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Abstract: The high resolution geochemical data are used as important proxies in cyclostratigraphy, which cost a lot of time and
money to obtain the data in the usual way (ICP-MS or WD-XRF). And the handheld energy-dispersive X-ray fluorescence (ED-
XRF) can obtain the high resolution geochemical data efficiently. Currently,the handheld energy-dispersive X-ray fluorescence
(ED-XRF) was few used in the study of sedimentary strata, especially in cyclostratigraphy research field.Continuous core sam-
ples of deep lacustrine mudstone and dolomitic mudstone were selected from the Xiagou Formation of the Lower Cretaceous in
the Qingxi Sag, Jiuquan Basin. Content of 24 major elements and trace elements which can be used as important proxies in cy-
clostratigraphy were accurately measured under the Handheld energy-dispersive X-ray fluorescence (ED-XRF) testing, a non-
destructive, direct method with high precision in an efficiency way which can test one single sample in five minutes. Ratios of
obtained geochemical data (K/Al, Ca/Al, Si/Al, Fe/Al, Ti/Al, Mn/Al, Ni/Al, Zn/Al and Pb/Al) were analyzed by spectral

methods further. Such results presented cycle wavelengths in the stratigraphic units show a value of 20.25 : 4,75 : 1,75 ¢ 1.00,
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corresponding with those of Milankovitch cycle periods (400 ka (long eccentricity) * 95 ka (short eccentricity) : 37 ka (obliqui-

ty) ¢ 20 ka (precession) , respectively) in Well W2, The correspondences between the sedimentary cycle ratios and the Milanko-

vitch cycle periods indicates controlling effect of astronomical factors on sedimentation. ED-XRFprovide the new possibilities in

detection and quantification of geological processes, and have great significance in establishing geological time series.
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Table 1 Sections of sample analyzed in the Qingxi Sag
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Table 2 Major and trace elemental concentrations for the calibration standards
W1-3 W3-14 W3-9 W2-13 W4-15 W4-13 W5-16 W5-19 W1-23 W2-19
K,O(%) 3.07 2.71 2.88 3.36 2.44 2.44 3.34 2.95 2.96 2.61
CaO(%) 3.49 6.84 9.01 10.84 1.89 15.06 4.81 6.57 8.27 11.96
Al O3 (%) 17.17 14.99 12.54 11.48 16.06 8.61 17.74 14.88 13.29 12.01
SiO, (%) 51.62 42.87 37.93 37.04 52.05 26.06 45.83 43.22 38.01 34.10
P05 (%) 0.06 0.02 0.05 0.03 0.04 0.01 0.04 0.05 0.00 0.08
TiO2 (%) 0.73 0.53 0.51 0.48 0.66 0.32 0.61 0.51 0.49 0.40
Vo9 148.00 113.00 105.00 93.00 96.00 73.00 126.00 87.00 114.00 106.00
Cr, O3 (%) 0.020 0.017 0.017 0.015 0.016 0.008 0.019 0.016 0.015 0.014
MnO(%) 0.13 0.13 0.12 0.12 0.12 0.11 0.10 0.10 0.11 0.18
Fe, O3 (%) 6.16 4.87 4.60 3.18 4.28 2.16 5.63 7.13 5.15 5.76
Co(10 %) 19.50 21.30 20.20 15.50 40.50 9.60 24.90 19.80 15.70 14.00
Ni(10~—%) 66.00 54.00 78.00 47.00 133.00 20.00 68.00 64.00 42.00 47.00
Cu(10~°%) 41.60 39.30 49.10 33.00 47.70 25.20 51.50 55.30 39.50 36.10
Zn(10%) 59.00 43.00 66.00 60.00 91.00 30.00 62.00 70.00 92.00 48.00
Rb(1075)  144.60 115.10 128.00 120.10 91.20 84.90 137.60 95.60 120.50 93.30
Sr(10~%) 127.30 335.00 535.80 603.00 206.70 988.10 256.10 524.20 630.10 590.20
Y10~ %) 26.20 15.80 19.60 17.90 20.80 14.70 13.40 22.90 12.70 20.40
Zr(10 %)  154.00 114.80 101.10 96.60 144.30 68.00 120.70 108.30 89.90 85.90
Nb(10—6) 13.40 9.20 9.80 8.70 12.20 6.00 11.20 9.80 8.20 7.40
Mo(10~ %) 0.20 2.90 3.30 2.10 0.90 2.70 0.70 1.30 2.70 0.90
Ph(10~%) 18.40 11.60 36.60 6.10 43.50 7.50 19.40 49.60 24.00 20.90
W10~ %) 2.80 1.50 2.00 1.80 2.60 1.30 2.30 1.60 1.90 0.90
Ba(10~°%) 573.00 504.00 732.00 705.00 234.00 386.00 474.00 289.00 319.00 280.00
Ce(10 %) 72.20 43.80 53.60 48.80 60.40 42.60 25.00 52.80 23.40 40.80
Sum (%) 82.60 73.12 67.85 66.73 77.68 54.95 78.26 75.57 68.45 67.25
% 3 Corrections used for ED-XRF calibration ED-XRF 4%/ & # IE
Table 3 Corrections used for ED-XRF calibration
JLH ERE  REBREM KEIE o RIECGREBE)  fRifEEA KK IE T o A 22
Al Kal On; Off P, Mn,Rb Wi-15:W1-23  0.076 1%
Si Kal Off; On P,Rb,Pb W3-14; 0.256 0%
P Kal Off; On Sr,Ba 0 0.005 0%
K Kal On; Off Ca,Ti, 0 0.027 2%
Ca Kal On;On AL SiLK 0 0.117 0%
Ti Kal On;On P.,Mn W3-9 0.003 4%
Mn Kal Off; Off Al,Ca,Rh Wi1-3 28 X106
Fe Kal On;On P,Ca 0 0.035 4%
Cr Kal Off; Off Si,P.Ca 0 3X10°6
\ Kal On;On Al P W1-3; W2-19 106
Co Kal On; Off Ti.Mo 0 106
Ni Kal Off; On V.Fe. W 0 106
Cu Kal Off; Off Si,Ca,Ba 0 106
Zn Kal On; Off P W2-13; W4-13 106
Rb Kal On; Off P,V.Nb 0 106
Sr Kal On;On Al,Si, 0 16106
Y Kal On;On Al,Ba 0 0
Zr Kal On; Off Si,P,Mn W3-14; W5-20 106
Nb Kal On; Off P.Rb 0 0
Mo Kal Off; Off Al,P,.Ca W5-12; 0
Ba Kal On;On Al,Cr,Pb Wi1-5;W2-17 36106
Ce Kal Off; Off P,Ce, 0 1076
W Kal On;On P,V,Fe W3-6;WI1-12 0
Pb Kal On; Off P.Cr.Zn 0 0
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Table 4 The proportion of element ratios and astronomical cycle

K/Al Ca/Al Si/Al Fe/Al Mn/Al Ni/Al Zn/Al Ph/Al
19.21 m 19.30 m 19.30 m 81.30 m 19.21 m 81.23 m 81.30 m 81.30 m 81.30 m
10.22 m 6.47 m 7.35 m 9.17 m 12.01 m 10.87 m 19.21 m 19.29 m 19.30 m
7.14 m 4.30 m 6.29 m 7.36 m 7.35 m 7.35m 8.33 m 8.33 m 7.35m
6.35 m 4.43 m 4.72 m 5.70 m 5.13 m 4.21 m 7.35m
4.28 m 3.67 m 3.87 m 4,05 m

2 PEXTRE S o0 R Z (R0 O &R T (A
5i,5m,5p,5q,5u,5v).J0 K Mo MK IER LRI H
A0.78, DL K Cr Fl W BB IE Hh 2k RERARAE 0.83 LU
T XSS F Gl o T X SR AT SO I 2 L IR AN
A B 5 0 T 2k B A TR R AR AR B Y
KA 25 LA B HE At F R 7] 8L A R 9 T R fE ED-
XRF A28 5 22 5 00 . — M1 00 L & i it
/NF Na,Mg B 70 2 ki, ED-XRF (#4324 fig
MR 4. V,Co,Ni,Zn,Rb,Zr,Nb,Pb ST K E M IE#
- (R?>>0.9,0.93<<#}%<1.00);Sr, Y, W, Ce, Mo
JCE R RAF(0.7<<R?<C0.9,0.83<# F<0.93),
X 2 T 2 I (B G B A, T A R v L T AT LA
Wiz FHE RN ;Cr.Cu,Ba ME R — (R <<
0.5,0.7<TRHR<C0.9) B A5 JEA YCH 5T iy H .
32 HEREMEFHMER

BT T v AT ] Ml R A o A A B e LA AE
TURR b 22 Hh i s 1Y 8 5245 5 02 H © 005K SCJR] 40 i 4
i i (Strasser et al.,2006).7E JE 7] #1 )2 = 0758
HbER AL 2 FREAE A — 30 B AR A A . B A ] 42 S
IR TE S (0 8 VR % 28 % DR T 81 (1) i
L AEZ IV 5 38 A A 5% 4 AT S 36T Ml BR Ak 2
JCE W B 1 PR S AR ST AR 4 (FFT). B — RO F
2 EL T 5 1 3 15 5 (MR Tk th 20 L % JE i —
A — R HA T R A RS R A A
B NI . I 3k 2 [ A 0T 0 TR O I 8 — 4 B
K IR R PR MR K (R B ED 19 BT 1S 5 A
WA S e 5 R BB R NIt R S 5N
HiZ W5 (Arthur and Dean,1991), 3 H X 60 &
FE 3. 109 43 Br v B 36 Uk 349 B A 1 0 30K

DI SR A 75 VO NP R 4 W2 IR 41
fi A, W2 A P8 25 b ) A b e X, MO
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PR, W2 il X 3 2L 4b T 52 S 52 i Oy 3 1Y 2 R R E
DU BR 85 v (J&] B, 20115 32 46 20135 4% 15 05 5
20154 877.,2016) % F W2 H 41 S, R
A PR RE S R R 208 0.25 m (T 4255 FFT 45

SRR WERE ) L 46T 38 3 Past 3 BKPF 8 95 3 AT
H Sz g0 XF 1 K Ak 2 B50H 1) R AR ST v AR e FE A
ED-XRF X5 £ B i 047 40 B v, B o0 R B 1 L
(LTI AE 76 280 BE A Sy ol AU 5 0 IR AR fL A 5E BT 2
FH R ARG A » R 42 FH O 28 9 B 1 L 28 R AR
R A D T T AR T R AR T i T
RO RIR2ZE MR, B = T B A5 R 0 fE R 1 (Sor-
rel et al.,2007). Al 250 & 1928 6 v LS I 9 8 X
b2 AR AE B3 55 5 AL Xt Ak 2 XA Hh B itk o o 3%
R S i DA 23 & 48 T2 k™ v TR ke 9 X Ak
S RACPE R 3 3 2 S BUR A BB R G R Al
I Bt 3R 6 A Ak 2 RUAR VR FH 8 55 AR AR KRR B 1
DOE O T e M A S R L N SR A g T
KA AE FH I B 58 . AL K HERAEAE T 1R KU 3 32 1Y)
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AR H B R 8 A R T BT DA & 5 TR i
Yref CE XU, 20145 B3, 2015) L B 6 4% AL MR
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BATTES Al WA —1k, &5 H 5505 9 r
KR 43 31k K/AL Ca/Al, Si/Al, Fe/Al, Ti/Al,
Mn/Al,Ni/Al,Zn/Al #l Pb/Al # L AE (E 6). 3751
R L R R A AR OB R R 8 B0 R 2 R
JE ) JH v B o A ] B
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A e X b 2 TR R 2 ] Y A . 5 R SCHLE B
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Fig.6 Fast Fourier Transformation (FFT) spectrum for the geochemical data in Member 1 of the Xiagou Formation in Well
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