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Fig. 1 Sketch map of tectonic subdivision for northern North China(after Wang T G,1991)

Wb R R RS e b L 3L DL R B
K5 K 4 DU BTk A 5% Y i T RR® (R
BRIEE L 19805 A A1 A 45, 19905 Z& ## v, 2005 F kil
2 2011),

A b, DX rp— 3 T o AR AR R A7 e L Y
R 0 7 R SRR R . M T AR eI Y
MRBEW B — Wi Pa TR A . o
AR DX HiL A 1 1 Bl M A S B s L H 25 T
R 1% 3l B X, 2 1 L0 2R P R 1 Tk T R A3 Sy 3 AN BB
B % A B B (1800 ~ 1600Ma) | 1 1 & J& B Br
(1600~ 1400Ma) F1 W 1 7 1= By B (1400 ~ 1300/
1000Ma) , k7K 2 TR IF J2 Ak 38 1L 24 B 1 e
WE T By By w1 (% 55 R AE L 20075 22 40 B 4
20100, M FEH LA B ZEIRT, BUKEH
DUBURE 0T, ™ il 0 S0 3 0 28 BT — A KRG i 3L i JE
(R 3 IE BV TV L Tk K R 2 AR X R IR R R K
8 o L A7 S TR /0N o 2 5 R A e B 45 A R A
ZRERHE REARERIEHEO DA LLIUE N
Fo BV 1AL TR X F AL E (E DL B8
TR UK R 2 . B 1 K R A )Z R
JEZy 140m, | R LA 43k 3 A B F Bl
HEZ PR RE R DU 5 U o A N R
A UGS AR R h BUA M — O R E R A T
R PURL A LK B AR . R TE 3%

I B 5

~5% M EEBEAER KETUR SR A =&, T
TR MR & T VA 1 & A A ML & R AR (F
2.,2010;Luo Q Y et al. ,2013),

2 FEARSSEER

AT TUA A R BB MBE 30 1 JF
Tl ARHE K 2 L 3k 31 AN (GGR D) R0 o 7R A i
JR U A AR L Luo Q Y £5(2013),

HWEILE K, Ca, Al F1 Na Wl % 7€ o B 7k K
2 (4t 50 XRF (ARLADVANT X +) [ 5E i, B %K
PRy e GBWO7104 T 45l 43 A HE Al FE o AH X B
HE w22 /N F 500, 4y B o B R E R bR #E GB/T
14506. 28-1993 #17 .

P Ti FiffcE o0 R I 7 A A3 ok 2 (b )
WA IR S5 HEW E XK E S LR E Perkin Elmer
Elan DRC-e %! ICP-MS |58 Jif. 6 5 55 5 48 5
S 2 200 H . FREX 25. 00 mg A 5 B T 3§ P A
817 Teflon WHEH, n A 1mL HF (40%) fl 1mL
HNO, (65%), # % FE 25 A MR, T 190°C 115
72h 8K TE 200°C FZER B ERIR . MA 0. 5mL
HNO, (65%0) FRRk 28 & iRk, W R EE — K.
A 5mL HNO, (32, 5%, FR & H THE. T
130°C LR 12h, ¥ &1 5 JF 35, B8 2 35 v SR,
HNO, (2 %) % % £30mL, it A RhFl RefE B N
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Table 1 Geochemical composition of the Mesoproterozoic shales of Hongshuizhuang Formation in Yanshan Basin
(the unit of major elements and chemical weathering indicator is % and the unit of trace elements is X 107¢)
) Al Os/ | CIA | CIW | PIA
AL O3] KO | CaO |Na;O| P,0O5 | TiO, Th Cr Co Sc Zr Y Rb Sr
TiOy | (Y | (X% | (%)
i /ME 4.4312.0410.38|0.03]0.11]0.14 | 20.98 |60.93|96.43|92.48| 4.6 | 19.9 | 2.64 | 2.56 | 40.8 | 10.8 | 40.2 | 25.4
B R{H [14.38]6.84 [18.01|0.12 | 0.62 | 0.66 | 33.04 |77.25[98.71|98.22{20.8 | 90.2 |34.30[19.50|209.0]| 69.8 [186.0|107.0
SEE 110.18]5.03 [ 1.82]0.08 | 0.34 | 0.42 | 24.76 |64.23(97.36(94.37| 11.7 | 53.2 |14.09[10.90|124.9| 37.8 {120.5| 52.3
b 22 2.3311.3413.02]0.03]0.12]0.12 2.57 3.2410.56 | 1.44 | 3.25 |16.99] 8.55 | 3.55 |35.87|11.04|36.56|14. 56
Cu La Sm Eu Gd | Euan | Th/Sc |La/Sc|La/Co|Th/Co|Th/Cr|Cr/Zr|La/Th| Ti/Zr|Co/Y |Rb/Sr|Sr/Cu
% /ME 20.5|13.6]2.83]0.63]|3.12]0.88 0.59 2.3811.0810.32]0.12]0.31|1.66|17.84|0.14|0.98]0.13
AR [379.0] 65.8 [12.60| 2.46 |13.80| 1.05 | 2.41 | 5.31 [ 6.00 | 2.75|0.84 | 0.54 | 4.27 [21.33|0.79 | 3.26 | 1. 30
SEHE [166.3]33.2|6.70 | 1.41 | 7.06 | 0.97 1. 17 3.203.06|1.130.24 | 0.43 | 2.90 [20.20| 0.37 | 2.33 | 0.48
PRiEZE 193.08(8.71 [ 1.80 ] 0.34 | 1.87 | 0.04 0.42 0.66 [ 1.38 | 0.60 | 0.12]0.06|0.621{0.90|0.18|0.51 |0.36

{E : Euan = Eun/ (Smx * Gdy) % » N AN 70 5 X B K AR ORI 3 50 (PAAS) #E 47 b 1Ak (McLennan, 1989)

b o B AR MEY) i GBWO7107 JT T $4 il 20 At 1 1
FE. BES AR AT A AT AR DL RO R
P,O; M TiO, A& P A Ti & B e 0
(GE

3 4

L, DX rp Ty AR K R 41 DU b 2 R e 2
BOHAZ R ILE 1,

AR T 1 Rt AR R A F 2 T s (PAAS)
(Taylor et al. , 1985), k7K JE4H 7 A & £ K, O,
CaO.P,0;.Y.Cu.Sm.Eu #1 Gd, % Al,O;.Na,O,
TiO, . Th.Cr.Co.Sc.Zr . Rb.Sr #11 La.
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241 FME N 117G D i T E R #5280, 60
R (s 1 45, 1999) M T ol T b b
0. 97 L {H (Taylor et al. ,1985), 7 4b . b 23k K
P58 T b 4 58 95 DR VL VG F X Lt Ry A AR TR
H Th/Sc i QUEIE PH4E,2009) , B, it 7K 20 58
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Fig. 2 Source rock discrimination diagrams for the Mesoproterozoic Hongshuizhuang Formation shales in northern

North China [ (a)after Hayashi et al. ,1997; (b)after Cullers,2002]
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RISV TR K LS TR Y AL O,/ TiO, 105
ANT T4 R R TR 3 K LA TR AL O,/ ]
TiO, A H A F 18 ~26 Z i) (Girty et al. »1996),
HEIK FE2H 508 AL O,/ TiO, FAE 43456 75 B iy 20. 98
~33.04(F DL RBRTRIE TRIET A A1 Quartz
Hill #1 Toms Creek % £ 1 ALO,/TiO, It 1H
(Girty et al. .1996), Cr W7 T4 80 £ p . 0%
BREERAL 43 o 1 Zr WRAE T o5 A rp AR K 4L 47
Cr/Zr B8 S W) U5 DX Bk 5 0T 5 4K 9 0T 20 43 1 R )
H 4] (Wronkiewicz et al. , 1989) ; #E /K FE 4H i A= A
HEAER Cr/Zr AT 0.31~0. 54 Z[a], FH ]
{4 0. 435K 1), Sz Wt /K FE 41 00 A W U8 DL K 9 iR 0.01

Co/Y

O'IE

KH K

Mo F. KA T A TiO, 4 1 v Bl ol 1
0.14% ~0.66% ,SEI{H K 0. 42% ; Zr {4 F 40. 8

X107% ~209. 0 X 107" Z [a], F- A 124. 9 X

10 100
Ti/Zr

B3 AedudbiB i oa i R K EH A Co/Y-Ti/Zr

PR AR E O R Ishiga et al. ,1997)

10 iy TiO,-Zr KR AT W SR FEALUA TR

gL KA YR X (8 2a) (Hayashi et al. ,1997),
HEOK EZL GO La/Se 43 A 2y 2. 38~5. 31, °F

Fig. 3 Co/Y-Ti/Zr diagram for evaluation of source of

HI{H R 3.20; Th/Co AT 0.32~2.75 2Z[a], F1Y

B2 1. 13,7 La/Sc-Th/Co [ v Al DL bk FE2H
TUE & TE R Tk 5 P IR B i (Bl 2b) (Cullers, 2002)
", AL O, /TiO, .Cr/Zr . TiO,-Zr 1 La/Sc-Th/Co
A2 BT HE AR 4 I R R T S Bk L s TR X
AR FHEVE A BR P A P B W % La A1 Th,
M %% Sc,Cr #1 Co (Cullers, 1994b), K 11, , La/Cr,
La/Co #l Th/Cr % i Jt R W AE B 2 H T A5

Y (Cullers, 2000; Cullers et al. ,2000), H # 2 2007) .

ALK 4L 50U La/Co A Th/Cr B fE 23 4 1
28 0h 1,08 ~6. 00 1 0. 12~0. 84, B {15 Bt

the Mesoproterozoic Hongshuizhuang Formation shales

in northern North China(after Ishiga et al. ,1997)

3) UK FE 40 01 40 A g 3E T TTG (Ishiga et al.
1997) ;£ La-Th-Sc 20 i i1 = #f & o . AT LAt AR X
TAE R A K A DU o A SR T AR R TR A (]
4)(Cullers et al. ,2000), X HE¥& i — 25 JiF B 8t
K HE2H GUE W 8 T 22 A8 B TN A T AN S B A
X AL X Tz A Y T R MR A (< B
BN K A A — B CHR AR 45, 19945 7 75 R 5%,

4.2 WMERKIER
e A0 22 WA AR T2 A o D S5 K 0 IR X e

UL AVRLICRY) AR VS AR ) & R BOKTEAL 0% % 00 00 4 )8 R B L 42 J8 7T 2 (I Na K, Ca,

TUAE YR R RYEIR A A R IN KA XA 5.
LK FEZH DU Eua FHME N 0. 97 (R 1), W]
SRR o N v AvE A N il i A i e A S
KA (TTG W Eu,FIMER 0. 93, Mot ALK &
1) Eu,, V3418 4 0. 37 (Condie, 1993) ; #k /K FE 4 51
5 Co/Y S A E N 0. 14~0.79; Ti/Zr A+ F 17. 84
~21.33 Zal, tH Co/Y-Ti/Zr Py ¥ 3 P& AT W (&

Mg) IR th oA » 28 1y s 1 DURRAE DR o . Tl A
PoeZE (I AL Ti.Sc.Zr Hf, Th.Y #1 REE 2§ U
RETE WAL BR B W vh A RO PR A T o . T XA 7
HRSE FIANTRE B A AL . B JE N SR TR 2 4
B T304 2 AR A AT 38 55 . Nesbite 45 (1982)
i 1 Ak 2 AR 35 B CCTAD PE A 9 U5 X Ak 2 KU Ak
P JBE  CTA W] LUAR A i3 64 A 10 K L6 4 (A g i

®2 KPP THRBKEATESHREMESSRFEEBTRY KU ZSHIT LR

Table 2 The range of elemental ratios of the Mesoproterozoic Hongshuizhuang Formation shales from northern North

China are compared with those of fine-fractions derived from silicic and basic source rocks

[ R i 11k SR U A0 AR 4 2 4 ] ( Cullers , 2000) P SRS AL DR 2 H [ (Cullers, 2000)
La/Co 1.08~6.00(3. 06) 1.4~22.4 -
Th/Cr 0.12~0. 84(0. 24) 0.067~4.0 0.002~0. 045

R RE R iR Rl T
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Fig. 4 Ternary plot of La-Th-Sc concentrations for the

Mesoproterozoic Hongshuizhuang Formation shales in

northern North China(after Cullers et al. ,2000)

A FEAL IR BE R A
CIA=[ALO,/(ALO,+Ca0O" +Na,O+K,O)]
X100 (D

Harnois(1988) #i& H} >k HI fk 27 R AL 45 %k (CTW)
PEO W U8 X AL 2 AL 2 2 26 8L T CTAL CTW L 7]
DAAR By i 2 AE A )R, 8 9 Cln v 8 ) B A )
BE o 0TI R AR S AR X T PR A 2 KA R Y
S, Fedo 45 (1995) 42 R F &K A it A2 48 %
(PTAD PEH P U8 X AL 24 WAL R B e AT 1 3 2 =X
Vi I

CIW=[ALO,/(ALO;+CaO" +Na,0)]

X100 (2)
PIA={(AL O, —K,0) /[ (Al,O; —K,0) + CaO*
+Na, 0]} X100 (3)

bk 3 2 AR Y B R S EE IR L CaO” 1R 2
RERR AR AL 2 P i Ca & 8, T AN A0 45 Al £ 2 35 41
CHNBR R L A IR £ ) . H BB WA —Fp BB Uy ik
AT LA o Mg s X P AP 2 40 Ca it . AR
T EREBR SR Ca/Na H Al — &2 A9 1] 4% 7 ik 1T &
CaO" (McLennan,1993), K Ui f4 H iy CaO FE
IREOR 2 P Os EIREL. WRFIA 1 CaO JEEIREK
F Na, O BE/REHB 4 Na, O FEIRFUB Ny CaO” FEIR
B0 MR F & 1 CaO FEREUNT Na, O B JREC B
LF R CaO FEIREEN S CaO” FEIREL.

HEAK 4 T CIA A 43 A 5 [ 2 60. 93 ~
77,25, F(E K 64.23(F 1), CIA=50~60 475

VI IRALAE 3R EE , CIA =60~ 80 5 7~ ¥ 45 X AL 1E
FH5R FE . CIA = 80 ~ 100 4§ 7 58 Z0 R A A FH 5 S
(Nesbitt et al. ,1982;Fedo et al. ,1995; Selvaraj et
al. ,2006) . PRIUtL, k7K FE 2R 0O CIA {E 3R W H ) U5
XEET 4 RALER . Bk EATE CIW H 53
A5 E S 96. 43 ~98. 71, F (K 97. 36, i PIA
H T YE N 92, 48~98. 22, F-H{H N 94. 37(FE
1), W 5 2 R W K e 41 005 ) 5 DX AR T 5 B0 R
A

(HAFE A 2. CIA {55 CIW Hl PTA {5 X5 K
e SR EE PPN A E — B 2 R X AR 3] T
PASRAE 5, — 22 E RA T A-CN-K
(A = ALLO,,CN = CaO~" + Na,O,K=K,0) =4f
P AR Ak 27 XA 1 P R B B0 22 A4 T (Nesbitt
et al. ,1984,1989;Fedo et al. ,1995)., WK 5 iR,
TEAG 2 AL B B B, DA R A1 19 k2 KUk o
Ca Fl1 Na I i 26 o XUAL 77 90 DA G R A0 52 40
1o U R R AE  IKUAR 7 1 Y 3 R A3 T AL s SR E AT
T ACN EZL, pikAaeHRE . BRath KA
R F] A I i A 5 9 K T2 B R ik, iF A
o SE ALY B, FE Ak 2 KA B 0T Ok ARG B ) LA
IS A — = KBRS A D RRAE . KU ) B A
B A TS 52 (B 5) (Nesbitt et al. ,1984),

iP5 Al UL PR KR 2 DR 0 B il Y (CaO " -
Na, O)7E (Al; O; +CaO* + Na, O+ K, O) i & k45
fE 1% ~2% 2 [0, B Ca Fl Na 3t K5 K, K IE
HAEMVETE A-K &L . i ERrR, K A 5
YR LA s N o 3 3 AT g XA B B L kK
JEADTRRIAE A-K 7 4% b 0 v 50 3% 58 3T 57 A
GLIERINK & B AR LR (8 5 ik 3 5
A-K #E&AE N2 EAHERI T WHEL S GZT,
PRI it 7K A ok b SO AN 2 sty 3 AR KUk
PRI BT S 300 M & A T B0 38 A VR T -5 B0
a6 5 K #23F (Fedo et al. ,1995), #s8C/ERH &
FEGURY A RS TR R it B0 K
JEZHAT G AR A R CTA &, H 5 iR CTA {E 1%
BT G AL G Ab CIA {52550 90, R ik, kK
AU IR as CIA {0 = T 90(El 5)

PR EALRE & b st CIA {H PIA {E/1 CIW
TR BAE K 4l P U8 X 48 Dy 1 5 B0 ) Ak 2= KA A
iR

— MR 5 AR TR AU A T k22 XAk
L2 I T B R TR (73 S Sl N U R el LU o
(Deng C L et al. ,2006; X & 8 2, 2007) . % & A
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WA . GURA . AR
100 = AT A7y 2 A GEVN]

90
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70
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50

CIA

B 5 e oot AR K 4L TUE TR AL O,-(CaO”
+Na; O)-K; OCA-CN-K) =i [f] L3, B P30y 1~4
AR E A IR L1 — R A 2— A K
3 AER K A s A — AN R G IR N KA
MR BHRL S A-K 152 8 UR B 46 Nesbitt et al. ,
1982).
Fig. 5 Ternary plot of (Al; O;-(CaO* + Na,0)-K,0O
(A-CN-K) for the Mesoproterozoic Hongshuizhuang
Formation shales in northern North China. Numbers 1~
4 denote compositional trends of initial weathering
profiles of different rocks; 1—granite; 2—adamellite; 3—
granodiorite; 4—tonalite; Point G is the intersection point
between the granodiorite weathering trend and the A-K
line(after Nesbitt et al. ,1982).

A2 RARATE R 32 2 32 K 43 UL BE 1) 52 ), 7 J€ 9%
TR T BRI 25 K MU AL VR 1 5 (75
A BB AFLR R R DN S BTk A U AR AN B
SR » 76 sk 18 W0 1) M 2 A T o Hl T A0 e R T
R HE WG BR A R T RARPE R kA4 .
1 3 A Ak 2 IRUAR AR FH 25 B Tk /KR 2 T AR B A 7 <
i 17 2 T B VN Y

Kaufman % (2003) J& F %} 4 b v o6 1y £ 3% FH
BT TR A i Bk R 67 R A58 I e il R R
H CO, Y B2 IA 9 10~200 4% ; Kah %5 (2004) 3
T X KPR e T AL P B T AR A A FE 1. 3Ga D
B KA CO, MBEERIA M 10 5L 1. ooy
OB HIR R CO, e BEAR & B 3R 20 0 T 25 3000

Sr/Cu #1 Rb/Sr W AE #8971z HIAE B o <
fAa bR . BEAKEH TUAE A Sr/Cu fEA T 0. 13~
1.30 2 Ja) , A8 M 0. 48, WG T AL ) S BAIK
Sr/Cu A . 1 FE R AT 23 E Sr/Cu HfH.
Sr/Cu HfH/NF 5.0 #5878 WHE M. KT 5.0 #8578
TS (A « IR, 19895 X% 30 2,1993)

1 Sr/Cu Ho {22 BTk K 28 BT RR i 3 A< i

HEIK FE2H 5O Rb/Sr HAE 43 A 5 [l 7E 0. 98
~3.26 Z A, FH{E N 2. 33,5 5 F PAAS H A
(~0.80) (Taylor et al. ,1985), & Rb/Sr M1
5k 1 0 N ) AR AR A O, T FE VS TR AR R
Rb/Sr H A BAR (FRER 55, 20015 B #1558, 2011)
I, Rb/Sr AR — 25 45 7n 17 k7K 20 10 AR S 20 1
IR T 1) A A A

IE#N Nesbitt £ (1982,1997)3\ K CIA {EA T
80~100 2 [ ) 5 ZUAL 27 AR A F & A 7 AT 7 AR
X, koK PR R A CTIA AR 90 UL b, i B ek
MR 21 I R 32 Ak T B I B L 3X 5 78 Columbia
R P F AR G Al R 2 I TR i BE A — 2 (Zhao G C
et al. , 2004; Hou G et al., 2008; Kusky et al. ,
2009), 7E Columbia # K ,1. 9~1.8 Ga #&dt
MR I g B 48 [ Ak T IK 26 52 1l 4 60 B RE R Bl
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Abstract

The Hongshuizhuang Formation shales from the northern part of North China are Mesoproterozoic
organic-rich sediments which may carry important information at that time. Major and trace elements
contents of the Hongshuizhuang Formation shales were analyzed in order to research the provenance and
source weathering. The high ratios of Th/Sc, Al,O,/TiO,, La/Sc, La/Cr, La/Co, Th/Cr and Th/Co,
the low value of Cr/Zr and TiO,/Zr, and Euan, Co/Y-Ti/Zr diagram and La-Th-Sc Ternary indicate that
the provenance of the Hongshuizhuang Formation shales is mainly granodiorites from the upper crust. Al,
Ca, Na and K contents of the studied samples indicate they have moderate Chemical Index of Alteration
(CIA). On the ternary plot of Al,O,;-(CaO* + Na,0)-K,0O (A-CN-K), the chemical weathering trend
suggests that the composition of the Hongshuizhuang Formation shales was affected by the K-
metasomatism which leads to underestimate the value of Chemical Index of Alteration (CIA). The original
CIA is higher than 90. The high original CIA, Chemical Index of Weathering (CIW) and Plagioclase Index
of Alteration (PIA) illustrate that the provenance of the Hongshuizhuang Formation shales had
experienced intense chemical weathering. Intense chemical weathering and trace element indicate the
paleoclimate was warm and wet during the deposition of the Hongshuizhuang Formation, consistent with
the high CO, concentration in the atmosphere during the Mesoproterozoic and its place in Columbia

supercontinent.

Key words: Mesoproterozoic; shale; major elements; trace elements; Provenance; chemical

weathering; Paleoclimate





