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Dai Y Q, Luo J L, Wang M, Li M, Bai X J, Yan L. W, Cheng C. Geochemical characteristics and provenance of meta—mud
siltstones from the Danfeng ophiolite mélange in eastern Qinling, central China. Geological Bulletin of China, 2009, 28(10):
1465-1471

Abstract: The Danfeng ophiolites outcrop in Guojiagou area east of Danfeng County, eastern Qinling. Being an important part of the
ophiolites, the mud siltstones are closely associated with cherts, which have been metamorphosed to hornblende quart schists with
minor biotite quart schists. They are featured by high CaO, MgO, MnO, Sr, Ba and low K,O/ALO; ratios, moderate LREE en-
richment and slight Eu anomalies, geochemically similar to those of sedimentary rocks occurred in island —arc areas in an active
continental margin. Furthermore, hornblende quartz schists have high Co/Th and low La/Sc, Th/Sc ratios, while biotite quartz
schists have relatively low Co/Th and high La/Sc, Th/Sc ratios, indicating that they mainly derived from basic materials with lim-
ited granite material supply. Based on the fact that the siliceous rocks associated with meta—mud siltstones are formed during Or-
dovician to Silurian, this sedimentary set should be formed in a fore—arc basin of an active continental margin during early island—
arc of north Qinling in early Paleozoic.
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Fig. 1 Geological map of the Ziyu—Guojiagou area in Danfeng County
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Fig. 2 Guojiagou profile of ophiolite mélange in Danfeng County
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A—FINAYER & B—Ra A A



1468

H B IR

GEOLOGICAL BULLETIN OF CHINA

2009 4F

(LOT) AR b2k 40, it Jo 2R
ICP—MS M2, FEAN 58T )7 Gao M
Bk, B4 AGV—1 . BCR-2.G2 FlI
RGM -1 [H BrF5 £ I 4% ,Co \Ni Zn .Ga,
Rb.Y.Zr Nb Hf Ta, REE([& Hf Al Lu) %
TR TR 228 T 5%, HABITHRARXS
RENT 5%~15%2 8], AT E5 1A T3 1,
21 EFETLEFIE

5 A g5 ] — 30 oh o AR
PEAS Y BTR i0 5 1 JC R & i AF AR R 2
S(E ), HR R SIO, & B A WA
WA IR LA IN A R AR R A A
A A SI0, 28 6 3K, A A R MnO
MgO .CaO, # Fe,O;(FeO), ik ALO, K,O
T DAARER BT b 5% 143 1) IR K R
W J5 KA T (PAAS) s Ak 1 25 51 4
AN T RE SR LLE S BN AN TR R
BE RRRARXS S B Bk B RRIE (] 4-a),
A I & AT K.O/ALO; FLIEHARAE (0.02~
0.09) , ¥ — B8 /R X 2L 25 A8 it 72 b
B EE R A B A T DA SR
B BEE S F2 L SR TR B A B
R B L5 A8 S8 3 (ICV=(Fe, O+ KO +
Na,O +CaO+MgO +MnO +TiO,)/ALO;) "
AL (0.73~0.79, F- ¥ 0.75), fi N f1 A1
A A ICV 35 (0.94~1.41, ) 1.22),
MR EATHIE XY A —E 2R,
B 2 28 A/ ICV BT o T 1 4
W, AT IR XN Sy A 3 T Bl A R R A
) ML X,
22 HmIMMETERBE

5 E I EMIE L2 285 A A
MEITCRWATE - ENESR ., BREN]
1 3R B A A o AL S SR R R T Eu
S X E SRR TR iR
SR IX 4 5 A s 1= o0 FR 0 AURRAE (T 5) o 1
BAAY AR EH T IUR R (Lay/
Yby=14.68~19.77, V3K 16.70),8Eu=
0.94~1.00 X8 0.9) ;s N A3 R A5
H A+ IC R BN 55 (Lan/ Yba=3.23~
4.36,F 4 3.91),8Eu=0.79~1.04 (*F
0.92), HTR ER TR MBE RS —

x1
Table 1

BRAFAREFETREMWENTESE
Elements content of meta—mud siltstones
from Danfeng ophiolites in Guojiagou area

At BRI MmN R T A
S102 67.25 63.70 69.20 | 73.64 67.81 60.10 69.77  69.25 54.26
TiO: 0.17 026 022 | 040 0.46 0.55 0.53 0.47 0.63
Al:O3 18.16 19.05 16.40 | 9.50 13.29 17.86 11.60 11.81 16.13
Fe;03 1.26 236 132 | 3.00 3.45 2.96 4.96 3.53 2.56
FeO 0.95 128 115 | 262 295 4.00 2.78 2.88 5.78
MnO 0.04 0.05 0.07 | 0.17 0.19 0.16 0.17 0.19 0.20
MgO 1.08 1.14 090 | 1.67 208 232 1.74 3.02 6.29
CaO 3.54 405 267 | 397 440 4.05 4.23 4.58 9.30
NaO 6.37 629 568 | 1.85 294 6.35 2.35 2.82 3.49
K20 0.85 092 1.04 | 082 095 0.44 0.99 0.91 0.29
P:0s 0.10 022 0.14 | 0.15 0.17 0.14 0.14 0.13 0.16
LOI 0.28 044 058 | 145 0.80 0.98 0.61 0.63 0.75
Total | 100.16 99.90 99.50 | 99.53 99.82 100.35 100.18 100.54 100.48
Sc 3.0 2.8 3.1 16.0 193 23.8 25.7 24.1 349
v 36 42 30 90 143 196 147 147 235
Cr 12 3 6 24 41 13 63 91 206
Co 74.7 745 792 | 1387 763 53.8 109.8 130.5 64.1
Ni 9 3 5 17 22 10 38 31 101
Cu 88.57 23.16 13.21 | 86.80 73.94 73.14 8845 4487 6198
Zn 252 393 476 | 476 533 51.1 45.6 62.5 73.4
Ga 17.0 17.5 15.1 9.3 113 14.7 11.6 12.6 10.7
Rb 232 264 356 | 203 244 79 30.5 273 32
Sr 745 911 692 310 379 288 308 399 513
Y 9.7 11.1 11.1 | 205 23.0 20.4 23.6 18.8 194
Zr 1595 133.8 184.7 | 50.6 493 48.0 64.2 56.3 38.6
Nb 6.57 6.75 1138 | 286 259 2.00 2.95 2.51 3.02
Cs 0.72 072 062 | 1.14 1.09 0.42 0.51 0.75 0.19
Ba 687 721 1477 | 251 309 121 191 193 54
La 30.49 2947 40.57 | 1445 1526 11.04 15.98 12.87 10.00
Ce 51.92 5132 7146 | 3551 3322 21.00 35.65 2645 18.99
Pr 5.25 549 756 | 344 343 2.59 4.10 3.13 2.54
Nd 16.30 1837 24.12 | 13.99 13.96 11.03 17.42  13.44 11.32
Sm 2.39 2.88 3.66 | 3.04 3.02 2.62 3.92 3.08 2.84
Eu 0.65 0.84 098 | 087 0.88 0.90 1.03 1.00 0.85
Gd 1.87 227 275 | 298 312 2.64 4.03 3.11 291
Tb 0.27 032 037 | 052 055 0.50 0.65 0.50 0.48
Dy 1.44 1.69 191 | 321 3.46 3.22 4.03 3.10 3.05
Ho 0.32 036 038 | 0.75 0.84 0.77 0.87 0.68 0.68
Er 0.90 097 1.00 | 1.90 213 1.96 2.27 1.78 1.81
Tm 0.21 021 022 | 040 0.46 0.41 0.40 0.33 0.33
Yb 1.40 127 138 | 223 258 231 2.50 2.02 2.05
Lu 0.24 020 022 | 034 041 0.36 0.40 0.32 0.33
Hf 4.93 432 574 | 377 270 2.23 3.17 3.36 1.86
Ta 0.60 0.55 097 | 037 031 0.19 0.34 0.30 0.16
Pb 24 26 41 21 17 12 5.9 12 73
Th 15.4 10.7 213 3.6 3.4 2.8 4.5 39 3.1
U 4.4 35 6.4 0.6 0.9 0.5 0.6 0.7 0.7
La/Sc 10.33  10.69 13.10 | 0.90  0.79 0.46 0.62 0.53 0.29
Th/Sc 5.20 3.8 689 | 023 0.17 0.12 0.17 0.16 0.09
La/Co 0.41 0.40 051 | 0.10 0.20 0.21 0.15 0.10 0.16
Th/Co 0.21 0.14 027 | 0.03 0.04 0.05 0.04 0.03 0.05
Cr/Th 0.78 026 029 | 6.58 12.06 4.73 1419 2353  66.89
EwEu* | 094 1.00 095 | 0.89 0.88 1.04 0.79 0.99 0.90

T A & B wevo, Bl IR £OCR & R 107
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1470 H B IR

GEOLOGICAL BULLETIN OF CHINA

2009 4F

T — € Tt WAL I A 2R BT . i HHE T, 58 58 g 2 TR
FA TR A RO, EOR A DAY R
FIADRALK Y RS 5 E TR,
32 EERBRMEDE K B IS IR

A MRV, BT i aiR A A i i AR
FREEPE K IE EEIR T BINAEE, LURE B
BE 20 A RN I IR B 2 A S R AR T B A
S By b ¥y AL RIS 1 K E T KRR T Rl
A AR (400~445Ma) 1) 5 1 23 08 7 2R oh AH OC I 9IRAE
B RS BRI AR Sy 28 A T T 435t 300 1 R 1)
W AE R AR IR GR T VR AR AR e e, AT TE P
Rl IR 2% v 5 e B D 2 % U0 A i R T
KT YA P 20— B 20 A A, KBS
A6 A B TR AR AR 2, IE B e TR B 4h F i
Z AR o I DR A A 5 PRBE . 7E La—Th—Sc #l Th—Co-
Zr/10 B, X i RUA 50 sl S I8 X TR
ISR UIAE G, H &7 E R A N A 8 7 5 WP e R
PEE NI, 17 2 A T 2 D 43 A 1 3 3l KRt 2
X (& 6), B 7R T I IR 0 25 55, I R ¥ 2800 o
B U AR IR N R FA () R S R T A = £
K,O/ALO; FAH (0.02~0.09) B AKX F K A1 288~ W 11
K,O/ALO; HAH (0.3~0.9)8, #1 %t & £ CaO \Na,O
MnO MgO & Sr Ba, A% WL B 7 X S8 8 1
il /D B B B A, A S e B LR X
oK AET YL R BB, R R
B2 R AR TN A 0 A BT B I La/Se A Th/
Sc, FRI T 5 HANEW) B B N IR XA )
G X F W X e DR A 4 nT e H—
FE B RIS LR XA T AR I8 5 1 sh B 2% b

100 4

10 4

A/ ERRL B AT

A BALH
—@— 1 ATy i

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Pl 5 385KV AR I Bk b o M T R 3 2
Fig. 5 REE distribution patterns for meta—mud

siltstones in Guojiagou area

SRS XAE R A I ity | BRSOk A TR NN
AR R L B E 20 B 31X PR S SE 1R S e Y B
SRR AT BEATS AL T 5 ST i 30 | M e B R A
FR 0 ik B ST AR B B X 28 06 3t XA [] P £ 4 e e
JB 2 R A R AR 0 FEF SRS, TS 20—
e 20 0] 1) P 28 e DX S e o R AR T T LR
b, iy B — R X S b 45 e A D ol AR AR L
P XU DX T 4 A3 2 10200 g B 2 e 9 2 A5 B 20
BUATS B — 7 B RS, I 3 58 2 — 20 00T ol i ek 2
B WZE G N — DA R, EORLRIGTE
HRHE o C TR PR — 2 G, R 2 M X SR
FREE T /NI

P, 75 2 PR SRR 2 (4 B B4R o L T
L 28— B AL DLBUE R Ok B0 o 5 ik B

Th

Zr/10

Bl 6 SRV FM 4 La—Th—Sc Al Th—Co—2Zr/10 Pl fift (B i Fel (1] i 1 i Pl 4)
Fig. 6 La—Th—Sc and Th—Co—Zr/10 diagrams of meta—mud siltstones in Guojiagou area
ACM—E 8l KBl 38 2 s PM—H B KRBl 1 25 ; CIA— KRl 55 9 s OLA— K 1 31



B 28 % 10 M B ALEE AR ZE IR T RUIE SRR % A5l AL 8 JTORY 5 S B M R AL~ R AE B TR 3 AT 1471

JRBR IR AR A, AL ZE 08 Hh D Ak T 8 B Ak i L0
B B, 2 W P 23 B ol TR T OR i e e A 26 4, (ELTS
A REH— R A MR BICHIT G 3 AR T 3l R
TENMMYIRNL EZok A TN S B, 3
37, UL oSO D 6 5 i) At 4
MR AR AR, CRUTIHKIEA —E &
A A L, DRI i X e A nl fE B T AL 2= 4
iy 8y A S0 1) WG 300 ol s o I A AR ) B B o 1, A
BRIk, FIeHEFERIT hIC R A
ARG W R PR LLAC A AR R SRR e I Bl B
N e B I i < | S ) B AN R
Wil 2% 6 39 RSB I 1 1) B B

4 g5 w

IRZEUE P IRER G A8 e R D 25 1) M 3R 1k 2 4
TER R T 5 R X U RUE 1 RR R, FLA X s 4R
CaO .MnO MgO Hl Sr.Ba,K,O/ALO; AL, #
SR AR BURRA AR A A A 95 R 1Y La/Sc,
Th/Sc HAEAK .Co/Th AR i, iE B X At 25 ) 32 22
ok B 1 2l Bl 2 5 oI 1k 5L A0 Y O Y FE v T
715 W IS %) SR 2 458y JF e, 2D La/Sc  Th/Sc
FMIE Co/Th AWM BB AR A NAAFE, R
TRIX A — AL K R RS 45 A Z DTS TE
BT BB 4 — R B A ) FLTE 445Ma 22 A b 08
XA BT S0 A DGR AR R A, HEWHZ DTS B B
Ik 2 06 AT e 1Ak 22 00 46 12 SIOK 39 ) 66 49 12
) 2o e AR B B

SO, AR SR AR R R A E 5K AR B Rk K
SEBAZWAE B, OGS R T 5 5K B AR AT T A
£8P, AR B T ARG s S W TR I —IF
L

&%k

(ESEE I = 3 3 K N ) DA o)\ | |
b2 A, 2001.

(23K E A, #h 55, F 7 A5 L Z2 08 & 2h K 1 2k [C/ /22 04 3 1
I L5 1Ak V22« D b K2 AT, 1986 : 48 —64.

(3] bR PN B, A A AR R 0 R 2 2 TS o R B R 3
) B 230 42,1995,40(18):1686—1688.

[4]Gao S, Ling W L, Qiu Y M, et al. Contrasting geochemical and

Sm —Nd isotopic compositions of Archean metasediments from the
Kongling high—grade terrain of the Yangtze craton: Evidence for cra-
tonic evolution and redistribution of REE during crustal anatexis|[]J].

Geochim. Cosmochim. Acta, 1999, 63:2071—2088.

[5]Cox R, Lowe D R, Cullers R L. The influence of sediment recy-
cling and basement composition on evolution of mudrock chemistry
in the southwestern United States[J]. Geochim. Cosmochim. Acta, 1995,
59: 2919-2940.

[6]Cullers R L. The controls on the major— and trace —element evolu-
tion of shales, siltstones and sandstones of Ordovician to Tertiary age
in the Wet mountains region, Colorado, U. S. A[J]. Chem. Geo, 1995,
123:107—-131.

[7]Gétze J. Geochemistry and provenance of the Altendorf feldspathic
sandstone in the middle bunter of the Thuringian basin[J]. Chemical
Geology, 1998, 150: 43—61.

[8]Bhatia M R, Crook K A. Trace element characteristics of greywackes
and tectonic setting discrimination of sedimentary basins[J]. Contribu-
tions to Mineralogy Petrology, 1986, 92:181—193.

[9]Taylor S R, McLennan S M. The Continental Crust: Its Composi-
tion and Evolution[M]. Blackwell, Oxford, UK, 1985.

[10]Cullers R L, Basu A, Suttner L J. Geochemical signature of prove-
nance in sand—mixd material in soils and stream sediments near the
Tobacco Root batholith, Montana, USA[J]. Chem. Geol., 1988, 70:
335-348.

[11]McLennan S M, Taylor S R, Kroner A. Geochemical evolution of
Archean shales from South Africa: 1. The Swaziland and Pongola
supergroups|J]. Precamb. Res , 1983, 22: 93—124.

[12]McLennan S M, Taylor S R, McCulloch M T, et al. Geochemical
and Nd—Sr isotopic composition of deep—sea turbidites: crustal evo-
lution and plate tectonic associations[J]. Geochim. Cosmochim. Acta,
1990, 54: 2015—-2050.

[13]McLennan S M, Hemming S, McDaniel M ], et al. Geochemical
approaches to sedimentation, provenance and tectonics[C|//Jonhan-
son M J, et al. Processes Controlling the Composition of Clastic
Sediments. Boulder, Colorado: Geological Society of America Spe-
cial Paper, 1993, 284, 21—40.

[14) 8, o [ A 28 0 3 L 3 RUVE BB I s R 4l s 5
HiBR b2 EAE ()] M BR TE24,1993,22(1):80—92.

(5] 5K ar, A Ji AR, 45 78 28 0% g PH Al 78 ot 20 ik M BR L 27
R AU X 3 KU ¢ o 1 BR 1 [C/ /g s 5 R 3l ) 2 0T 2518 5
S Aunt HUBH L, 1996:154—157.

[16]Lerch M F, Xue F, Kroner A, et al. A middle Silurian—Early Devo-
nian magmatic arc in the Qinling Mountains of central Chinal]J]. J.
Geol., 1995, 103: 437—449.

(175K 550 , ok [ AR, X 2 — 45 Z 083G LA g s B A AL D0
BUA [ R AR A AN ER AL 2 M. A6 52 b R R, 2006: 175—
302.

(18I, ¥, e 2, 55 AL 22 0 It 52 =0 PR B SBURE B 41 4R 1
0]+ I DX Jsk 3, 2000, 19(2):172—174.

[19]Shan Gao, Ben—Ren Zhang, Xiao—Ming Gu, et al. Silurian—Devo-
nian provenance changes of South Qinling basins: implications for
accretion of the Yangtze (South China) to the North China cratons
[J]. Tectonophysics , 1995, 250:183—197.

[0k A, i, 5K 72 T, B ZR A i I HER A2 M) AL s R
R, 2002.



