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Abstract: Abstract: A suite of quartz sandstones was deposited in the bottom of the Fuxian Formation in the northeast of Ordos Basin.
There are different interpretations about its petrogenesis. The research of sedimentology, petrology and rock geochemistry was carried
out on the quartz sandstones to reveal their petrogenesis and provenance. The study show that the quartz sandstones has the characteristic
of “three —layer structure” as the Gilbert —type delta which belongs to the lake —fan delta facies. The quartz sandstones are mainly
consisted of quartz and kaolinite. The Quartz is mostly single —crystal quartz, the kaolinite appeared to be fragmentary and pliciform,
they may show characteristic of the provenance. The results of petrology and geochemistry indicate that the uplifted terrain in the
interior of the basin provided large amount of sandstones which rich in quartz as the provenance. Combined with the regional geologic

data, the survey results conclude that the arkose on the top of Yanchang Formation had formed the quartz—rich and kaolinite —rich
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provenance by alteration in Indochina period, and it’s the key to form the quartz sandstones in Fuxian formation. This type of quartz

sandstone relate with strong weathering on the unconformity, and it closely associated with kaolin deposit. So it may be a new evidence

to prove the exist of unconformity.

Key words : Ordos Basin; quartz sandstone; sedimentary characteristics; lithogeochemistry; provenance; geological survey engineering
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Fig. 1 Schematic geological map of the northeastern Ordos Basin
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Fig. 3 The XDR analysis of quartzs sandstone in the Fuxian Formation in the northeastern Ordos Basin
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Table 1 The concentration of major element for quartz sandstone in Fuxian Formation
%
RS 2 I3 I+ Jf5 0 KQ-1 KQ—2  KQ-3  KQ—4 EEAL(CFE)
At s GiEbE dIE dinE QiR dibE dinbE diRbE ThEbE MRS AREME BRI A A EE
Si0, 91.73 94.48 98.79 95.22 98.05 80.92 77.46 70.29 84.27 87.91 95.65 78.24
Al O, 4.72 2.98 0.24 2.73 0.72 11.01 14.33 19.29 9.45 7.27 2.28 13.52
Fe, O, <0.01  <0.01  <0.01 <0.01  <0.01  <0.01 0.09 0.22 0.36 <0.01
FeO 0.62 0.38 0.27 0.21 0.18 1.67 0.6 1 0.9 0.65 0.33 1.04
CaO 0.09 0.11 0.17 0.14 0.2 0.09 0.68 0.65 0.24 0.26 0.14 0.42
MgO 0.09 0.1 0.18 0.12 0.13 0.1 0.1 0.11 0.26 0.13 0.12 0.14
K,O 0.06 0.05 0.02 0.03 0.03 0.12 0.16 0.59 0.28 0.15 0.04 0.29
Na, O 0.05 0.04 0.04 0.04 0.03 0.05 0.07 0.08 0.05 0.05 0.04 0.06
TiO, 0.64 0.54 0.22 0.3 0.18 1.4 0.68 0.38 0.27 0.51 0.38 0.68
P,O4 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 0.02 0.03 0.06 <0.01 0.03
MnO <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.02 0.02 0.01 <0.01 0.02
Bak i 4.07 5.95 0.38 2.12 0.87 5.38 11 14 7.24 5.67 2.68 9.41
JEvi] 98 98.68 99.93 98.79 99.52 95.4 94.21 92.66 96.15 97.04 98.98 94.61
Al,O;/Si0, 0.05 0.03 0.002 0.03 0.01 0.14 0.18 0.27 0.11 0.09 0.02 0.18
K,O0/Na,O 1.2 1.25 0.5 0.75 1 2.4 2.29 7.38 5.6 2.49 0.94 4.42
F, —6.96 —8.04 —9.27 =7.9 —8.91 —3.69 —0.91 2.51 —3.36
F, —6.32 —6.45 —6.87 —6.57 —6.75 —5.76 —5.23 —4.56 —6.14
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Fig. 4 The trace element spider diagrams(a)and REE patterns(b) for quartz sandstones in Fuxian Formation
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Table2 The concentration of trace element and REE for quartz sandstone in Fuxian Formation

10°°
SR I~z I3 Jf4 I3 KQTl KQ72 KQT3 KQ+4 wEA CPYME)
Feyia b iR HEMS ARE dIE diRbE d#iEbE dbdE hEbE B AR Eeia A
Pb 9.84 8.05 16.80 9.92 15.00 11.40 2830  34.40 7.00 15.63 11.92 20.28
Zn 9.17 10.60  29.90 13.00 2430  20.80  72.10  70.40  27.40  30.85 17.39 47.68
Cr 2410  16.60 9.45 11.90 7.40 47.00 4580 2270  18.60  22.62 13.89 33.53
Ni 2.83 3.01 3.56 2.91 5.88 13.00 11.00 7.19 16.40 7.31 3.64 11.90
Co 0.97 0.87 0.72 0.63 0.72 2.75 5.34 3.36 7.09 2.49 0.78 4.64
Rb 2.62 2.15 1.02 2.06 1.48 5.38 8.42 2130 13.00 6.38 1.87 12.03
Cs 0.26 0.15 0.05 0.14 0.11 0.49 0.92 0.56 0.37 0.34 0.14 0.59
Sr 14.40 1020 10.70 7.38 6.99 26.40  35.60 4590  19.40  19.66 9.93 31.83
Ba 38.40  28.80  158.00 4820  28.80  58.40  69.00  148.00  75.60  72.58 60.44 87.75
\Y% 21.40 16.20 4.80 10.20 3.27 50.50  67.50  50.70  24.90  27.72 11.17 48.40
Sc 2.68 2.19 0.69 1.23 0.68 6.78 7.41 12.20 4.03 4.21 1.49 7.61
Zr 97.60 6470  175.00  130.00  100.00  106.00  98.30  94.60  89.50  106.19  113.46 97.10
Hf 2.66 1.85 4.42 3.40 252 3.10 2.69 2.48 2.45 2.84 2.97 2.68
Th 1.87 1.76 1.12 3.53 1.71 9.15 8.33 3.96 3.06 3.83 2.00 6.13
La 6.45 455 3.16 5.42 2.40 11.60 9.83 11.00  11.80 7.36 4.40 11.06
Ce 1450  10.90 6.54 9.80 452 25.60  29.30 3290 2320 17.47 9.25 27.75
Pr 1.40 1.11 0.75 1.12 0.47 235 2.22 253 2.46 1.60 0.97 2.39
Nd 4.75 3.77 2.74 4.29 1.65 8.00 6.14 7.72 9.08 5.35 3.44 7.74
Sm 0.79 0.61 0.43 0.60 0.27 1.17 1.03 1.33 1.61 0.87 0.54 1.29
Eu 0.16 0.11 0.08 0.07 0.05 0.17 0.20 0.32 0.32 0.16 0.09 0.25
Gd 0.75 0.59 0.36 0.48 0.27 0.93 0.81 1.10 1.07 0.71 0.49 0.98
Tb 0.11 0.09 0.06 0.08 0.05 0.13 0.13 0.16 0.15 0.11 0.08 0.14
Dy 0.73 0.59 0.35 0.54 0.30 0.80 0.77 1.03 0.82 0.66 0.50 0.86
Ho 0.17 0.14 0.08 0.12 0.07 0.18 0.16 0.23 0.16 0.15 0.12 0.18
Er 0.50 0.43 0.22 0.36 0.23 0.56 0.48 0.66 0.46 0.43 0.35 0.54
Tm 0.08 0.07 0.04 0.06 0.04 0.09 0.08 0.10 0.07 0.07 0.06 0.09
Yb 0.54 0.49 0.28 0.43 0.29 0.64 0.57 0.76 0.48 0.50 0.41 0.61
Lu 0.09 0.08 0.05 0.07 0.05 0.10 0.09 0.13 0.08 0.08 0.07 0.10
La/Th 3.45 2.59 2.82 1.54 1.40 1.27 1.18 2.78 3.86 2.32 2.36 2.27
SREE  31.02 2353 15.14  23.44 10.65 5232 51.81 59.97  51.76 3551 20.76 53.97
Y LREE/
S HREE 9.45 8.51 9.56 9.95 7.22 14.25 15.76 13.38 14.75 1143 8.94 14.54
dEu 0.63 0.55 0.63 0.39 0.53 0.48 0.65 0.79 0.70 0.59 0.55 0.66
(La/Yb)  8.57 6.66 8.10 9.04 5.94 13.00 12.37 10.38 17.63  10.19 7.662 13.345

B0 8.28 ~24.58 , F-YJ{H H 14.20; (La/Yb) MEN I AAMIRNE 4-b) B Lo R AN & £, 5+
5.94~17.63, F¥ME M 10.19, BRRIB AR MR FR JTEFIH,
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Table 3 Detrital mode of quartzs sandstone in Fuxian Formation
S Qm Qp Q p K F Ls Lt Q/(Q+F+L) Qn/Q
1 301 18 319 0 0 0 2 20 0.99 0.94
2 289 19 308 0 0 0 3 22 0.99 0.94
I3 302 14 316 0 0 0 2 16 0.99 0.96
If—4 276 23 299 0 0 0 3 26 0.99 0.92
Jf -5 284 16 300 0 0 0 3 19 0.99 0.95
KQ—1 256 21 277 4 6 10 6 27 0.95 0.92
KQ-—2 238 4 279 3 5 8 5 46 0.96 0.85
KQ-3 243 27 270 4 8 12 10 37 0.92 0.90
KQ—4 240 34 274 5 12 17 12 46 0.90 0.88
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Fig. 5 Q-F-L(a),Qm—P—K(b) and Qm—F—Lt(c) tectonic settings discriminating diagrams for quartz sandstone in Fuxian Formation
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a—Hf~La/Th [Ef# ;b—2REE—La/Yb [Ffi#



B4k oW

A SR Z M A AL T AR Y 48w AU A S b il R -5 R 1611

H G R AR R R T B = R £ SR
Z W R M AR AU FR N SO B A L B A A R R
ORIV AT e st 7 NS &7/ D1 31 BSR4 R 7
T ARRL, T RE [ — i A [ O AR 7 40
1, S A 2 T A A A e XA ok A T ) & 5 A
e e 47 B R X ) SR L AL AR A S Rb e
R OCHE, R AT IX S B4z b g
HPHZE ARG AT SRS
T _FARULES A e mb e 5 b TR, P BT
AR R 25 B BT IR, e R S Y TE I
ARG EIR G AR AR A G, B el
A L RS A A AT REAVE U A B S AR
AR

6 %5 it

(1) SRR Z Wb AR 6T T R 50 & B4R
PR TR T WA b = A PN ER S, A 3 R 5F
R =R« = 2854 o Wi 8 451 LA
YR E,

(2) & B AR A R E 40 5 5 A b Ekfik
22N R IR A 2 b D B A R 1Y) A
TR

(3) Bz sl it Y, 2k 4 41 T K A b A XAk
TS TE WY & A e 5 s e A R X R B
A D T A SC R, 2R AL A A Y
WS A AT R Z g KA FI s E A G, B S
e TR E B AR A AT RRVE IR G 1
FEAERHTIEDE

B FAr AR P AR P B K FRRF R
RIBEREHIO RN LB, R L P RF P
RS R G FAE PSS EQRMALAL
IR TAZ)T GG B HAS E KA LAGR B T RAF
5 BCE L, A — I B,

&% 3k

(1] B A SRR 2230 43 ) 1 VoAb 5 9 S A ML ML B 50 i
ol s it 2002.

[2] B P24, DR ULAE, KA R, 45 SP R Z W A R AR 58 & AU BUA
F BT B ] DU SRR BT, 1999, 19(5) : 40—46.

[3] ZZ R, B2 =, X [ 58, 55 S8R 20 A A i il IX o 0 2 5 4k 22
I 9 TZ AT ]t MR, 2009, 11(3): 275-283.

(4] FEUE, BRSO RIS, 25 th X 5 EL AL 2D 2 B 7 i B AL
B AL AR IR ] L SO 2= B 242, 2011, 32(5) : 37—41.

[5] BRORTH, R, i 65, 45 5 71 X B L 20 9 OB 2 AR 2 [ )] 380
Jb B2 B 2E, 2011,32(11) : 60—63.

[6] TR B8R, RELTY, AR, 55 S0 IR 22 0 2 b 35 v A SR IR AR AT
KMUEXT HE [ ] 0 SE 56 1 5T, 2012,34(2): 173-177.

(71450, 258, £F-F, 55 SRR Z U Al 154 & B A
FIX A4 ()] A AL TR, 2015,34(2) - 81-83.

[8] B RAE, FELAK, T4 U PR 25 30 8 b VG A 340 b IX 4R 2 % Rl 2
PR BEIFE )] B A i KRR, 2016,12(1): 19—24.

(91 #ARER, SCRE NI, VA3, A5 S0 22 30 4 b 8 R ol DXty 33 £ 2
FOFESEOY BUR & AL 48T [ J]. 45T ) 24 4R, 2018, 24
(5): 45-52.

[10] F I, A, 5 . B P AR 2 20 2R 2R 7t A= ol T Y 3t 3
RRAE B X B 2 U ARV A s 4 [ ). DT AR 24 41, 1991, 9(3):
65—73.

[11] 2= H LR SF L 28 SR 2 G AR AL 2 7 )2 K DT
F[M]. At HuT i M, 1992.

[12] 5% T 5 00 = A 0 ORI 2R R L T80 b (kg
AAMBT[ M) T E U BUR 2 A, 1995,

[13] X, 2R, A5, 45 SR 2 b S XN R P e B
HPUBUHARAE [ J]. AR, 2002,24(3) : 74-78.

[14] Roser B P,Korsch R J.Determination of tectonic setting of sandstone —
mudstone suites using SiO, content and K, O/ Na, O ratio[J].Journal of
Geology, 1986,94: 635—650.

[15] Roser B P, Korsch R J.Geochemical characterization, evolution and
source of a Mesozoic accretionary wedge: The Torlesse terrane, New
Zealand[ J]. Geological Magazine,1999,136: 493—51.

[16] Mclennan S M, Hemming S R, McDaniel D K, et al. Geochemical
approaches to sedimention, provenance and tectonics[ C]//Johansson
M J, Basu A. Processes Controlling the Composition of Clastic
Sediments. Special Paper of Geological Society America, 1993, 284:
21—40.

[17] #51lk, 2 S REE 7R B LR WY M IR T S0 2 e [ J]. 3 BB} 27
J%,1999,14(2): 164—167.

[18] Hill T G, Worden R H, Meighan I G.Geochemical evolution of a
palacolaterite: The interbasaltic formation, Northern Ireland [ J].
Chemical Geology,2000,166: 65—84.

[19] 121 SO AR B, 0 42, 25 4 b Bty DL i TR o 58 DX ) T 5 5% 110
FERE X)) M ERBL 23 ,2002,17(1) : 85-90.

[20] =R, 1 3038, X% Ji], 45 A0 3 LU 3 LU R 9 18 1S 2 1 B 9 X
K HAE 3 1 SR ] HB BT aE 42, 2006, 25(1/2) : 83—98.

[21] FIER, E55, ik, 55 RIS T4 R I MU 1 A5 Ok 1 )8 A2
SRR M ER A28 T B 23R )] A 2447, 2007,23(5) : 1023-1042.

[22] X1t BH, BXZ0A% R/ N, 45 S8R 22 30 e M 1 —ie it Ay I 25 A
e LRI () W 7 [ ). 544, 2006,80(5) : 617—638.

[23] Migs A, ZRAR AL, 5 A, 25 SRR 24 = — TR B R AR
K R R IR R [ ). A 23], 2009, 25(10) : 23312339,

[24] 58T, X, B8 IF 55, 45 SR 2 AL AR AR B R B 2 i
FURD AR KA FETE R R R [ )] M BT 2412, 2017, 91 (6) -
1345-1359.

[25] Gilbert G K.The topographic features of lake shores[ J].United States



1612 H Wi B IR

GEOLOGICAL BULLETIN OF CHINA

2022 &

Geological Survey Annual Report, 1885,5: 104—108.

[26] ZE7E X% PURRZA ML AL ET: A 30 ol H AL, 2003.

[27] Sun S S,McDonough ‘W F.Chemical and isotopic systematic of oceanic
basalts: Implication for mantle composition and processes[ C]//Saunders
A D,Norry M J.Magmatism in Oceanic Basins.Spec.Publ. Geol.Soc.
Lond.,1989,42(1): 313—345.

[28] Dickinson W R. Interpreting provenance relations from detrital
modes of sandstones [ J]. Provenance of Arenites. Nato Advanced
Study Institute Series, 1985,148: 333—361.

[29] Dickinson W R, Suczek C A. Plate tectonic and sandstone
compositions[ J]. AAPG Bulletin, 1979,63(12): 2164—2182.

[30] Grazanti E.Sedimentary evolution and drowning of a passive margin shelf
(Giumal Group; Zanskar Tethys Himalaya, India): Palaeoenvironmental
changes during final break—up of Gondwana land[J].Geological Society
of London, Special Publications,1993,74: 277-298.

[31] st , 2R DU G st 20 A I B 5 07 s [ M B G A 80T
iR, 2003.

[32] Roser B P,Korsch R J.Provenance signatures of sandstone “mudstone
suite determined using discriminant function analtsis of major —

element data[ J].Chemical Geology,1988,67(1/2): 119—139.

[33] Bhatia M R, Crook K A W. Trace element characteristics of
graywackes and tectonic setting discrimination of sedimentary basins|J].
Contribution to Mineralogy and Petrology,1986,92(2): 97—113.

[34] Floyd P A, Leveridge B E. Tectonic environment of the Devonian
Gramscatho basin, south Cornwall: Framework Mode and
Geochemical Evidence from Turbiditic Sandstones|J].Journal of the
Geological Society,1987,144(4):531-542.

[35] SR MERRE, T B A A [ M AL ST B R, 2012,

[36] E &, 8 & 3¢, AT B AR, S UTBUS T/E 7 vk, db 5t 3 BT i
#t,2015.

[37] Suttner L J, Basu A, Mack G H. Climate and the origin of quartz
arenites[ J].Journal Sedimentary Petrology, 1981.51: 1235—1246.

[38] Avigad D, Sandler A,Kolodner K, et al, Mass production of Cambro—
Ordovician quartz —rich sandstone as a consequence of chemical
weathering of Pan —African terranes: Environmental implications[]J].
Earth and Planetary Science Letters,2005,240(3/4): 818—826.

[39] BHE &, FLIRZE SRR Z B A PY R B G 8 24k 2 R R K
AR T FFfF KPR ERBIAAR) ,2022,52(4) - 10781090,

[40] B £ER, BT W1 AR AR A RD e B e e - Ay SR AL ) A4 I
T SR, 1999,27: 13-16.





