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Table 1 Contents of detrital composition from the Laojunshan Formation sandstones of the Middle—Lower
Devonian at Erdaogoukou section, Minle County, Gansu Province( % )
o | EE | smEr | mew | Bk |k | DO R TUREIC T |
RS e Qe [secam | Z@asican | (KD | (b gk | T DUR AR B 'MJEE LKL
ZTE(LS) )8 (Lv) | A8 Kl B (L)
Ed1l 2.32 31.52 33. 84 6. 84 5.25 12.09 38.53 15.54 54.07 56. 39
Ed1-2 8.91 12.32 21.23 6.46 9.32 15.78 42.13 20. 86 62.99 71.90
Ed2 1. 66 5.20 6. 86 13.62 5.31 18.93 49. 33 24. 88 74.21 75.87
Ed3 1.55 31. 44 32.99 4.58 11. 29 15. 87 35.42 15.72 51. 14 52.69
Ed4 7.25 19. 47 26.72 3.05 8.58 11.63 22.73 38.92 61.65 68. 90
Ed5 3.70 20.13 23.83 6.56 7.15 13.71 11.23 51.23 62. 46 66. 16
Ed6-2 3.45 67.67 71.12 8.12 2.34 10. 46 15. 55 2.87 18.42 21.87
Ed7 1. 90 73.33 75.23 3.34 5.65 8.99 10. 45 5.33 15.78 17.68
Ed7-2 4,45 20.12 24,57 4.21 5.23 9.44 45,23 24.76 65.99 70. 44
Ed8 6.23 9.12 15.35 14.12 6.32 21. 34 43. 34 19. 97 63.31 69. 54
Ed9 1.31 14. 32 15.63 4.03 6.42 10. 45 54.23 23.69 73.92 75.23
Ed10 5.12 24. 64 29.76 3.21 6.12 9.33 32.45 28. 46 60.91 66.03
Ed12 3.12 18.21 21.33 6. 20 4. 81 11. 85 51.32 16. 50 66. 82 69. 94
Ed15-2 2.21 13.13 15. 34 10. 47 11.63 22.10 34. 25 28.31 62.56 64.77
Edl16 21.50 25.12 46.62 2.11 3.53 5. 64 32.23 15.51 47.74 69. 24
Ed21 1.23 31. 10 32.33 3.12 5.45 8.57 44. 64 18. 46 59. 10 60. 33
Ed27 1. 24 59. 24 60. 48 16. 34 2.23 18.57 3.15 17. 80 20. 95 22.19
Qm (b)
e 7 77 3
i
I X

15 50 L F 23 47 13

B2 RAEZEBHOHE R - TRESZER LAY S Qu—F—L.Qm—F—Lt ¥ X 75 55 51 &
(i Bl # Dickson et al. ,1983)

Fig. 2 Tectonic setting discriminating diagram for the Qt—F—L.Qm—F—Lt source region of sandstone of the Middle—

Lower Devonian at Erdaogoukou section, Minle County(after Dickson et al. ,1983)

Qm— LA 3 Qu— A B it F— KO it s L 5 Ok S s Le— 2 Jh A SR T

Qm-—Monocrystalline quartz; Qt— Quartz; F—Feldspar; L— Lithics; Lt—Composite quartz and llthics
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P P U LA P 1m0 o R 9 I I X 32 R D)
N R B A YR IX . XS TR 2 YA &
RIS Dickinson - BLRE 8 = 4 [ Nz U -
G P A5 20 9 45 2R n] RE iy 4 & R P & i 7 AR
FETR Y 4 2R (IE IE 7145 . 20005 388 Z1 4% 0 X1 itb
2003) » MU A W — %€ M 0 A B fh EAT 0 R HLER
g b s 2t — 2 o T A

3 RbE BRI SRR S MR ) A

Xof AR A I 1T L A R R e S R 5E
HZE R KA AR AR b 2 o BORD A
di s I L 12 AP AR i L Ed13-2 S R
WA HEAT T4 o0 R o ot R £ o R K 4
Bro FaIcE i b4 5k 56 F 58 r R T X 5
JE AT INAS L 43 T e T RO £ o0 & b R
R 2 RO M 5T 3 72 5 0 7 B8 5 1 8 o S 3 5 R
FH 45 B8 R TR A (ICP-MS) il 72 4387 45 5% 45 1) W,
F2ME S,

3.1 ®hEHEKL FHFE

WHERTRSNEREN, 2H ILADH
SiO, 5 = A% A F 58.20% FI 71.48% 2z [a] (#

2), F ¥ H A 65.35%, %3 i WA
(66. 10 %) T B @K T Condie(1993) i #7177 & b
HOFYME R 91,500 MK AR A (77. 1%, BRFE
i Ed3 FIEE  Ed13-2 i K, O/Na, O {8 & 4 (4 51
08.13.4.35), AR AR 1 K, O/Na, O {8 #6 Lt 5
K E3 k0. 66, 4230 22 0 4 F- ¥ {E 0. 82 (Condie,
1993) . AL O;/SiO, 5 7] LAAE hy 557 5 U1 B4 L2 i
#$8 Fr (Roser and Korsch,1999), Z & ILH b A
Al O;/SiO, FI{E A F 0. 15 A1 0. 28 Z[A] (F 2),F
BIE R 0. 20, 5Z4mb 4 Al O, /SiO, {43 i 7 0. 20
~0.23 Z [T,

EE WA M o0 F B (X REE) 48 b
KLTE 70. 29 X107 °~250. 26 X 10 Z Al (& 3),F
B A 129.80 X 10°°, LREE/HREE #£ 3.49 ~
8.71 Z [al, EH M 6.96, Eu/Eu’ fH7E 0.63 ~
0.91 Z [, ¥ K 0.72, Bx Eu 5#H. (Gd/
Yb)NfEAE 1. 13~1.56 Z [a] (£ 3) . F¥{E N 1. 40,
B AGAE 1. 0~2. 0 Z [a] , 48 7% BORL B A A HE Ak 1) B
i 4 gl 28 2 S R 49 fii (McLennan and Taylor,
1991) . FEERARLRR A bR fE AL B (B 4a) b, &8 1L
05 A i (AR T R A0 A R AR e L BE, F A
o 5 E I e S DG el o S R T R
Eu %%,

3.2 MRS

Wb v R T R A S W R KRR B R R

% 1J] 8 5¢ (Bhatia , 1983 ; Bhatiaand Crook , 1986 ;

®2 REZEAOHNEF—TREFZE LAV EIFETEZEUMITER (%)

Table 2 Chemical analyses of the Laojunshan Formation sandstones of the Middle—Lower

Devonian at Erdaogoukou section, Minle County ( %)

[ TE R=2 Edl Ed1-2 Ed3 Ed4 Ed5 Ed6-2 | Ed7-2 | Ed13-2 | Ed15-2 | Ed16 Ed21 Ed27
Na; O 1.93 3.36 0. 38 3.87 3.11 0.55 3.63 1. 00 2.17 2.54 2.70 5. 80
MgO 2.19 1.27 0.77 1.32 0.49 3.42 0.76 4.05 2.42 2.47 2.79 1. 46
Al O3 12.31 11.83 | 12.62 | 11.56 | 15.76 | 12.86 | 15.96 | 16.34 | 11.82 | 10.14 | 11.63 | 10.66
SiO; 66.31 | 67.01 | 71.48 | 65.79 | 62.91 65.38 | 64.97 | 58.20 | 66.17 | 60.80 | 65.77 | 69.37
P, 0O;s 0. 14 0.10 0.15 0.13 0.16 0.15 0.11 0.17 0.16 0.13 0.13 0.13
K;O 2. 60 1.33 3.09 1. 48 2.26 1.03 2.39 4.35 2.18 1.56 2.01 0.74
CaO 2.95 4.18 1.27 4.18 0. 60 0.70 1.01 2.24 3. 60 8.70 3.71 3.52
TiO, 0.54 0. 45 0.62 0.52 0. 87 0.72 0. 34 0. 80 0.67 0.52 0.57 0.57
MnO 0. 05 0.07 0.07 0.11 0.07 0.14 0. 04 0. 07 0.10 0.14 0.08 0. 04
Fe, O 1.12 1. 36 3.45 4.57 10. 63 1. 50 7.07 4.91 3.42 2.23 3.65 2.53
FeO 3.30 2.15 1.53 0.42 0.42 8. 80 0.57 2.17 1.82 1.28 1. 08 0.73
H,O" 2.06 1.55 2.56 1.59 2.16 4.14 1. 85 3.69 2.22 1.97 2.22 0. 39
CO2 4.28 5.17 1.79 4.28 0.38 0. 40 1. 06 1. 84 3.08 7.26 3.48 3.88

e 2k 1t 6. 34 6.72 4.35 5. 87 2.54 4.54 2.91 5.53 5.3 9.23 5.7 4.27
B 99.78 | 99.83 | 99.79 | 99.92 | 99.82 | 99.79 | 99.76 | 99.83 | 99.84 | 99.74 | 99.82 | 99.82
K;0O/Na; O 1.35 0. 40 8.13 0. 38 0.73 1. 85 0. 66 4.35 1. 00 0.61 0. 74 0.13
Al O3/Si0; | 0.19 0.18 0.18 0.18 0.25 0. 20 0.25 0.28 0.18 0.17 0.18 0.15
CIA 67.24 | 62.92 | 76.05 | 59.18 | 67.56 | 86.41 65.08 | 71.97 | 66.57 | 63.33 | 63.72 | 50.75
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Table 3 Trace elements and REE analysis of the Laojunshan Formation sandstones
from Erdaogoukou Section ( X 107¢)

BE S Ed1l Ed1-2 Ed3 Ed4 Ed5 Ed6-2 Ed7-2 | Ed13-2 | Ed15-2 | Ed16 Ed21 Ed27
Be 1.83 0.92 1.47 3. 89 1.51 1.13 1.42 3.04 1. 65 1.25 1. 66 1.09

Sc 12.3 10.0 12.0 26.3 13.7 11.3 7.68 16. 2 12.0 9. 66 11.4 7.05

\ 94.5 81.1 75.9 191 132 121 101 99.3 90. 1 58.2 90.7 62.9

Cr 61.8 47.6 108 266 60. 6 124 44,7 101 118 77.3 118 134

Co 21.0 9.09 9.57 25.4 11.6 35.5 6.48 20. 3 13.0 11.4 12.7 63

Ni 26.0 14.0 35.4 122 46. 3 138 21.1 61.8 56.0 34.4 49.0 19.6
Cu 51.8 9.95 3.82 34. 8 34.3 20. 8 313 9.93 19.1 8.66 149 12.5
Zn 72.3 44. 6 52.5 145 51.2 156 37.2 90.4 62.4 64. 2 63.1 56.0
Ga 14.7 10.3 14.3 29.6 14.3 16. 6 15.4 21.0 13.4 10.9 13.0 11.2
Rb 93.6 42.3 106 129 70.1 37.3 83.8 154 78.6 62.9 74.6 14.0

Sr 118 153 105 330 130 56.5 87.0 43.0 91.1 215 99.9 156

Y 19.7 12.7 22.8 49.7 24. 8 30. 8 7.17 27.3 23.1 25.1 23.6 21.3

Zr 145 86. 0 248 314 98. 4 129 88.0 159 261 184 193 379
Nb 9.39 4.28 10. 8 24.1 7.78 13.0 4.15 16.0 13.3 11.0 12.1 12.5
Cs 5.77 4. 65 8.96 7.72 6.43 2.88 4.59 10.1 5.16 3.40 5.61 0.23

Ba 816 47 756 1026 326 495 708 403 454 1167 397 551
Hf 4.17 2.27 6. 87 8. 41 2.85 3.76 2.48 4.42 6.95 5.07 5.09 9. 80
Ta 0.81 0. 34 0. 87 1. 88 0.43 1.02 0.31 1. 20 1. 00 0. 84 0. 89 0.96

Tl 0.73 0. 31 0. 85 1.11 0.57 0. 31 0.71 1.28 0.68 0.49 0. 60 0.13

Pb 19.0 10.1 8.32 35.9 29.5 12.0 25.5 24.2 23.3 32.0 26. 8 46.9
Th 11.2 4.89 11.6 24.1 5.52 11.2 6.55 16. 1 12.9 10. 8 11.3 11.7

U 2.78 1.62 2.45 8.68 2.74 3.02 1.71 3.18 3.04 2.50 2.83 12.9

La 30. 3 13.5 28.8 52.0 22.4 16.0 5.75 35.9 31.4 32.0 30. 2 29.2

Ce 55.8 29.2 51.6 96.0 40.1 31.8 11.5 74.8 58. 4 58.0 55.6 50.5

Pr 6.67 3.20 6. 44 12.0 5.09 3.33 1.31 8.95 7.15 7.41 6. 84 6.28
Nd 24.6 12.3 24.0 45.3 19.0 11.4 5.18 32.6 26. 2 27.3 25.7 23.4
Sm 4. 84 2.52 4. 66 9.61 4.43 2.97 1.53 6.19 5. 26 5.59 5.05 4. 46
Eu 1. 04 0.70 1. 05 2.16 1. 06 0.74 0. 45 1.28 1. 10 1. 20 1.12 1.03
Gd 4. 15 2.28 4. 20 9.13 4. 60 4. 31 1. 46 5.37 4.55 4.99 4.49 3.92
Tb 0.63 0. 37 0. 66 1. 44 0.72 0. 81 0.22 0. 83 0.71 0.75 0.71 0.63
Dy 3.72 2.26 4.04 9.01 4. 36 5.39 1. 30 4.92 4.23 4. 39 4.24 3.82
Ho 0.74 0. 49 0. 84 1. 80 0.91 1.13 0. 27 1.03 0. 87 0.89 0.83 0.79

Er 2.02 1. 40 2.41 5.09 2.59 3.20 0.78 2.98 2.41 2.52 2.36 2.24
Tm 0. 35 0.24 0.41 0. 83 0.41 0. 54 0.14 0.51 0.41 0.42 0. 38 0. 38
Yb 2.19 1.62 2.53 5. 14 2.70 3. 14 0. 86 3.18 2.61 2.66 2.38 2.42
Lu 0. 33 0. 25 0.38 0.79 0.41 0. 46 0.13 0. 46 0.38 0.38 0. 35 0. 36

> REE 137.38 | 70.29 | 131.96 | 250. 26 | 108.78 | 85.18 30.85 | 179.04 | 145.70 | 148.46 | 140. 30 | 129. 47

LREE/HREE| 8.73 6. 89 7.53 6.53 5.51 3.49 4.97 8.29 8. 00 7.73 7.91 7.89
Eu/Eu” 0. 69 0. 88 0.71 0. 70 0.71 0.63 0.91 0. 66 0.67 0. 68 0. 70 0.74
(Gd/Yb)n 1. 56 1. 16 1. 38 1.47 1. 41 1.13 1. 40 1. 40 1. 44 1.55 1.56 1. 34
(La/Yb)n 9.90 5.98 8. 17 7.25 5.95 3.65 4.78 8.11 8.63 8.63 9.11 8. 66

Roser and Korsch, 1988) ., [A it Al LA F FH b A& A %

T 0 3R A BOR F Y XORITAG & 75 5 . M\ Bhatia
(1983 A 2 Fe, O5 +MgO % Al, O, /SiO, # i& &
S CJE 3a) L& Murphy (20000 #0 %5 K, O/
Na, OXf SiO, ¥4 3 # 5 #1551 B _E (& 3b) u] DL H
RIS s BA Z2 W e, IR DL 3l oK G
GHKRE S ICY FEA IR G T/ &m Kk A
KBl 1 G R VE B IR LR Y. 2B I d b s

K,O/Na, O {HiE B /i JE 7 7 (0. 13~8.13) , £ &
EHAE 0. 4~1. 85 Z [a] , Sz e H: 4 Y8 LA T 2 K it i
S RN KB 5 9 Ay = 5 {HJ2 B 40 B Y K, O/Na, O f
P HAF B ARC0. 2~0. 4) FgE sh K REh 4 CkF
1. 60) B9 ¥ R AE (Bhatia, 1983) ,

DU 19 1 o0 22 RN AR 0 2 R AiE ] DA S it 3
M6 28 % (Bhatia, 1985; Bhatia and Crook, 1986) ,
La—Th—Sc = 1 & Al LA 45 i ) 51 Kk i 5 90 36
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Fig. 3 Major and trace elements diagram of the Laojunshan Formation sandstones for tectonic setting discrimination
(a)— (2 Fe; O3 +MgO)—AlL O, /SiO, [ fi# (Ji§ & & Bhatia, 1983) ; (b)—SiO;—K, O/Na, O [& fi# (i§ & #& Murphy, 2000) ; (¢)—La—
Th—Sc K f# Ui #E Bhatia and Crook,1986) ; (d)—Th—Sc—Zr/10 K f# Ui E # Bhatia and Crook,1986) A— K ¥ES K ; B— K RE &N ;
C—Ih B KB L% s DB sh KBl i % s X Fe; Os— &8k s ERICE BRI 0 LB be i 5 #:930k 100 %6 1 &

(a)— (2 Fe; O3 +MgO) —Al,O3/SiO; diagram(after Bhatia, 1983) ; (b)—SiO,—K; 0/Na; O diagram (after Murphy, 2000) ; (¢)—La—
Th—Sc diagram(after Bhatia and Crook,1986) ; (d)—Th—Sc—Zr/10 diagram(after Bhatia and Crook,1986) A—Qceanic island arc; B—

Continental island arc; C— Active continental margin; D—Passive margins; > Fe; O3

100% LOI-free

58, Th—Sc—7Zr/10 = ff KRB X 431 8l K fili i1 2%
Fi#k 3 K Bk i ¢ (Bhatia and Crook, 1986), 7F
La—Th—Sc =K (JH 3c) fl Th—Sc—Zr/10 =44
BB 3d) o S e 7 L L b A U DA K i 5 9
F. BH LA AT IR BE(CREE) 4 fi
Bl (70. 29X 107 °~250. 26 X 10~ %) , Hiffs - T 5k
7 5 AR E AR 43 A il £k (] 4a) 5 Bhatia (1985) 45
HH A DU R T R i b G 28 BRORL B bR o Ak 43 A
2 (B 4b) % L AT DLE - 88 I b A 3
i BRORE B A b o 23 A 1 28 5 T Bl R A )

B — 20 0 R B CAnER i Ed1-2, EJ7-2) ) AS

Total Fe; O3 ; All major elements data recalculated to

AW Z) KR % B R AR R 128 I b 5 B
A ZWIEE.

ERIAR AR FERICE MEITR MR LT
FRRETR 75 H W U8 LA 3 oK il 2 % R0 O B 5 KR
F ARG A D RSl KRG G AR B IR
H1 T 52 Jr F8 I 1AL 3 R R 3 ) 8 B T A R
A 85 T 0 ] B 2 B/ i R i A T G BT 4
RUAT L (Bhatia, 1983 5 FEL 2248, 2005) . i 19 X
A A e 3 42 1 8 AR TR 52 e 0 S 79 R840 0 T
518 0 5L DX ) i B (Y TE V55, 2000 5 % 1A% 1 X1 3l
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Fig. 4 Chondrite-nomalized REE pattern of the Laojunshan Formation sandstones (a)

and comparison to sandstones with various tectonic settings (b) (after Bhatia,1985)
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Fig. 5 Discriminatory plots of provenance from the Laojunshan Formation sandstones

(a) —A—CN—K K fi# (i E 4 Nesbitt and Young,1989) ; (b)—Th—Th/U K f# U K Gu et al. ,2002) ; (c)—F1—F2 ¥ ¥ J5 72 ) 5] &
(EEHE Roser and Korsch,1988) ; (d)—Hf—La/Th Ef# JEE#E Gu,1994) A—n (Al,O3) ;CN—n(CaO* )+ n(Na, Q) ; K—n(K,0) ; D
RETHI AL AL RO E LR E R L  Ka= FIE A Gi=/KH 47; Chl=%8 8 47 ; Sm=ZZ i £1 ; 1=t F| £7 ; Mos= [ = 1 ; PI= 3}
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(a) —A—CN—K diagram(after Nesbitt and Young,1989);(b)—Th—Th/U diagram(after Gu et al. ,2002) ; (¢)—F1—F2 discrimination
function diagram of provenance(after Roser and Korsch,1988) ; (d)—Hf{—La/Th diagram(after Gu,1994) A—n (Al O3) ; CN—n(CaO* ) +
n(Na;O) ;K—n(K, O); Line D represents predicted weathering trend; Line @ reprensents actual weathering trend; Ka = kaolinite; Gi =

gibbsite; Chl=chlorite; Sm= smectite; [I=1illite; Mos= muscovite ; P= plagioclase ; Ksp= K-feldspar
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Chemical Components of Sandstone and Its Geological significance of the

Laojunshan Formation, Lower—Middle Devonian,at Erdaogoukou

Section, Minle County,in North Qilian Mountains
HUANG Hu ,DU Yuansheng , YANG Jianghai ,XU Yajun

Key Laboratory of Biology and Environment Geology of Education Ministry ,China University of Geosciences ,
Wuhan, 430074

Abstract: The Devonian of the North Qilian Mountains consists of the Middle—Lower Devonian

Laojunshan Formation and the Upper Devonian Shaliushui Formation. The Laojunshan Formation was

dispersed over the piedmont and inter-mountainous basin along the Paleo-Qilian orogenic belt and is

composed of coarse clastic rocks. The detrital and chemical components can directly reflect the features of
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the provenance and its tectonic setting. The geochemical analyses of the clastic rocks of the Laojunshan
Formation show that K,O/Na,O, Al,0,/SiO,, LREE/HREE, Eu/Eu”, (Gd/Yb)y and CIA are 0. 13~
8.13, 0.15~0. 28, 3.49~8.71, 0.63~0.91, 1. 13~1. 56 and 50~ 87 respectively. All the chemical
parameters are distributed widely with the analyses of the discriminatory plots of provenance. The results
indicate that detrital rocks are mainly derived from the Qilian orogenic belt to the south and a little from
the mainland debris to the north, which shows the dual sources characteristics of a foreland basin; in the

The Middle—Lower Devonian, the sediments of the North Qilian Mountains represent the late molasse

stage of the foreland basin.
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