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Abstract: This paper is the result of geological survey engineering.
[Objective] The sedimentary period of the Qiaotou Formation in Liaoning is still not accurately determined, which leads to
controversial discussions about its depositional background, especially the palacoclimate. It is of great significance to discuss its
depositional background by using petrogeochemical characteristics and other methods. [Methods] We reconstructed the
palaco—weathering climate conditions, palaco—salinity and palaeco—oxidation—reduction conditions by analysing the elemental ratios
of CaO/(CaO+Fe), Sr/Ba, and V/(Ni+V), as well as the parameters of CIA, ICV, and Ce

sandstones of the Qiaotou Formation. [Results] Most of the CIA values of the sandstone samples from the Qiaotou Formation are

mom {rom the petrogeochemical data of the
located in the warm and humid region, while most of the ICV values are located in the cold and dry region. Most of the
CaO/(CaO+Fe) and Sr/Ba values of the samples fall into the medium saline region, and a small amount is in the slightly saline
region. V/(Ni+V) and Ce

[Conclusions] The Qiaotou Formation was not deposited in the Nanhua Period, and its depositional period was generally in an

values of sandstone samples are in the reduced region, and a small amount is in the oxidised region.

‘anom

anoxic reducing environment with medium saline water and a warm and humid climate.

Key words: sandstone; geochemistry; sedimentary background; palacoclimate; palaeo salinity; palacooxidation—reduction condition;
Qiaotou Formation; geological survey engineering; Liaoning Province

Highlights: (1) We discuss the depositional background of the Qiaotou Formation by using rock geochemical characteristics and
combining evidence from various aspects such as sedimentary tectonics, rocks and minerals. (2) Through the results of the discussion
on the depositional background of the Qiaotou Formation, it is hypothesised that the Qiaotou Formation was not deposited in the
Nanhua Period.
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Fig.1 Location of the study area's geotectonics (a, after Pan Guitang et al., 2009), geological diagrams and sampling locations (b, c)
1-Cenozoic; 2-Mesozoic; 3—Paleozoic; 4-Proterozoic; 5—Archean; 6—-Mesozoic intrusive rocks; 7-Proterozoic intrusive rocks; 8—Archean Intrusive
Rock; 9-Fault; 10-Sampling location
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Fig.2 Field outcrop (a, ¢) and photomicrograph (b, d) of Qiaotou Formation quartz sandstone
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R1HLEWEEETE (%) HMEMBHELITE (10°) 28

Table 1 Major element (%), trace element and REE (10°) compositions of Qiaotou Formation quartz sandstone

X AFH X RIEHX
e QP2-13  QP2-15 QP24 QP2-1 QP2-3 QPI5-1 FP13—2  FP13-5 FPI13-8 FP13-14 FP13-16
SiO, 95.28 94.42 93.38 94.66 95.02 94.98 96.34 98.66 98.88 96.58 97.84
TiO, 0.10 0.06 0.10 0.09 0.09 0.09 0.03 0.01 0.01 0.01 0.01
Al O, 2.31 0.95 2.56 2.38 1.39 1.61 1.37 0.58 0.42 1.63 0.98
Fe,O, 0.92 0.45 0.50 0.58 1.07 2.17 0.64 0.01 0.23 0.13 0.03
FeO 0.25 0.11 0.25 0.18 0.07 0.14 1.37 0.32 0.57 0.72 1.08
MnO 0.03 0.03 0.04 0.07 0.03 0.03 0.03 0.03 0.02 0.02 0.02
MgO 0.08 0.58 0.26 0.32 0.11 0.03 0.04 0.02 0.04 0.02 0.02
CaO 0.29 1.97 1.02 0.26 1.10 0.43 0.47 0.37 0.16 0.76 0.13
Na,O 0.20 0.25 0.40 0.40 0.25 0.12 0.03 0.11 0.11 0.04 0.04
K,0 0.42 0.18 1.02 0.96 0.36 0.24 0.07 0.04 0.07 0.20 0.05
P,O, 0.04 0.03 0.07 0.05 0.04 0.04 0.04 0.02 0.04 0.03 0.08
Lol 0.59 0.52 0.73 0.71 0.85 0.67 0.33 0.17 0.12 0.52 0.05
Total 100.52 99.55 100.33  100.66  100.38 100.55 100.76 100.34 100.67 100.66 100.33
Li 5.82 433 15.58 11.35 9.58 2.51 3.20 0.40 1.90 7.60 3.80
B 8.56 6.59 10.12 22.09 13.22 11.28 16.50 13.00 19.00 26.00 19.00
\% 5.76 6.64 5.82 9.19 4.22 8.05 0.10 0.20 0.10 0.10 0.10
Cr 9.68 11.34 7.10 14.94 9.97 8.81 62.70 115.30 108.40 64.70 90.30
Co 3.56 6.54 3.22 2.97 2.35 1.35 1.50 2.90 0.70 3.40 2.30
Ni 6.55 5.70 5.58 8.28 6.07 6.48 0.10 0.10 0.10 0.20 0.10
Cu 3.66 3.08 5.74 4.29 5.02 4.10 7.50 4.60 8.20 5.40 7.70
Zn 5.18 5.85 69.85 36.00 26.72 4.44 9.60 3.50 5.60 7.70 8.20
Rb 5.05 2.32 32.87 34.21 12.33 15.16 4.90 4.10 42.00 4.30 14.70
Sr 5.29 12.95 19.18 12.02 5.26 8.77 14.80 13.20 18.20 39.90 33.10
Zr 15.78 15.52 99.06 91.65 101.10 28.01 83.10 29.40 26.90 45.60 31.50
Ba 31.37 30.47 219.40  176.20 46.09 34.05 32.50 17.80 31.20 61.30 38.20
Pb 1.18 3.22 13.48 83.18 18.13 1.68 2.50 0.20 0.10 3.70 4.20
Th 1.04 1.33 1.53 2.24 1.13 2.18 5.20 1.60 1.30 5.60 5.50
6] 0.39 0.40 0.62 0.61 0.61 0.30 0.17 0.42 0.33 0.33 0.17
La 591 5.10 9.09 10.29 8.61 20.84 16.40 6.93 17.80 7.06 3.55
Ce 14.09 12.07 21.98 20.49 19.87 53.38 23.70 9.91 36.30 11.70 7.90
Pr 1.86 1.49 2.84 245 2.50 5.52 3.64 2.76 3.97 1.81 1.37
Nd 8.25 6.37 11.50 9.58 10.37 20.57 9.19 4.12 16.50 5.47 3.20
Sm 1.70 1.40 1.97 1.51 1.77 3.69 1.43 0.75 2.13 0.84 0.67
Eu 0.36 0.42 0.43 0.37 0.38 0.62 0.30 0.27 0.32 0.18 0.12
Gd 1.70 1.59 1.79 1.37 1.56 2.58 1.34 0.98 1.09 0.94 0.67
Tb 0.22 0.31 0.27 0.19 0.23 0.28 0.25 0.18 0.21 0.18 0.13
Dy 1.12 2.00 1.56 1.15 1.40 1.27 0.80 0.81 0.36 0.48 0.26
Ho 0.24 0.46 0.37 0.29 0.32 0.16 0.17 0.17 0.08 0.11 0.05
Er 0.50 1.18 0.95 0.72 0.81 0.51 0.49 0.14 0.17 0.34 0.19
Tm 0.11 0.21 0.18 0.15 0.16 0.08 0.07 0.04 0.04 0.06 0.04
Yb 0.36 1.00 0.89 0.71 0.74 0.49 0.60 0.25 0.19 0.32 0.17
Lu 0.11 0.19 0.19 0.17 0.17 0.07 0.10 0.05 0.03 0.06 0.03
Y 4.59 10.04 8.98 5.68 6.79 4.90 438 2.70 1.92 2.95 1.77
>REE 41.12 43.83 62.99 55.12 55.68 114.96 62.86 30.06 81.11 32.50 20.12
LREE 32.17 26.85 47.81 44.69 43.50 104.62 54.66 24.74 77.02 27.06 16.81
HREE 8.95 16.98 15.18 10.43 12.18 10.34 8.20 532 4.09 5.44 3.31
LREE/HREE 3.59 1.58 3.15 4.28 3.57 10.12 6.67 4.65 18.83 4.97 5.08
CIA 71.74 28.36 51.20 59.50 44.84 67.08 70.62 52.73 55.26 61.98 81.67
Icv 0.88 3.71 1.30 1.13 2.17 1.93 0.96 1.02 1.52 0.72 0.31
CaO/(CaO+Fe) 0.20 0.78 0.58 0.25 0.49 0.16 0.19 0.53 0.17 0.47 0.10
Sr/Ba 0.16 0.08 0.15 0.19 0.27 0.45 0.15 0.23 1.35 0.07 0.38
V/(Ni+V) 0.47 0.54 0.51 0.53 0.41 0.55 0.50 0.67 0.50 0.33 0.50
Cenom —0.01 0.00 0.01 —-0.03 0.00 0.07 —0.11 —0.12 —0.02 —0.08 0.03
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Fig.3 MORB—normalized trace element patterns (a, after Pearce et al.,1984) and North American shale—normalized REE diagrams
of sandstone (b, after McLennan et al., 1989) of Qiaotou Formation
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RO, BERAUTRAEE IR BTG . &) T XUk; 4
ICV>1 B, RIZA A G L0 WED, 24T
o #0) 1 IABE 10 1 Y DL AR, Ud B L TR IR S JE 0%
T4 . ICVH 5 A Xl ICV= (Fe,0,+K,0+
Na,0+CaO+MgO+MnO+Ti0,)/ALO,. H it 55
WSk AP A 1Y ICV /N 1 AR A QP2-13,
FP13-2. FP13—14, FP13—16 %5 4 RS, KT 1Y)
A QP2-15.QP2—-4 ,QP2—1,QP2-3,QP15—1 FP13-5,
FP13-8 & 7 M. (HH T REEHEMN T ICV H
HBTE 1 B BFFIT, 3 S e 1 Sk ZH ORI Ak T F€ V% il
U AH B AC B R IR B, B DLIER ISl £
(K 4),
52 HEEEEY

TG HUERAL 27 A T R S AR B T

Z . Hr, CaO/(CaO+Fe). Sr/Ba. Rb/K. K/Na
AR R B e R B L RER
B, CaO/(CaO+Fe) {H/NT 0.2 LR UIEUK A M LER
&, CaO/(CaO+Fe) (H KT 0.5 F/Rmh g, &2
B8] Ay rp b B CFF N 4258, 2002) o #F Sk 4B B
i CaO/(CaO+Fe) {H/NT 0.2 /945 QP15—1, FP13-2,
FP13-8. FP13-16 5 4 MR, [E0514 0.78. 0.19,
0.17.0.10, 7£0.2~0.5 fif5 QP2-13., QP2—1, QP2-3,
FP13-14 45 4 AMFE 5L, (B3 5124 0.20, 0.25, 0.49
047, KTF 05 A QP2-15, QP2—4, FP13-5 %
34NBES, 50 0.78. 0.58, 0.53. D ILHEMIHF
LB A ETURAIR SRR th R FE X, D FR A A Ak
FARER B A= R B Xk (1] 4) .

BaSO, HA BN B, IR R KIR &
B, ROK Hh Y Ba® iKY SO 455, B I A
BaSO, ULIE; 1Mii Ba A& 25K, HA L Sr /iy
KERE, FERK T 5 TR 0710 ek, AP
W2 56, 545 i A RN Bl Ao P AR DO AR T Ba & iR AR
(8, 1996) o PRI Sr/Ba B H] Wit #h B 72
— PRSI —IACA St/Ba fH/N T
0.5 MIR—BUTIK, KT 1 MUK, S F W& ZEh
BRUK . i AR Sr/Ba (HK T 0.5 194X
A FP13-8 —/MEEf, (H R 1.35, Rtk i
PRIE L FIR—OK X (E] 4) .
5.3 R -EFE &M
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SRR B ALE IR EE . VINi+V) KT 0.46
W JFEIAEE, VINIHV) /N T 0.46 24 5846 25 5% (Hatch
et al., 1992) o #r Sk AP A A VINIHV) H/N T
0.46 B #F i A1 QP2-3({H 0.41) . FP13—14({H 0.33)
WA, HAARE A R T 0.46. ARG VINI+V) fE
DR Sk 2H 2 AR b F 38 R IR 85, Jmy s Ak F 48 Ak 1 5%
(K 4).

Ce 575 (HL [FIAE T DL 22 0 f T RRR B 19 4
IR JE LA, VIR Ce FEEMAF TREEPE)E . A
A B Wz AR . 24 Ce, KT—0.1 B, 45 75 BRt
AR R KRR Y Cey /N T-0.1 BT, 45
EAR I KRS . HATE AKX R Cepon=
log[3Ce,/(2La,+Nd,)]( Wright et al., 1987), %22
i) n AL SE TUA R HEAL (Gromet et al., 1984) , LT
T A S DA Ceyom H—0.12~0.07, “F-
fH -0.02, K T 0.1, 7£ K&l 4 I, LA FP13-2,
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6 i
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5i; CIA HFFETE 7R AT Sk 2 TR B b T35 12
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ASONHA A M IR A 2= R A IR e 2 T R,
BRE S e AT Sk U AR T S B A, DR e X AT
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FUF = AINDTREASR, T F AR TR I R 258 (5
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MISS 55074 (2= ] i, 2019) | & 111 4 X (G4 45,
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