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Abstract: The geochemical composition of sandstones in sedimentary basin plays an important role in the study of sedimentary
provenance and tectonic settings. In this paper, detailed petrography and geochemical analyses were carried out on the sandstones
of the Yaojia Formation from 4 drilling cores in the study area. All sandstone samples have the highest content of quartz (Q),
followed by feldspar (F), and the lowest amount of lithic fragments (I.), with an average of 42%, 37% and 21% respectively,
featuring with heavy mineral assemblage of zircon-titanium magnetite-garnet, which suggests an acidic or metamorphic source.
Dickinson discrimination diagrams show provenance mainly from continental block provenance. The REE distribution patterns are

uniform, with LREE enrichment, flat HREE, and moderate negative Eu anomalies (average 0.63). Chemical index of alteration
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CIA (52.02—60.16, average 56.69) of the sandstones displays that they have experienced low grade of chemical weathering and

alteration under arid paleoclimate condition. The discrimination diagrams for provenance attribute indicate a mixed source material

composition of old sedimentary rocks and felsic igneous rocks. Based on major elements, trace and rare earth elements tectonic

setting discrimination diagrams, suggested that source materials of the Yaojia Formation sandstones were from passive margin

environment, and its provenances were from Yanshan intracontinental orogenic belts of the northern margin of Huabei Craton.

Key words: Qianjiadian uranium deposit; Yaojia Formation sandstones; geochemistry characteristics; source area weathering;

provenance; tectonic setting.
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Fig.2 Micro-photos for sandstones from the Yaojia Formation
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Table 1 Raw point-counting data of sandstone compositions in thin sections from the Yaojia Formation
R it 5 if BE  Qm  Qp P K Lv. Lm Ls Ms MC O Total Qt F L Lt
QC17-34 2723 f 152 8 61 49 64 5 6 7 82 4 416 160 110 75 83
QC19-9 323.2 f 154 10 68 53 48 4 8 7 103 7 428 164 120 60 70
QC19-11  346.2 f 129 9 71 60 52 4 3 5 72 2 364 138 131 59 68
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QC90-10  445.0 f 145 8 72 61 67 9 9 11 86 6 416 153 133 85 93
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Fig.4 Ternary diagrams for sandstones from the Yaojia Formation
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UF Y TEAH DG OG5 W IR X 2AT B0 T 25 K 40
S0 R o> A8 A B #E Th/Sc-Zr/Sc B fif v (&
7b) , & WS 5 KE 5B Th/Sc 5 Zr/Sc N B E M 56
P, RAREE A b Ze i & R R A B SR,
T4 2 21 53 8 g ok — o A B ) 0 AR P [l
4.4 WIREX B S HHE

W R A0 5 R Ak 24 X R B LR T B e,
HRA AR PR R R A 3K A . T T o 42 Y X AR A A
T DXy Jo 2 18 40 ) L e ik — 20 o 3 LR o Ik K A
0 1 P 5
441 EFETEZE5%WIE Roser and Korsch(1988) 4
i 248 41D 8 45 v TiO,, ALO,, Fe,0,",MgO, CaO,
Na,O F1 K,O 1fij @ 7. T DF1-DF2 31| 3] ok 5, 2 35 F1
IR QR EEYS ACEINIS S R 6 Al LR
T DX+ B R T R DR DX H P S O TR X K
JO R TR DX A A s DURR A R X an 8 T L, 12
PR 5 FE fh 48 K 22 8076 A A 9 2 DT B TR X3,
A1 RE T N S BT K R R X, R Bk K A
ok AT DU R X% W R X T RE N B R
by S5 38 SCFE ] 5 1A

#i Roser and Korsch(1988);DF1=—1.773TiO+
0.607AL0; 4+ 0.76Fe,0,"—1.5MgO + 0.616Ca0O +
0.509Na,0—1.224K,0—9.09; DF2=0.445TiO,+
0.07A1,0,—0.25Fe,0,"— 1.142MgO + 0.438Ca0 +
1.475Na,0 4 1.426K,0—6.681.

ALO,/ TiO, WAH B VF 225735 FH T R DL ) T
X 43 (Girty ez al., 1996 ). 2491 5 X Ry K 92 i A A1
i, H ALOS/TiO, HAE 7 19~28 Z [1] ;5 17 24 4 Y [X.
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Fig.7 Discrimination diagrams of sandstones from the Yaojia Formation
a. A-CN-K [ fif (5 Fedo ez al.,1995) s 1 54 N K& FIE B & £ 51 H Condie(1993) s PAAS KA J5 Kty AR B 514 ; UCC.
FH BT, BUES] A Taylor and McLennan(1985) 5b.Zr/Sc-Th/Sc FEl fift (9 McLennan ez al., 1993) , A [\ 45 A1 2 8 {9 - 4 (5 51

4 Condie(1983)
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Fig.8 Discriminant function diagram for provenance sig-

natures for sandstones from the Yaojia Formation

using major elements

HEE R A A I, HE ALOL/TIO, He Ml <<14. BF 5% IX.
Wk KA 5 ALO,/TiO, e AE R 17.57~40.07, 1
B0 26.54 , 48 R ZH00b 5 A 1Y LUABLO7 TR S
AN, BT kR A0 A R N KR
A
442 MEHBELEE5WIE ModBHEMET
Z (W Zr .Y . Th,Sc Hf Ti%) , %% J8 v A I8 X
A R 048 7 550, B O T N W X A
257 (Bhatia and Crook, 1986).

Rb-K.O [& i AT ] X 43 v 2 P U 5 R0 2 v D

% (Floyd and Leveridge, 1987). & 9a /1, iff 5% X Ik
TR 5 2B T rh W e X3, R RS R %
g v R M BG4 B 5 K S Floyd e al (1989) 1F 5% 3
B, TiO,~Ni [&] fift th AT LA B2 i T AR U5 X B 25 11 4
I Bk R AR A TiO, & ik 9.58%~12.49% , F- 3
B 10.96 %6 5 Ni 19 7% & K (4.82~10.12) X 10~°,
BIME R 7.54X 10 °. 78 TiO,-Ni K fig v (& 9b) , Bk %
PP B R FE AR IR T IRV TR DR, B
I B M AR X

#i I 2 (REE ) 3 5 8\ 1 gl AR 76 T
VB 3 B AUAT BN AR A, 26 R X2 A b i = R
WAL Z& A 2 DU i fs e R FE R L
Wiz TR R 9T 1] A A2 4 Sz 0 45 (] AR A AR
LB T £ oo R & R AR N R
X5 A 1 i o0 KRR AE BE 0% 1R 47 Hb Bt 7 77 76 DURY
Y BD A R T R RRAE ) B TR X A
A1 A £ 2 hR 7R (Bhatia, 1985).

FIH La/Th-Hf fit Co/Th-1La/Sc ¥ % F 7 &
fiff, 3 — 25 o3 B Wk AL 0 W) R R AE La/ Th-
HI & fig v (18] 10a) , 486 K 22 B0RE i #5658 T 0 i IR
DX AN T RE i P AR T R PEIR A IR X 7
Co/Th-La/Sc [ f# (& 10b) Hr, Co/Th F {8 28 b #%
/N (Co/Th=0.24~0.89, *F 4 {H 0.46) , La/Sc . {H
ALK (La/Se=5.78~11.18, V314 7.56) , B 5
FFA T A6 B N A AL 25 22 0], 26 W Ik R 4l i
FRE EE N RKINK SRS

B/
57
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Fig.9 Source material composition discrimination diagrams for sandstones from the Yaojia Formation
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Fig.10 Discrimination diagrams for provenance attribute for sandstones from the Yaojia Formation

a.La/Th-H{ E fi# (§i& Floyd and Leveridge,1987) ;b.Co/Th-La/Sc Kl f# (Hi Gu et al.,2002)

4.5 HEES

451 FEXTXTEMEET S WETTH SN kL
SR 55 P R M R K b A TS SR AR R R %
VI O 2, PR I8 A (] O 4 3 75 5% 9 7 )8 DT AR
B F T E R L AE A B 2% 5 (Bhatia,
1983;McLennan and Taylor,1991).

Roser and Korsch (1986) I Maynard ez al.
(1982) 43 8 37 T K,0/Na,0-SiO, & fi# (& 11a) F1
Si0,/ A0, K,0/Na,O Elfif ([ 11b) , %A [6] g He 44
T 5T R A AT R 0 A5 X Wk KA 12
b o th T R A — Bk B TE AR s KRG
& X B Bhatia(1983) A 5% & B, 76 08 J8 5 9 I6 X
v 15 5 H B $, SiO,. Si0,/ALO; ., Fe,0," 4+
MgO .K,O/Na,0.ALO,/(CaO+ Na,O) % #h 3k 1k °#
28 d HLJ) M Bl 2 S1O, & B I, TiO,.

ALO; . Fe,0," . MgO ,CaO Na,0O \K,O 75 5 4 1% ¥ ik
A I B B 0 SRR OGP L a5 R BE  UN
Ve By 9K 32 3l R Bl 20 2% R0 0k 3l DR Bl 30 2 55 ) 3 A
B &I T R FES BN I kR AR A i
TCRRIES WS KD G AR WA (R2). &
(Fe,0;"+MgO) -K,0/Na,O [ i (& 11c) , ¥ §h
JLF 4238 95 A Bk 8l A il i 2k X880, A0 1 1B K
T H MR 3 78 (Fe,0," +MgO)-ALO./ (Na,0 4+ CaO)
i b (B 11d)  ACA LAFERE S 52 T F 8 KRG %
DO, HoAx 11 PR 5 B 43 V% A Bk 8l KRG i %
X g

452 MEHBITEREHMELTSE SEETENK
UG B AT IR RS M A B, i T &R (A Zr,
Th,Sc,Co, Ti,La, Y &) AH X} A3 2l , H I X $i%
iz BPORA MR S R X TR A ) 2 WALk 2
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Table 2 Comparison of major elements for sandstones from

TERIES

fBin

the Yaojia Formation and graywackes from differ-

ent tectonic settings

FERITHERES
- FCZOBT AIZO;;/
35 5t ] ALO,/  K,O/
+ TiO, ) (CaO+
Si0,  Na,0
MgO Na,0)
PSR 11.73  1.06  0.29  0.39 1.72
NN 6.79 0.64 0.20 0.61 2.42
ESSIPNGBIE S 463 046 0.18  0.99 2.56
[ EIPNRUE 3 289 049 0.10 1.60 4.15
kR AR A (N=12) 239 044 014 158 3.85

TE: BT R G U B 0 AT S S T R
FIEZ 4451 A Bhatia(1983).
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11

ALO,/ (Na,0+Ca0)

Si0,/ALO,

FT AR FH 52 ), R 05 AR 4 b sz Bl Y57 1) b 3k 1k 2%
P4 5 (Rollinson, 1993) , A 1t & F T D0 R4 U 14 #4) &
5 A ) (Bhatia and Crook, 1986; Mclennan and
Taylor, 1991; T Ji 74, 2018).

Bhatia and Crook (1986) il 32 X 8 K 1] . 4 8
A AR R A AT SR AR T R M BE ST, g R
S5 T DU YR XA T R, T4 R 32 s K
G M B KRBk S KV S0 KRGS . R La.
Y .Sc.Cr.Th,Co . Zr & H5s o M T 2 by i oo £ 57
T La/Y-Sc/Cr H fi 445, La-Th-Sc, Th-Co-Zr/
10 1 Th-Sc-Zr/10 5 = B , T H 51 D RUE )
TR DX 1) A T T %, 3K 2 AL i 7 ) VR XA 1 1T B b
AR T TN LAE La/Y-Sc/Cr B, 9 b
R TR A B K B i % DX, 3 R RE TR A B B
K Itk 341 % 45 3 IX 8 (8] 12a) 5 La-Th-Sc [ i th BER

(b)
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Fig.11 Tectonic setting discrimination diagrams using major elements for sandstones from the Yaojia Formation
a.K,0/Na,0-SiO, K fi# (4 Roser and Korsch, 1986) ;b.Si0,/Al,0,-K,0/Na,O Kl fift (#i Maynard ez al.,1982) ;¢.K,0/Na,0O-(Fe,0," +
MgO) El it 5 d. Al,Os/ (Na,0O 4+ Ca0) - (Fe,05T4+MgO) [El fi (# Bhatia, 1983) ; ARC. &9 ; A1 9K A2, f AL 9K ; ACM. = 3 Kk Fifi i 2%

PM. 80 KBl 2% 5 OTA . R 7 8595 CIA . K Fifi £ 9K
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Fig.12 Tectonic setting discrimination diagrams using trace elements for sandstones from the Yaojia Formation

a.La/Y-Sc/Cr & fi#t ;b.La-Th-Sc E it ;¢. Th-Co-Zr/10 FElf# ; d. Th-Sc-Zr/10 [ fi# (#& Bhatia and Crook, 1986) ; ACM. 3 3l Kfili i1 4% ; PM.

EIPNBUE SO NE T SIS N T

G b X 43 T B IR K il £ 9K, AL TG k4 3 3 K Bl
SUE- ST 371N TR U 328 dNE %7 N U K TIDN
Bifi i1 2% IX 3 B B, 4 D 5 R X I NI B X
(K 12b) ;78 Th-Co-Zr/10 Elfift i, JL-F &b 7 B
ot V& A B Bl K Bl ik X3, AU 1R TR K B
B9 X 4k (& 12¢) 578 Th-Sc-Zr/10 &l fi h , 4 36
FAEA SR T R R B B A S K
Bt i1 2% IX 3 (L 12d) . B DA ok Wk R AL D 25 R X Y
FCAE Bk 22PN R UE.
Bhatia(1985) Xf 0 1 #4) 18 75 5 (19 22 00 & F e &
R 100 2 M Bk (L 2F RRAE S B AT B2 e TR
i) 44 15 35 56 F 8 o0 R LR AE S 80E (£ 3) . 1 5%
Xk R AR A FE S IR £ oC RS Z 0 %
W], La/Yb, Lay/Yby BV 4 {8 & 22 3 9% 2 K Rl ik
% ,La,Eu/Eu’, > LREE/>HREE B F ¥4 5 ¥ 3l
KBt i %k e 230, 1 Ce MY REE W9 F ¥ 5 KB 5
I 33T . Wk R AP A H o RAFIE S 80 5 K
By i 5 B A RRAEAE 22 518K, R Bk K 4l b 4 R

X HLAG KBl 5 9N Bk K i i 2% 6 1 7Y 5 M L 5 IR F)
Bl B K Bk G TE B RS 5 Tl DAL A &2 KR I
14 Hb 3K Ak 2% 45 8 ORI G 55, 2007) , BRLG IR AIE S
W ik 5 2H Wb A U5 X B AR 3 T 5 O K Bl i 2% . Bhatia
(1985) %5 th ok [ % 26 7 7 3= 5 KB 11 2 4% 3l K bk
g HE R SERE A S TR Y BA S
PASS AL 0 4 L 43 B, B A £ B R A
+ w0 O S DR AR R A 1 T R AR
AT DA K Bl i 2% 5 KV B 9k KBl & 947 X 43,
8 JE 14 3 3l KBk 340 % R Bk Bl KB 300 4 4 1 2R 5%
X3 IF %

{8 7548 4 19 & , 7F Bhatia(1985) 4 1 i % 1ot
R — ER o R IR XA R R 13) K o R
B T S AL R R R A MTRUA B X, X 5
AR e AR T R WA A 4 e —
W E RGBS ST W RES ALY S .

20t 22 8OAFEAR V7 Z 2 H BT XT R IR )8 5, 12
T — R 5% Mk Ak 2= ] i (Bhatia, 1983 ; Bhatia
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Table 3 Comparison of REE characteristics for sandstones from the Yaojia Formation and graywackes from different tectonic

settings
REE &%
435 75 5t P IX 200 La Ce S'REE S LREE/
‘ La/Yb Lay/Yby Eu/Eu’
(X10%) (X10%) (X 10°) SHREE
PN T PIESOESE 8+1.7 19437 58410 42413 2.840.9 3.840.9 1.04+0.11
B & 9K PIEIEOESE N 27+4.5 59+48.2 146+ 20 11.0+3.6 75425 7.7£1.7 0.79-+0.13
ES5I DN IE Ge Tt JE S 37 78 186 12.5 8.5 9.1 0.6
738 P
PN Y e 39 85 210 15.9 10.8 8.5 0.56
4 36 v Hby
WkRAR A (N=12) 35.3 64.6 153.7 16.9 11.4 10.1 0.63

I : Lay/Yby Al Eu/Eu”R H Taylor and McLennan (1985) i %5 Y BRRL B A7 7 B0 A5 fE AL 5 78 [ 49 38 3 5t 24 00 55 W L oo RARIE S 5051 A

Bhatia(1985).
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Fig.13 Provenance discrimination diagrams of REE vs. major elements for sandstones from the Yaojia Formation
B A 2 TR A TR B TR X5 AL LA B 5 B BB A B COAR R i R Do DU BUE B 35 Sk 18 78 I A B B 21 C, i85 2 9 38 m , 23 31 AR
T OTACKREE RN, CIA KB 5310 , ACM(E B KB %) 5 PM(H 3l KR40 ## 1 275 ; 4% Bhatia(1985)

and Crook, 1986; Roser and Korsch, 1986, 1988). 3&
T 3 ORI A O R T AR A ax 2 ) ) B g A B DA
S Wz T 000 A A 2 M ) A B i R AE
XS i e, WY X Wk R A B D A R 3 UK
TE 8% 8l KBl 0 2% XS (R 11, B 12) . — 262235 (Arm-
strong -~ Altrin and Verma, 2005; Verma and Arm-
strong - Altrin, 2013) X} Bhatia (1983) #1 Roser and
Korsch( 1986 ) 4 t 31 551l 1T R 2 1 11%) M He 44 1 75 5% 19
i EAT T BB B0 IE , & B 2 R A 1) D R AN
Verma and Armstrong-Altrin (2016) 4§ i 1% 4t 19 3t
BRAL 2 B i JF A B e B2l M X IE A 09 1 1 R
AP BRI, T = AR K T B R T = A
B i, T o AT 8 T X ok B 3 Bl oK Rl &
FBE Bl K Biti i1 2 #9155 1 A O 20 — 5 O 40 ik T
TR )8 DO RR A 09 ) 32 b 3R A 27 B T 0 OB b 1 S
P 50 P i R T S BT R Y A B R b AR 4 (ile) BT
0 40 530 1] ik (Pl 14a) , Ik R 2 D 25 FE O X 9% T

Bl KBl 1 2 X 3, JE T 3= R e o0 2R A S5 B 4R
bl A% 46 Cilr) BT AR B B 6 40 ) T i (1 14b) L 8 A4 b
V% 76 B 8h K i i % X0, HL Ay 4 A FE L V5 HE 3280/
B 8l R Bt 3140 2 LB BRI 1 DX rp L ik S R AL G
HiER b2 A ) S5 e R — 30

B8 Z2 ) 11 [ b Ak W 30 23 M e 5 T 6 F M, DA X
I A M R T b, B G T S B e 1 b X B
T AR AL T L A% 5 A P — G i T L e
Ly Hby DX A T 4 b T 7 38 6 by ST 9 A e R R
- P AL 1 B 38 E AL L AR LIOR R b B
AH 4R Hiy B 4 il 5 RRE ELAE A A5 AR b v b
KA T B R 1 AR R RN Bl P L AR R B
45 2000).

A= (2001) X 38 1 b X & 40 X rb g 2B AR
P 3 AR SN iz K B A& D T Rk =&
LN = 31 7 (NG A R o N & ALY
Il BT 2t — SR U 20 6 S A L AR Y B, EATT R AE
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Fig.14 Evaluation of the new multidimensional discriminant function diagrams for the discrimination of active and passive margin

settings for sandstones from the Yaojia Formation
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ilrldyyr) + (3.487 1Xilr15,,r) —3.208 8; 4l Verma and Armstrong-Altrin(2016)
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