; +—Zhang Chengli et al. (2003)
(a)—La/Th vs. Hf diagram (Floyd and Leveridge,1987); (b)—La/Sc vs. Co/Th diagram (Gu et al. ,2002); (¢) —Nb/Y-Zr/TiO, diagram

(Winchester and Floyd,1977). /A—Huang Yuehua et al. (1992); &A—Wang Gang (2014); +—Zhang Chengli et al. (2003)

La/Sc(3.49~7.28) AL B . & W4 I8 IX R K 8
JL o7
5.4 BEMEKX

L4 b 3K Ak 2% 40 551 16l ik CIEL 4,6, 7 0 8) o Bty
KA AR B S FE KA A, 2N
T 22 111 25 28 R IR 800 22 5 25 (I 8o . AR B B 5E IX.
b 2 A% SR H S o3 A I OO . AT RE Y IS D B
KA WA R 30 AR T o sl D B A I . X
FINKAFER N 438. 4£3. 1Ma(Wang Kunming et
al. ,2015) , B T B0 5 20 wb 5 I8 BLA [R], S AT 6E
BENG Wb g WU . DRI A) e B U e D SRR G
D e R A A KL TET o AR R BN OC L Ab E F K LL s
HERAL AR KL s 220 TR 5 b ) 22 0y 9
A MHEmE LA (B 8o, XWEES kiliE Nb &
it D A 3k i A K
5.5 MEWE

PR SCH A E R TR & SRR F 2
B 68 B 48 98 Fe, O57 + MgO B fh 3. 239 ~
12.47%, SF ¥ 6.14%; TiO, 28 fb F 0.61% ~
2.57% 345 0.92% . S EIE R 5% 5 Bhatia(1983)
) Fe, O, " +MgO-TiO, |81 fif . B4 MU B o3 #. 4R
SiO, #il K, O/Na, O(Roser and Korsch,1986) & fi# .
R v ATE Sh R B 2 (I 9. AR, GP 2
ANEE AR AT MXC1 AR R AR 4. R Y
CAn A ) 7RI XA 2

DU i T R 2 IS MR AR, ZE VTR T AR
Hh 8 B A58 0 28 A L TRTTTT S HE v ) — 26 0 K R B AL

I e i 7 M /Y M i B 3% (Taylor et al. , 1985;
Bhatia,1985; McLennan, 2001) ., fF il & JC & & 7.
B La-Th-Sc, Th-Sc-Zr/10, Th-Co-Zr/10 = £ Kl fi#
CIE 100 A i 22 B0 A K Rl 8 9 DX 388 sl B a0 20
BB KRR IX

HE4E Bhatia(1985) 5 45 1Y AN [m] 1) 3 1 455 b 5 11
Wi A7 70 3R FRAE MR (3% 3) MG BEMG K AH 5 Z HEAT XS L
Hog 3 15 505 RGBS #E3

HT N B0 DG 20 R0 E 2T ) 1 20 o 3R o )
BRAL 25 8 R 0 R B Ll R AR AT T R B 2R
A (#k 3h K B i ) (Teng Renlin et al., 1990;
Huang Yuehua et al., 1992; Xia Zuchun et al.,
1992;Gao Changlin, 1993 ; Zhang Chengli et al. ,
2003;Zou Xianwu et al. ,2011;Dong et al. ,2013;
Wan Jun et al., 2016; Yang Cheng et al., 2017;
Zhang Guishan et al. ,2017) , 2R TG M H 4 19 8
B A7) 2 W] B B T e ol AR AR (Zhang Yingli et
al. ,2016) . oty AR AR % 25 doff O BF 98 IR 35
R, HCTE BT I b A DG 1) 74 1 31 5% (Wang Zongqi et
al. , 2009; Xiang Zhongjin et al., 2010; Wang
Kunming et al., 2015, 2016; Xu Guang et al.,
2018),

S B 9 A5 R B 5 4 B 1A RS s R AR D BEAS S5
UM A . SKWF T R AR A B A A 2 ) DO
o MR W M MR A A R E R WY
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B9 bR L BEM 4 b 55 Si0, F K, O/ Na, O 3 51 & fi# O B 4 Roser and Korsch,1986)

Fig. 9

SiO; vs. log (K, 0/Na, ) discrimination diagram introduced by Roser and Korsch (1986)

applied to the sandstones from the Banjiuguan Formation in the North Dabashan Mountain

®3 FEMIEE R AR REE $51E (Bhatia, 1985) K 5B X H b & Xf bk

Table 3 Discriminating REE characteristics of graywackes for tectonic setting discrimination of

sedimentary basins and Banjiuguan Formation sandstones

. [ REE 3%

WS Ll La Ce SREE | La/Yb | Lax/Yby | S LREE/YHREE Eu/Eu*

K IR D) E KR 8+1.7 19+3.7 58+10 | 4.2+1.3 | 2.840.9 3.840.9 1.04+0.11

KB & 90 VIEEsE 4N 27+4.5 | 59+8.2 | 146420 [11.0+3.6| 7.5+2.5 7.741.7 0.79+0.13
2255 B Rl % R T+ B 37 78 186 12.5 8.5 9.1 0. 60

WA RS | ORI N R 1 e 39 85 210 15.9 10. 8 8.5 0.56

BN 5 2 VIEESE 4N 47411.9 |103+£29. 1| 243465 |14.44+2.3] 9.7+1.5 8.4+1.6 0.6140.05

o L Nb/Y-Ze/ THO, 0 50 P it — 25 4 75 3L E Bk

= K il 5 UK B 2 —e— B B —e— BL I % 41
RPN
—A— K PERR R P

B /L3 7

() () S P S S S S S S S S S S S
Rb U Cs V Ni NbTiO, Zr La Sc

Bl 10 JE KB I BEMS K484 La-Th-Se, Th-Sc-Zr/10 0
Th-Co-Zr/10 #5135t ¥ 5| E (Bhatia and Crook,1986)
Fig. 10  Plots of the Banjiuguan Formation sandstones in
the North Dabashan Mountain for tectonic discrimination

(after Bhatia and Crook, 1986)
R A) A B 7 4 . LU DX i PR B BR A% 4 s BEAG G

LML & R T2 B T 3R 55
BENG KPR R R e EZOR A T RIETE A

FORLTE 22 10 2A H AL s /R s . X5 Kk
L 3R AL 2% R AR AR — 25 (8T 8o, 5 R R 3
M DG LH IR A o AR R T A A5 ) ) R e 4 T R
DXy A ity 82 SRR 385 PR 5% 4 3 3% BH B0 O 41 1 5 8
B R i 5 SICAH 56 ) M 1 SR BE . 5 G TR B R T A
(8 L -DLRRT 81 T 00 25 R AR A b A R A 5 %
B (Wang Gang,2014) , UE BRI T K 1L T2 BT
PRORE SC A T PR . UL FRATTA B Ak B G
BT KBS INA DG i i R 8 . & Ttk — 0 U
T 0 PR 7 485 5 R A 1 5 R SR W o

BENS 56 4L A5 2 1 4 R 1K 50 P i L W TR X
P 3 T S 32 O KB 5 9K, Sk Sy Bk Bl R il i 2%
RSB AR B R B 5 I ) R YR 2 R B G
AR I T L . T 30 K T 2% i TURR ) T g
kB EEHTORY) . IR E L X R )2 E
BRI BE B BT KB & K3 5% (Zhu Xiyanet
al. »2014) . T 4= AR U4 TR 1 19 2% B o 25 1 2R WA 7 ot
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A A A 3 s 2O R4 (Zhu Xiyan et
al. ,2015) . PRtk 9 3 KRG8 2% 19 DU AR P A 7T g
B ALK, M4 P 07 0] 73 A AEDOR A T b %
Wb =0 BB TURY & Z iz . TR 6 R
Eili X,

6 inb

(D BEMS S 20 322 Ry IS A D 25 0 25 e
SR TR 2 B R S LR o DT AR IR BT O i
TS
) FEFEITTER BN BEM Y i FEHER, %8
R G E AR A B D T A
(3) BN 5 4 Py U IX 28 oy v S R A XUAR A T
B DU E LR AE , 9 8 X5 A 32 2 K 38 i
P
(DO TN KA & R 2 L5 B R B & &
BOR A TACEE B BT 5 R Rl 5 9I0R O Y H 1 PR A
BT+ AR SC b ER Ak 27 I T A A ) 51 M T S5
D3 0 58 8 SR E 2 U Bl (R X B 4 O
B R LR IR B
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Abstract

The North Dabashan Mountain, an important part of the South Qinling orogenic belt, holds well
preserved sedimentary records. For a long time, the Banjiuguan Formation was considered to have formed
in a relatively stable tectonic setting. In this paper, sedimentary successions and geochemical analyses are
used to determine its provenance and tectonic setting. The Banjiuguan Formation consists of fine-grained
sandstones, siltstones and mudstones deposited in deep waters. Facies assemblages indicate that they were
deposited in a submarine fan environment. Paleocurrent data preserved in cross bedding indicates that
sediments were proximally derived from north. Chemical classification of the Banjiuguan sandstones shows
that the analyzed sediments are mostly litharenite. The REE patterns are characterized by LREE
enrichment, flat HREE, and negative Eu anomalies. Chemical Index of Alteration range from 51 to 67,
and Th/U ratio is 3. 36 to 7. 02, both of which suggest weak weathering. The rations of Zr/Sc and Th/Sc
further show that the sandstone experienced no reworking. Various plots and parameters for sedimentary
provenance show that the sediments were sourced predominantly from felsic rocks. Geochemical data
suggest that they were deposited in an environment related to continental island arc setting and passive

continental margin.

Key words: North Daba Mountain; Banjiuguan Formation; geochemistry; Provenance analysis;

Tectonic setting



